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A three-dimensional representation of an atomic 4f orbital.

0.1 About General Chemistry

General Chemistry is an introduction to the basic concepts of chemistry, including atomic
structure and bonding, chemical reactions, and solutions. Other topics covered include gases,
thermodynamics, kinetics and equilibrium, thermodynamics, redox, and chemistry of the
elements.

It is assumed that the reader has basic scientific understanding. Otherwise, minimal
knowledge of chemistry is needed prior to reading this book.

0.2 Beyond General Chemistry

• Organic Chemistry - Chemistry studies focusing on the carbon atom and compounds.
• Inorganic Chemistry - Chemistry studies focusing on salts, metals, and other compounds

not based on carbon.
• Biochemistry - Chemistry studies of or relating to living organisms.

0.3 About Wikibooks

This is a wiki textbook. Anyone from around the world can read, as well as write it! All of
the content in the book is covered by the GNU Free Document Licence1, which means it is
guaranteed to remain free and open.

0.3.1 Authors and Significant Contributors

• NipplesMeCool2
• Orngjce2233

1 http://www.gnu.org/copyleft/fdl.html
2 http://en.wikibooks.org/wiki/User%3ANipplesMeCool
3 http://en.wikibooks.org/wiki/User%3AOrngjce223
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1 Introduction

1.0.2 Chemistry is Everywhere

Figure 2 Chemistry: the study
of the properties, composition,
and transformation of matter.

The modern human experience places a large emphasis upon the material world. From the
day of our birth to the day we die, we are frequently preoccupied with the world around
us. Whether struggling to feed ourselves, occupying ourselves with modern inventions,
interacting with other people or animals, or simply meditating on the air we breathe, our
attention is focused on different aspects of the material world. In fact only a handful of
disciplines—certain subsets of religion, philosophy, and abstract math—can be considered
completely unrelated to the material world. Everything else is somehow related to chemistry,
the scientific discipline which studies the properties, composition, and transformation of
matter.

1.0.3 Branches of Chemistry

Chemistry itself has a number of branches:

• Analytical chemistry seeks to determine the composition of substances.
• Biochemistry is the study of chemicals found in living things (such as DNA and proteins).
• Inorganic Chemistry studies substances that do not contain carbon.
• Organic chemistry studies carbon-based substances. Carbon, as described in more detail

in this book, has unique properties that allow it to make complex chemicals, including
those of living organisms. An entire field of chemistry is devoted to substances with this
element.

• Physical chemistry is the study of the physical properties of chemicals, which are charac-
teristics that can be measured without changing the composition of the substance.

3



Introduction

Figure 3 This is the structure of table salt,
or sodium chloride.

Chemistry as a discipline is based on a number of other fields. Because it is a measurement-
based science, math plays an important role in its study and usage. A proficiency in
high-school level algebra should be all that is needed in this text, and can be obtained from
a number of sources1. Chemistry itself is determined by the rules and principles of physics2.
Basic principles from physics may be introduced in this text when necessary.

1.0.4 Why Study Chemistry?

There are many reasons to study chemistry. It is one pillar of the natural sciences necessary
for detailed studies in the physical sciences or engineering. The principles of biology and
psychology are rooted in the biochemistry of the animal world, in ways that are only now
beginning to be understood. Modern medicine is firmly rooted in the chemical nature of
the human body. Even students without long term aspirations in science find beauty in the
infinite possibilities that originate from the small set of rules found in chemistry.

Chemistry has the power to explain everything in this world, from the ordinary to the bizarre.
Why does iron rust? What makes propane such an efficient, clean burning fuel? How can
soot and diamond be so different in appearance, yet so similar chemically? Chemistry has
the answer to these questions, and so many more. Understanding chemistry is the key to
understanding the world as we know it.

1.0.5 This Book: General Chemistry

An introduction to the chemical world is set forth in this text. The units of study are
organized as follows.

1 http://en.wikibooks.org/wiki/Algebra
2 http://en.wikibooks.org/wiki/Physics%20Study%20Guide
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About Wikibooks

Figure 4

1. Properties of Matter: An explanation of the most fundamental concept in chemistry:
matter.

2. Atomic Structure: While technically in the domain of physics, atoms determine
the behavior of matter, making them a necessary starting point for any discussion of
chemistry.

3. Compounds and Bonding: Chemical bonding is introduced, which explains how less
than one hundred naturally-occurring elements can combine to form all the different
compounds that fill our world.

4. Chemical Reactions: Things get interesting once chemical reactions start making
and breaking bonds.

5. Aqueous Solutions: Substances dissolved in water have special properties. This is
when acids and bases are introduced.

6. Phases of Matter: A detailed look at the organization of substances, with particular
focus on gases.

7. Chemical Equilibria: Chemical reactions don't go on forever. Equilibrium is the
balance that reactions seek to achieve.

8. Chemical Kinetics: Kinetics explain why it takes years for an iron nail to rust, but
only a split second for a hydrogen-filled hot air balloon to explode.

9. Thermodynamics: Two things decide which reactions can occur and which reactions
cannot: heat and chaos. Or enthalpy and entropy, as they are called in thermodynamics

10. Chemistries of Various Elements: An exploration of the elements that make up
all substance. Includes an introduction to nuclear chemistry and carbon, the essence
of organic chemistry.

<< Begin Your Study of General Chemistry! >>3

3 http://en.wikibooks.org/wiki/General%20Chemistry

5

http://en.wikibooks.org/wiki/General%20Chemistry




2 Basic Properties of Matter

2.1 What is Matter?

Figure 5 Matter has mass and volume, as exemplified by this concrete block.

Matter is defined as anything that has mass and volume.

Mass is a measure of an object's inertia. It is proportional to weight: the more mass an
object has, the more weight it has. However, mass is not the same as weight. Weight is a
force created by the action of gravity on a substance while mass is a measure of an object's
resistance to change in motion. Mass is measured by comparing the substance of interest
to a standard kilogram called the International Prototype Kilogram (IPK). The IPK is a
metal cylinder where the height and diameter both equal 39.17 millimeters and is made of
an alloy of 90% platinum and 10% iridium. Thus, the standard kilogram is defined and all
other masses are a comparison to this kilogram. When atom masses are measured in a mass

7



Basic Properties of Matter

spectrometer, a different internal standard is used. Your take home lesson with regard to
mass is that mass is a relative term judged by a comparison.

Volume is a measure of the amount of space occupied by an object. Volume can be
measured directly with equipment designed using graduations marks or indirectly using
length measurements depending on the state (gas, liquid, or solid) of the material. A
graduated cylinder, for example, is a tube that can hold a liquid which is marked and labeled
at regular intervals, usually every 1 or 10 mL. Once a liquid is placed in the cylinder, one
can read the graduation marks and record the volume measurement. Since volume changes
with temperature, graduated equipment has limits to the precision with which one can read
the measurement. Solid objects that have regular shape can have their volume calculated
by measuring their dimensions. In the case of a box, it's volume equals length times width
times height.

It is particularly interesting to note that measuring is different from calculating a specific
value. While mass and volume can both be determined directly relative to either a defined
standard or line marks on glass, calculating other values from measurements is not considered
measuring. For example, once you have measured the mass and volume of a liquid directly,
one can then calculate the density of a substance by dividing the mass by the volume. This
is considered indirectly determining density. Interestingly enough, one can also measure
density directly if an experiment which allows the comparison of density to a standard is set
up.

Another quantity of matter directly or indirectly determined is the amount of substance.
This can either represent a counted quantity of objects (e.g. three mice or a dozen bagels)
or the indirectly determined number of particles of a substance being dealt with such as how
many atoms are contained in a sample of a pure substance. The latter quantity is described
in terms of moles. One mole is a specifically defined as the number of particles in 12 grams
of the isotope Carbon-12. This number is 6.02214078(18)x 1023 particles.

Units of Measure

• Mass: the kilogram (kg). Also, the gram (g) and milligram (mg).
• 1 kg = 1000 g
• 1000 mg = 1 g.

• Volume: the liter (L), milliliter (mL). Also, cubic centimeters (cc) and cubic meters
(m3).
• 1 cc = 1 mL
• 1000 mL = 1 L
• 1000 L = 1 m3

• Amount: the mole (mol).
• 1 mol = 6.02214078(18)x 1023 particles

2.2 Atoms, Elements, and Compounds

The fundamental building block of matter is the atom.

8



Atoms, Elements, and Compounds

Figure 6 The red dots are protons and the blue dots are neutrons.

Any atom is composed of a little nucleus surrounded by a "cloud" of electrons. In the nucleus
there are protons and neutrons.

However, the term "atom" just refers to a building block of matter; it doesn't specify the
identity of the atom. It could be an atom of carbon, or an atom of hydrogen, or any other
kind of atom.

This is where the term "element" comes into play. When an atom is defined by the number
of protons contained in its nucleus, chemists refer to it as an element. All elements have a
very specific identity that makes them unique from other elements. For example, an atom

9



Basic Properties of Matter

with 6 protons in its nucleus is known as the element carbon. When speaking of the element
fluorine, chemists mean an atom that contains 9 protons in its nucleus.

• Atom: A fundamental building block of matter composed of protons, neutrons, and
electrons.

• Element: A uniquely identifiable atom recognized by the number of protons in the
nucleus.

Despite the fact that we define an element as a unique identifiable atom, when we speak, for
example, 5 elements, we don't usually mean those 5 atoms are of the same type (having the
same number of protons in their nucleus). We mean 5 'types' of atoms. It is not necessary
there are only 5 atoms. There may be 10, or 100, etc. atoms, but those atoms belong to one
of 5 types of atoms. I'd rather define 'element' as 'type of atom'. I think it is more precise.
If we'd like to refer to 5 atoms having the same 6 protons in their nucleus, I'd say '5 carbon
atoms' or '5 atoms of carbon'.

It is important to note that if the number of protons in the nucleus of an atom changes, so
does the identity of that element. If we could remove a proton from nitrogen (7 protons), it
is no longer nitrogen. We would, in fact, have to identify the atom as carbon (6 protons).
Remember, elements are unique and are always defined by the number of protons in the
nucleus. The Periodic Table of the Elements1 shows all known elements organized by
the number of protons they have.

An element is composed of the same type of atom; elemental carbon contains any number
of atoms, all having 6 protons in their nuclei. In contrast, compounds are composed of
different type of atoms. More precisely, a compound is a chemical substance that consists of
two or more elements. A carbon compound contains some carbon atoms (with 6 protons
each) and some other atoms with different numbers of protons.

Compounds have properties different from the elements that created them. Water, for
example, is composed of hydrogen and oxygen. Hydrogen is an explosive gas and oxygen is
a gas that fuels fire. Water has completely different properties, being a liquid that is used
to extinguish fires.

The smallest representative for a compound (which means it remains characteristics of the
compound) is called a molecule. Molecules are composed of atoms that have "bonded"
together. As an example, the formula of a water molecule is "H2O": two hydrogen atoms
and one oxygen atom.

2.3 Properties of Matter

Properties of matter can be divided in two ways: extensive/intensive, or physical/chemical.

1 http://en.wikibooks.org/wiki/General%20Chemistry%2FPeriodic%20Table
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States of Matter

• Extensive properties depend on the
amount of matter that is being mea-
sured. These include mass and vol-
ume.

• Intensive properties do not depend on
the amount of matter. These include
density and color.

• Physical properties can be measured
without changing the chemical's iden-
tity. The freezing point of a substance
is physical. When water freezes, it's
still H2O.

• Chemical properties deal with how
one chemical reacts with another. We
know that wood is flammable because
it becomes heat, ash, and carbon diox-
ide when heated in the presence of
oxygen.

2.4 States of Matter

One important physical property is the state of matter. Three are common in everyday life:
solid, liquid, and gas. The fourth, plasma, is observed in special conditions such as the ones
found in the sun and fluorescent lamps. Substances can exist in any of the states. Water is
a compound that can be liquid, solid (ice), or gas (steam).

11
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Figure 7 The ice in this picture is a solid. The water in the picture is a liquid. In the air
there is water vapor, which is a gas.
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States of Matter

Figure 8 The states of matter depend on the bonding between molecules.

2.4.1 Solids

Solids have a definite shape and a definite volume. Most everyday objects are solids: rocks,
chairs, ice, and anything with a specific shape and size. The molecules in a solid are close
together and connected by intermolecular bonds. Solids can be amorphous, meaning that
they have no particular structure, or they can be arranged into crystalline structures or
networks. For instance, soot, graphite, and diamond are all made of elemental carbon,
and they are all solids. What makes them so different? Soot is amorphous, so the atoms

13
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are randomly stuck together. Graphite forms parallel layers that can slip past each other.
Diamond, however, forms a crystal structure that makes it very strong.

2.4.2 Liquids

Liquids have a definite volume, but they do not have a definite shape. Instead, they take
the shape of their container to the extent they are indeed "contained" by something such
as beaker or a cupped hand or even a puddle. If not "contained" by a formal or informal
vessel, the shape is determined by other internal (e.g. intermolecular) and external (e.g.
gravity, wind, inertial) forces. The molecules are close, but not as close as a solid. The
intermolecular bonds are weak, so the molecules are free to slip past each other, flowing
smoothly. A property of liquids is viscosity, the measure of "thickness" when flowing. Water
is not nearly as viscous as molasses, for example.

2.4.3 Gases

Gases have no definite volume and no definite shape. They expand to fill the size and shape
of their container. The oxygen that we breathe and steam from a pot are both examples of
gases. The molecules are very far apart in a gas, and there are minimal intermolecular forces.
Each atom is free to move in any direction. Gases undergo effusion and diffusion. Effusion
occurs when a gas seeps through a small hole, and diffusion occurs when a gas spreads out
across a room. If someone leaves a bottle of ammonia on a desk, and there is a hole in
it, eventually the entire room will reek of ammonia gas. That is due to the diffusion and
effusion. These properties of gas occur because the molecules are not bonded to each other.

i Information
Technically, a gas is called a vapor if it does not occur at standard temperature and
pressure (STP). STP is 0° C and 1.00 atm of pressure. This is why we refer to water
vapor rather than water gas.

• In gases, intermolecular forces are very weak, hence molecules move randomly colliding
with themselves, and with the wall of their container, thus exerting pressure on their
container. When heat is given out by gases, the internal molecular energy decreases;
eventually, the point is reached when the gas liquifies.
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3 Changes in Matter

There are two types of change in matter: physical change and chemical change. As the names
suggest, physical changes affect physical properties, and chemical changes affect chemical
properties.

Chemical changes are also known as chemical reactions. The "ingredients" of a reaction are
the reactants, and the end results are called the "products". The change from reactants to
products can be signified by an arrow.

A Chemical Reaction

Reactants → Products

Note that the number of reactants and products don't necessarily have to be the same.
However, the number of each type of atom must remain constant. This is called the Law of
Conservation of Matter. It states that matter can never be created or destroyed, only
changed and rearranged. If a chemical reaction begins with 17 moles of carbon atoms, it
must end with 17 moles of carbon atoms. They may be bonded into different molecules, or
in a different state of matter, but they cannot disappear.

When changes occur, energy is often transformed. However, like atoms, energy cannot
disappear. This is called the Law of Conservation of Energy. A simple example would
be putting ice cubes into a soft drink. The ice cubes get warmer as the drink gets colder,
because energy cannot be created or destroyed, only transferred. Note that energy can be
"released" or "stored" by making and breaking bonds. When a plant converts the energy from
sunlight into food, that energy is stored in the chemical bonds within the sugar molecules.

15



Changes in Matter

3.1 Chemical or Physical?

Figure 9 Is blending together a smoothie a physical or chemical change?

Physical changes do not cause a substance to become a fundamentally different substance.
Chemical changes, on the other hand, cause a substance to change into something entirely
new. Chemical changes are typically irreversible, but that is not always the case. It is easier
to understand the difference between physical and chemical changes with examples.

16



Chemical or Physical?

changes are physical. Phase changes are when you melt,
freeze, boil, condense, sublimate1, or de-
posit2 a substance. They do not change
the nature of the substance unless a
chemical change occurs along with the
physical change.

Cutting, tearing, shattering, and grind-
ing are physical.

These may be irreversible, but the result
is still composed of the same molecules.
When you cut your hair, that is a phys-
ical change, even though you can't put
the hair back on your head again.

Mixing together substances is physical. For example, you could mix salt and
pepper, dissolve salt in water, or mix
molten metals together to produce an
alloy.

Gas bubbles forming is chemical. Not to be confused with bubbles from
boiling, which would be physical (a
phase change). Gas bubbles indicate
that a chemical reaction has occurred.

Precipitates forming is chemical. When dissolved substances are mixed,
and a cloudy precipitate appears, there
has been a chemical change.

Rotting, burning, cooking, and rusting
(for example) are chemical.

The resulting substances are entirely
new chemical compounds. For instance,
wood becomes ash and heat; iron be-
comes rust; sugar ferments into alcohol.

Changes of color or release of odors (i.e.
release of a gas) might be chemical.

As an example, the element chromium
shows different colors when it is in differ-
ent compounds, but a single chromium
compound will not change color on its
own without some sort of reaction.

Release/absorption of energy (heat, light,
sound) is generally not easily categorized.

Hot/cold packs involve dissolving a salt
in water to change its temperature (more
on that in later chapters); popping pop-
corn is mostly (but not completely) phys-
ical change; a glowstick has a chemical
change in it.

1 http://en.wikipedia.org/wiki/sublimation
2 http://en.wikipedia.org/wiki/deposition
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4 Classification of Matter

Matter can be classified by its state.

• Solids have a set volume and shape.The inter molecular force of attraction for solid
matter is very strong.

• Liquids have a set volume, but change shape. The inter molecular force of attraction for
liquid matter is weaker than solid matter.

• Gases have neither definite volume nor shape. The inter molecular force of attraction
for gaseous matter is negligible.

• Plasma which are usually gaseous state of matter in which a part or all of the atoms or
molecules are dissociated to form ions.

Matter can also be classified by its chemical composition.

• An element1 is a pure substance made up of atoms with the same number of protons.
As of 2011, 118 elements have been observed, 92 of which occur naturally. Carbon (C),
Oxygen (O), Hydrogen (H) are examples of elements. The periodic table2 is a tabular
representation of the known elements.

• A compound3 consists of two or more chemical elements that are chemically bonded
together. Water (H2O) and table sugar (C12H22O11) are examples of chemical compounds.
The ratio of the elements in a compound is always the same. For example in water, the
number of H atoms is always twice the number of O atoms.

• A mixture4 consists of two or more substances (element or compound) mixed together
without any chemical bond. Salad is a good example. A mixture can be separated into
its individual components by mechanical means.

4.1 Types of Mixtures

There are many kinds of mixtures. They are classified by the behavior of the phases, or
substances that have been mixed.

1 http://en.wikipedia.org/wiki/Chemical_element
2 http://en.wikibooks.org/wiki/General_Chemistry%2FPeriodic_Table
3 http://en.wikipedia.org/wiki/Chemical_compound
4 http://en.wikipedia.org/wiki/mixture
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Classification of Matter

4.1.1 Homogeneous Mixtures

Figure 10 Soda water is a homogeneous mixture. (The straw looks broken because of
refractiona.)

a http://en.wiktionary.org/wiki/refraction

A homogeneous mixture is uniform, which means that any given sample of the mixture
will have the same composition. Air, sea water, and carbonation dissolved in soda are all
examples of homogeneous mixtures, or solutions. No matter what sample you take from
the mixture, it will always be composed of the same combination of phases. Chocolate chip
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ice cream is not homogeneous—one spoonful taken might have two chips, and then another
spoonful might have several chips.

An example for a homogeneous mixture is a solution. The substance that gets dissolved
is the solute. The substance that does the dissolving is the solvent. Together they make
a solution. If you stir a spoonful of salt into a glass of water, salt is the solute that gets
dissolved. Water is the solvent. The salty water is now a solution, or homogeneous mixture,
of salt and water.

When different gases are mixed, they always form a solution. The gas molecules quickly
spread out into a uniform composition.

4.1.2 Heterogeneous Mixtures

A heterogeneous mixture is not uniform. Different samples may have different composi-
tions, like the example of chocolate chip ice cream. Concrete, soil, blood, and salad are all
examples of heterogeneous mixtures.

Figure 11 This dust is a suspension because it settles after the work is done.
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Suspensions

When sand gets kicked up in a pond, it clouds the water. Soon the sand settles down, and
is no longer mixed into the water. This is an example of a suspension. Suspensions are
heterogeneous mixtures that will eventually settle. They are usually, but not necessarily,
composed of phases in different states of matter. Italian salad dressing has three phases:
the water, the oil, and the small pieces of seasoning. The seasonings are solids that will sink
to the bottom, and the oil and water are liquids that will separate.

Colloids

Figure 12 Toothpaste is a colloid, because it's part solid and part liquid.

What exactly is toothpaste? We can't exactly classify it by its state of matter. It has a
definite shape and volume, like a solid. But then you squeeze the tube, and it flows almost
like a liquid. And then there's jelly, shaving cream, smoke, dough, and Silly Putty...

These are examples of colloids. A colloid5 is a heterogeneous mixture of two substances
of different phases. Shaving cream and other foams are gas dispersed in liquid. Jello,
toothpaste, and other gels are liquid dispersed in solid. Dough is a solid dispersed in a liquid.
Smoke is a solid dispersed in a gas.

i Information
Colloids differ from suspensions in that they will not settle.

5 http://en.wikipedia.org/wiki/Colloids
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Colloids consist of two phases: a dispersed phase inside of a continuous medium.

The Tyndall Effect

The Tyndall effect distinguishes colloids from solutions. In a solution, the particles are so
fine that they will not scatter light. This is not true for a colloid. If you shine light through
a solution, the beam of light will not be visible. It will be visible in a colloid. For instance,
if you have ever played with a laser pointer, you have seen the Tyndall effect. You cannot
see the laser beam in air (a solution), but if you shine it into a mist (a colloid, or suspension,
actually), the beam is visible. Clouds look white (or gray), as opposed to blue, because of
the Tyndall effect - the light is scattered by the small droplets of suspended water.

4.2 Methods for Separating Mixtures

Figure 13 Filtration is one way to separate a mixture.

Because there is no chemical bonding in a mixture, the phases can be separated by mechanical
means. In a heterogeneous mixture like a salad, the pieces can easily be picked out and
separated. It is as simple as sifting through the salad and picking out all the tomatoes and
radishes, for example. However, many mixtures contain particles that are too small, liquids,
or too many particles to be separated manually. We must use more sophisticated methods
to separate the mixture.
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4.2.1 Filtration

Imagine you have a sandbox, but there are bits of broken glass in it. All you would need
is some sort of filter. The sand particles are much smaller than the glass chips, so a mesh
filter would let sand pass but stop the glass. Filtration is used in all sorts of purification
methods. Some filters, like dialysis tubing, are such fine filters that water can pass, but
dissolved glucose cannot.

i Information
Filtration works with particles that are significantly different in size, like sand and rock,
or water and glucose.
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4.2.2 Distillation

Figure 14 A distillation apparatus has a boiling flask, a place to cool the vapor down,
and a collecting flask.

If you were given a glass of saltwater, could you drink it? Sure, if you distill it first.
Distillation is the boiling of a mixture to separate its phases. Salt is a solid at room
temperature, and water is a liquid. Water will boil far before salt even begins to melt. So
separating the two is as simple as boiling the water until all that remains is the solid salt. If
desired, the water vapor can be collected, condensed, and used as a source of pure water.
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Distillation can also be used if two liquids are mixed but have different boiling points.
Separation of several liquids with similar boiling points can be achieved using fractionation6.

4.2.3 Centrifugation and Sedimentation

Figure 15 Sedimentation is used to purify waste water, by letting it settle and removing
the settled material (sludge, in this case).

These processes rely on differences in density. In a medical lab, blood often goes into a
centrifuge. A centrifuge is a machine that spins a sample at fairly high rates of speed. Red
blood cells are much denser than the watery substance (called plasma, but it's not the
plasma state of matter) that makes up blood. As a result of the spinning, the denser phases
move outward and the less dense phases move inward, towards the axis of rotation. Then,
the red blood cells can be separated from the plasma.

Sedimentation is similar, but it happens when particles of different densities have settled
within a liquid. If a jar of muddy water is left to settle, the heaviest particles sink to the
bottom first. The lightest particles sink last and form a layer on top the heavier particles.
You may have seen this effect in a bottle of salad dressing. The seasonings sink to the
bottom, the water forms a lower layer, and the oil forms an upper layer. The separate phases
can be skimmed out. To return it to a mixture, simply shake it up to disturb the layers.

6 http://en.wikipedia.org/wiki/fractionation
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4.2.4 Unique Properties

The differences in substances' properties can be exploited to allow separation. Consider
these examples:

• A mixture of sand and iron filings can be separated by magnet.
• Salt and sand can be separated by solution (sand will not dissolve in water, salt will)
• Helium can be separated from a mixture with hydrogen by combustion (this is a very

dangerous operation, since hydrogen in the presence of oxygen is highly explosive).
Hydrogen is flammable, but helium is not.

4.2.5 Other methods

There are countless other ways to separate mixtures7. For instance, gel electrophoresis is
used to separate different sized pieces of DNA. They are placed into gel, and an electric
current is applied. The smaller pieces move faster and separate from the larger pieces.

Chromatography separates phases dissolved in liquid. If you want to see an example, take a
strip of paper and draw a dot on it with a colored marker. Dip the strip into water, and
wait a while. You should see the ink separate into different colors as they spread out from
the dot.

7 http://en.wikipedia.org/wiki/Separation_process
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5 Numbers Used to Describe Atoms

5.1 Numbers

Figure 17 If the red parts are protons and the green parts are neutrons, what's the
atomic, neutron, and mass number of this atom? (lithium)
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The Atomic number is the number of protons in the nucleus of an atom. This number
determines the element type of the atom. For instance, all neon atoms have exactly ten
protons. If an atom has ten protons, then it must be neon. If an atom is neon, then it must
have ten protons.

The atomic number is sometimes denoted Z. Continuing with the example of neon, Z = 10.

The Neutron number is the number of neutrons in the nucleus of an atom. Remember
that neutrons have no electric charge, so they do not affect the chemistry of an element.
However, they do affect the nuclear properties of the element. For instance, Carbon-12 has
six neutrons, and it is stable. Carbon-14 has eight neutrons, and it happens to be radioactive.
Despite these differences, both forms of carbon behave the same way when forming chemical
compounds.

The neutron number is sometimes denoted N.

The Mass number is the sum of protons and neutrons in an atom. It is denoted A. To
find the mass number of an atom, remember that A = Z + N. The mass number of an
atom is always an integer. Because the number of neutrons can vary among different atoms
of the same element, there can be different mass numbers of a given element. Look back to
the example of carbon. Carbon-14 has a mass number of 14, and Carbon-12 has a mass
number of 12. Every carbon atom must have six protons, so Carbon-14 has eight neutrons
and Carbon-12 has six neutrons.

i Information
Elements with the same atomic number but different atomic masses are isotopes.

Isotopes of the same element have nearly identical chemical properties (because they have
the same number of protons and electrons). Their only difference is the number of neutrons,
which changes their nuclear properties like radioactivity.

5.1.1 Notation

There is a convenient way of writing the numbers that describe atoms. It is easiest to learn
by examples.

Helpful Hint:
Keep in mind that any of the three numbers written around the element symbol are
optional, but they should be written if it is important to the given situation. The charge
number is left off if the atom has zero charge (equal number of protons and electrons).
The mass number and atomic number are usually left off.

19
9 F This is how we write fluorine-19. The atomic number is below and the

mass number is above, followed by its symbol on the periodic table of
the elements1.

1 http://en.wikibooks.org/wiki/General_Chemistry%2FPeriodic_Table
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12C This example shows carbon-12. Notice how the atomic number is miss-
ing. You know which element it is because of the C, so there is no need
to write the number of protons. The atomic number is rarely written
because the element symbol implies how many protons there are.

25
12Mg+2 The last example shows both the atomic number and mass number,

along with a charge. The charge is the difference in the number of pro-
tons compared to the number of electrons. You can read more about
charge, protons, and electrons later on2. From the example, you can see
that this magnesium atom would have 12 protons, 13 neutrons, and 10
electrons. Its mass is 25 (12 p + 13 n) and its charge is +2 (12 p - 10 e).

Exercise for the reader! Try writing the symbol for an atom with seven
protons, seven neutrons, and eight electrons. You will need to look up its
symbol on the periodic table3.

5.2 Atomic Mass

The mass of an atom is measured in atomic mass units (amu). An atom's mass can be
found by summing the number of protons and neutrons. By definition, 12 amu equals the
atomic mass of carbon-12. Protons and neutrons have an approximate mass of 1 amu, and
electrons have a negligible mass.

B Warning
There is a difference between an atom's mass number and an element's atomic mass.
The mass number measures the number of protons and neutrons in the nucleus of a
particular atom. The atomic mass measures the average mass of all atoms for an
element. For example, a carbon atom might have a mass number of 12 or 14 (or
something else), but carbon in general has a mass of 12.011 amu.

Usually, a pure element is made up of a number of isotopes in specific ratios. Because of
this, the measured atomic mass of carbon is not exactly 12. It is an average of all the masses
of all the isotopes, with the more common ones contributing more to the measured atomic
mass. By convention atomic masses are given no units.

Example Pretend that the element Wikibookium has two isotopes. The
first has a mass number of 104, and the second has a mass number of 107.
Considering that 75% of the naturally occurring atoms are of the first isotope,
and the rest are of the second. The average atomic mass is calculated as

0.75 × 104 + 0.25 × 107 = 104.75

In this case, a bunch of Wikibookium atoms would have an average mass of
104.75 amu, but each individual atom might have a mass number of 104 or

2 Chapter 7 on page 39
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107. Keep in mind that all of the atoms would have the same number of
protons. Their masses are different because of the number of neutrons.

5.3 Moles

A mole is defined as the amount of an element whose number of particles are equal to that
in 12g of C-12 carbon, also known as Avogrado's number. Avogadro's number equals 6.022
× 1023. Moles are not very confusing: if you have a dozen atoms, you would have 12. If you
have a mole of atoms, you would have 6.022 × 1023. Why is this ridiculously large number
important? It can be used to convert between atomic mass units and grams. One mole
of carbon-12 is exactly 12 grams, by definition. Similarly, one mole of any element is the
atomic mass of that element expressed as a weight in grams. The atomic mass is equal to
the number of grams per mole of that element.

Example There are 128.2 g of rubidium (atomic mass = 85.47 amu). How
many atoms are there?

(128.2 g) / (85.47 g/mol) = 1.5 mol

(1.5 mol) × (6.022 × 1023) = 9.03 × 1023 atoms of rubidium
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Figure 18 These one-liter containers each hold 0.045 moles of nitrogen-based gas. (1 L) /
(22.4 L/mol) = 0.045 mol

Moles are also important because every 22.4 liters of gas contain 1 mole of gas molecules at
standard temperature and pressure (STP, 0 °C and 1 atmosphere of pressure). Avogrado
discovered this. (That's why it's his number.) A container filled with fluorine gas would
have to be 22.4 L large to hold one mole of F2 molecules. Knowing this fact allows you to
determine the mass of a gas molecule if you know the volume of the container. This holds
true for every gas.
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Why every single gas? Atoms and molecules are tiny. The volume of a gas is mostly empty
space, so the molecules have an insignificantly small volume. As you will eventually learn4,
this ensures that there is always one mole of gas atoms for every 22.4 liters at STP.

4 Chapter 43 on page 217
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6 History of Atomic Structure

1. REDIRECT General Chemistry/Atomic Structure/History of Atomic Structure1

Current accounts of atomic structure are the result of centuries of contemplation and
experimentation. What follows is a very brief history of the development of atomic theory.

6.1 Early Propositions

6.1.1 Atoms according to Democritus

The earliest known proponent of anything resembling modern atomic theory was the ancient
Greek thinker Democritus. He proposed the existence of indivisible atoms as a response to
the arguments of Parmenides, and the paradoxes of Zeno.

Parmenides argued against the possibility of movement, change, and plurality on the premise
that something cannot come from nothing. Zeno attempted to prove Parmenides' point by
a series of paradoxes based on difficulties with infinite divisibility.

In response to these ideas, Democritus posited the existence of indestructible atoms that
exist in a void. Their indestructibility provided a retort to Zeno, and the void allowed him
to account for plurality, change, and movement. It remained for him to account for the
properties of atoms, and how they related to our experiences of objects in the world.

Democritus proposed that atoms possessed few actual properties, with size, shape, and mass
being the most important. All other properties, he argued, could be explained in terms
of the three primary properties. A smooth substance, for instance, might be composed of
primarily smooth atoms, while a sour substance is composed of rough or sharp ones. Solid
substances might be composed of atoms with numerous hooks, by which they connect to
each other, while the atoms of liquid substances possess far fewer points of connection.

6.1.2 Alchemy

Aristotle proposed that there were four elements, air, earth, water, and fire and that
everything else was a mixture of these. This belief was very popular in the medieval ages and
introduced the science of alchemy. Alchemy was based on the belief that since everything
was made of only four elements, you could transmute mixtures into other mixtures of the
same type, the most famous of which being lead into gold.

1 http://en.wikibooks.org/wiki/General%20Chemistry%2FAtomic%20Structure%2FHistory%20of%
20Atomic%20Structure
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Alchemy's problem was exposed by Antoine Lavoisier when he heated metallic tin in a sealed
flask. A grayish ash appeared on the surface of the melting tin, which Lavoisier heated until
no more ash formed. After the flask cooled, he inverted it and opened it underwater. He
discovered the water rose one-fifth of the way into the glass, leading Lavoisier to conclude
that air itself is a mixture, with one-fifth of it having combined with the tin, yet the other
four-fifths did not, showing that air was not an element.

Lavoisier repeated the experiment again, substituting mercury for tin, and found that the
same happened. Yet after heating gently, found that the ash released the air, showing that
the experiment could be reversed. He concluded that the ash was a compound of the metal
and oxygen, which he proved by weighing the metal and the ash, and showing that it was
heavier than the original metal.

Lavoisier then stated that combustion was not an element, but instead was a chemical
reaction of a fuel and oxygen.

6.2 Dalton's Atomic Theory

Holes in alchemy led the British chemist John Dalton2 to revive the atomic theory of matter.
Dalton's atomic theory from about 1803 is the basis of today's chemistry, this theory consists
of five parts:

1. All matter is composed of atoms.
2. An element is a type of matter always composed of only one kind of atom, which

retains certain specific properties.
3. Atoms can not be created or destroyed
4. A compound is matter composed of two or more atoms of two or more elements

chemically combined in specific ratios.
5. A chemical reaction is the rearrangement of atoms to form new compounds.

6.3 Thomson and the Discovery of the Electron

In the year 1889 the British physicist J.J. Thomson3 discovered the electron. Thomson
conducted a number of experiments using cathode rays. Cathode rays are constructed by
sealing two electrodes in a glass tube and removing the air from it. When the electrodes are
attached to high voltage, a beam of radiation is emitted from the negative electrode. These
beams are called cathode rays.

Thomson discovered that cathode rays travel in straight lines except when they are bent by
electric or magnetic fields. Because the cathode rays bent away from a negatively charged
plate, Thomson concluded that these rays are made of negatively charged particles; today
we call them electrons. Thomson found that he could produce cathode rays using electrodes
of various materials. He then concluded that electrons were found in all atoms.

2 http://en.wikipedia.org/wiki/John%20Dalton
3 http://en.wikipedia.org/wiki/J.J.%20Thomson
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6.4 The "Plum Pudding" Model of the Atom

Soon after the discovery of the electron, Thomson began speculating on the nature of the
atom. He suggested a "plum pudding" model. In this model the bits of "plum" were the
electrons which were floating around in a "pudding" of positive charge to match that of the
electrons and make an electrically neutral atom (a modern illustration of this idea would be
a chocolate chip cookie, with the chips representing negatively charged electrons and the
dough representing positive charge).

6.5 Rutherford's Nuclear Atom

Ernest Rutherford proved Thomson wrong through further experimentation and another
theory in 1911. In his experiments Rutherford used alpha particles from a radioactive
element such as radium. Rutherford aimed the alpha particles at metal foils. He found that
most of the particles passed directly through the foil; however some were deflected nearly
backward.

According to the plum pudding model all of the particles should have slowed as they passed
through the "pudding" but none should have been deflected. Rutherford then concluded that
every particle must have a nucleus, that is, a small hard positively charged core which takes
up little space but contains the majority of the atom's mass. According to Rutherford's
model the positively charged nucleus would attract the negatively charged electrons. Today
we recognize that the atom consists of a positively charged core with a number of electrons
moving around it.
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7 Subatomic Particles

7.1 Particle Properties

Before learning about subatomic particles, some basic properties should be understood.

7.1.1 Charge

Particles may be electrically charged. Charge is a property which defines the force that
a particle will exert on other charged particles. There is a well known saying that applies
perfectly: "Opposites attract." (Likewise, like charges repel.) Positive charges and negative
charges will attract each other and come together. Two positive or two negative charges will
push each other away.

Helpful Hint:
Not all particles have charge.

The amount of charge a particle has is measured in coulombs1, but it is more conveniently
expressed in terms of an integer. For instance, a helium ion that has 2 less electrons than
usual has a charge of +2, and a bromide ion with one more electron than usual has a charge
of -1. (This may seem backwards, but remember that an electron has a negative charge.)
Notice that charge not only applies to subatomic particles, but also ions and other things
as well. Always remember to specify if a charge is positive or negative. Unlike ordinary
numbers, we always write the plus sign for positive charges to avoid confusion with a negative
charge.

i Information
It may be useful to understand Coulomb's Law. It explains the electromagnetic
force: F = kQ1Q2

r2 . Q is the charge on each particle, r is the distance between them,
and k is a constant. So, if the distance between two particles is doubled, the force will
be reduced by one fourth. Double the charge would mean double the force, be it
attractive or repulsive. Coulomb's Law will be especially important when
understanding periodic trends.

However, there is no need to solve it exactly. Just remember the relationships between
the variables.

1 http://en.wikipedia.org/wiki/Coulomb
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7.1.2 Mass

Mass is the measure of inertia. From a subatomic point of view, mass can also be understood
in terms of energy, but that does not concern us when dealing with chemistry. Mass for
particles, atoms, and molecules is not measured in grams, as with ordinary substances.
Instead, it is measured in atomic mass units, or amu. For more information about mass
and amu, read the previous chapters on properties of matter.

7.2 The Nucleus

Figure 19 An atom (not to scale!)

At the center of each atom lies the nucleus. It is incredibly small: if you were to take
the average atom (itself miniscule in size) and expand it to the size of a football stadium,
then the nucleus would be about the size of a marble. It is, however, astoundingly dense:
despite the tiny percentage of the atom's volume it contains nearly all of the atom's mass.
The nucleus almost never changes under normal conditions, remaining constant throughout
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chemical reactions. Nuclei are themselves made up of a pair of smaller and more dense
particles, the proton and the neutron. These particles are collectively dubbed nucleons.

7.2.1 Protons

Protons have a charge of +1 and a mass of 1 amu. They are often represented by a p.

Protons will be important when learning about acids and bases—they are the essence of
acid. Remember that the number of protons in an atom is its atomic number, and defines
what element it will be. The number of protons in a nucleus ranges from one to over a
hundred.

Consider the element hydrogen. Its atomic number is 1, so it has one proton and one electron.
If it is made into an ion (an atom with missing or extra electrons), it will simply be a lone
proton. Thus, a proton is the nucleus of a hydrogen atom, and a proton is a hydrogen ion.
Therefore, a proton can be written as H+ or 1

1H+, both symbols for a hydrogen ion.

7.2.2 Neutrons

Neutrons have no charge and a mass of 1 amu. A neutron is slightly heavier
than a proton, but the difference is insignificant. Neutrons are often written n.

Our friends the physicists say that neutrons and protons are made of even smaller
particles called quarks. Fortunately, we don't need to know about that because quarks
do not affect chemistry. Instead, quarks fall in the field of Quantum Mechanicsa.

a http://en.wikibooks.org/wiki/Quantum%20Mechanics

Unlike the protons, neutrons cannot exist outside the nucleus indefinitely as they become
unstable and break down. Within one nucleus there can be many protons and neutrons all
in close proximity to one another. The number of neutrons in a nucleus ranges from zero to
over a hundred.

You may wonder why neutrons exist. They have no charge, so can they do anything? The
answer is yes—neutrons are very important. Remember that opposites attract and likes
repel. If so, then how can several protons stay clumped together in the dense nucleus of an
atom? It would seem as if the protons would repel and scatter the nucleus. However, there
is a strong nuclear force that holds the nucleus together. This incredible force causes
nucleons to attract each other with much greater strength than the electric force can repel
them, but only over extremely short distances.

A delicate balance exists between the number of protons and neutrons. Protons, which
are attracted to one another via the strong force but simultaneously repelled by their
electromagnetic charges, cannot exist in great numbers within the nucleus without the
stabilizing action of neutrons, which are attracted via the strong force but are not charged.
Conversely, neutrons lend their inherent instability to the nucleus and too many will
destabilize it.
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i Information
Neutrons are the reason for isotopes, or atoms with the same number of protons but
different masses. The masses are different because of different numbers of neutrons.
Isotopes of a given element have almost identical chemical properties (like color,
melting point, reactions, etc.), but they have different nuclear properties. Some
isotopes are stable, others are radioactive. Different isotopes decay in different ways.

Lastly, neutrons are very important in nuclear reactions, such as those used in power plants.
Neutrons act like a bullet that can split an atom's nucleus. Because they have no charge,
neutrons are neither attracted nor repelled by atoms and ions.

7.3 The Electron Cloud

Surrounding the dense nucleus is a cloud of electrons. Electrons have a charge of -1 and a
mass of 0 amu. That does not mean they are massless. Electrons do have mass, but it is so
small that it has no effect on the overall mass of an atom. An electron has approximately
1/1800 the mass of a proton or neutron. Electrons are written e−.

Electrons orbit the outside of a nucleus, unaffected by the strong nuclear force. They define
the chemical properties of an atom because virtually every chemical reaction deals with the
interaction or exchange of the outer electrons of atoms and molecules.

Electrons are attracted to the nucleus of an atom because they are negative and the nucleus
(being made of protons and neutrons) is positive. Opposites attract. However, electrons
don't fall into the nucleus. They orbit around it at specific distances because the electrons
have a certain amount of energy. That energy prevents them from getting too close, as they
must maintain a specific speed and distance. Changes in the energy levels of electrons cause
different phenomena such as spectral lines, the color of substances, and the creation of ions
(atoms with missing or extra electrons).

7.3.1 Electron Interactions

Atoms will always have equal numbers of protons and electrons, so their overall charge is zero.
Atoms are neutral. Ions, on the other hand, are atoms that have gained or lost electrons and
now have an unequal number of protons and electrons. If there are extra electrons, the ion
will be negatively charged. If there are missing electrons, the ion will be positively charged,
due to the majority of positive protons.

Valence electrons (the outermost electrons) are responsible for an atom's behavior in
chemical bonds. The core electrons are all of the electrons not in the outermost shell, and
they rarely get involved. An atom will attempt to fill its valence shell. This occurs when an
atom has eight valence electrons (as explained in the next chapter), so atoms will undergo
chemical bonds to either share, give, or take the electrons it needs. Sodium, for example,
is very likely to give up its one valence electron, so that its outer shell is empty (the shell
underneath it is full). Chlorine is very likely to take an electron because it has seven and
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wants eight. When sodium and chlorine are mixed, they exchange electrons and create
sodium chloride (table salt). As a result, both elements have full valence shells, and a very
stable compound is formed.
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8 Introduction to Quantum Theory

8.1 Introduction to Quantum Mechanics

In the late 18th century, many physicists believed that they had made great progress in
physics, and there wasn't much more that needed to be discovered. The classical physics
at the time was widely accepted in the scientific community. However, by the early 20th
century, physicists discovered that the laws of classical mechanics break down in the atomic
world, and experiments such as the photoelectric effect completely contradict the laws of
classical physics. As a result of these crises, physicists began to construct new laws of
physics which would apply to the atomic world; these theories would be collectively known
as quantum mechanics. Quantum mechanics, in some ways, completely changed the way
physicists view the universe, and it also marked the end of the idea of a clockwork universe
(the idea that universe was predictable).

8.2 Electromagnetic Radiation

w:Electromagnetic spectrum1 Electromagnetic radiation (ER) is a form of energy that
sometimes acts like a wave, and other times acts like a particle. Visible light is a well-known
example. All forms of ER have two inversely proportional properties: wavelength and
frequency. Wavelength is the distance from one wave peak to the next, which can be
measured in meters. Frequency is the number of wave peaks observed in a given point during
a second. The unit for frequency is hertz.

1 http://en.wikipedia.org/wiki/Electromagnetic%20spectrum
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Introduction to Quantum Theory

Figure 20

Since wavelength and frequency are inversely related, their product (multiplication) always
equals a constant — specifically, 3.0 x 108 m/sec, which is better known as the speed of
light.

The wavelength and frequency of any specific occurrence of ER determine its position on
the electromagnetic spectrum.

Figure 21

As you can see, visible light is only a tiny fraction of the spectrum.

The energy of an electromagnetic wave is given by E = hf , where h is Plank's constant and
f is the frequency. Energy is directly proportional to frequency — doubling the frequency
will double the energy.
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The Discovery of the Quantum

8.3 The Discovery of the Quantum

Figure 22 As photons strike a metal, electrons are freed. The photoelectric effect
depends only on the light's frequency, not intensity, which defies wave behavior.

So far we have only discussed the wave characteristics of energy. However, the wave model
cannot account for something known as the photoelectric effect. This effect is observed
when light focused on certain metals apparently causes electrons to be emitted. (Photoelectric
or solar panels work on this principle.)

For each metal it was found that there is a minimum threshold frequency of electromagnetic
radiation that is needed to be shone on it in order for it to emit electrons. One could not
replace a certain amount of light at one frequency with twice as much light of half the
frequency. If light only acts as a wave, the effect of light should be cumulative - the light
should add up, little by little, until it causes electrons to be emitted. Instead, there is a
clear-cut minimum of the frequency of light that triggers the electron emissions.

The implication of this is that frequency is directly linked to energy, the higher light
frequencies having more energy. This observation led to the discovery of the minimum
amount of energy that could be gained or lost by an atom. Max Planck named this minimum
amount the quantum, plural "quanta", meaning "how much". One photon of light carries
exactly one quantum of energy.
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Introduction to Quantum Theory

8.4 More Evidence for a Particle Theory of Energy

When an electric current is passed through a gas, some of the gas molecules' electrons move
from their ground state to an excited state that is further away from their nuclei. When the
electrons return to the ground state, they emit energy of various wavelengths. A prism can
be used to separate the wavelengths, making them easy to identify.

If light acted only as a wave, then there should have been a continuous rainbow created
by the prism. Instead, there were discrete lines created by different wavelengths. This is
because electrons release specific wavelengths of light when moving from an excited state to
a ground state.

Figure 23 The emission spectrum of nitrogen gas. The spectral lines occur at specific
wavelengths, showing the particle behavior of light.

w:Introduction to quantum mechanics2

2 http://en.wikipedia.org/wiki/Introduction%20to%20quantum%20mechanics
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9 The Quantum Model

9.1 Uncertainty

Figure 24 Werner Heisenberg (1927)
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The Quantum Model

It turns out that photons are not the only thing that act like waves and particles. Electrons,
too, have this dual characteristic. Electrons can be thought of as waves of a certain length,
thus they would only be able to form a circle around the nucleus at certain distances. Of
course, this brings up a problem: are electrons particles in a specific location, or waves in a
general area? Werner Heisenberg tried using photons to locate electrons. Of course, when
photons reach electrons, the electrons change velocity, and move to an excited state. As a
result, it is impossible to know the velocity and location of an electron at the same time.
This is known as the Heisenberg uncertainty principle. The Heisenberg uncertainty
principle is a kind of scientific dilemma: the more you know about something's velocity, the
less you know about its position; and the more you know about its position, the less you
know about its velocity. The significance of this uncertainty is that you can never know
exactly where an atom's electrons are.

Figure 25 A wave forming a circle

On the tiny scale of an atom, the particle model of an electron does not accurately describe
its properties. An electron tends to act more like a water wave than a billiard ball. At any
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The Wave Function

one moment in time the ball is in some definite place; it is also moving in some definite
direction at a definite speed. This is certainly not true for waves or electrons in general.
The Heisenberg uncertainty principle states that the exact position and momentum of an
electron cannot be simultaneously determined. This is because electrons simply don't have
a definite position, and direction of motion, at the same time!

One way to try to understand this is to think of an electron not as a particle but as a wave.
Think of dropping a stone into a pond. The ripples start to spread out from that point.
We can answer the question "Where is the wave?" with "It's where you plonked the stone
in". But we can't answer the question "What direction is the wave moving?" because it's
moving in all directions. It's spreading out. Now think of a wave at the seaside. We know
the direction of motion. It's straight in towards the beach. But where is the wave? We can't
pinpoint an exact location. It's all along the water.

9.2 The Wave Function

Figure 26 Think of the wave equation like a sprinkler—you cannot predict the exact
path of a particular water droplet, but you do know (based on the range and shape of the
sprinkler) where it is most likely to go.

If we can never know exactly where an electron is, then how do we keep track of them
as they orbit atoms? Erwin Schrödinger made the concept of the Schrödinger Wave
Function. It tells the probability of an electron being found at a given position. You don't
know where the electron is, but you know where it is most likely and least likely to be found.
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The Quantum Model

The electron could be anywhere, but it is probably going to be a certain distance from the
atom, staying within a certain shape.

9.3 Orbitals

In the following sections, we will learn about the shells, subshells, and orbitals that the
electrons are in. Try not to get confused; it can be difficult. Understanding this information
will help you to learn about bonding, which is very important.

In essence, each electron orbiting an atom has a set of four numbers that describe it. Those
four numbers, called quantum numbers, tell us how far away the electron is, what shape of
path it is likely to follow, and which direction its orbit goes. Each electron in an atom has
a unique set of numbers, and the numbers can change if bonding occurs or an electron is
energized into a higher-energy orbit. In the next chapter, we will learn the exact meaning of
those four values and how they affect the path the electron follows.

i Information
Keep in mind that the pictures of the orbitals you will soon see show the area in which
the electron is most likely to be, not its exact orbit. It's like a picture of a sprinkler
watering a lawn, and the electrons are drops of water. You know the general area of
the water, but not the exact location of each droplet. In the orbital pictures, you know
the general area the electron could be in, but not its exact path. This is a result of the
Uncertainty Principle.
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10 The Quantum Atom

10.1 The Quantum Numbers

These four numbers are used to describe the location of an electron in an atom.

Number Symbol Possible Values
Principal Quantum Number n 1,2,3,4, . . .
Angular Momentum Quantum Number ` 0,1,2,3, . . . ,(n−1)
Magnetic Quantum Number ml −`, . . . ,−1,0,1, . . . , `
Spin Quantum Number ms +1/2,−1/2

10.1.1 Principal Quantum Number (n)

Determines the shell the electron is in. The shell is the main component that determines the
energy of the electron (higher n corresponds to higher energy), as well as nuclear distance
(higher n means further from the nucleus). The row that an element is placed on the periodic
table tells how many shells there will be. Helium (n = 1), neon (n = 2), argon (n = 3), etc.

10.1.2 Angular Momentum Quantum Number (l)

Also known as azimuthal quantum number. Determines the subshell the electron is in.
Each subshell has a unique shape and a letter name. The s orbital is shaped like a sphere
and occurs when l = 0. The p orbitals (there are three) are shaped like teardrops and occur
when l = 1. The d orbitals (there are five) occur when l = 2. The f orbitals (there are seven)
occur when l = 3. (By the way, when l = 4, the orbitals are "g orbitals", but they (and the l
= 5 "h orbitals") can safely be ignored in general chemistry.)

This number also gives information as to what the angular node of an orbital is. A node1
is defined as a point on a standing wave2 where the wave has minimal amplitude3. When
applied to chemistry this is the point of zero-displacement and thus where no electrons are
found. In turn angular node means the planar or conical surface in which no electrons are
found or where there is no electron density.

1 http://en.wikipedia.org/wiki/Node_%28physics%29
2 http://en.wikipedia.org/wiki/Standing_wave
3 http://en.wikipedia.org/wiki/Amplitude
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The Quantum Atom

Here are pictures of the orbitals. Keep in mind that they do not show the actual path of the
electrons, due to the Heisenberg Uncertainty Principle. Instead, they show the area where
the electron is most likely to occur (say, 90% of the probability). The two colors represent
the two different spin numbers (the choice is arbitrary).
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The Quantum Atom

10.1.3 Magnetic Quantum Number (ml)

Determines the orbital in which the electron lies. For example, there are three p orbitals
in shell n = 2: the magnetic quantum number determines which one of these orbitals the
electrons reside in. The different orbitals are oriented at different angles around the nucleus.
See how each p orbital has the same general shape, but they point in different directions
around the nucleus.

10.1.4 Spin Quantum Number (ms)

Determines the spin on the electron.

10.1.5 Some Examples

Let's examine the quantum numbers of electrons from a magnesium atom. Remember that
each list of numbers corresponds to (n, l, ml, ms).
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The Quantum Atom

10.1.6 The Periodic Table

Notice a pattern on the periodic table4. Different areas, or blocks, have different types of
electrons. The two columns on the left make the s-block. The six columns on the right make
the p-block. The large area in the middle (transition metals) makes the d-block. The bottom
portion makes the f-block. Each row introduces a new shell (aka energy level). Basically,
the row tells you how many shells of electrons there will be, and the column tells you which
subshells will occur (and which shells they occur in). The value of ml can be determined by
some of the rules we will learn in the next chapter. The value of ms doesn't really matter as
long as there are no repeating values in the same orbital.

i Information
To see the pattern better, take a look at this periodic table5.

4 http://en.wikibooks.org/wiki/General_Chemistry%2FPeriodic_Table
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11 Shells and Orbitals

11.1 Electron shells

Each shell is subdivided into subshells, which are made up of orbitals, each of which has
electrons with different angular momentum. Each orbital in a shell has a characteristic shape,
and is named by a letter. They are: s, p, d, and f. In a one-electron atom (e.g. H, He+,
Li+, etc.) the energy of each orbital within a particular shell is identical. However when
there is more than one electron, they interact with one another and split the orbitals into
slightly different energies. Within any particular shell, the energy of the orbitals depends on
the angular momentum, with the s orbital having the lowest energy, then p, then d, then f.

This image shows the orbitals (along with hybrid orbitals for bonding and a sample electron
configuration, explained later).

Figure 43
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Shells and Orbitals

11.2 The s orbital

The simplest orbital in the atom is the 1s orbital. It has no radial or angular nodes: the 1s
orbital is simply a sphere of electron density. A node is a point where the electron probability
is zero. As with all orbitals the number of radial nodes increases with the principle quantum
number (i.e. the 2s orbital has one radial node, the 3s has two etc.). Because the angular
momentum quantum number is 0, there is only one choice for the magnetic quantum number
- there is only one s orbital per shell. The s orbital can hold two electrons, as long as they
have different spin quantum numbers.

n = 1,2,3, ...
l = 0
ml = 0
ms = +1

2 ,−
1
2

11.3 The p orbitals

Starting from the 2nd shell, there is a set of p orbitals. The angular momentum quantum
number of the electrons confined to p orbitals is 1, so each orbital has one angular node.
There are 3 choices for the magnetic quantum number, which indicates 3 differently oriented
p orbitals. Finally, each orbital can accommodate two electrons (with opposite spins), giving
the p orbitals a total capacity of 6 electrons.

n = 2,3,4, ...
l = 1
ml = −1,0,1
ms = +1

2 ,−
1
2

The p orbitals all have two lobes of electron density pointing along each of the axes. Each
one is symmetrical along its axis. The notation for the p orbitals indicate which axis it
points down, i.e. px points along the x axis, py on the y axis and pz up and down the z axis.
The p orbitals are degenerate — they all have the same energy. P orbitals are very often
involved in bonding.

2px 2py 2pz

Figure 44 Figure 45 Figure 46
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11.4 The d orbitals

The first set of d orbitals is the 3d set. The angular momentum quantum number is 2,
so each orbital has two angular nodes. There are 5 choices for the magnetic quantum
number, which gives rise to 5 different d orbitals. Each orbital can hold two electrons (with
opposite spins), giving the d orbitals a total capacity of 10 electrons.

n = 3,4,5, ...
l = 2
ml = −2,−1,0,1,2
ms = +1

2 ,−
1
2

Note that all the d orbitals have four lobes of electron density, except for the dz2 orbital,
which has two opposing lobes and a doughnut of electron density around the middle. The d
orbitals can be further subdivided into two smaller sets. The dx2-y2 and dz2 all point directly
along the x, y, and z axes. They form an eg set. On the other hand, the lobes of the dxy,
dxz and dyz all line up in the quadrants, with no electron density on the axes. These three
orbitals form the t2g set. In most cases, the d orbitals are degenerate, but sometimes
they can split, with the eg and t2g subsets having different energy. Crystal Field Theory
predicts and accounts for this. D orbitals are sometimes involved in bonding, especially in
inorganic chemistry.

11.5 The f orbitals

The first set of f orbitals is the 4f subshell. There are 7 possible magnetic quantum numbers,
so there are 7 f orbitals. Their shapes are fairly complicated, and they rarely come up when
studying chemistry. There are 14 f electrons because each orbital can hold two electrons
(with opposite spins).

n = 4,5,6, ...
l = 3
ml = −3,−2,−1,0,1,2,3
ms = +1

2 ,−
1
2
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12 Filling Electron Shells

12.1 Filling Electron Shells

When an atom or ion receives electrons into its orbitals, the orbitals and shells fill up in a
particular manner.

12.1.1 Aufbau principle

You may consider an atom as being "built up" from a naked nucleus by gradually adding to
it one electron after another, until all the electrons it will hold have been added. Much as
one fills up a container with liquid from the bottom up, the orbitals of an atom are filled
from the lowest energy orbitals to the highest energy orbitals.

Orbitals with the lowest principal quantum number (n) have the lowest energy and will fill
up first. Within a shell, there may be several orbitals with the same principal quantum
number. In that case, more specific rules must be applied. For example, the three p orbitals
of a given shell all occur at the same energy level. So, how are they filled up? ans: all the
three p orbitals have same energy so while filling the p orbitals we can fill any one of the Px,
Py or Pz first. it is a convention that we chose to fill Px first ,then Py and then Pz for our
simplicity. Hence you can opt for filling these three orbitals from right to left also.

12.1.2 Hund's Rule

According to Hund's rule, orbitals of the same energy are each filled with one electron before
filling any with a second. Also, these first electrons have the same spin.

This rule is sometimes called the "bus seating rule". As people load onto a bus, each person
takes his own seat, sitting alone. Only after all the seats have been filled will people start
doubling up.

12.1.3 Pauli Exclusion principle

No two electrons can have all four quantum numbers the same. What this translates to in
terms of our picture of orbitals is that each orbital can only hold two electrons, one "spin
up" (+1

2) and one "spin down" (-1
2).
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Filling Electron Shells

Figure 59 This animation demonstrates the Aufbau principle, Hund's Rule, and the
Pauli Exclusion principle.

12.1.4 Orbital Order

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f, 6d, 7p, 8s.

Although this looks confusing, there is an easy way to remember.
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How to Write the Electron Configuration of an Atom

Figure 60

Understanding the above rules and diagrams will allow you to determine the electron
configuration of almost any atom or ion.

12.2 How to Write the Electron Configuration of an Atom

w:Electron configuration1 Electron-configuration notation is relatively straightforward. Cal-
cium, for example, would be 1s22s22p63s23p64s2. This could be abbreviated by using the

1 http://en.wikipedia.org/wiki/Electron%20configuration
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Filling Electron Shells

preceding noble gas (the elements found all the way on the right of the periodic table) as
[Ar]4s2, where Ar is argon. Noble gasses have very stable configurations, and are extremely
reluctant to lose electrons.

12.3 Rule of Stability

A subshell is particularly stable if it is half full or full. Given two configurations, the atom
would "choose" the more stable one.

Example: In the following configuration, Cu: [Ar]4s23d9, copper's d shell is just one away
from stability, and therefore, one electron from the s shell jumps into the d shell: [Ar]4s13d10.
This way, the d shell is full, and is therefore stable, and the s shell is half full, and is also
stable.

Figure 61

Another example: Chromium has a configuration of [Ar]4s13d5, although you would expect
to see four d electrons instead of five. This is because an s electron has jumped into the d
orbital, giving the atom two half-full shells—much more stable than a d orbital with only
four electrons.

The stability rule applies to atoms in the same group as chromium and copper.

If one of these atoms has been ionized, that is, it loses an electron, it will come from the
s orbital rather than the d orbital. For instance, the configuration of Cu+ is [Ar]4s03d10. If
more electrons are removed, they will come from the d orbital.
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Magnetism

12.4 Magnetism

Figure 62 The spin of an electron creates a magnetic field (albeit ridiculously weak), so
unpaired electrons create a small magnetic field. Paired electrons have opposite spin, so the
magnetic fields cancel each other out, leading to diamagnetism.

Magnetism is a well-known effect. Chances are, you have magnets on your refrigerator.
As you already know, only certain elements are magnetic. Electron configurations help to
explain why.

Diamagnetism is actually a very weak repulsion to magnetic fields. All elements have
diamagnestism to some degree. It occurs when there are pair electrons.

Paramagnetism is an attraction to external magnetic fields. It is also very weak. It occurs
whenever there is an unpaired electron in an orbital.
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Ferromagnetism is the permanent magnetism that we encounter in our daily lives. It only
occurs with three elements: iron (Fe), nickel (Ni), and cobalt (Co).
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13 Periodicity and Electron
Configurations

13.1 Blocks of the Periodic Table

The Periodic Table1 does more than just list the elements. The word periodic means that in
each row, or period, there is a pattern of characteristics in the elements. This is because the
elements are listed in part by their electron configuration. The Alkali metals and Alkaline
earth metals have one and two valence electrons (electrons in the outer shell) respectively.
These elements lose electrons to form bonds easily, and are thus very reactive. These elements
are the s-block of the periodic table. The p-block, on the right, contains common non-metals
such as chlorine and helium. The noble gases, in the column on the right, almost never
react, since they have eight valence electrons, which makes it very stable. The halogens,
directly to the left of the noble gases, readily gain electrons and react with metals. The s
and p blocks make up the main-group elements, also known as representative elements.
The d-block, which is the largest, consists of transition metals such as copper, iron, and gold.
The f-block, on the bottom, contains rarer metals including uranium. Elements in the same
Group or Family have the same configuration of valence electrons, making them behave
in chemically similar ways.

1 http://en.wikibooks.org/wiki/General%20Chemistry%2FPeriodic%20Table
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Periodicity and Electron Configurations

Figure 63 Organization of Subshells
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Causes for Trends

13.2 Causes for Trends

Figure 64 Potassium has many core electrons; the lone outer electron can easily be
peeled off due to the "shielding" effect.

There are certain phenomena that cause the periodic trends to occur. You must understand
them before learning the trends.
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13.2.1 Effective Nuclear Charge

The effective nuclear charge is the amount of positive charge acting on an electron. It is the
number of protons in the nucleus minus the number of electrons in between the nucleus and
the electron in question. Basically, the nucleus attracts an electron, but other electrons in
lower shells repel it (opposites attract, likes repel).

13.2.2 Shielding Effect

The shielding (or screening) effect is similar to effective nuclear charge. The core electrons
repel the valence electrons to some degree. The more electron shells there are (a new shell
for each row in the periodic table), the greater the shielding effect is. Essentially, the core
electrons shield the valence electrons from the positive charge of the nucleus.

13.2.3 Electron-Electron Repulsions

When two electrons are in the same shell, they will repel each other slightly. This effect is
mostly canceled out due to the strong attraction to the nucleus, but it does cause electrons
in the same shell to spread out a little bit. Lower shells experience this effect more because
they are smaller and allow the electrons to interact more.

13.2.4 Coulomb's Law

Coulomb's law is an equation that determines the amount of force with which two charged
particles attract or repel each other. It is F = kQ1Q2

r2 , where Q is the amount of charge (+1e
for protons, -1e for electrons), r is the distance between them, and k is a constant. You can
see that doubling the distance would quarter the force. Also, a large number of protons
would attract an electron with much more force than just a few protons would.

13.3 Trends in the Periodic table

Most of the elements occur naturally on Earth. However, all elements beyond uranium
(number 92) are called trans-uranium elements and never occur outside of a laboratory. Most
of the elements occur as solids or gases at STP. STP is standard temperature and pressure,
which is 0° C and 1 atmosphere of pressure. There are only two elements that occur as
liquids at STP: mercury (Hg) and bromine (Br).

Bismuth (Bi) is the last stable element on the chart. All elements after bismuth are radioactive
and decay into more stable elements. Some elements before bismuth are radioactive, however.
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Trends in the Periodic table

13.3.1 Atomic Radius

Leaving out the noble gases, atomic radii are larger on the left side of the periodic chart
and are progressively smaller as you move to the right across the period. Conversely, as you
move down the group, radii increase.

Atomic radii decrease along a period due to greater effective nuclear charge. Atomic radii
increase down a group due to the shielding effect of the additional core electrons, and the
presence of another electron shell.

13.3.2 Ionic Radius

For nonmetals, ions are bigger than atoms, as the ions have extra electrons. For metals, it is
the opposite.

Extra electrons (negative ions, called anions) cause additional electron-electron repulsions,
making them spread out farther. Fewer electrons (positive ions, called cations) cause fewer
repulsions, allowing them to be closer.

13.3.3 Ionization Energy

i Information
Ionization energy is the energy required to strip an electron from the atom (when in
the gas state).

X(g) +energy→X+
(g) +e−

Ionization energy is also a periodic trend within the periodic table organization. Moving
left to right within a period or upward within a group, the first ionization energy generally
increases. As the atomic radius decreases, it becomes harder to remove an electron that is
closer to a more positively charged nucleus.

Ionization energy decreases going left across a period because there is a lower effective
nuclear charge keeping the electrons attracted to the nucleus, so less energy is needed to pull
one out. It decreases going down a group due to the shielding effect. Remember Coulomb's
Law: as the distance between the nucleus and electrons increases, the force decreases at a
quadratic rate.
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Figure 65 Periodic trend for ionization energy. Each period
begins at a minimum for the alkali metals, and ends at a maximum
for the noble gases.

It is considered a measure of the tendency of an atom or ion to surrender an electron, or
the strength of the electron binding; the greater the ionization energy, the more difficult
it is to remove an electron. The ionization energy may be an indicator of the reactivity of
an element. Elements with a low ionization energy tend to be reducing agents and form
cations, which in turn combine with anions to form salts.

13.3.4 Electron Affinity

i Information
Electron affinity is the opposite of ionization energy. It is the energy released when an
electron is added to an atom.

X+e−→X− +energy
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Trends in the Periodic table

Figure 66 Electron affinity is the energy released when an electron is added to an atom,
producing a negative ion.

Electron affinity is highest in the upper left, lowest on the bottom right. However, electron
affinity is actually negative for the noble gasses. They already have a complete valence shell,
so there is no room in their orbitals for another electron. Adding an electron would require
creating a whole new shell, which takes energy instead of releasing it. Several other elements
have extremely low electron affinities because they are already in a stable configuration, and
adding an electron would decrease stability.

Electron affinity occurs due to the same reasons as ionization energy.

13.3.5 Electronegativity

Electronegativity is how much an atom attracts electrons within a bond. It is measured on a
scale with fluorine at 4.0 and francium at 0.7. Electronegativity decreases from upper right
to lower left.

Electronegativity decreases because of atomic radius, shielding effect, and effective nuclear
charge in the same manner that ionization energy decreases.

13.3.6 Metallic Character

Metallic elements are shiny, usually gray or silver colored, and good conductors of heat
and electricity. They are malleable (can be hammered into thin sheets), and ductile (can
be stretched into wires). Some metals, like sodium, are soft and can be cut with a knife.
Others, like iron, are very hard. Non-metallic atoms are dull, usually colorful or colorless,
and poor conductors. They are brittle when solid, and many are gases at STP. Metals give
away their valence electrons when bonding, whereas non-metals take electrons.

The metals are towards the left and center of the periodic table—in the s-block, d-block,
and f-block . Poor metals and metalloids (somewhat metal, somewhat non-metal) are in the
lower left of the p-block. Non-metals are on the right of the table.
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Metallic character increases from right to left and top to bottom. Non-metallic character is
just the opposite. This is because of the other trends: ionization energy, electron affinity,
and electronegativity.

Figure 67 Sodium, very metallic

Figure 68 Sulfur, very non-metallic
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14 Octet Rule and Exceptions

The octet rule refers to the tendency of atoms to prefer to have eight electrons in the
valence shell. When atoms have fewer than eight electrons, they tend to react and form more
stable compounds. When discussing the octet rule, we do not consider d or f electrons. Only
the s and p electrons are involved in the octet rule, making it useful for the representative
elements (elements not in the transition metal or inner-transition metal blocks). An octet
corresponds to an electron configuration ending with s2p6.

14.1 Stability

Atoms will react to get in the most stable state possible. A complete octet is very stable
because all orbitals will be full. Atoms with greater stability have less energy, so a reaction
that increases the stability of the atoms will release energy in the form of heat or light.
Reactions that decrease stability must absorb energy, getting colder.

The other tendency of atoms is to maintain a neutral charge. Only the noble gases1 (the
elements on the right-most column of the periodic table2) have zero charge with filled
valence octets. All of the other elements have a charge when they have eight electrons all to
themselves. The result of these two guiding principles is the explanation for much of the
reactivity and bonding that is observed within atoms: atoms seek to share electrons in
a way that minimizes charge while fulfilling an octet in the valence shell.

i Information
The noble gases rarely form compounds. They have the most stable configuration (full
octet, no charge), so they have no reason to react and change their configuration. All
other elements attempt to gain, lose, or share electrons to achieve a noble gas
configuration.

14.1.1 Example

The formula for table salt is NaCl. It is the result of Na+ ions and Cl- ions bonding together.
If sodium metal and chlorine gas mix under the right conditions, they will form salt. The
sodium loses an electron, and the chlorine gains that electron. In the process, a great amount
of light and heat is released. The resulting salt is mostly unreactive — it is stable. It won't
undergo any explosive reactions, unlike the sodium and chlorine that it is made of.

1 Chapter 68 on page 333
2 http://en.wikibooks.org/wiki/General_Chemistry%2FPeriodic_Table
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Octet Rule and Exceptions

Why? Referring to the octet rule, atoms attempt to get a noble gas electron configuration,
which is eight valence electrons. Sodium has one valence electron, so giving it up would
result in the same electron configuration as neon. Chlorine has seven valence electrons, so if
it takes one it will have eight (an octet). Chlorine has the electron configuration of argon
when it gains an electron.

The octet rule could have been satisfied if chlorine gave up all seven of its valence electrons
and sodium took them. In that case, both would have the electron configurations of noble
gasses, with a full valence shell. However, their charges would be much higher. It would be
Na7- and Cl7+, which is much less stable than Na+ and Cl-. Atoms are more stable when
they have no charge, or a small charge.

14.2 Exceptions

The octet rule is a useful aid when predicting the behavior of elements, but it does have
limitations.

14.2.1 Two Electrons

The main exception to the rule is hydrogen, which is at its lowest energy when it has two
electrons in its valence shell. Helium (He) is similar in that it, too, only has room for two
electrons in its only valence shell.

Hydrogen and helium have only one electron shell. The first shell has only one s orbital and
no p orbital, so it holds only two electrons. Therefore, these elements are most stable when
they have two electrons. You will occasionally see hydrogen with no electrons, but H+ is
much less stable than hydrogen with one or two electrons.

Lithium, with three protons and electrons, is most stable when it gives up an electron.

14.2.2 Less Than an Octet

Other notable exceptions are aluminum and boron, which
can function well with six valence electrons. Consider
BF3. The boron shares its three electrons with three fluorine atoms. The fluorines follow the octet rule, but boron has only six electrons. Although atoms with less than an octet may be stable, they will usually attempt to form a fourth bond to get eight electrons. BF3
is stable, but it will form BF4 when possible.

14.2.3 More Than an Octet

In Period 3, the elements on the right side of the periodic table3 have empty d orbitals. The
d orbitals may accept electrons, allowing elements like sulfur and phosphorus to have more
than an octet. Compounds such as PCl5 and SF6 can form. These compounds have 10 and
12 electrons around their central atoms, respectively.

3 http://en.wikibooks.org/wiki/General_Chemistry%2FPeriodic_Table
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Exceptions

Figure 69

Xenon hexafluoride uses d-electrons to
form more than an octet. This com-
pound shows another exception: a noble
gas compound.

14.2.4 Odd Numbers

Some elements, notably nitrogen, have an odd number of electrons and will form somewhat
stable compounds. Nitric oxide has the formula NO. No matter how electrons are shared
between the nitrogen and oxygen atoms, there is no way for nitrogen to have an octet. It
will have seven electrons instead. An atom with an unpaired electron is called a free radical
and is highly reactive.

Figure 70

Nitrogen dioxide has an unpaired elec-
tron. (Note the positive charge above the
N).
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15 Overview of Bonding

15.1 Introduction to Bonding

Put simply, chemical bonds join atoms together to form more complex structures (like
molecules or crystals). Bonds can form between atoms of the same element, or between
atoms of different elements. There are several types of chemical bonds which have different
properties and give rise to different structures.

In general, atoms try to react to form valence shells containing eight electrons. The octet
rule describes this.

• Ionic bonds1 form between positive ions (cations) and negative ions (anions). In an
ionic solid, the ions arrange themselves into a rigid crystal lattice. NaCl (common salt)
is an example of an ionic substance. When ionic bonds form, there is an attractive
force established between the positive cation and the negative anion. This attraction
between oppositely-charged ions is the ionic bond.

• Covalent bonds2 are formed when the orbitals of two non-metal atoms physically
overlap and share electrons with each other. There are two types of structures to
which this can give rise: molecules and covalent network solids. Methane (CH4) and
water (H2O) are examples of covalently bonded molecules, and glass is a covalent
network solid.

• Metallic bonds3 occur between metal atoms. In a metallically bonded substance,
the atoms' outer electrons are able to freely move around - they are delocalised to
form an 'electron pool'. Iron is a metallically bonded substance.

Chemical bonding is one of the most crucial concepts in the study of chemistry. In fact, the
properties of materials are basically defined by the type and number of atoms they contain
and how they are bonded together.

So far, you have seen examples of intramolecular bonds. These bonds connect atoms
into molecules. There are also intermolecular bonds4 that connect molecules into large
substances. Sometimes, there is no difference between intramolecular and intermolecular
bonds. In the case of ionic crystals (like salt) or covalent networks (like diamond), the same
bonding forces connect all of the atoms together. In the case of metallic bonding, the atoms
are all interconnected into one large piece of metal.

On the other hand, there may be intermolecular bonds different from those that join atoms
into molecules. Intermolecular bonds hold individual molecules of water into a puddle, and
they are broken when the water boils into a gas.

4 Chapter 21 on page 113
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16 Electronegativity

What determines the type of bond formed between two elements? There are two ways of
classifying elements to determine the bond formed: by electronegativity, or by metallic/non-
metallic character.

16.1 Electronegativity

Electronegativity is a property of atoms which is reflected in the layout of the periodic table
of the elements. Electronegativity is greatest in the elements in the upper right of the table
(e.g., fluorine), and lowest in the lower left (e.g., francium).

w:Electronegativity1 Electronegativity is a relative measure of how strongly an atom will
attract the electrons in a bond. Although bonds are the result of atoms sharing their
electrons, the electrons can be shared unequally. The more electronegative atom in a bond
will have a slight negative charge, and the less electronegative atom will have a slight positive
charge. Overall, the molecule may have no charge, but the individual atoms will. This is a
result of the electronegativity—by attracting the electrons in a bond, an atom gains a slight
negative charge. Of course, if two elements have equal electronegativity, they will share the
electrons equally.

1 http://en.wikipedia.org/wiki/Electronegativity

83

http://en.wikipedia.org/wiki/Electronegativity


Electronegativity

Figure 71 Linus Pauling created a commonly-used measure of electronegativity.

Metallic elements have low electronegativity, and non-metallic elements have high electroneg-
ativity. If two elements are close to each other on the periodic table2, they will have similar
electronegativities.

Electronegativity is measured on a variety of scales, the most common being the Pauling
scale. Created by chemist Linus Pauling, it assigns 4.0 to fluorine (the highest) and 0.7 to
francium (the lowest).

2 http://en.wikibooks.org/wiki/General%20Chemistry%2FPeriodic%20Table
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Bonds

16.2 Bonds

Non-polar covalent bonds occur when there is equal or near-equal sharing of electrons
between the two bonded atoms. This should make sense because covalent bonds are the
sharing of electrons between two atoms. Molecules such as Cl2, H2 and F2 are good examples.
Typically, a difference in electronegativity between 0.0 and 0.4 indicates a non-polar covalent
bond.

Polar covalent bonds occur when there is unequal sharing of the electrons between the
atoms. Molecules such as NH3 and H2O are examples of this. The typical rule is that bonds
with an electronegativity difference between 0.5 and 1.7 are considered polar. The electrons
are still being shared between two atoms, but one atom attracts the electrons more than the
other.

Ionic bonds occur when there is complete transfer of the electrons in the bond. This bond
does not contain atoms at all, but rather consists of two ions. Substances such as NaCl and
MgCl2 are examples. Generally, electronegativity differences of 1.8 or greater create ionic
bonds. The electronegativity difference is so great that one atom can attract the electrons
enough to "take" them from the other atom.

16.3 Notation

When drawing diagrams of bonds, we indicate covalent bonds with a line. We may write
the electronegativity using the symbols δ+ and δ−. Look at this example.

Hydrogen fluoride (HF):

δ+ δ−
H − F

The plus goes over the less electronegative atom. From the above diagram, we can see
that the fluorine attracts the electrons in the covalent bond more than the hydrogen does.
Fluorine will have a slight negative charge because of this, and hydrogen will have a slight
positive charge. Overall, hydrogen fluoride is neutral.
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17 Ionic Bonds

17.1 What are ions?

Ions are atoms or molecules which are electrically charged. Cations are positively charged
and anions carry a negative charge. Ions form when atoms gain or lose electrons. Since
electrons are negatively charged, an atom that loses one or more electrons will become
positively charged; an atom that gains one or more electrons becomes negatively charged.

17.2 Description of Ionic Bonds

Ionic bonding is the attraction between positively- and negatively-charged ions. These
oppositely charged ions attract each other to form ionic networks (or lattices). Electrostatics
explains why this happens: opposite charges attract and like charges repel. When many ions
attract each other, they form large, ordered, crystal lattices in which each ion is surrounded
by ions of the opposite charge. Generally, when metals react with non-metals, electrons are
transferred from the metals to the non-metals. The metals form positively-charged ions and
the non-metals form negatively-charged ions. The smallest unit of an ionic compound is the
formula unit.
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Figure 72 The ions arrange themselves into a lattice where each ion is surrounded by
ions of the opposite type.

17.3 Characteristics

Example ionic compounds: Sodium chloride (NaCl), potassium nitrate (KNO3).

Ionically bonded substances typically have the following characteristics.

• High melting point (solid at room temperature)
• Hard but brittle (can shatter)
• Many dissolve in water
• Conductors of electricity when dissolved or melted
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Formation

17.4 Formation

Figure 73 Lewis structure of the ionic bond between sodium and chlorine.

Ionic bonds form when metals and non-metals chemically react. By definition, a metal is
relatively stable if it loses electrons to form a complete valence shell and becomes positively
charged. Likewise, a non-metal becomes stable by gaining electrons to complete its valence
shell and become negatively charged. When metals and non-metals react, the metals lose
electrons by transferring them to the non-metals, which gain them. Consequently, ions are
formed, which instantly attract each other—ionic bonding.

For instance, in the reaction of Na (sodium) and Cl (chlorine), each Cl atom takes one
electron from a Na atom. Therefore each Na becomes a Na+ cation and each Cl atom
becomes a Cl- anion. Due to their opposite charges, they attract each other to form an ionic
lattice. The formula (ratio of positive to negative ions) in the lattice is NaCl.

The charges must balance because the overall compound is neutral. In the case of magnesium
chloride, the magnesium atom gives up two electrons to become stable. Note that it is in
the second group, so it has two valence electrons. The chlorine atom can only accept one
electron, so there must be two chlorine ions for each magnesium ion. Therefore, the formula
for magnesium chloride is MgCl2. If magnesium oxide were forming, the formula would be
MgO because oxygen can accept both of magnesium's electrons.

Exercise for the reader Try figuring out what the formula for magnesium
nitride1 would be. Use the periodic table2 to help.

It should also be noted that some atoms can form more than one ion. This usually happens
with the transition metals. For instance Fe (iron) can become Fe2+ (called iron(II) or
ferrous). Fe can also become Fe3+ (called iron(III) or ferric).

17.5 Common Ions

Ionic bonding occurs almost exclusively between a metal and non-metal. There are also
certain molecules called polyatomic ions that undergo ionic bonding. Within the polyatomic
ions, there is covalent bonding, but as a unit it undergoes ionic bonding. There are countless
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polyatomic ions, but you should be familiar with the most common ones. You would be well
advised to memorize these ions.

Name Formula Name Formula
Ammonium NH4

+ Hydronium H3O+

Peroxide O2
2- Hydroxide OH-

Nitrite NO2
- Nitrate NO3

-

Sulfite SO3
2- Sulfate SO4

2-

Hydrogen sulfite HSO3
- Phosphate PO4

3-

Hypochlorite ClO- Chlorite ClO2
-

Chlorate ClO3
- Perchlorate ClO4

-

Carbonate CO3
2- Hydrogen carbonate HCO3

-

pt:Introdução à Química/Ligação iônica3

3 http://pt.wikibooks.org/wiki/Introdu%E7%E3o%20%E0%20Qu%EDmica%2FLiga%E7%E3o%20i%
F4nica
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18 Covalent Bonds

Covalent bonds create molecules, which can be represented by a molecular formula. For
chemicals such as a basic sugar (C6H12O6), the ratios of atoms have a common multiple,
and thus the empirical formula is CH2O. Note that a molecule with a certain empirical
formula is not necessarily the same as one with the same molecular formula.

18.1 Formation of Covalent Bonds

Covalent bonds form between two atoms which have incomplete octets — that is, their
outermost shells have fewer than eight electrons. They can share their electrons in a covalent
bond. The simplest example is water (H2O). Oxygen has six valence electrons (and needs
eight) and the hydrogens have one electron each (and need two). The oxygen shares two of
its electrons with the hydrogens, and the hydrogens share their electrons with the oxygen.
The result is a covalent bond between the oxygen and each hydrogen. The oxygen has a
complete octet and the hydrogens have the two electrons they each need.

When atoms move closer, their orbitals change shape, letting off energy. However, there is a
limit to how close the atoms get to each other—too close, and the nuclei repel each other.
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Figure 74

One way to think of this is a ball rolling down into a valley. It will settle at the lowest point.
As a result of this potential energy "valley", there is a specific bond length for each type of
bond. Also, there is a specific amount of energy, measured in kilojoules per mole (kJ/mol)
that is required to break the bonds in one mole of the substance. Stronger bonds have a
shorter bond length and a greater bond energy.

18.2 The Valence Bond Model

One useful model of covalent bonding is called the Valence Bond model. It states that
covalent bonds form when atoms share electrons with each other in order to complete their
valence (outer) electron shells. They are mainly formed between non-metals.

An example of a covalently bonded substance is hydrogen gas (H2). A hydrogen atom on
its own has one electron—it needs two to complete its valence shell. When two hydrogen
atoms bond, each one shares its electron with the other so that the electrons move about
both atoms instead of just one. Both atoms now have access to two electrons: they become
a stable H2 molecule joined by a single covalent bond.
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Electron Sharing and Orbitals

Figure 75 Diagram of a covalent bond between hydrogen atoms

18.2.1 Double and Triple Bonds

Covalent bonds can also form between other non-metals, for example chlorine. A chlorine
atom has 7 electrons in its valence shell—it needs 8 to complete it. Two chlorine atoms can
share 1 electron each to form a single covalent bond. They become a Cl2 molecule.

Oxygen can also form covalent bonds, however, it needs a further 2 electrons to complete
its valence shell (it has 6). Two oxygen atoms must share 2 electrons each to complete
each other's shells, making a total of 4 shared electrons. Because twice as many electrons
are shared, this is called a double covalent bond. Double bonds are much stronger than
single bonds, so the bond length is shorter and the bond energy is higher.

Furthermore, nitrogen has 5 valence electrons (it needs a further 3). Two nitrogen atoms
can share 3 electrons each to make a N2 molecule joined by a triple covalent bond. Triple
bonds are stronger than double bonds. They have the shortest bond lengths and highest
bond energies.

18.3 Electron Sharing and Orbitals

Carbon, contrary to the trend, does not share four electrons to make a quadruple bond. The
reason for this is that the fourth pair of electrons in carbon cannot physically move close
enough to be shared. The valence bond model explains this by considering the orbitals
involved.

Recall that electrons orbit the nucleus within a cloud of electron density (orbitals). The
valence bond model works on the principle that orbitals on different atoms must overlap to
form a bond. There are several different ways that the orbitals can overlap, forming several
distinct kinds of covalent bonds.

18.3.1 The Sigma Bond

The first and simplest kind of overlap is when two s orbitals come together. It is called
a sigma bond (sigma, or σ, is the Greek equivalent of 's'). Sigma bonds can also form
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between two p orbitals that lie pointing towards each other. Whenever you see a single
covalent bond, it exists as a sigma bond. When two atoms are joined by a sigma bond, they
are held close to each other, but they are free to rotate like beads on a string.

Figure 76 The electron density is in between the two atoms in an σ bond.

18.3.2 The Pi Bond

The second, and equally important kind of overlap is between two parallel p orbitals. Instead
of overlapping head-to-head (as in the sigma bond), they join side-to-side, forming two areas
of electron density above and below the molecule. This type of overlap is referred to as a
pi (π, from the Greek equivalent of p) bond. Whenever you see a double or triple covalent
bond, it exists as one sigma bond and one or two pi bonds. Due to the side-by-side overlap
of a pi bond, there is no way the atoms can twist around each other as in a sigma bond. Pi
bonds give the molecule a rigid shape.

Pi bonds are weaker than sigma bonds since there is less overlap. Thus, two single bonds
are stronger than a double bond, and more energy is needed to break two single bonds than
a single double bond.
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Figure 77 The electron density lies above and below the atoms in a π bond.

18.3.3 Hybridization

w:Orbital hybridisation1 Consider a molecule of methane: a carbon atom attached to four
hydrogen atoms. Each atom is satisfying the octet rule, and each bond is a single covalent
bond.

Now look at the electron configuration of carbon: 1s22s22p2. In its valence shell, it has two
s electrons and two p electrons. It would not be possible for the four electrons to make
equal bonds with the four hydrogen atoms (each of which has one s electron). We know,
by measuring bond length and bond energy, that the four bonds in methane are equal, yet
carbon has electrons in two different orbitals, which should overlap with the hydrogen 1s
orbital in different ways.

To solve the problem, hybridization occurs. Instead of a s orbital and three p orbital, the
orbitals mix, to form four orbitals, each with 25% s character and 75% p character. These
hybrid orbitals are called sp3 orbitals, and they are identical. Observe:

C
↑↓
1s
↑↓
2s
↑

2px

↑
2py 2pz

C∗ ↑↓
1s
↑
sp3

↑
sp3

↑
sp3

↑
sp3

1 http://en.wikipedia.org/wiki/Orbital%20hybridisation
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Covalent Bonds

Now these orbitals can overlap with hydrogen 1s orbitals to form four equal bonds. Hy-
bridization may involve d orbitals in the atoms that have them, allowing up to a sp3d2
hybridization.

Exercise for the reader Predict the hybridized electron configuration of car-
bon in ethene. How many sigma bonds are there? How many pi bonds?

Figure 78

Hint: Hybridized electrons form only sigma bonds. Pi bonds form only be-
tween p electrons.
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19 Metallic Bonds

Metallic bonds occur among metal atoms. Whereas ionic bonds join metals to non-metals,
metallic bonding joins a bulk of metal atoms. A sheet of aluminum foil and a copper wire
are both places where you can see metallic bonding in action.

Figure 79 The "sea of electrons" is free to flow about the crystal of positive metal ions.

When metallic bonds form, the s and p electrons delocalize. Instead of orbiting their atoms,
they form a "sea of electrons" surrounding the positive metal ions. The electrons are free to
move throughout the resulting network. The delocalized nature of the electrons explains a
number of unique characteristics of metals:

97



Metallic Bonds

Metals are good conductors of electricity The sea of electrons is free to flow, al-
lowing electrical currents.

Metals are ductile (able to draw into
wires)
and malleable (able to be hammered into
thin sheets)

As the metal is deformed, local bonds
are broken but quickly reformed in a new
position.

Metals are gray and shiny Photons (particles of light) cannot pen-
etrate the metal, so they bounce off the
sea of electrons.

Gold is yellow and copper is reddish-
brown

There is actually an upper limit to the
frequency that is reflected. It is too high
to be visible in most metals, but not gold
and copper.

Metals have very high melting and boil-
ing points

Metallic bonding is very strong, so the
atoms are reluctant to break apart into a
liquid or gas.

Metallic bonds can occur between different elements. A mixture of two or more metals is
called an alloy. Depending on the size of the atoms being mixed, there are two different
kinds of alloys that can form:

Figure 80 Substitutional alloy
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Figure 81 Interstitial alloy

The resulting mixture will have a combination of the properties of both metals involved.
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20 Molecular Shape

Covalent molecules are bonded to other atoms by electron pairs. Being mutually negatively
charged, the electron pairs repel the other electron pairs and attempt to move as far apart
as possible in order to stabilize the molecule. This repulsion causes covalent molecules to
have distinctive shapes, known as the molecule's molecular geometry. There are several
different methods of determining molecular geometry. A scientific model, called the VSEPR
(valence shell electron pair repulsion) model can be used to qualitatively predict the shapes
of molecules. Within this model, the AXE method is used in determining molecular
geometry by counting the numbers of electrons and bonds related to the center atom(s) of
the molecule.

w:VSEPR1 The VSEPR model is by no means a perfect model of molecular shape! It is
simply a system which explains the known shapes of molecular geometry as discovered by
experiment. This can allow us to predict the geometry of similar molecules, making it a
fairly useful model. Modern methods of quantitatively calculating the most stable (lowest
energy) shapes of molecules can take several hours of supercomputer time, and is the domain
of computational chemistry.

20.1 Table of Geometries

1 http://en.wikipedia.org/wiki/VSEPR
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Tetrahedral Shape

The hybridization is determined by how many "things" are attached to the central atom.
Those "things" can be other atoms or non-bonding pairs of electrons. The number of groups
is how many atoms or electron pairs are bonded to the central atom. For example, methane
(CH4) is tetrahedral-shaped because the carbon is attached to four hydrogens. Ammonia
(NH3) is not trigonal planar, however. It is trigonal pyramidal because it is attached to four
"things": the three hydrogens and a non-bonding pair of electrons (to fulfill nitrogen's octet).

20.2 Tetrahedral Shape

Figure 82
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Consider a simple covalent molecule, methane (CH4). Four hydrogen atoms surround a
carbon atom in three-dimensional space. Each CH bond consists of one pair of electrons,
and these pairs try to move as far away from each other as possible (due to electrostatic
repulsion). You might think this would lead to a flat shape, with each hydrogen atom 90◦

apart. However, in three dimensions, there is a more efficient arrangement of the hydrogen
atoms. If each hydrogen atom is at a corner of a tetrahedron centered around the carbon
atom, they are separated by about cos-1(-1/3) ≈ 109.5◦—the maximum possible.

20.2.1 Hybridization

To align four orbitals in this tetrahedral shape requires the reformation of one s and three p
orbitals into an sp3 orbital.

Figure 83 CH4 is a tetrahedral molecule.
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Linear and Planar Shapes

20.2.2 Lone Electron Pairs

The VSEPR model treats lone electron pairs in a similar way to bonding electrons. In
ammonia (NH3) for example, there are three hydrogen atoms and one lone pair of electrons
surrounding the central nitrogen atom. Because there are four groups, ammonia has a
tetrahedral shape but unlike methane, the angle between the hydrogen atoms is slightly
smaller, 107.3◦. This can be explained by theorizing that lone electron pairs take up more
space physically than bonding pairs. This is a reasonable theory: in a bond, the electron
pair is distributed over two atoms whereas a lone pair is only located on one. Because it is
bigger, the lone pair forces the other electron pairs together.

Figure 84 The lone
pair occupies more
space than a bonding
pair, decreasing the
angles.

Testing this assumption with water provides further evidence. In water (H2O) there are two
hydrogen atoms and two lone pairs, again making four groups in total. The electron pairs
repel each other into a tetrahedral shape. The angle between the hydrogen atoms is 104.5◦,
which is what we expect from our model. The two lone pairs both push the bonds closer
together, giving a smaller angle than in ammonia.

20.3 Linear and Planar Shapes

20.3.1 Electron-Poor Atoms

In some molecules, there are less than four pairs of valence electrons. This occurs in electron
deficient atoms such as boron and beryllium, which don't conform to the octet rule (they can
have 6 and 4 valence electrons respectively). In boron trifluoride (BF3), there are only three
electron pairs which repel each other to form a flat plane. Each fluorine atom is separated
by cos-1(-1/2) = 120◦. A different set of hybrid orbitals is formed in this molecule: the 2s
and two 2p orbitals combine to form three sp2 hybrid orbitals. The remaining p orbital
is empty and sits above and below the plane of the molecule.

Beryllium, on the other hand, forms only two pairs of valence electrons. These repel each
other at cos-1(-1) = 180◦, forming a linear molecule. An example is beryllium chloride,
which has two chlorine atoms situated on opposite sides of a beryllium atom. This time,
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one 2s and one 2p orbital combine to form two sp hybrid orbitals. The two remaining p
orbitals sit above and to the side of the beryllium atom (they are empty).

20.3.2 Bent vs. Linear

Figure 85 The
non-bonding pair
causes sp2
hybridization, leading
to a bent shape.

Figure 86 No
non-bonding pairs
causes sp
hybridization, leading
to a linear shape.

Some elements will have a bent shape, others have a linear shape. Both are attached to two
groups, so it depends on how many non-bonding pairs the central atom has.

Take a look at sulfur dioxide (SO2) and carbon dioxide (CO2). Both have two oxygen atoms
attached with double covalent bonds. Carbon dioxide is linear, and sulfur dioxide is bent.
The difference is in their valence shells. Carbon has four valence electrons, sulfur has six.
When they bond, carbon has no non-bonding pairs, but sulfur has one.

20.4 Five and Six Groups

Recall that some elements, especially sulfur and phosphorus, can bond with five or six
groups. The hybridization is sp3d or sp3d2, with a trigonal bipyramidal or octahedral shape
respectively. When there are non bonding pairs, other shape can arise (see the above chart).

20.5 How The Shapes Look

The yellow groups are non-bonding electron pairs. The white groups are bonded atoms, and
the pink is the central atom. This is referred to as the AXE method; A is the central atom,
X's are bonded atoms, and E's are non-bonding electron pairs.
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Molecules are not static; their bonds are continually twisting, stretching and bending.
According to quantum theory, the energies of these bond movements are quantized,
and this fact forms the basis of infrared spectroscopy, an important chemical tool in
analyzing organic molecules.

Figure 87 linear

Figure 88 trigonal planar

Figure 89 bent
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Figure 90 tetrahedral

Figure 91 triangular pyramidal

Figure 92 bent
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How The Shapes Look

Figure 93 trigonal bipyramidal

Figure 94 seesaw
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Figure 95 t-shape

Figure 96 octahedral
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How The Shapes Look

Figure 97 square pyramid

Figure 98 square planar
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21 Intermolecular Bonds

21.1 Dipoles

Figure 99 The polar bonds are
symmetric, but they don't point in
opposite directions. The result is
a dipole (positive pointing down).

Covalent bonds can be polar or non-polar, and so can the overall compound depending
on its shape. When a bond is polar, it creates a dipole, a pair of charges (one positive
and one negative). If they are arranged in a symmetrical shape, so that they point in
opposite directions, they will cancel each other. For example, since the four hydrogens in
methane (CH4) are facing away from each other, there is no overall dipole and the molecule
is non-polar. In ammonia (NH3), however, there is a negative dipole at the nitrogen, due
to the asymmetry caused by the non-bonding electron pair. The polarity of a compound
determines its intermolecular bonding abilities.

21.1.1 Polar and Non-Polar Shapes

When a molecule has a linear, trigonal planar, tetrahedral, trigonal bipyramidal, or octahedral
shape, it will be non-polar. These are the shapes that do not have non-bonding lone pairs.
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(e.g. Methane, CH4) But if some bonds are polar while others are not, there will be an
overall dipole, and the molecule will be polar (e.g. Chloroform, CHCl3).

The other shapes (with non-bonding pairs) will be polar. (e.g. Water, H2O) Unless, of
course, all the covalent bonds are non-polar, in which case there would be no dipoles to
begin with.

21.1.2 Dipole-Dipole Bonds

When two polar molecules are near each other, they will arrange themselves so that the
negative and positive sides line up. There will be an attractive force holding the two
molecules together, but it is not nearly as strong a force as the intramolecular bonds. This
is how many types of molecules bond together to form large solids or liquids.

Figure 100 Dipole-dipole forces hold these two HCl molecules together.

21.1.3 Hydrogen Bonding

Certain chemicals with hydrogen in their chemical formula have a special type of intermolec-
ular bond, called hydrogen bonds. Hydrogen bonds will occur when a hydrogen atom is
attached to an oxygen, nitrogen, or fluorine atom. This is because there is a large electroneg-
ativity1 difference between hydrogen and fluorine, oxygen, and nitrogen. Thus, molecules
such as HF , H2O, NH3 are extremely polar molecules with very strong dipole-dipole forces.
As a result of the high electronegativities of fluorine, oxygen, and nitrogen, these elements
will pull the electrons almost completely away from the hydrogen. The hydrogen becomes a
bare proton sticking out from the molecule, and it will be strongly attracted to the negative
side of any other polar molecules. Hydrogen bonding is an extreme type of dipole-dipole
bonding. These forces are weaker than intramolecular bonds, but are much stronger than
other intermolecular forces, causing these compounds to have high boiling points.

1 http://en.wikipedia.org/wiki/Electronegativity
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Covalent Networks

Figure 101 The dotted line represents a hydrogen bond.

21.2 Covalent Networks

Figure 102 A covalent network

Silicon dioxide forms a covalent network. Unlike carbon dioxide (with double bonds), silicon
dioxide forms only single covalent bonds. As a result, the individual molecules covalently
bond into a large network. These bonds are very strong (being covalent) and there is no
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distinction between individual molecules and the overall network. Covalent networks hold
diamonds together. Diamonds are made of nothing but carbon, and so is soot. Unlike soot,
diamonds have covalent networks, making them very hard and crystalline.

21.3 Van der Waals forces

Van der Waals, or London dispersion forces are caused by temporary dipoles created when
electron locations are lopsided. The electrons are constantly orbiting the nucleus, and by
chance they could end up close together. The uneven concentration of electrons could make
one side of the atom more negatively-charged than the other, creating a temporary dipole.
As there are more electrons in an atom, and the shells are further away from the nucleus,
these forces become stronger.

Van der Waals forces explain how nitrogen can be liquified. Nitrogen gas is diatomic; its
equation is N2. Since both atoms have the same electronegativity, there is no dipole and
the molecule is non-polar. If there are no dipoles, what would make the nitrogen atoms
stick together to form a liquid? Van der Waals forces are the answer. They allow otherwise
non-polar molecules to have attractive forces. These are by far the weakest forces that hold
molecules together.

21.4 Melting and Boiling Points

When comparing two substances, their melting and boiling points may be questioned. To
determine which substance has the higher melting or boiling point, you must decide which one
has the strongest intermolecular force. Metallic bonds, ionic bonds, and covalent networks
are very strong, as they are actually intramolecular forces. These substances have the
highest melting and boiling points because they only separate into individual molecules
when the powerful bonds have been broken. Breaking these intramolecular forces requires
great amounts of heat energy.

Substances with hydrogen bonding will have much higher melting and boiling points than
those that have ordinary dipole-dipole forces. Non-polar molecules have the lowest melting
and boiling points, because they are held together by the weak van der Waals forces.

If you need to compare the boiling points of two metals, the metal with the larger atomic
radius will have weaker bonding, due to the lower concentration of charge. When comparing
boiling points of the non-polar gases, like the noble gases, the gas with the largest radius
will have the highest points because it has the most potential for van der Waals forces.

Ionic compounds can be compared using Coulomb's Law. Look for substances with high
ionic charges and low ionic radii.
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22 Naming Substances

Substances with carbon and hydrogen are organic compounds. They have special names
that are beyond the scope of this book. For more information, see the Organic Chemistrya

Wikibook.

a http://en.wikibooks.org/wiki/Organic%20Chemistry
Some compounds have common names, like water for H2O. However, there are thousands of
other compounds that are uncommon or have multiple names. Also, the common name is
usually not recognized internationally. What looks like water to you might look like agua
or vatten to someone else. To allow chemists to communicate without confusion, there are
naming conventions to determine the systematic name of a chemical.

22.1 Naming Ions and Ionic Compounds

Ions are atoms that have lost or gained electrons. Note that in a polyatomic ion, the ion
itself is held together by covalent bonds. Monoatomic cations (positive) are named the same
way as their element, and they come first when naming a compound. Monoatomic anions
(negative) have the suffix -ide and come at the end of the compound's name.

Examples of ionic compounds

• NaCl - Sodium chloride
• MgCl2 - Magnesium chloride
• Ca3N2 - Calcium nitride

Notice that there is no need to write how many ions there are. Between the periodic table1
and our knowledge of ionic bonding2, we can determine the number of ions based on which
elements are used.

22.1.1 Polyatomic Ions

w:Polyatomic ion3 Polyatomic ions have special names. Many of them contain oxygen and
are called oxyanions. When different oxyanions are made of the same element but have a
different number of oxygen atoms, prefixes and suffixes are used to tell them apart. The
chlorine family of ions is an excellent example.

1 http://en.wikibooks.org/wiki/General%20Chemistry%2FPeriodic%20Table
2 Chapter 17 on page 87
3 http://en.wikipedia.org/wiki/Polyatomic%20ion
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Naming Substances

Name Formula
Chloride Cl-
Hypochlorite ClO-

Chlorite ClO2
-

Chlorate ClO3
-

Perchlorate ClO4
-

The -ate suffix is used on the most common oxyanion (like sulfate SO4
2- or nitrate NO3-). The

-ite suffix is used on the oxyanion with one less oxygen (like sulfite SO3
2- or nitrite NO2

-).
Sometimes there can be a hypo- prefix, meaning one less oxygen than the -ite. There is also
a per- prefix, meaning one more oxygen than the -ate.

i Information
Occasionally, you will see a bi- prefix. This is an older prefix, and is usually replaced
with the word hydrogen. In either case, the oxyanion will have a hydrogen in it,
decreasing its charge by one. For instance, there is carbonate (CO3

2-) and bicarbonate
or hydrogen carbonate (HCO3

-).

One last prefix you may find is thio-. It means an oxygen has been replaced with a sulfur
within the oxyanion. Cyanate is OCN-, and thiocyanate is SCN-.

Examples of polyatomic ions

• NH4Cl - Ammonium chloride
• K(HCO3) - Potassium hydrogen carbonate
• AgNO3 - Silver nitrate
• CuSO3 - Copper (II) sulfite

In the last example, copper had a roman numeral 2 after its name because the transition
metals can have more than one charge. The charge on the ion must be known, so it is
written out for ions that have more than one common charge. Silver always has a charge of
1+, so it isn't necessary (but not wrong) to name its charge. Zinc always has a charge of
2+, so you don't have to name its charge either. Aluminum will always have a charge of +3.
All other metals (except the Group 1 and 2 elements) must have roman numerals to show
their charge.

Common polyatomic ions that you should know are listed in the following table

Name Formula
Acetate C2H3O2

-

Ammonium NH4
+

Cyanide CN-

Cyanate CNO-

Thiocyanate CNS-
Hypochlorite ClO-
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Name Formula
Chlorite ClO2

-

Chlorate ClO3
-

Perchlorate ClO4
-

Hypobromite BrO-

Bromite BrO2
-

Bromate BrO3
-

Perbromate BrO4
-

Hypoiodite IO-

Iodite IO2
-

Iodate IO3
-

Periodate IO4
-

Nitrite NO2
-

Nitrate NO3
-

Peroxide O2
2-

Permanganate MnO4
-

Sulfite SO3
2-

Sulfate SO4
2-

22.1.2 Stock System

In older texts, ions were assigned names based on their Latin root and a suffix. Common
ions with this naming system include "plumbous/plumbic" for lead(II)/lead(IV) and
"ferrous/ferric" for iron(II)/iron(III). These Latin-based names are outdated, so it's not
important to learn them. We now use the Stock system instead.

Further explanation of the roman numerals is in order. Many atoms (especially the transition
metals) are capable of ionizing in more than one way. The name of an ionic compound must
make it very clear what the exact chemical formula is. If you wrote "copper chloride", it
could be CuCl or CuCl2 because copper can lose one or two electrons when it forms an
ion. The charge must be balanced, so there would be one or two chloride ions to accept
the electrons. To be correct, you must write "copper(II) chloride" if you want CuCl2 and
"copper (I) chloride" if you want CuCl. Keep in mind that the roman numerals refer to the
charge of the cation, not how many anions are attached.

Common metal ions are listed below and should be learned:

Name Formula
Iron(II)/Ferrous Fe2+
Iron(III)/Ferric Fe3+
Copper(I)/Cuprous Cu+
Copper(II)/Cupric Cu2+
Tin (II)/Stannous Sn2+
Tin (IV)/Stannic Sn4+
Lead (II)/Plumbous (most common) Pb2+
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Name Formula
Lead (IV)/Plumbic Pb4+
Mercury (I) (Note: Mercury (I) is a polyatomic ion) Hg22+
Mercury (II) Hg2+

22.2 Naming Molecules

There are two systems of naming molecular compounds. The first uses prefixes to indicate
the number of atoms of an element that are in the compound. If the substance is binary
(containing only two elements), the suffix -ide is added to the second element. Thus water is
dihydrogen monoxide. A prefix is not necessary for the first element if there is only one, so
SF6 is sulfur hexafluoride. The prefix system is used when both elements are non-metallic.

Number Prefix
1 Mono-
2 Di-
3 Tri-
4 Tetra-
5 Penta-
6 Hexa-

i Information
If the last letter of the prefix is an a and the first letter of the element is a vowel, the a
is dropped. That makes V2O5 divanadium pentoxide (instead of pentaoxide). Similar
dropping occurs with mono- and elements beginning with o, as in the case of monoxide.
This does not, however, happen with di- and tri-. A molecule containing three iodine
atoms would be named triiodide.

The second system, the stock system, uses oxidation numbers to represent how the electrons
are distributed through the compound. This is essentially the roman numeral system that
has already been explained, but it applies to non-ionic compounds as well. The most
electronegative component of the molecule has a negative oxidation number that depends
on the number of pairs of electrons it shares. The less electronegative part is assigned a
positive number. In the stock system, only the cation's number is written, and in Roman
numerals. The stock system is used when there is a metallic element in the compound. In
the case of V2O5, it could also be called vanadium(V) oxide. Knowing that oxygen's charge
is always -2, we can determine that there are five oxygens and two vanadiums if we were
given the name without the formula.
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22.3 Naming acids

If an acid is a binary compound, it is named as hydro[element]ic acid. If it contains a
polyatomic ion, then it is named [ion name]ic acid if the ion ends in -ate. If the ion ends in
-ite then the acid will end in -ous. These examples should help.

Examples of acid names

• HCl - Hydrochloric acid
• HClO - Hypochlorous acid
• HClO2 - Chlorous acid
• HClO3 - Chloric acid
• HClO4 - Perchloric acid
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23 Formulas and Numbers

23.1 Calculating Formula Masses

In molecules but not ionic compounds, the formula mass is also known as the molecular
mass.

The calculation of a compound's formula mass (the mass of its molecule or formula unit) is
straightforward. Simply add the individual mass of each atom in the compound (found on
the periodic table1). For example, the formula mass of glucose (C6H12O6) is 180 amu.

Molar masses are just as easy to calculate. The molar mass is equal to the formula mass,
except that the unit is grams per mole instead of amu.

23.2 Calculating Percentage Composition

Percentage composition is the relative mass of one substance in a compound compared to
the whole. For example, in methane (CH4), the percentage mass of hydrogen is 25% because
hydrogen makes up a total of 4 amu out of 16 amu overall.

23.2.1 Using Percentage Composition

Percentage composition can be used to find the empirical formula of a compound, which
shows the ratios of elements in the compound. However, this is not the same as the
molecular formula. For example, many sugars have the empirical formula CH2O, which
could correspond to a molecular formula of CH2O, C2H4O2, C6H12O6, etc.

To find the empirical formula from percentage composition, follow these
procedures for each element.

1. Convert from percentage to grams (for simplicity, assume a 100 g sample).
2. Divide by the element's molar mass to find moles.
3. Simplify to lowest whole-number ratio.

For example, a compound is composed of 75% carbon and 25% hydrogen by mass. Find the
empirical formula.

• 75g C / (12 g/mol C) = 6.25 mol C

1 http://en.wikibooks.org/wiki/General%20Chemistry%2FPeriodic%20Table
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• 25g H / (1 g/mol H) = 25 mol H
• 6.25 mol C / 6.25 = 1 mol C
• 25 mol H / 6.25 = 4 mol H

Thus the empirical formula is CH4.

23.2.2 Calculating Molecular Formula

If you find the empirical formula of a compound and its molar/molecular mass, then you
can find its exact molecular formula. Remember that the molecular formula is always
a whole-number multiple of the empirical formula. For example, a compound with the
empirical formula HO has a molecular mass of 34.0 amu. Since HO would only be 17.0 amu,
which is half of 34.0, the molecular formula must be H2O2.

Exercise for the reader An unknown substance must be identified. Lab anal-
ysis has found that the substance is composed of 80% Fluorine and 20%
Nitrogen with a molocular mass of 71 amu. What is the empirical formula?
What is the molecular formula?
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24 Stoichiometry

The word stoichiometry derives from two Greek words: stoicheion (meaning "element")
and metron (meaning "measure"). Stoichiometry deals with calculations about the masses
(sometimes volumes) of reactants and products involved in a chemical reaction. It is a very
mathematical part of chemistry, so be prepared for lots of calculator use.

w:Stoichiometry1 Jeremias Benjaim Richter (1762-1807) was the first to lay down the
principles of stoichiometry. In 1792 he wrote: "Die stöchyometrie (Stöchyometria) ist die
Wissenschaft die quantitativen oder Massenverhältnisse zu messen, in welchen die chymischen
Elemente gegen einander stehen." [Stoichiometry is the science of measuring the quantitative
proportions or mass ratios in which chemical elements stand to one another.]

24.1 Molar Calculations

24.1.1 Your Tool: Dimensional Analysis

Luckily, almost all of stoichiometry can be solved relatively easily using dimensional analysis.
Dimensional analysis is just using units, instead of numbers or variables, to do math, usually
to see how they cancel out. For instance, it is easy to see that:

grams× moles

grams
× atoms
moles

= atoms

It is this principle that will guide you through solving most of the stoichiometry problems
(chemical reaction problems) you will see in General Chemistry. Before you attempt to solve
a problem, ask yourself: what do I have now? where am I going? As long as you know how
many (units) per (other units), this will make stoichiometry significantly easier.

24.1.2 Moles to Mass

Where can you find the molar mass of these elements? The periodic table.a You should
always have one on hand—don't expect to get very far without one!

a http://en.wikibooks.org/wiki/General%20Chemistry%2FPeriodic%20Table

1 http://en.wikipedia.org/wiki/Stoichiometry
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How heavy is 1.5 mol of lead? How many moles in 22.34g of water? Calculating the mass
of a sample from the number of moles it contains is quite simple. We use the molar mass
(mass of one mole) of the substance to convert between mass and moles. When writing
calculations, we denote the molar mass of a substance by an upper case "M" (e.g. M(Ne)
means "the molar mass of neon"). As always, "n" stands for the number of moles and "m"
indicates the mass of a substance. To find the solutions to the two questions we just asked,
let's apply some dimensional analysis:

1.5molPb× 207.2gPb
1molPb = 310.8gPb

Can you see how the units cancel to give you the answer you want? All you needed to
know was that you had 1.5 mol Pb (lead), and that 1 mol Pb weighs 207.2 grams. Thus,
multiplying 1.5 mol Pb by 207.2 g Pb and dividing by 1 mol Pb gives you 310.8 g Pb, your
answer.

24.1.3 Mass to Moles

But we had one more question: "How many moles in 22.34g of water?" This is just as easy:

22.34gH2O×
1molH2O

18gH2O
= 1.24molH2O

Where did the 18 g H2O come from? We looked at the periodic table and simply added up
the atomic masses of two hydrogens and an oxygen to get the molecular weight of water.
This turned out to be 18, and since all the masses on the periodic table are given with respect
to 1 mole, we knew that 1 mol of water weighed 18 grams. This gave us the relationship
above, which is really just (again) watching units cancel out!

24.1.4 Calculating Molar Masses

Before we can do these types of calculations, we first have to know the molar mass. Fortu-
nately, this is not difficult, as the molar mass is exactly the same as the atomic weight
of an element. A table of atomic weights can be used to find the molar mass of elements
(this information is often included in the periodic table). For example, the atomic weight of
oxygen is 16.00 amu, so its molar mass is 16.00 g/mol.

For species with more than one element, we simply add up the atomic weights of each
element to obtain the molar mass of the compound. For example, sulfur trioxide gas is made
up of sulfur and oxygen, whose atomic weights are 32.06 and 16.00 respectively.

M(SO3) = 32.06 + 3×16.00
= 80.06g/mol
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The procedure for more complex compounds is essentially the same. Aluminium carbonate,
for example, contains aluminium, carbon, and oxygen. To find the molar mass, we have
to be careful to find the total number of atoms of each element. Three carbonate ions
each containing three oxygen atoms gives a total of nine oxygens. The atomic weights of
aluminium and carbon are 26.98 and 12.01 respectively.

M(Al2(CO3)3) = 2×26.98 + 3×12.01 + 9×16.00
= 233.99g/mol

24.2 Empirical Formulae

The empirical formula of a substance is the simplest ratio of the number of moles of each
element in a compound. The empirical formula is ambiguous, e.g. the formula CH could
represent CH, C2H2, C3H3 etc. These latter formulae are called molecular formulae.
It follows that the molecular formula is always a whole number multiple of the empirical
formula for a compound.

Calculating the empirical formula is easy if the relative amounts of each element in the
compound are known. For example, if a sample contains 1.37 mol oxygen and 2.74 mol
hydrogen, we can calculate the empirical formula. A good strategy to use is to divide all
amounts given by the smallest non-integer amount, then multiply by whole numbers until
the simplest ratio is found. We can make a table showing the successive ratios.

Hydrogen Oxygen
2.74 1.37 divide by 1.37
2 1 ANSWER

The empirical formula of the compound is H2O.

Here's another example. A sample of piperonal contains 1.384 mol carbon, 1.033 mol
hydrogen and 0.519 mol oxygen.

Carbon Hydrogen Oxygen
1.384 1.033 0.519 divide by 0.519
2.666 2 1 multiply by 3
8 6 3 ANSWER

The empirical formula of piperonal is C8H6O3.

24.2.1 Converting from Masses

Often, we are given the relative composition by mass of a substance and asked to find the
empirical formula. These masses must first be converted to moles using the techniques
outlined above. For example, a sample of ethanol contains 52.1% carbon, 13.2% hydrogen,
and 34.7% oxygen by mass. Hypothetically, 100g of this substance will contain 52.1 g carbon,
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13.2 g hydrogen and 34.7 g oxygen. Dividing these by their respective molar masses gives
the amount in moles of each element (as we learned above). These are 4.34 mol, 13.1 mol,
and 2.17 mol respectively.

Carbon Hydrogen Oxygen
4.34 13.1 2.17 divide by 2.17
2 6 1 ANSWER

The empirical formula of ethanol is C2H6O.

24.2.2 Molecular Formula

Beware: In the case of H2O, the whole number multiple is 1, so its empirical formula is
the same as its molecular formula. This is not always the case!

As mentioned above, the molecular formula for a substance equals the count of atoms of
each type in a molecule. This is always a whole number multiple of the empirical formula.
To calculate the molecular formula from the empirical formula, we need to know the molar
mass of the substance. For example, the empirical formula for benzene is CH, and its
molar mass is 78.12 g/mol. Divide the actual molar mass by the mass of the empirical
formula, 13.02 g/mol, to determine the multiple of the empirical formula, "n". The molecular
formula equals the empirical formula multiplied by "n".

M(CH) = 13.02 g/mol
M(benzene) = 78.12 g/mol

M(benzene)/M(CH) = (78.12 g/mol)/(13.02 g/mol) = 6

This shows that the molecular formula for benzene is 6 times the empirical formula of CH.
The molecular formula for benzene is C6H6.

24.3 Solving Mass-Mass Equations

A typical mass-mass equation will give you an amount in grams and ask for another answer
in grams.

To solve a mass-mass equation, follow these rules

1. Balance the equation2 if it is not already.
2. Convert the given quantity to moles.
3. Multiply by the molar ratio of the demanded substance over the given substance.
4. Convert the demanded substance into grams.

For example, given the equation Cu2+ +2AgNO3→ Cu(NO3)2 +2Ag+, find out how many
grams of silver (Ag) will result from 43.0 grams of copper (Cu) reacting.

• Convert the given quantity to moles.
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43.0g Cu× 1 mol Cu
63.55g Cu

• Multiply by the molar ratio of the demanded substance and the given substance.

43.0g Cu× 1 mol Cu
63.55g Cu ×

2 mol Ag
1 mol Cu

• Convert the demanded substance to grams.

43.0g Cu× 1 mol Cu
63.55g Cu ×

2 mol Ag
1 mol Cu ×

107.86g Ag
1 mol Ag = 1.46×102 g Ag

i Information
Notice how dimensional analysis applies to this technique. All units will cancel except
for the desired one (grams of silver, in this case).

24.4 Summary

To solve a stoichiometric problem, you need to know what you already have and what you
want to find. Everything in between is basic algebra.

Key Terms

• Molar mass: mass (in grams) of one mole of a substance.
• Empirical formula: the simplest ratio of the number of moles of each element in a

compound
• Molecular formula: the actual ratio of the number of moles of each element in a

compound

In general, all you have to do is keep track of the units and how they cancel, and you will
be on your way!
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25 Chemical Equations

Chemical equations are a convenient, standardized system for describing chemical reactions1.
They contain the following information.

• The type of reactants consumed and products formed
• The relative amounts of reactants and products
• The electrical charges on ions2
• The physical state of each species (e.g. solid, liquid)
• The reaction conditions (e.g. temperature, catalysts)

The final two points are optional and sometimes omitted.

25.1 Anatomy of an Equation

H2(g) +Cl2(g)→ 2HCl(g)

Hydrogen gas and chlorine gas will react vigorously to produce hydrogen chloride gas. The
equation above illustrates this reaction. The reactants, hydrogen and chlorine, are written
on the left and the products (hydrogen chloride) on the right. The large number 2 in front of
HCl indicates that two molecules of HCl are produced for each 1 molecule of hydrogen and
chlorine gas consumed. The 2 in subscript below H indicates that there are two hydrogen
atoms in each molecule of hydrogen gas. Finally, the (g) symbols subscript to each species
indicates that they are gases.

25.1.1 Reacting Species

Species in a chemical reaction is a general term used to mean atoms, molecules or ions. A
species can contain more than one chemical element (HCl, for example, contains hydrogen
and chlorine). Each species in a chemical equation is written:

Ey
x(s)

E is the chemical symbol for the element, x is the number of atoms of that element in the
species, y is the charge (if it is an ion) and (s) is the physical state.

1 http://en.wikibooks.org/wiki/..%2FChemical%20reactions
2 Chapter 17 on page 87
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The symbols in parentheses (in subscript below each species) indicate the physical state
of each reactant or product.

• (s) means solid
• (l) means liquid
• (g) means gas
• (aq) means aqueous solution (i.e. dissolved in water)

For example, ethyl alcohol would be written C2H6O(l) because each molecule contains 2
carbon, 6 hydrogen and 1 oxygen atom. A magnesium ion would be written Mg2+ because it
has a double positive ("two plus") charge. Finally, an ammonium ion would be written NH+

4
because each molecule contains 1 nitrogen and 4 hydrogen atoms and has a charge of 1+.

25.1.2 Coefficients

The numbers in front of each species have a very important meaning—they indicate the
relative amounts of the atoms that react. The number in front of each species is called
a coefficient. In the above equation, for example, one H2 molecule reacts with one Cl2
molecule to produce two molecules of HCl. This can also be interpreted as moles (i.e. 1 mol
H2 and 1 mol Cl2 produces 2 mol HCl).

It is important that the Law of Conservation of Mass is not violated. There must be the
same number of each type of atoms on either side of the equation. Coefficients are useful for
keeping the same number of atoms on both sides:

2H2 +O2→ 2H2O

If you count the atoms, there are four hydrogens and two oxygens on each side. The
coefficients allow us to balance the equation; without them the equation would have the
wrong number of atoms. Balancing equations is the topic of the next chapter.

25.1.3 Other Information

Occasionally, other information about a chemical reaction will be supplied in an equation
(such as temperature or other reaction conditions). This information is often written to the
right of the equation or above the reaction arrow. A simple example would be the melting
of ice.

H2O(s) +heat→H2O(l)

, which could be written as

H2O(s)
heat−−→H2O(l)
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Reactions commonly involve catalysts, which are substances that speed up a reaction
without being consumed. Catalysts are often written over the arrow. A perfect example
of a catalyzed reaction is photosynthesis. Inside plant cells, a substance called chlorophyll
converts sunlight into food. The reaction is written:

6CO2 + 6H2O+sunlight
chlorophyll−−−−−−−→ C6H12O6 + 6O2

25.2 Examples

CH4(g) + 2O2(g)→ CO2(g) + 2H2O(l) This is the equation for burning
methane gas (CH4) in the presence of
oxygen (O2) to form carbon dioxide and
water: CO2 and H2O respectively. Notice
the use of coefficients to obey the Law of
Conservation of Matter.

Pb2+
(aq) + 2I−(aq)→ PbI2(s) This is a precipitation reaction in which

dissolved lead cations and iodide anions
combine to form a solid yellow precipi-
tate of lead iodide (an ionic3 solid).

2SO2(g) + 2V2O5(s)→ 2SO3(g) + 4V2O(s)
4V2O(s) +O2(g)→ 2V2O5(s)

These two equations involve a catalyst.
They occur one after another, using di-
vanadium pentoxide to convert sulfur
dioxide into sulfur trioxide. If you look
closely, you can see that the vanadium
catalyst is involved in the reaction, but
it does not get consumed. It is both a
reactant and a product, but it is neces-
sary for the reaction to occur, making it
a catalyst.

2SO2(g) +O2(g)
V2O5−−−→ 2SO3(g) If we add both equations together, we

can cancel out terms that appear on
both sides. The resulting equation is
much simpler and self-explanatory (al-
though the original pair of equations is
more accurate in describing how the reac-
tion proceeds).

i Information
The last example demonstrates another important principle of chemical equations: they
can be added together. Simply list all reactants from the equations you are adding,
then list all products. If the same term appears on both sides, it is either a catalyst, an

3 Chapter 17 on page 87

133



Chemical Equations

intermediate product, or it is not involved in the reaction. Either way, it can be canceled
out from both sides (if the coefficients are equal). Try adding the first two vanadium
equations together and see if you can cancel out terms to get the final equation.
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26 Balancing Equations

26.1 Balancing Equations

Chemical equations are useful because they give the relative amounts of the substances that
react in a chemical equation. For example, from the chemical equation for the formation
of ammonia, we can see that one mole of nitrogen gas will combine with three moles of
hydrogen gas to form two moles of ammonia gas.

N2 + 3H2→ 2NH3

In some cases, however, we may not know the relative amounts of each substance that
reacts. Fortunately, we can always find the correct coefficients of an equation (the relative
amounts of each reactant and product). The process of finding the coefficients is known as
balancing the equation.

During a chemical reaction, atoms are neither created or destroyed. The same atoms are
present before and after a reaction takes place; they are just rearranged. This is called
the Law of Conservation of Matter, and we can use this law to help us find the right
coefficients to balance an equation.

For example, assume in the above equation that we do not know how many moles of ammonia
gas will be produced:

N2 + 3H2→ ?NH3

From the left side of this equation, we see that there are 2 atoms of nitrogen gas in the
molecule N2 (2 atoms per molecule x 1 molecule), and 6 atoms of hydrogen gas in the 3 H2
molecules (2 atoms per molecule x 3 molecules). Because of the Law of Conservation of
Matter, there must also be 2 atoms nitrogen gas and 6 atoms of hydrogen gas on the right
side. Since each molecule of the resultant ammonia gas (NH3) contains 1 atom of nitrogen
and 3 atoms of hydrogen, 2 molecules are needed to obtain 2 atoms of nitrogen and 6 atoms
of hydrogen.

26.1.1 An Example
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O2 +H2→H2O

This chemical equation shows the compounds being con-
sumed and produced; however, it does not appropriately deal
with the quantities of the compounds. There appear to be
two oxygen atoms on the left and only one on the right. But
we know that there should be the same number of atoms on
both sides. This equation is said to be unbalanced, because
the number of atoms are different.

O2 + 2H2→ 2H2O

To make the equation balanced, add coefficients in front
of each molecule as needed. The 2 in front of hydrogen on
the left indicates that twice as many atoms of hydrogen are
needed to react with a certain number of oxygen atoms. The
coefficient 1 is not written, since it assumed in the absence of
any coefficient.

N2 +H2→NH3

Now, let's consider a similar reaction between hydrogen and
nitrogen.

N2 +H2→ 2NH3

Typically, it is easiest to balance all pure elements last, es-
pecially hydrogen. First, by placing a two in front of ammo-
nia, the nitrogens are balanced.

N2 + 3H2→ 2NH3

This leaves 6 moles of atomic hydrogen in the products
and only two moles in the reactants. A coefficient of 3 is
then placed in front of the hydrogen to give a fully balanced
reaction.

B Warning
When balancing a reaction, only coefficients can be changed because changing a
subscript would give a different reaction.

26.2 Tricks in balancing certain reactions

26.2.1 Combustion

A combustion reaction is a reaction between a carbon chain (basically, a molecule consisting
of carbons, hydrogen, and perhaps oxygen) with oxygen to form carbon dioxide and water,
plus heat. Combustion reactions could get very complex:

2C6H6 + 15O2→ 12CO2 + 6H2O

Fortunately, there is an easy way to balance these reactions.
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First, note that the carbon in C6H6 can only appear on the product side in CO2. Thus, we
can write a coefficient of 6 in front of CO2.

Next, note that the hydrogen in C6H6 can only go to H2O. Thus, we put a 3 in front of H2O.

We have 15 oxygen atoms on the product side, so there are 15
2 O2 molecules on the reactant

side. To make this an integer, we multiply all coefficients by 2.

26.2.2 Another Example

Helpful Hint:
Note: Fractions are technically allowed as coefficients, but they are generally avoided.
Multiply all coefficients by the denominator to remove a fraction.

C4H10 +O2→ CO2 +H2O

As reactions become more complex, they be-
come more difficult to balance. For example,
the combustion of butane1 (lighter fluid).

C4H10 +O2→ 4CO2 + 5H2O

Once again, it is better to leave pure ele-
ments until the end, so first we'll balance
carbon and hydrogen. Oxygen can then be
balanced after. It is easy to see that one mole
of butane will produce four moles of carbon
dioxide and five moles of water.

2C4H10 +O2→ 8CO2 + 10H2O

Now there are 13 oxygen atoms on the right
and two on the left. The odd number of oxy-
gens prevents balancing with elemental oxy-
gen. Because elemental oxygen is diatomic,
this problem comes up in nearly every com-
bustion reaction. Simply double every species
except for oxygen to get an even number of
oxygen atoms in the product.

2C4H10 + 13O2→ 8CO2 + 10H2O

The carbon and hydrogens are still balanced,
and now there are an even number of oxygens
in the product. Finally, the reaction can be
balanced.

i Information
Keep in mind that every equation must always be balanced. If it's not balanced, it is
incorrect.

1 http://en.wikipedia.org/wiki/butane
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27 Limiting Reactants and Percent Yield

27.1 Limiting Reactant

When chemical reactions occur, the reactants undergo change to create the products. The
coefficients of the chemical equation show the relative amounts of substance needed for the
reaction to occur. Consider the combustion of propane:

C3H8 + 5O2→ 3CO2 + 4H2O

For every one mole of propane, there must be five moles of oxygen. For every one mole of
propane combusted, there will be three moles of carbon dioxide and four moles of water
produced (along with much heat). If a propane grill is burning, there will be a very large
amount of oxygen available to react with the propane gas. In this case, oxygen is the excess
reactant. There is so much oxygen that the exact amount doesn't matter—it will not run
out.

On the other hand, there is not an unlimited amount of propane. It will run out far before
the oxygen runs out, making it a limiting reactant. The amount of propane available will
decide how far the reaction will go.

Example

2H2 + O2 → 2H2O

If there are three moles of hydrogen, and one mole of oxygen, which is the
limiting reactant? How much product is created?

Twice as much hydrogen than oxygen is required. However, there is more
than twice as much hydrogen. Thus hydrogen is the excess reactant and
oxygen is the limiting reactant. If the reaction proceeds to completion, all
of the oxygen will be used up, and one mole of hydrogen will remain. You
can imagine this situation like this

3H2 + O2 → 2H2O + H2

The reactant that is left over after the reaction is complete is called the "excess reactant".
Often, you will want to figure out how much of the excess reactant is left after the reaction
is complete. to do this, first use mole ratios to determine how much excess reactant is used
up in the reaction.

Here are the ratios that need to be used:(
molesoflimitingreactant

1

)
∗
(

coefficientofproduct
coefficientoflimitingreactant

)
=molesofexcessremaining
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27.2 Percent Yield

Usually, less product is made than theoretically possible. The actual yield is lower than
the theoretical yield. To compare the two, one can calculate percent yield, which is

actual yield
theoretical yield ×100.

The percent yield tells us how far the reaction actually went.
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28 Types of Chemical Reactions

Chemical reactions can be divided into several classes each having similar characteristics.
These different types of reactions will be discussed in greater detail throughout the book.
You will find that almost every reaction you see can fall into one of these categories, so make
sure that you understand them.

28.1 Synthesis Reactions

Helpful Hint:
Synthesis reactions always yield one product. Reversing a synthesis reaction will give
you a decomposition reaction.

The general form of a synthesis reaction is A + B → AB. Synthesis reactions "put things
together".

2H2(g) +O2(g)→ 2H2O(l) This is the most well-known example of a synthesis
reaction—the formation of water via the fusion of hy-
drogen gas and oxygen gas.

2Na(s) +Cl2(g)→ 2NaCl(s) Another example of a synthesis reaction is the forma-
tion of sodium chloride (table salt).

Because of the very high reactivities of sodium metal and chlorine gas, this reaction releases
a tremendous amount of heat and light energy. Recall that atoms release energy as they
become stable, and consider the octet rule when determining why this reaction is so favorable.

28.2 Decomposition Reactions

These are the opposite of synthesis reactions, with the format AB → A + B. Decomposition
reactions "take things apart". Just as synthesis reactions can only form one product,
decomposition reactions can only start with one reactant. Compounds that are unstable
will decompose quickly without outside assistance.

2H2O(l)
electricity−−−−−−→ 2H2(g) +

O2(g)

One example is the electrolysis of water (passing
water through electrical current) to form hydrogen
gas and oxygen gas.
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2H2O2(l)→ 2H2O(l) +O2(g) Hydrogen peroxide slowly decomposes into water
and oxygen because it is somewhat unstable. The
process is sped up by the energy from light, so hy-
drogen peroxide is stored in dark containers to slow
down the decomposition.

H2CO3(aq)→H2O(l) +CO2(g) Carbonic acid is the carbonation that is dissolved
in soda. It decomposes into carbon dioxide and
water, which is why an opened drink will not lose
its fizz.

i Information
Decomposition, aside from happening spontaneously in unstable compounds, occurs
under three conditions: thermal, electrolytic, and catalytic. Thermal decomposition
occurs when a substance is heated. Electrolytic decomposition, as shown above, is the
result of an electric current. Catalytic decomposition happens because a catalyst breaks
apart a substance.

28.3 Single Replacement Reactions

Single replacement reactions, also called single displacement, swap one component with
another, in the format AB + C → AC + B.

Adding hydrochloric acid to zinc will cause a gas to bubble out:

Zn(s) + 2HCl(aq)→ ZnCl2(aq) +H2(g)

28.4 Double Replacement Reactions

In these reactions, also known as "double displacement reactions", two compounds swap
components, in the format AB + CD → AD + CB

28.5 Double decomposition

this is also called an "exchange". here are the examples below:

1.) HCl + NaOH > NaCl + H2O
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28.5.1 Precipitation

w:Precipitation (chemistry)1 A precipitation reaction occurs when an ionic substance comes
out of solution and forms an insoluble (or slightly soluble) solid. The solid which comes out
of solution is called a precipitate. This can occur when two soluble salts (ionic compounds)
are mixed and form an insoluble one—the precipitate.

2Pb(NO3)2(aq) + heat(aq) → 2PbO(s) +
4NO2(aq) + 2O2

An example is lead nitrate mixed with
potassium iodide, which forms a bright
yellow precipitate of lead iodide.

Pb2+
(aq) + 2NO−

3(aq) + 2K+
(aq) + 2I−(aq) →

PbI2(s) + 2K+
(aq) + 2NO−

3(aq)

Note that the lead iodide is formed as a
solid. The previous equation is written
in molecular form, which is not the best
way of describing the reaction. Each of
the elements really exist in solution as
individual ions, not bonded to each other
(as in potassium iodide crystals). If we
write the above as an ionic equation,
we get a much better idea of what is
actually happening.

Pb2+
(aq) + 2I−(aq)→ PbI2(s) Notice the like terms on both sides of the

equation. These are called spectator ions
because they do not participate in the
reaction. They can be ignored, and the
net ionic equation is written.

In the solution, there exists both lead and iodide ions. Because lead iodide is insoluble, they
spontaneously crystallise and form the precipitate.

28.5.2 Acid-Base Neutralization

In simple terms, an acid is a substance which can lose a H+ ion (i.e. a proton) and a base
is a substance which can accept a proton. When equal amounts of an acid and base react,
they neutralize each other, forming species which aren't as acidic or basic.

HCl(aq) + NaOH(aq) → H2O(l) +
NaCl(aq)

For example, when hydrochloric acid and
sodium hydroxide react, they form water
and sodium chloride (table salt).

H+
(aq) +OH−

(aq)→H2O(l) Again, we get a clearer picture of what's
happening if we write a net ionic equation.

Acid base reactions often happen in aqueous solution, but they can also occur in the gaseous
state. Acids and bases will be discussed in much greater detail in the acids and bases2
section.

1 http://en.wikipedia.org/wiki/Precipitation%20%28chemistry%29
2 Chapter 36 on page 177
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28.6 Combustion

Figure 103 The combustion of methane (releasing heat and light)

Combustion, better known as burning, is the combination of a substance with oxygen. The
products are carbon dioxide, water, and possible other waste products. Combustion reactions
release large amounts of heat. C3H8, better known as propane, undergoes combustion. The
balanced equation is:

C3H8 + 5O2→ 3CO2 + 4H2O

Combustion is similar to a decomposition reaction, except that oxygen and heat are required
for it to occur. If there is not enough oxygen, the reaction may not occur. Sometimes, with
limited oxygen, the reaction will occur, but it produces carbon monoxide (CO) or even soot.
In that case, it is called incomplete combustion. If the substances being burned contain
atoms other than hydrogen and oxygen, then waste products will also form. Coal is burned
for heating and energy purposes, and it contains sulfur. As a result, sulfur dioxide is released,
which is a pollutant. Coal with lower sulfur content is more desirable, but more expensive,
because it will release less of the sulfur-based pollutants.
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28.7 Organic Reactions

Figure 104 This is carboxylic acid.
All functional groups end with an
"R"—a placeholder for the rest of the
molecule.

Organic reactions occur between organic molecules (molecules containing carbon and hy-
drogen). Since there is a virtually unlimited number of organic molecules, the scope of
organic reactions is very large. However, many of the characteristics of organic molecules are
determined by functional groups—small groups of atoms that react in predictable ways.

Another key concept in organic reactions is Lewis basicity. Parts of organic molecules can
be electrophillic (electron-loving) or nucleophillic (nucleus, or positive loving). Nucleophillic
regions have an excess of electrons—they act as Lewis bases—whereas electrophillic areas
are electron deficient and act as Lewis acids. The nucleophillic and electrophillic regions
attract and react with each other (needless to say, this has inspired many terrible organic
chemistry jokes).

Organic reactions are beyond the scope of this book, and are covered in more detail in
Organic Chemistry3. However, most organic substances can undergo replacement reactions
and combustion reactions, as you have already learned.

3 http://en.wikibooks.org/wiki/Organic%20Chemistry
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28.8 Redox

Figure 105 The formation of hydrogen fluoride causes fluoride to oxidize and hydrogen
to reduce.

Redox is an abbreviation of reduction/oxidation reactions. This is exactly what happens
in a redox reaction, one species is reduced and another is oxidized. Reduction involves a
gain of electrons and oxidation involves a loss, so a redox reaction is one in which electrons
are transferred between species. Reactions where something is "burnt" (burning means being
oxidised) are examples of redox reactions, however, oxidation reactions also occur in solution,
which is very useful and forms the basis of electrochemistry.

Redox reactions are often written as two half-reactions showing the reduction and oxidation
processes separately. These half-reactions are balanced (by multiplying each by a coefficient)
and added together to form the full equation. When magnesium is burnt in oxygen, it loses
electrons (it is oxidised). Conversely, the oxygen gains electrons from the magnesium (it is
reduced).

Mg → Mg2+ + 2e− ×2
O2 + 4e− → 2O2− ×1

2Mg+O2 + 4e− → 2MgO+ 4e−

Redox reactions will be discussed in greater detail in the redox4 section.

4 Chapter 32 on page 155
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29 Energy Changes in Chemical Reactions

29.1 Exothermic and Endothermic Reactions

The release of energy in chemical reactions occurs when the reactants have higher chemical
energy than the products. The chemical energy in a substance is a type of potential energy
stored within the substance. This stored chemical potential energy is the heat content or
enthalpy of the substance.

The collection of substances that is involved in a chemical reaction is referred to as a system
and anything else around it is called the surroundings.

If the enthalpy decreases during a chemical reaction, a corresponding amount of energy must
be released to the surroundings. Conversely, if the enthalpy increases during a reaction, a
corresponding amount of energy must be absorbed from the surroundings. This is simply
the Law of Conservation of Energy.

Endothermic reactions increase their enthalpy by absorbing heat. They feel cold to the
touch after they have occurred.

Exothermic reactions decrease their enthalpy by releasing heat. They will get warm, and
may even burn or explode if they release enough heat.

You are already familiar with enthalpy: melting ice is endothermic and freezing water is
exothermic.

Examples
When methane burns in air the heat
given off equals the decrease in enthalpy
that occurs as the reactants are con-
verted to products.

CH4(g) +2O2(g)→CO2(g) +2H2O(g) +energy

The enthalpy difference between the re-
actants and the products is equal to the
amount of energy released to the sur-
roundings. A reaction in which energy
is released to the surroundings is called
an exothermic reaction. In this type of
reaction the enthalpy, or stored chemical
energy, is lower for the products than the
reactants.

When ammonium nitrate is dissolved
in water, energy is absorbed and the
water cools. This concept is used in "cold
packs".

NH4NO3(s) +water+energy→NH+
4(aq) +NO−

3(aq)

The enthalpy difference between the re-
actants and the products is equal to the
amount of energy absorbed from the sur-
roundings. A reaction in which energy is
absorbed from the surroundings is called
an endothermic reaction. In endothermic
reactions the enthalpy of the products
is greater than the enthalpy of the reac-
tants.
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Because reactions release or absorb energy, they affect the temperature of their surroundings.
Exothermic reactions heat up their surroundings while endothermic reactions cool them
down. The study of enthalpy, along with many other energy-related topics, is covered in the
Thermodynamics1 Unit.

29.2 Activation Energy

Think about the combustion of methane. It releases enough heat energy to cause a fire.
However, the reaction does not occur automatically. When methane and oxygen are mixed,
an explosion does not instantly occur. First, the methane must be ignited, usually with a
lighter or matchstick. This reveals something about reactions: they will not occur unless
a certain amount of activation energy is added first. In this sense, all reactions absorb
energy before they begin, but the exothermic reactions release even more energy. This can
be explained with a graph of potential energy:

Figure 106

This graph shows an exothermic reaction because the products are at a lower energy than
the reactants (so heat has been released). Before that can happen, the energy must actually
increase. The amount of energy added before the reaction can complete is the activation
energy, symbolized Ea.

1 http://en.wikibooks.org/wiki/General%20Chemistry%2FThermodynamics
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30 Predicting Chemical Reactions

30.1 Types of Reactions

There are several guidelines that can help you predict what kind of chemical reaction will
occur between a mixture of chemicals:

• Several pure elements mixed together may undergo a synthesis reaction1.
• A single compound may undergo a decomposition reaction2. It often forms water or

hydrogen gas.
• A pure element mixed with an ionic compound may undergo a single replacement

reaction3.
• Two different ionic compounds are very likely to undergo a double replacement

reaction4.
• An organic compound (containing carbon and hydrogen) can usually react with oxygen

in a combustion reaction5.

However, not all elements will react with each other. To better predict a chemical reaction,
knowledge of the reactivity series is needed.

30.2 Reactivity

When combining two chemicals, a single- or double-replacement reaction doesn't always
happen. This can be explained by a list known as the reactivity series, which lists elements
in order of reactivity. The higher on the list an element is, the more elements it can replace
in a single- or double-replacement reaction. When deciding if a replacement reaction will
occur, look up the two elements in question. The higher one will replace the lower one.

Elements at the very top of the series are so reactive that they can replace hydrogen from
water. This explains the explosive reaction between sodium and water:

2Na(s) + 2H2O(l)→ 2NaOH(aq) +H2(g)

Elements in the middle of the list will react with acids (but not water) to produce a salt
and hydrogen gas. Elements at the bottom of the list are mostly nonreactive.

Elements near the top of the list will corrode (rust, tarnish, etc.) in oxygen much faster
than those at the bottom of the list.
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30.2.1 The Reactivity Series

w:Reactivity series6

• Red: elements that react with water and acids to form hydrogen gas, and with oxygen.
• Orange: elements that react very slowly with water but strongly with acids.
• Yellow: elements that react with acid to form hydrogen gas, and with oxygen.
• Grey: elements that react with oxygen (tarnish).
• White: elements that are often found pure; relatively nonreactive.

Most Reactive

Cs
K
Na
Li
Sr
Ca
Rb
Ba
Mg
Al
(C)
Mn
Zn
Cr
Fe
Cd
Co
Ni
Sn
Pb
(H2)
Sb
Bi
Cu
Hg
Ag
Pt
Au

Least Reactive

6 http://en.wikipedia.org/wiki/Reactivity%20series
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31 Oxidation States

w:Oxidation state1 Oxidation states are used to determine the degree of oxidation or
reduction that an element has undergone when bonding. The oxidation state of a compound
is the sum of the oxidation states of all atoms within the compound, which equals zero
unless the compound is ionic.

i Information

• Gaining electrons is reduction.
• Losing electrons is oxidation.

The oxidation state of an atom within a molecule is the charge it would have if the bonding
were completely ionic, even though covalent bonds do not actually result in charged ions.

31.1 Method of notation

Oxidation states are written above the element or group of elements that they belong to
(when drawing the molecule), or written with roman numerals in parenthesis when naming
the elements.

Examples
0
Al

aluminum

+3
Al

aluminum(III), an ion

31.2 Determining oxidation state

31.2.1 For single atoms or ions

Because oxidation numbers are just the sum of the electrons gained or lost, calculating them
for single elements is easy.

1 http://en.wikipedia.org/wiki/Oxidation%20state
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i Information
The oxidation state of a single element is the same as its charge. Pure elements always
have an oxidation states of zero.

Examples
1
K+

0
Br

1 −1
Na Cl

Notice that the oxidation states of ionic compounds are simple to determine.

31.2.2 For larger molecules

Helpful Hint:
Remember that all the individual oxidation states must add up to the charge on the
whole substance.

Although covalent bonds do not result in charges, oxidation states are still useful. They
label the hypothetical transfer of electrons if the substance were ionic. Determining the
oxidation states of atoms in a covalent molecule is very important when analyzing "redox"
reactions. When substances react, they may transfer electrons when they form the products,
so comparing the oxidation states of the products and reactants allows us to keep track of
the electrons.

Examples
+1 −1
H Cl

for hydrogen chloride

2(+1) −2
H2 O

for water

+3 2(−2)
Cl O2

for the chlorite ion
(notice the overall charge)

B Warning
Oxidation states do not necessarily represent the actual charges on an atom in a
molecule. They are simply numbers that indicate what the charges would be if that
atom had gained or lost the electrons involved in the bonding. For example, CH4 is a
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covalent molecule—the C has no charge nor does the H, however the molecule can be
assigned a -4 oxidation state for the C and a +1 oxidation state for the H's.

31.3 Guidelines

Determining oxidation states is not always easy, but there are many guidelines that can
help. This guidelines in this table are listed in order of importance. The highest oxidation
state that any element can reach is +8 in XeO4.

Element Usual Oxidation State
Fluorine Fluorine, being the most electronegative element, will always have

an oxidation of -1 (except when it is bonded to itself in F2, when
its oxidation state is 0).

Hydrogen Hydrogen always has an oxidation of +1, -1, or 0. It is +1 when
it is bonded to a non-metal (e.g. HCl, hydrochloric acid). It is -
1 when it is bonded to metal (e.g. NaH, sodium hydride). It is 0
when it is bonded to itself in H2.

Oxygen Oxygen is usually given an oxidation number of -2 in its com-
pounds, such as H2O. The exception is in peroxides (O2

-2) where it
is given an oxidation of -1. Also, in F2O oxygen is given an oxida-
tion of +2 (because fluorine must have -1), and in O2, where it is
bonded only to itself, the oxidation is 0.

Alkali Metals The Group 1A metals always have an oxidation of +1, as in NaCl.
The Group 2A metals always have an oxidation of +2, as in CaF2.
There are some rare exceptions that don't need consideration.

Halogens The other halogens (Cl, Br, I, As) usually have an oxidation of -1.
When bonded to another halogen, its oxidation will be 0. However,
they can also have +1, +3, +5, or +7. Looking at the family of
chlorides, you can see each oxidation state (Cl2 (0), Cl- (-1), ClO-

(+1), ClO2
- (+3), ClO3

- (+5), ClO4
- (+7)).

Nitrogen Nitrogen (and the other Group 5A elements, such as phosphorus,
P) often have -3 (as in ammonia, NH3), but may have +3 (as in
NI3) or +5 (as in phosphate, PO4

3-).
Carbon Carbon can literally have any oxidation state (from -4, as in CH4,

to +4, as in CF4). It is best to find the oxidation of other elements
first.

In general, the more electronegative element has the negative number. Using a chart of
electronegativities, you can determine the oxidation state of any atom within a compound.

31.4 Periodicity

Oxidation states are another periodic trend. They seem to repeat a pattern across each
period.
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Figure 107
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32 Redox Reactions

32.1 Redox

Redox reactions are chemical reactions in which elements are oxidized and reduced.

i Information

• Losing electrons is oxidation.
• Gaining electrons is reduction.

Specifically, at the most basic level one element gets oxidized by losing, or donating, electrons
to the oxidizing agent. In doing so, the oxidizing agent gets reduced by accepting the electrons
lost, or donated, by the reducing agent (i.e. the element getting oxidized).

If it seems as though there are two separate things going on here, you are correct: redox
reactions can be split into two half-reactions, one dealing with oxidation, the other,
reduction.

32.1.1 Mnemonic

Oil Rig

Oxidation Is Loss. Reduction Is Gain

Alternatively:

LEO GER

Loose Electrons Oxidation. Gain Electrons Reduction

32.1.2 Example

Fe+Cu2+→ Fe2+ +Cu This is the complete reaction. Iron is oxidized, thus it
is the reducing agent. Copper is reduced, making it the
oxidizing agent.

Fe→ Fe2+ + 2e− This is the oxidation half-reaction.
Cu2+ + 2e−→ Cu This is the reduction half-reaction.

When the two half-reactions are summed, the result is:
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Helpful Hint:
If you cancel out the electrons on both sides, you get the original equation.

Fe→ Fe2+ + 2e−

Cu2+ + 2e−→ Cu
Fe+Cu2+ + 2e−→ Cu+Fe2+ + 2e−

32.2 Balancing Redox Equations

In a redox reaction, all electrons must cancel out. If you are adding two half-reactions
with unequal numbers of electrons, then the equations must be multiplied by a common
denominator. This process is similar to balancing regular equations, but now you are trying
to balance the electrons between two half-reactions.

32.2.1 Example

Fe2+→ Fe3+ +e−

H2O2 + 2e−→ 2OH−

Fe2+ +H2O2 + 2e−→ 2OH− +Fe3+ +e−

The electrons don't completely cancel out. There is one electron more on the left. However,
if you double all terms in the first half-reaction, then add it to the second half-reaction, the
electrons will cancel out completely. That means the half-reactions for this redox reaction
are actually:

2Fe2+→ 2Fe3+ + 2e−

H2O2 + 2e−→ 2OH−

2Fe2+ +H2O2→ 2OH− + 2Fe3+

32.3 Balancing Redox Equations in an Acidic or Basic
Solution

If a reaction occurs in an acidic or basic1 environment, the redox equation is balanced as
follows:

1 Chapter 36 on page 177
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Balancing Redox Equations in an Acidic or Basic Solution

1. Write the oxidation and reduction half reactions, but with the whole compound,
not just the element that is reduced/oxidized.

2. Balance both reactions for all elements except oxygen and hydrogen.
3. If the oxygen atoms are not balanced in either reaction, add water molecules to

the side missing the oxygen.
4. If the hydrogen atoms are not balanced, add hydrogen ions until the hydrogen

atoms are balanced.
5. Multiply the half reactions by the appropriate number (so that they have equal

numbers of electrons).
6. Add the two equations to cancel out the electrons, as in the previous method, and

the equation is balanced!

If the reaction occurs in a basic environment, proceed as if it is in an acid environment, but,
after step 4, for each hydrogen ion added, add a hydroxide ion to both sides of the equation.
Then, combine the hydroxide ions and hydrogen ions to form water. Then, cancel all the
water molecules that appear on both sides.
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33 Electrochemistry

33.1 Redox Reactions (review)

Redox (shorthand for reduction/oxidation reaction) describes all chemical reactions in which
atoms have their oxidation number (oxidation state) changed.

This can be either a simple redox process such as the oxidation of carbon to yield carbon
dioxide, or the reduction of carbon by hydrogen to yield methane (CH4), or it can be a
complex process such as the oxidation of sugar in the human body through a series of very
complex electron transfer processes.

The term redox comes from the two concepts of reduction and oxidation. It can be explained
in simple terms:

Non-redox reactions, which do not involve changes in formal charge, are known as
metathesis reactions.

• Oxidation describes the loss of electrons by a molecule, atom, or ion
• Reduction describes the gain of electrons by a molecule, atom, or ion

However, these descriptions (though sufficient for many purposes) are not truly correct.
Oxidation and reduction properly refer to a change in oxidation number—the actual transfer
of electrons may never occur. Thus, oxidation is better defined as an increase in oxidation
number, and reduction as a decrease in oxidation number. In practice, the transfer of
electrons will always cause a change in oxidation number, but there are many reactions
which are classed as "redox" even though no electron transfer occurs (such as those involving
covalent bonds).

33.2 Electrochemistry

Electrochemistry is a branch of chemistry that deals with the flow of electricity by
chemical reactions. The electrons in a balanced half-reaction show the direct relationship
between electricity and the specific redox reaction. Electrochemical reactions are either
spontaneous, or nonspontaneous. A spontaneous redox reaction generates a voltage itself. A
nonspontaneous redox reaction occurs when an external voltage is applied. The reactions
that occur in an electric battery are electrochemical reactions.

Three components of an electrochemical reaction
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• A solution where redox reactions may occur (solutions are substances dissolved in
liquid, usually water)

• A conductor for electrons to be transferred (such as a metal wire)
• A conductor for ions to be transferred (usually a salt bridge)

e.g. filter paper dipped in a salt solution.

33.2.1 Electrolysis

An electrolysis experiment forces a nonspontaneous chemical reaction to occur. This is
achieved when two electrodes1 are submersed in an electrically conductive solution, and the
electrical voltage applied to the two electrodes is increased until electrons flow. The electrode
receiving the electrons, or where the reduction reactions occur, is called the cathode2. The
electrode which supplies the electrons, or where the oxidation reactions occur, is called the
anode3.

A molten salt is an example of something that may be electrolyzed because salts are composed
of ions. When the salt is in its solid state, the ions are not able to freely move. However,
when the salt is heated enough until it melts (making it a molten salt), the ions are free to
move. This mobility of the ions in the molten salt makes the salt electrically conductive. In
the electrolysis of a molten salt, for example melted NaCl, the cation of the salt (in this
case Na+) will be reduced at the cathode, and the anion of the salt (in this case Cl−) will
be oxidized at the anode:

Cathode reaction: Na+ + e- → Na

Anode reaction: 2Cl → Cl2 + 2 e-

Aqueous solutions of salts can be electrolyzed as well because they are also electrically
conductive. In aqueous solutions, there is an additional reaction possible at each the cathode
and the anode:

Cathode: 2 H2O + 2 e- → H2 + 2 OH- (reduction of water)

Anode: 2 H2O → 4 H+ + O2 + 4 e- (oxidation of water)

With the addition of these two reactions, there are now two possible reactions at each
electrode. At the cathode, either the reduction of the cation or the reduction of water will
occur. At the anode, either the oxidation of the anion or the oxidation of water will occur.
The following rules determine which reaction takes place at each electrode:

• Cathode: If the cation is a very active metal, water will be reduced. Very active metals
include Li, Na, K, Rb, Cs, Ca, Sr, and Ba. If the cation is an active or inactive
metal, the cation will be reduced.

• Anode: If the anion is a polyatomic ion, water will generally be oxidized. Specifically,
sulfate, perchlorate, and nitrate ions are not oxidized; water will oxidize instead. Chloride,

1 http://en.wikipedia.org/wiki/Electrode
2 http://en.wikipedia.org/wiki/Cathode
3 http://en.wikipedia.org/wiki/Anode
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bromide, and iodide ions will be oxidized. If the anion in one salt is oxidized in an
aqueous electrolysis, that same anion will also be oxidized in any other salt.

33.2.2 Galvanic Cells

The energy of a spontaneous redox reaction is captured using a galvanic cell. The following
parts are necessary to make a galvanic cell:

Figure 108 The "ammeter" at the top measures the electrical current flowing through
the wire. Electrons are flowing from copper to zinc, making zinc the oxidizing agent.

1. Two half cells4

4 http://en.wikipedia.org/wiki/Half%20cell
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2. Two electrodes5
3. One electrically conductive wire
4. One salt bridge6
5. One device, usually an ammeter7 or a voltmeter8

A galvanic cell is constructed as shown in the image to the right. The two half-reactions are
separated into two half cells. All of the reactants in the oxidation half-reaction are placed in
one half cell (the anode), and all the reactants of the reduction half-reaction are placed in
the other half cell (the cathode). If the half-reaction contains a metal, the metal serves as
the electrode for that half cell. Otherwise, an inert electrode made of platinum, silver, or
gold is used. The electrodes are connected with a wire which allows the flow of electrons.
The electrons always flow from the anode to the cathode. The half cells are connected by
a salt bridge which allows the ions in the solution to move from one half cell to the other,
so that the reaction can continue. Since the overall reaction is spontaneous, the flow of
electrons will move spontaneously through the outer circuitry from which the energy can be
extirpated. The energy harnessed is useful because it can be used to do work. For example,
if an electrical component such as a light bulb is attached to the wire, it will receive power
from the flowing electrons.

Consistent results from a galvanic cell are dependent on three variables: pressure, temper-
ature, and concentration. Thus, chemists defined a standard state for galvanic cells. The
standard state for the galvanic cell is a pressure of 1.00 atmospheric pressure9 (atm) for all
gases, a temperature of 298 kelvin10 (K) and concentrations of 1.00 molarity11 (M) for all
soluble compounds, liquids, and solids.

33.3 Voltage

Voltage is a measure of spontaneity of redox reactions, and it can be measured by a voltmeter.
If the voltage of a reaction is positive, the reaction occurs spontaneously, but when negative,
it does not occur spontaneously.

To compute the voltage of a redox equation, split the equation into its oxidation component
and reduction component. Then, look up the voltages of each component on a standard
electrode potential table12. This table will list the voltage for the reduction equation. The
oxidation reaction's voltage is negative of the corresponding reduction equation's voltage.
To find the equation's voltage, add the standard voltages for each half reaction.

it:Chimica generale/Elettrochimica13

5 http://en.wikipedia.org/wiki/Electrode
6 http://en.wikipedia.org/wiki/Salt%20bridge
7 http://en.wikipedia.org/wiki/Ammeter
8 http://en.wikipedia.org/wiki/Voltmeter
9 http://en.wikipedia.org/wiki/Atmospheric%20pressure
10 http://en.wikipedia.org/wiki/Kelvin
11 http://en.wikipedia.org/wiki/Molarity
12 Chapter 77 on page 373
13 http://it.wikibooks.org/wiki/Chimica%20generale%2FElettrochimica
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34 Solubility

34.1 Types of Solutions

A solution is a homogenous mixture, composed of solvent(s) and solute(s). A solvent is
any substance which allows other substances to dissolve in it. Therefore, it is usually present
in the greater amount. Solutes are substances present in a solution. Note that when a
solute dissolves in a solvent, no chemical bonds form between the solvent and solute.

Solutions have variable composition, unlike pure compounds whose composition is fixed. For
example, a 500 mL solution of lemonade can consist of 70% water, 20% lemon juice, and
10% sugar. There can also be a 500 mL solution of lemonade consisting of 60% water, 25%
lemon juice, and 15% sugar.

i Information
The most common type of solution is an aqueous solution, which is a solution where
water is the solvent. Aqueous solutions are quite important. For example, acids and
bases exist typically as aqueous solutions.

When two liquids can be readily combined in any proportions, they are said to be miscible.
An example would be alcohol and water. Either of the two can totally dissolve each other in
any proportion. Two liquids are defined as immiscible if they will not form a solution, such
as oil and water. Solid solutes in a metallic solvent are known as alloys. Gold is an example
of an alloy. It is too soft in its pure form, so other metals are dissolved in it. Jewelers may
use 14-karat gold, which contains two-thirds gold and one-third other metals.

34.2 Variables Affecting Solubility

Factor Concept Example
Surface area More surface area gives more

opportunity for solute-solvent
contact

Powdered sugar will dissolve in
water faster than rock candy.

Temperature Solids are more soluble in hot
solvents, gases are more soluble
in cold solvents

Sugar dissolves more readily
in hot water, but CO2 dissolves
better in cold soda than warm
soda.
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Factor Concept Example
Polarity Non-polar compounds dissolve

in non-polar solvents, and polar
compounds dissolve in polar
solvents. If one liquid is polar,
and the other isn't, they are
immiscible.

Alcohol and water are both
polar, and they are miscible. Oil
is non-polar and is immiscible in
water.

Pressure Gases dissolve better under
higher pressure, due to greater
forces pushing the gas molecules
into the solvent.

Leaving the cap off a soda bot-
tle will let the carbonation out.

Agitation If a solution is agitated by stir-
ring or shaking, there is an in-
crease in kinetic motion and
contact of particles. Therefore,
the rate of solubility increases.

Everyone knows to stir their
coffee after adding sugar.

i Information
In general, the rate of solubility is dependent on the intermolecular forces between
substances. The maxim "like dissolves like" will help you remember that substances
must both be polar or non-polar to dissolve.
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Dissolving at the Molecular Level

34.3 Dissolving at the Molecular Level

Figure 109 A sodium ion in solvation with water.

1. The forces between the particles in the solid must be broken. This is an endothermic
process called dissociation.

2. Some of the intermolecular forces between the particles in the liquid must also be
broken. This is endothermic.

3. The particles of the solid and the particles in a liquid become attracted. This is an
exothermic process called solvation.
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34.3.1 Example: Dissolving NaCl

When sodium chloride is added to water, it will dissolve. Water molecules are polar, and
sodium chloride is ionic (which is very polar). The positive ends of the water molecules
(the hydrogens) will be attracted to the negative chloride ions, and the negative ends of the
water molecules (the oxygens) will be attracted to the positive sodium ions. The attractions
are strong enough to separate sodium from chloride, so the solute dissociates, or breaks
apart. The solute is then spread throughout the solvent. The polar water molecules prevent
the ions from reattaching to each other, so the salt stays in solution.

34.4 Important Concepts

34.4.1 Saturation

• When a solution can hold no more solute, it is said to be saturated. This occurs when
there is an equilibrium between the dissolved and undissolved solute.

• If more solute can be added, the solution is unsaturated.
• If a solution has more solute than is normally possible, due to the lowering or heightening

of temperature, it is said to be supersaturated. If disturbed, the solution will rapidly
form solid crystals.

• Solubility is the measure of how many grams of solute can dissolve in 100 grams of
solvent (or in the case of water, solute per 100 milliliters.)

34.4.2 Hydration

Sometimes, compounds form crystals with a specific amount of water in them. For example,
copper(II) sulfate is written as CuSO4 • 5H2O. For every mole of copper(II) sulfate, there
are five moles of water attached. The atoms are arranged in a crystal lattice. Even if dried,
the compound will still be hydrated. It will not feel moist, but there are water molecules
within the crystal structure of the solid.

Intense heat will release the water from the compound. Its color may change, indicating
a chemical change. When the anhydrous compound is dissolved in water, it will become
hydrated again.

34.4.3 Heats of Solution

Some chemicals change temperature when dissolved. This is due to a release or absorption
of heat. The specific change is known as the heat of solution, measured in kJ/mol.

34.4.4 Electrolytes

Some substances break up into ions and conduct electricity when dissolved. These are called
electrolytes. All ionic compounds are electrolytes. Nonelectrolytes, on the other hand, do
not conduct electricity when dissolved. Electrolytes are the reason that tap water conducts
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electricity. Tap water contains salts and other ions. If you have purified water, you will find
that it does not conduct electricity at all. Upon dissolving some salt, it conducts electricity
very well. The presence of ions allows electrons to move through the solution, and electricity
will be conducted.

34.5 Solubility Practice Questions

1. In a mixture of 50 mL of benzene and 48 mL of octane,

a) which substance is the solute?

b) would these two substances form a solution?

2. Solutions are formed as physical reactions. Using this principle, name two ways in which
solutes can be separated from solvents.

3. Three different clear, colourless liquids were gently heated in an evaporating dish. Liquid
A left a white residue, liquid B left no residue, and liquid C left water. Identify each liquid
solution as a pure substance or a solution.

4. Compare three bottles of soda. Bottle A was stored at room temperature (25°C), bottle
B was stored at 10°C, and bottle C was stored at 30°C.

a) If you wanted a fizzy drink, which bottle would you choose?

b) If you wanted to change the gas pressure of bottle C to that of bottle B, what could you
do?

Answers to Solubility Practice Questions1

1 http://en.wikibooks.org/wiki/General%20Chemistry%2FSolubility%2FAnswers
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35 Properties of Solutions

35.1 Concentration

The concentration of a solution is the measure of how much solute and solvent there is. A
solution is concentrated if it contains a large amount of solute, or dilute if contains a small
amount.

35.1.1 Molarity

Molarity is the number of moles of solute per liter of solution. It is abbreviated with the
symbol M, and is sometimes used as a unit of measurement, e.g. a 0.3 molar solution of HCl.
In that example, there would be 3 moles of HCl for every 10 liters of water (or whatever the
solvent was).

i Information
Molarity is by far the most commonly used measurement of concentration.

35.1.2 Molality

Molality is the number of moles of solute per kilogram of solvent. It is abbreviated with the
symbol m (lowercase), and is sometimes used as a unit of measurement, e.g. a 0.3 molal
solution of HBr. In that example, there would be 3 moles of HBr for every 10 kilograms of
water (or whatever the solvent was).

B Warning
One kilogram of water is one liter of water (near room temperature), but the molality
is not the same as the molarity. The molarity is the ratio of solute to solution, whereas
the molality is the ratio of solute to solvent.

35.1.3 Mole Fraction

The mole fraction is simply the moles of solute per moles of solution. As an example, you
dissolve one mole of NaCl into three moles of water. Remember that the NaCl will dissociate
into its ions, so there are now five moles of particles: one mole Na+, one mole Cl-, and three
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moles water. The mole fraction of sodium is 0.2, the mole fraction of chloride is 0.2, and the
mole fraction of water is 0.6.

The mole fraction is symbolized with the Greek letter χ (chi), which is often written simply
as an X.

i Information
The sum of all mole fractions for a solution must equal 1.

35.2 Dilution

Dilution is adding solvent to a solution to obtain a less concentrated solution. Perhaps you
have used dilution when running a lemonade stand. To cut costs, you could take a half-full
jug of rich, concentrated lemonade and fill it up with water. The resulting solution would
have the same total amount of sugar and lemon juice, but double the total volume. Its flavor
would be weaker due to the added water.

Chemists often keep highly concentrated solutions of useful chemicals. They can quickly
obtain more dilute solutions of known concentration by this method.

The key concept is that the amount of solute is constant before and after the dilution process.
The concentration is decreased (and volume increased) only by adding solvent.

moles1 =moles2 Thus, the number of moles of solute before and after dilution
are equal.

M ×V =moles By definition of molarity, you can find the moles of solvent.
M1×V1 =M2×V2 Substituting the second equation into the first gives the dilu-

tion equation.

To determine the amount of solvent (usually water) that must be added, you must know
the initial volume and concentration, and the desired concentration. Solving for V2 in the
above equation will give you the total volume of the diluted solution. Subtracting the initial
volume from the total volume will determine the amount of pure solvent that must be added.

35.3 Ionic Solutes

When ionic compounds dissolve in water, they separate into ions. This process is called
dissociation. Note that because of dissociation, there are more moles of particles in the
solution containing ions than there would be with the solute and solvent separated.

If you have two glasses of water, and you dissolve salt into one and sugar into the other,
there will be a big difference in concentration. The salt will dissociate into its ions, but
sugar (a molecule) will not dissociate. If the salt were NaCl, the concentration would be
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double that of the sugar. If the salt were MgCl2, the concentration would be triple (there
are three ions).

35.3.1 Solubility Rules

Not all ionic compounds are soluble. Some ionic compounds have so much attractive force
between their anions and cations that they will not dissociate. These substances are insoluble
and will not dissolve. Instead, they clump together as a solid in the bottom of solution.
Many ionic compounds, however, will dissociate in water and dissolve. In these cases, the
attractive force between ion and water is greater than that between cation and anion. There
are several rules to help you determine which compounds will dissolve and which will not.

Solubility Rules

1. All compounds with Group 1 ions or ammonium ions are soluble.
2. Nitrates, acetates, and chlorates are soluble.
3. Compounds containing a halogen are soluble, except those with fluorine, silver, or

mercury. If they have lead, they are soluble only in hot water.
4. Sulfates are soluble, except when combined with silver, lead, calcium, barium, or

strontium.
5. Carbonates, sulfides, oxides, silicates, and phosphates are insoluble, except for rule

#1.
6. Hydroxides are insoluble except when combined with calcium, barium, strontium,

or rule #1.

Sometimes, when two different ionic compounds are dissolved, they react, forming a precip-
itate that is insoluble. Predicting these reactions requires knowledge of the activity series1
and solubility rules. These reactions can be written with all ions, or without the spectator
ions (the ion that don't react, present on both sides of the reaction), a format known as the
net ionic equation.

For example, silver nitrate is soluble, but silver chloride is not soluble (see the above rules).
Mixing silver nitrate into sodium chloride would cause a cloudy white precipitate to form.
This happens because of a double replacement reaction2.

35.4 Electrolytes

When solutes dissociate (or if a molecule ionizes), the solution can conduct electricity.
Compounds that readily form ions, thus being good conductors, are known as strong
electrolytes. If only a small amount of ions are formed, electricity is poorly conducted,
meaning the compound is a weak electrolyte.

i Information

1 Chapter 30 on page 149
2 Chapter 28.4 on page 142
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A strong electrolyte will dissolve completely. All ions dissociate. A weak electrolyte, on
the other hand, will partially dissociate, but some ions will remain bonded together.

35.5 Colligative Properties

Some properties are the same for all solute particles regardless of what kind. These are
known as the colligative properties. These properties apply to ideal solutions, so in
reality, the properties may not be exactly as calculated. In an ideal solution, there are no
forces acting between the solute particles, which is generally not the case.

35.5.1 Vapor Pressure

All liquids have a tendency for their surface molecules to escape and evaporate, even if the
liquid is not at its boiling point. This is because the average energy of the molecules is
too small for evaporation, but some molecules could gain above average energy and escape.
Vapor pressure is the measure of the pressure of the evaporated vapor, and it depends on
the temperature of the solution and the quantities of solute. More solute will decrease vapor
pressure.

Psolution = Ppure solvent×
χsolvent

The vapor pressure is given by Rauolt's Law,
where χ is the mole fraction of the solvent. Notice
that the vapor pressure equals that of the pure sol-
vent when there is no solute (χ = 1). If χ = 0, there
would be no vapor pressure at all. This could only
happen if there were no solvent, only solute. A solid
solute has no vapor pressure.

Psolution = P1×χ1 +P2×χ2 If two volatile substances (both have vapor pres-
sures) are in solution, Rauolt's Law is still used. In
this case, Rauolt's Law is essentially a linear combi-
nation of the vapor pressures of the substances. Two
liquids in solution both have vapor pressures, so this
equation must be used.

The second equation shows the relationship between the solvents. If two liquids were mixed
exactly half-and-half, the vapor pressure of the resulting solution would be exactly halfway
between the vapor pressures of the two solvents.

Another relation in Henry's Law, which shows the relationship between gas and pressure.
It is given by Cg = k Pg , where C is concentration and P is pressure. As the pressure goes
up, the concentration of gas in solution must also increase. This is why soda cans release
gas when they are opened - The decrease in pressure results in a decrease in concentration
of CO2 in the soda.
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Exercise for the reader At 50 °C the vapor pressure of water is 11 kPa and the
vapor pressure of ethanol is 30 kPa. Determine the resulting vapor pressure
if a solution contains 75% water and 25% ethanol (by moles, not mass).

35.5.2 Boiling Point Elevation

A liquid reaches its boiling point when its vapor pressure is equal to the atmosphere around
it. Because the presence of solute lowers the vapor pressure, the boiling point is raised. The
boiling point increase is given by:

∆Tsolution =Kb×msolute

The reduced vapor pressure increases the boiling point of the liquid only if the solute
itself is non-volatile, meaning it doesn't have a tendency to evaporate. For every mole of
non-volatile solute per kilogram of solvent, the boiling point increases by a constant amount,
known as the molal boiling-point constant (Kb). Because this is a colligative property,
Kb is not affected by the kind of solute.

35.5.3 Freezing Point Depression

This explains why roads are salted in the winter.

A liquid reaches its freezing temperature when its vapor pressure is equal to that of its solid
form. Because the presence of the solute lowers the vapor pressure, the freezing point is
lowered. The freezing point depression is given by:

∆Tsolution =Kf ×msolute

Again, this equation works only for non-volatile solutes. The temperature of the freezing
point decreases by a constant amount for every one mole of solute added per kilogram
solvent. This constant (Kf ) is known as the molar freezing-point constant.
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35.5.4 Osmosis

Figure 110 Osmosis results from the tendency for concentration to distribute itself
evenly.

If you studied biology, you would know that osmosis is the movement of water through
a membrane. If two solutions of different molarity are placed on opposite sides of a
semipermiable membrane, then water will travel through the membrane to the side with
higher molarity. This happens because the water molecules are "attached" to the solvent
molecules, so they cannot travel through the membrane. As a result, the water on the side
with lower molarity can more easily travel through the membrane than the water on the
other side.

The pressure of this osmosis is given in the equation

π =MRT

Where pi is the pressure, M is molarity, R is the gas constant, and T is temperature in
Kelvin.

35.5.5 Electrolytes and Colligative Properties

When one mole of table salt is added to water, the colligative effects are double those that
would have occurred if sugar were added instead. This is because the salt dissociates, forming
twice as many particles as sugar would. This dissociation, called the Van't Hoff Factor
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describes how many particles that are dissociated into the solution and must be multiplied
into the Boiling Point Elevation or Vapor Pressure Lowering equations.

1 mol C6H12O2(s)→ 1 mol C6H12O2(aq) Sugar is a covalent molecule. No dissocia-
tion occurs when dissolved.

1 mol NaCl(s) → 1 mol Na+
(aq) +

1 mol Cl−(aq) = 2 mol particles
Table salt is an ionic compound and a
strong electrolyte. Total dissociation oc-
curs when dissolved, doubling the effects
of colligative properties.

1 mol MgBr2(s) → 1 mol Mg2+
(aq) +

2 mol Br−
(aq) = 3 mol particles

Magnesium bromide is also ionic. The
colligative effects will be tripled.

Though extremely useful for calculating the general Van't Hoff Factor, this system of
calculation is slightly inaccurate when considering ions. This is because when ions are in
solution, they may interact and clump together, lessing the effect of the Van't Hoff factor.
In addition, more strongly charged ions may have a smaller effect. For example, CaO would
be less effective as an electrolyte than NaCl.

175





36 Acids and Bases

36.1 Acid-Base Reaction Theories

Acids and bases are everywhere. Some foods contain acid, like the citric acid in lemons and
the lactic acid in dairy. Cleaning products like bleach and ammonia are bases. Chemicals
that are acidic or basic are an important part of chemistry.

Helpful Hint:
You may need to refresh your memory on naming acidsa.

a Chapter 22.3 on page 121

Several different theories explain what composes an acid and a base. The first scientific
definition of an acid was proposed by the French chemist Antoine Lavoisier in the eighteenth
century. He proposed that acids contained oxygen, although he did not know the dual
composition of acids such as hydrochloric acid (HCl). Over the years, much more accurate
definitions of acids and bases have been created.

36.1.1 Arrhenius Theory

The Swedish chemist Svante Arrhenius published his theory of acids and bases in 1887. It
can be simply explained by these two points:

Arrhenius Acids and Bases

1. An acid is a substance which dissociates in water to produce one or more hydrogen
ions (H+).

2. A base is a substance which dissociates in water to produce one or more hydroxide
ions (OH-).
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Figure 111 Svante Arrhenius

Based on this definition, you can see that Arrhenius acids must be soluble in water. Arrhenius
acid-base reactions can be summarized with three generic equations:

HA→H+ +A− An acid will dissociate in water producing
hydrogen ions.

MOH→M+ +OH− A base (usually containing a metal) will disso-
ciate in water to product hydroxide ions.

HA(aq) +MOH(aq)→H2O(l) +MA(aq) Acids and bases will neutralize each other
when mixed. They produce water and an
ionic salt, neither of which are acidic or ba-
sic.
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The Arrhenius theory is simple and useful. It explains many properties and reactions of acids
and bases. For instance, mixing hydrochloric acid (HCl) with sodium hydroxide (NaOH)
results in a neutral solution containing table salt (NaCl).

However, the Arrhenius theory is not without flaws. There are many well known bases, such
as ammonia (NH3) that do not contain the hydroxide ion. Furthermore, acid-base reactions
are observed in solutions that do not contain water. To resolve these problems, there is a
more advanced acid-base theory.

36.1.2 Brønsted-Lowry Theory

The Brønsted-Lowry theory was proposed in 1923. It is more general than the Arrhenius
theory—all Arrhenius acids/bases are also Brønsted-Lowry acids/bases (but not necessarily
vice versa).

Brønsted-Lowry Acids and Bases

1. An acid is a substance from which a proton (H+ ion) can be removed. Essentially,
an acid donates protons to bases.

2. A base is a substance to which a proton (H+) can be added. Essentially, a base
accepts protons from acids.

w:Acid–base reaction1 Acids that can donate only one proton are monoprotic, and acids
that can donate more than one proton are polyprotic.

These reactions demonstrate the behavior of Brønsted-Lowry acids and bases:

HCl+H2O→ Cl− +H3O+ An acid (in this case, hydrochloric acid)
will donate a proton to a base (in this
case, water is the base). The acid loses
its proton and the base gains it.

HCl+NH3→ Cl− +NH+
4 Water is not necessary. In this case, hy-

drochloric acid is still the acid, but am-
monia acts as the base.

Cl− +NH+
4 →HCl+NH3 The same reaction is happening, but now

in reverse. What was once an acid is now
a base (HCl → Cl-) and what was once
a base is now an acid (NH3 → NH4

+).
This concept is called conjugates, and it
will be explained in more detail later.

HCl+NaOH→NaCl+H2O
H3O+ +OH−→ 2H2O

Two examples of acids (HCl and H3O+)
mixing with bases (NaOH and OH-)
to form neutral substances (NaCl and
H2O).

1 http://en.wikipedia.org/wiki/Acid%20%13base%20reaction
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NaOH+NH3→Na+ +H2O+NH−
2 A base (sodium hydroxide) will accept

a proton from an acid (ammonia). A
neutral substance is produced (water),
which is not necessarily a part of every
reaction. Compare this reaction to the
second one. Ammonia was a base, and
now it is an acid. This concept, called
amphoterism, is explained later.

The Brønsted-Lowry theory is by far the most useful and commonly-used definition. For the
remainder of General Chemistry, you can assume that any acids/bases use the Brønsted-
Lowry definition, unless stated otherwise.

Figure 112 This Brønsted-Lowry acid donates a proton (in green) to water (the base).

36.1.3 Lewis Theory

The Lewis definition is the most general theory, having no requirements for solubility or
protons.

Lewis Acids and Bases

1. An acid is a substance that accepts a lone pair of electrons.
2. A base is a substance that donates a lone pair electrons.

Lewis acids and bases react to create an adduct, a compound in which the acid and base
have bonded by sharing the electron pair. Lewis acid/base reactions are different from redox
reactions because there is no change in oxidation state.
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Figure 113 This reaction shows a Lewis base (NH3) donating an electron pair to a Lewis
acid (H+) to form an adduct (NH4

+).

36.2 Amphoterism and Water

Substances capable of acting as either an acid or a base are amphoteric. Water is the most
important amphoteric substance. It can ionize into hydroxide (OH-, a base) or hydronium
(H3O+, an acid). By doing so, water is

1. Increasing the H+ or OH- concentration (Arrhenius),
2. Donating or accepting a proton (Brønsted-Lowry), and
3. Accepting or donating an electron pair (Lewis).

i Information
Important A bare proton (H+ ion) cannot exist in water. It will form a
hydrogen bond to the nearest water molecule, creating the hydronium ion
(H3O+). Although many equations and definitions may refer to the
"concentration of H+ ions", that is a misleading abbreviation. Technically,
there are no H+ ions, only hydronium (H3O+) ions. Fortunately, the
number of hydronium ions formed is exactly equal to the number of
hydrogen ions, so the two can be used interchangeably.
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Figure 114 H+ ions actually exist as hydronium, H3O+.

Water will dissociate very slightly (which further explains its amphoteric properties).

H2O↔H+ +OH− The presence of hydrogen ions indicates an acid, whereas
the presence of hydroxide ions indicates a base. Being neu-
tral, water dissociates into both equally.

2H2O↔H3O+ +OH− This equation is more accurate—hydrogen ions do not exist
in water because they bond to form hydronium.

36.2.1 Ammonia

Another common example of an amphoteric substance is ammonia. Ammonia is normally a
base, but in some reactions it can act like an acid.

NH3 +HCl→NH+
4 +Cl− Ammonia acts as a base. It accepts a proton to form

ammonium.
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Li3N+ 2NH3→ 3Li+ + 3NH−
2 Ammonia also acts as an acid. Here, it donates a

proton to form amide.

Ammonia's amphoteric properties are not often seen because ammonia typically acts like a
base. Water, on the other hand, is completely neutral, so its acid and base behaviors are
both observed commonly.

36.3 Conjugate Acids and Bases

In all the theories, the products of an acid-base reaction are related to the initial reactants of
the reaction. For example, in the Brønsted-Lowry theory, this relationship is the difference
of a proton between a reactant and product. Two substances which exhibit this relationship
form a conjugate acid-base pair.

Brønsted-Lowry Conjugate Pairs

• An acid that has donated its proton becomes a conjugate base.
• A base that has accepted a proton becomes a conjugate acid.

HI(aq) +H2O(l)→I−
(aq) +H3O+

(aq) Hydroiodic acid reacts with water (which
serves as a base). The conjugate base is
the iodide ion and the conjugate acid is
the hydronium ion. The acids are written
in red, and the bases are written in blue.
One conjugate pair is written bold and
the other conjugate pair is in cursive.

NH3(aq) +H2O(l)→NH+
4(aq) +OH−

(aq) Ammonia (basic) reacts with water (the
acid). The conjugate acid is ammonium
and the conjugate base is hydroxide.
Again, acids are written in red, and the
bases are written in blue. The conjugate
pairs are distinguished with matching
fonts.

36.4 Strong and Weak Acids/Bases

A strong acid is an acid which dissociates completely in water. That is, all the acid
molecules break up into ions and solvate (attach) to water molecules. Therefore, the
concentration of hydronium ions in a strong acid solution is equal to the concentration of
the acid.

The majority of acids exist as weak acids, an acid which dissociates only partially. On
average, only about 1% of a weak acid solution dissociates in water in a 0.1 mol/L solution.
Therefore, the concentration of hydronium ions in a weak acid solution is always less than
the concentration of the dissolved acid.
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Strong bases and weak bases do not require additional explanation; the concept is the
same.

i Information
The conjugate of a strong acid/base is very weak. The conjugate of a weak acid/base is
not necessarily strong.

This explains why, in all of the above example reactions, the reverse chemical reaction does
not occur. The stronger acid/base will prevail, and the weaker one will not contribute to
the overall acidity/basicity. For example, hydrochloric acid is strong, and upon dissociation
chloride ions are formed. Chloride ions are a weak base, but the solution is not basic because
the acidity of HCl is overwhelmingly stronger than basicity of Cl-.

Helpful Hint:
Although the other halogens make strong acids, hydrofluoric acid (HF) is a weak acid.
Despite being weak, it is incredibly corrosive—hydrofluoric acid dissolves glass and metal!

Most acids and bases are weak. You should be familiar with the most common strong acids
and assume that any other acids are weak.

Formula Strong Acid
HClO4 Perchloric acid
HNO3 Nitric acid
H2SO4 Sulfuric acid
HCl, HBr, HI Hydrohalic acids

Within a series of oxyacids, the ions with the greatest number of oxygen molecules are the
strongest. For example, nitric acid (HNO3) is strong, but nitrous acid (HNO2) is weak.
Perchloric acid (HClO4) is stronger than chloric acid (HClO3), which is stronger than the
weak chlorous acid (HClO2). Hypochlorous acid (HClO) is the weakest of the four.

Common strong bases are the hydroxides of Group 1 and most Group 2 metals. For example,
potassium hydroxide and calcium hydroxide are some of the strongest bases. You can assume
that any other bases (including ammonia and ammonium hydroxide) are weak.

Formula Strong Base
LiOH Lithium hydroxide
NaOH Sodium hydroxide
KOH Potassium hydroxide
RbOH Rubidium hydroxide
CsOH Cesium hydroxide
Ca(OH)2 Calcium hydroxide
Sr(OH)2 Strontium hydroxide
Ba(OH)2 Barium hydroxide
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[Brown_2009]

B Warning
Acids and bases that are strong are not necessarily concentrated, and weak acids/bases
are not necessarily dilute. Concentration has nothing to do with the ability of a
substance to dissociate. Furthermore, polyprotic acids are not necessarily stronger than
monoprotic acids.

36.5 Properties of Acids and Bases

Now that you are aware of the acid-base theories, you can learn about the physical and
chemical properties of acids and bases. Acids and bases have very different properties,
allowing them to be distinguished by observation.
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36.5.1 Indicators

Figure 115 Bromothymol blue is an indicator that turns blue in a base, or yellow in
acid.

Made with special chemical compounds that react slightly with an acid or base, indicators
will change color in the presence of an acid or base. A common indicator is litmus paper.
Litmus paper turns red in acidic conditions and blue in basic conditions. Phenolphthalein
purple is colorless in acidic and neutral solutions, but it turns purple once the solution
becomes basic. It is useful when attempting to neutralize an acidic solution; once the
indicator turns purple, enough base has been added.

36.5.2 Conductivity

A less informative method is to test for conductivity. Acids and bases in aqueous solutions
will conduct electricity because they contain dissolved ions. Therefore, acids and bases are
electrolytes. Strong acids and bases will be strong electrolytes. Weak acids and bases will be
weak electrolytes. This affects the amount of conductivity.
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However, acids will react with metal, so testing conductivity may not be plausible.

36.5.3 Physical properties

B Warning
The following is for informative purposes only. Do not sniff, touch, or taste any
acids or bases as they may result in injury or death.

The physical properties of acids and bases are opposites.

Acids Bases
Taste sour bitter
Feel stinging slippery
Odor sharp odorless

These properties are very general; they may not be true for every single acid or base.

Another warning: if an acid or base is spilled, it must be cleaned up immediately and
properly (according to the procedures of the lab you are working in). If, for example,
sodium hydroxide is spilled, the water will begin to evaporate. Sodium hydroxide does not
evaporate, so the concentration of the base steadily increases until it becomes damaging to
its surrounding surfaces.

36.5.4 Chemical Reactions

Neutralization

Acids will react with bases to form a salt and water. This is a neutralization reaction.
The products of a neutralization reaction are much less acidic or basic than the reactants
were. For example, sodium hydroxide (a base) is added to hydrochloric acid.

NaOH(aq) +HCl(aq)→NaCl(aq) +H2O(l)

This is a double replacement2 reaction.

Acids

2HCl(aq) +Zn(s)→ ZnCl2(aq) +H2(g) Acids react with metal to produce a
metal salt and hydrogen gas bubbles.

H2SO4(aq) +CaCO3(s) → CaSO4(s) +
H2O(l) +CO2(g)

Acids react with metal carbonates to
produce water, CO2 gas bubbles, and a
salt.

2 Chapter 28.1 on page 141
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2HNO3(aq) +Na2O(s) → 2NaNO3(aq) +
H2O

Acids react with metal oxides to pro-
duce water and a salt.

Bases

Bases are typically less reactive and violent than acids. They do still undergo many chemical
reactions, especially with organic compounds. A common reactions is saponificiation: the
reaction of a base with fat or oil to create soap.

Figure 116 Saponification converts an "ester" into an
"alcohol" and salt. This is an organic reactiona outside
the scope of General Chemistry.

a http://en.wikibooks.org/wiki/Organic%20Chemistry

36.6 Practice Questions

1. Name the following compounds that will form, and identify as an acid or base:

a) Ba + OH

b) 2H + SO4

c) K + OH

d) 2H + SO3

e) 3H + PO4

f) H + BrO2

g) Na + Cl

2. Determine the conjugate acid and conjugate base of each substance, if possible:

a) water

b) ammonia

c) bisulfate ion

d) zinc hydroxide

e) hydrobromic acid

f) nitrite ion

g) dihydrogen phosphate ion
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3. In a conductivity test, 5 different solutions were set up with light bulbs. The following
observations were recorded:

Solution A glowed brightly.

Solution B glowed dimly.

Solution C glowed dimly.

Solution D did not glow.

Solution E glowed brightly.

a) Which solution(s) could contain strong bases?

b) Which solution(s) could contain weak acids?

c) Which solution(s) could contain ions?

d) Which solution(s) could contain pure water?

e) Based solely on these observations, would it be possible to distinguish between acidic
and basic solutions?

4. Identity the conjugate base and conjugate acid in these following equations:

a) HCl + H2O → H3O+ + Cl-

b) HClO + H2O → ClO- + H3O+

c) CH3CH2NH2 + H2O → CH3CH2NH3
+ + OH-

5. Identify these bases as Arrhenius, Brønsted-Lowry, or both.

a) strontium hydroxide

b) butyllithium3 (C4H9Li)

c) ammonia

d) potassium hydroxide

e) potassium iodide

6. Based on the Brønsted-Lowry Theory of Acids and Bases, would you expect pure water
to have no dissolved ions whatsoever? Explain, using a balanced chemical equation.

3 http://en.wikipedia.org/wiki/butyllithium
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37 Notes

1. [Brown_2009] Brown, Theodore E.; Lemay, H. Eugene; Bursten, Bruce E.; Murphy,
Catherine; Woodward, Patrick (2009), Chemistry: The Central Science (11th ed.),
New York: Prentice-Hall, ISBN 0136006175.

Answers to Properties of Acids and Bases Practice Questions1

pt:Introdução à Química/Ácidos e bases2

1 http://en.wikibooks.org/wiki/General%20Chemistry%2FProperties%20and%20Theories%20of%
20Acids%20and%20Bases%2FAnswers

2 http://pt.wikibooks.org/wiki/Introdu%E7%E3o%20%E0%20Qu%EDmica%2F%C1cidos%20e%20bases
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38 Titration and pH

38.1 Ionization of Water

Water is a very weak electrolyte. It will dissociate into hydroxide and hydronium ions,
although only in a very small amount. Because pure water is completely neutral, it always
dissociates in equal amounts of both hydroxide and hydronium. Once acidic or basic
substances have been added to pure water, the concentration of the ions will change.
Regardless of which acid-base theory is used, acids and bases all have one important thing
in common:

• All acids increase the H+ concentration of water.
• All bases increase the OH- concentration of water.

Furthermore, the concentration of hydrogen ions multiplied by the concentration of hydroxide
ions is a constant. This constant is known as the ionization constant of water, or Kw. At
room temperature it equals 10-14 mol2/L2. Thus:

Kw = [H+]× [OH−] = 1.00×10−14mol2/L2

In a neutral solution, the concentrations of H+ and OH- are both equal to 10-7. Using the
above equation, the concentration of one ion can be determined if the concentration of the
other ion is known. This equation further demonstrates the relationship between acids and
bases: as the acidity (H+) increases, the basicity (OH-) must decrease.

38.2 The pH Scale

To measure the acidity or basicity of a substance, the pH scale is employed.

The pH Scale

• A completely neutral substance has a pH of 7.
• Acids have a pH below 7
• Bases have a pH above 7.

pH usually ranges between 0 and 14, but it can be any value. Battery acid, for example, has
a negative pH because it is so acidic.
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Figure 117 Various pH values.

38.2.1 Definition of pH

The pH scale is mathematically defined as:

pH =− log [H+]

Substances that release protons or increase the concentration of hydrogen ions (or hydronium
ions) will lower the pH value.

38.2.2 pOH

There is also a less common scale, the pOH scale. It is defined as:

pOH =− log [OH−]

Substances that absorb protons or increase the concentration of hydroxide ions will lower
the pOH value.
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The sum of pH and pOH is always 14 at room temperature:

pH+pOH = 14

38.2.3 Calculating pH

A strong acid or strong base will completely dissociate in water, so the concentration of the
acid/base is equal to the concentration of H+ or OH-. If you know the concentration of the
acid or base, then you can simply plug that number into the pH or pOH formula. The sum
of pH and pOH will always equal 14 at room temperature, so you can interconvert these
two values.

If you know the H+ concentration and need to know the OH- concentration (or vice versa),
use the definition of Kw above. The product of the two ion concentrations will always equal
10-14 at room temperature.

38.3 Titration

Titration is the controlled mixing of a solution with known concentration (the standard
solution) to another solution to determine its concentration. One solution is acidic and
the other is basic. An indicator is added to the mixture. An indicator must be selected
so that it changes color when equal amounts of acid and base have been added. This is
known as the equivalence point. This does not necessarily mean that the pH is 7.0.

Polyprotic acids have multiple equivalence points.

Once the equivalence point has been reached, the unknown concentration can be determined
mathematically.

38.4 Practice Questions

1) 5.00g of NaOH are dissolved to make 1.00L of solution.

a What is the concentration of H+?

b What is the pH?

Answers for Titration and pH1

1 http://en.wikibooks.org/wiki/General%20Chemistry%2FTitration%20and%20pH%2FAnswers
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39 Buffer Systems

39.1 Introduction

Buffer systems are systems in which there is a significant (and nearly equivalent) amount
of a weak acid and its conjugate base—or a weak base and its conjugate acid—present in
solution. This coupling provides a resistance to change in the solution's pH. When strong
acid is added, it is neutralized by the conjugate base. When strong base is added, it is
neutralized by the weak acid. However, too much acid or base will exceed the buffer's
capacity, resulting in significant pH changes.

HA+H2O↔H3O+ +A− Consider an arbitrary weak acid, HA, and its conjugate
base, A-, in equilibrium.

A− +H+→HA The addition of a strong acid will cause only a slight
change in pH due to neutralization.

HA+OH−→H2O+A− Likewise, the addition of a strong base will cause only a
slight change in pH.

Buffers are useful when a solution must maintain a specific pH. For example, blood is a
buffer system because the life processes in a human only function within a specific pH range
of 7.35 to 7.45. When, for example, lactic acid is released by the muscles during exercise,
buffers within the blood neutralize it to maintain a healthy pH.

39.2 Making a Buffer

Once again, let's consider an arbitrary weak acid, HA, which is present in a solution. If we
introduce a salt of the acid's conjugate base, say NaA (which will provide the A- ion), we
now have a buffer solution. Ideally, the buffer would contain equal amounts of the weak acid
and conjugate base.

Instead of adding NaA, what if a strong base were added, such as NaOH? In that case, the
hydroxide ions would neutralize the weak acid and create water and A- ions. If the solution
contained only A- ions, then a strong acid like HCl were added, they would neutralize and
create HA.

As you can see, there are three ways to create a buffer:

Buffers
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• 1 HA + 1 A-

• 1 HA + 1
2 OH-

• 1 A- + 1
2 H+

• 1 B + 1 HB+

• 1 B + 1
2 H+

• 1 HB+ + 1
2 OH-

All six of the combinations will create equal amounts of a weak acid and its conjugate base,
or a weak base and its conjugate acid.

39.3 Buffers and pH

To determine the pH of a buffer system, you must know the acid's dissociation constant.
This value, Ka (or Kb for a base) determines the strength of an acid (or base). It is explored
more thoroughly in the Equilibrium1 unit, but for now it suffices to say that this value is
simply a measure of strength for acids and bases. The dissociation constants for acids and
bases are determined experimentally.

i Information
The pKa of an acid is the negative logarithm of its acid dissociation constant. This is
analogous to pH (the negative logarithm of the H+ concentration).

The Henderson-Hasselbalch equation allows the calculation of a buffer's pH. It is:

pH = pKa + log [A−]
[HA]

For a buffer created from a base, the equation is:

pH = pKb + log [B]
[HB+]

Using these equations requires determining the ratio of base to acid in the solution.

1 http://en.wikibooks.org/wiki/General%20Chemistry%2FChemical%20Equilibria
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40 Reactions of Acids and Bases

40.1 Overview

To summarize the properties and behaviors of acids and bases, this chapter lists and
explains the various chemical reactions that they undergo. You may wish to review chemical
equations1 and types of reactions2 before attempting this chapter.

The following reactions are net ionic equations. In other words, spectator ions are not
written. If an ion does not partake in the reaction, it is simply excluded. The spectator ions
can be found because they occur on both the reactant and the product side of the equation.
Cross them out and rewrite the equation without them. Of course, the coefficients must be
equal.

Canceling out the spectator ions explains the net of net ionic equations. The ionic part
means that dissolved compounds are written as ions instead of compounds. Acids, bases,
and salts are all ionic, so they are written as separate ions if they have dissociated.

Net Ionic Equations

• Soluble salts are written as ions.

e.g.: Na+ + Cl-

• Solids, liquids, and gases are written as compounds.

e.g.: NaCl(s), H2O(l), HCl(g)
• Strong acids and strong bases are written as ions (because they dissociate almost

completely).

e.g.: H+ + NO3
-

• Weak acids and weak bases are written as compounds (because they barely dissociate).

e.g.: HNO2

As an example, sodium bicarbonate (NaHCO3) would be written as Na+ and HCO3
- because

the salt will dissociate, but the bicarbonate will not dissociate (it's a weak acid).

1 Chapter 25 on page 131
2 Chapter 28 on page 141
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40.2 Neutralization

When an acid and a base react, they form a neutral substance, often water and a salt.

First, let's examine the neutralization of a strong acid with a strong base.

KOH+H+ +Cl− Solid potassium hydroxide is added to
an aqueous solution of hydrochloric acid.
Notice how the solid is written as a com-
pound, but the acid is written as ions
because it dissociates.

K+ +OH− +H+ +Cl−→K+ +Cl− +H2O The hydrogen ions will react with hy-
droxide ions to form water.

H+ +OH−→H2O Ignoring spectator ions, this is the net
ionic equation.

i Information
Whenever a strong acid neutralizes a strong base, the net ionic equation is always H+ +
OH- → H2O

Now, let's see some examples involving weak acids and weak bases.

PO3−
4 + 3H+→H3PO4 Excess hydrochloric acid is added to a solution

of sodium phosphate. Phosphoric acid is weak, so
the phosphate ions will react with hydrogen ions.
The result is a solution with some, but much less,
hydrogen ions, so it is much closer to neutral than
either of the original reactants.

PO3−
4 +H+→HPO−2

4 Equimolar amounts of sodium phosphate and hy-
drochloric acid are mixed. Notice the difference
between this reaction and the previous one.

HCO−
3 +OH−→H2O+CO−2

3 A strong base is added to a solution of calcium
bicarbonate. (Bicarbonate is a weak acid.)

HCO−
3 +H+→H2O+CO2 A strong acid is added to a solution of calcium

bicarbonate. Gas bubbles appear.

Many reactions result in the formation of gas bubbles or a solid precipitate that will make
the solution cloudy. The last equation brings up an interesting application. Many rocks
and minerals contain calcium carbonate or calcium bicarbonate. To identify these rocks,
geologists can perform the "acid test". A drop of acid is applied, and the presence of gas
bubbles indicates carbonate.

i Information
Many ions and compounds are amphoteric. They can react with (or behave as) acids
and bases. Bicarbonate is a good example, as you can see by comparing the last two
equations above.
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Here are more examples of neutralization reactions.

NH4Cl+OH−→H2O+NH3 +Cl− Solid ammonium chloride crystals are dis-
solved into a solution of sodium hydroxide.
The smell of ammonia is detected.

NH3 +H+→NH+
4 Ammonia gas is bubbled through a solu-

tion of hydrochloric acid. This reaction is
essentially the opposite of the previous. In
that reaction, ammonium ions react with
base to form ammonia gas. In this reac-
tion, ammonia gas reacts with acid to form
ammonium ions.

NH3 + CH3COOH → NH+
4 +

CH3COO−
Ammonia (a weak base) reacts with acetic
acid (also weak). The resulting solution is
nearly neutral, but it will be slightly basic
because ammonia is stronger than acetic
acid.

H2S+ 2OH−→ 2H2O+S2− Hydrogen sulfide gas is bubbled into a
strong base.

2H+ +S2−→H2S A strong acid is added to the above result,
and hydrogen sulfide gas is released.

40.3 Anhydrides

An anhydride is a substance that does not contain water. More specifically, it is a substance
that reacts with water to form an acid or base. Anhydrides are usually in the form of a gas
that dissolves into water and reacts to form an acid or base. They can also be solids that
will react with water.

N2O5 +H2O→ 2H+ + 2NO−
3 Gaseous dinitrogen pentoxide is bubbled through

water to form nitric acid.
N2O3 +H2O→ 2HNO2 Dinitrogen trioxide is mixed with water to form

nitrous acid.

The main difference between those two equations is the fact that nitrous acid is weak and
thus does not dissociate, whereas nitric acid is strong and dissociates into ions.

Here are a few more examples of anhydride reactions.

K2O+H2O→ 2K+ + 2OH− Solid potassium oxide is added to water to form a
strong base.

P2O5 + 3H2O→ 2H3PO4 Phosphorus(V) oxide powder is mixed into water to
form a weak acid.
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It is important to remember which acids are strong and which are weak. Review this3 if
necessary.

i Information
Anhydrides can also react with acidic or basic solutions. In that case, you may find it
helpful to first determine the anhydride's reaction with water, then determine that
reaction with the acid or base.

For example, sulfur dioxide gas (acidic anhydride) is bubbled through a solution of calcium
hydroxide (basic).

SO2 +H2O→H2SO3 First, determine the reaction of the an-
hydride with water.

H2SO3 +Ca(OH)2→ CaSO3 + 2H2O Then, determine the reaction of the acid
and base. This is a double replacement
reaction.

SO2 + H2O + H2SO3 + Ca(OH)2 →
H2SO3 +CaSO3 + 2H2O

Add the two reactions together.

SO2 +Ca2− + 2OH−→ CaSO3 +H2O Cancel out spectators. Also, calcium
hydroxide should be ionized (but calcium
sulfite is a solid precipitate). This is the
final net ionic equation.

Here are more examples.

CaO+ 2H+→H2O+Ca2+ Calcium oxide crystals (basic anhydrides) are added
to a strong acid. Notice that it does not matter what
the acid is (nitric, sulfuric, etc.) because it is strong
and this reaction only requires the hydrogen ions. In
other words, the anions of the strong acid are specta-
tors and are not written.

SO2 +OH−→HSO−
3 Excess sulfur dioxide gas is bubbled into a dilute solu-

tion of strong base. The base is the limiting reactant.
SO2 + 2OH−→H2O+SO−

3 Sulfur dioxide gas is bubbled into an excess of basic
solution.

Remember that water is involved in these reactions, but it not written if it occurs on both
sides of the equation.

i Information
Anhydrides can undergo neutralization reactions, even without the presence of water.

3 Chapter 36.4 on page 183
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CaO+CO2→ CaCO3 Solid calcium oxide (basic anhydride) is exposed to dry ice
gas (acidic anhydride). The resulting solid is a salt.

CaO+SO3→ CaSO4 Solid calcium oxide is exposed to a stream of sulfur trioxde
gas. The resulting solid is a neutral salt.

40.4 Hydrolysis

A salt of a weak acid and strong base dissociates and reacts in water to form OH-. A salt of
a strong acid and weak base dissociates and reacts in water to form H+. This process is
called hydrolysis.

In this first example, aluminum nitrate is dissolved in water.

Al(NO3)3 +H2O→Al3+ + 3NO−
3 +H2O First, the salt dissociates in the water.

It isn't necessary to write H2O in this
reaction.

Al3+ +H2O→Al(OH)2+ +H+ Now, at least one of the ions will react
with water. You know that nitric acid is
strong, so the nitrate ion will not take
an H+ ion from water. Instead, the alu-
minum ion will react with water, releas-
ing a hydrogen ion.

Al(NO3)3 +H2O→ Al(OH)2+ +H+ +
3NO−

3

This is the net ionic equation. The re-
sulting solution is acidic.

The solution is acidic not because nitric acid is strong, but because aluminum is a weak
base.

Here is an easier example.

NaNO2 +H2O→Na+ +NO−
2 +H2O First, the salt dissociates. Again, the H2O

need not be written.
NO−

2 +H2O→HNO2 +OH− Sodium ions will not react with water. Even
if they did, they would form NaOH, which is
a strong base, so it would immediately dis-
sociate. Instead, the NO2 reacts with water.
Being the conjugate of a weak acid, the ni-
trite ions will accept a proton from water to
form nitrous acid (weak) and hydroxide ions
(basic).

NaNO2 +H2O→Na+ +HNO2 +OH− This is the net ionic equation for the hydrol-
ysis of sodium nitrite. The resulting solution
is basic.

i Information
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There is no hydrolysis reaction for neutral salts. Salts like NaCl and K2SO4 (and any
other composed of the conjugates of both a strong acid and strong base) will not react
with water. They create neutral solutions when dissolved.

40.5 Lewis Acids/Bases

Lewis acids accept an electron pair. Lewis bases donate an electron pair. Together they
react and bond to form an adduct.

Lewis acids/bases do not require the presence of water. However, H+ can be though of as a
Lewis acid because it accepts electron pairs. OH- can donate an electron pair, making it a
Lewis base.

BF3 + N̈H3→ F3B−NH3 Boron trifluoride (Lewis acid) is exposed to ammonia
(a Lewis base, as shown by the electron pair over the N).
The electron pair is shared between the nitrogen and
boron, creating a bond. (The boron trifluoride is written
backwards as F3B only to demonstrate the B-N bond.
Its structure has not changed.)

B2H6 + 2H−→ 2BH−
4 Diborane accepts the two electrons from H- and forms a

Lewis adduct.

40.6 Practice Problems

Write the net ionic equations for the following. Make note of any solid precipitates or gas
bubbles that would form.

1. Equimolar solutions of sodium biphosphate and potassium hydroxide are mixed.
2. Equimolar solutions of sodium biphosphate and hydrochloric acid are mixed.
3. Excess sulfur dioxide gas is bubbled into a dilute solution of sodium hydroxide. Acid

is then added.
4. Aluminum chloride is dissolved into water.
5. Sodium fluoride is dissolved into water. Strong acid is then added.
6. Solid calcium oxide is exposed to a stream of sulfur trioxide gas. If the resulting

compound is dissolved, will the solution be acidic, basic, or neutral?
7. Gaseous hydrogen chloride is bubbled into a solution of silver nitrate.
8. Ammonium chloride crystals are dissolved in water. Sodium hydroxide is then added.
9. Calcium hydroxide crystals are dissolved into a solution of sodium bicarbonate.
10. Phosphine gas is sprayed onto pebbles of aluminum trichloride. (Hint: these are Lewis

acids/bases.)

Answers to Practice Problems4

4 http://en.wikibooks.org/wiki/General%20Chemistry%2FReactions%20of%20Acids%20and%
20Bases%2FAnswers
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41 Solids

41.1 Characteristics of Solids

Shape and volume are both definite in solids. Although solids have a rigid shape, a large
amount of force can cause deformation to the structure of a solid. There are three types of
deformation:

• Brittle deformation causes bonds to break in an irregular way. Shredding paper and
shattering glass are good examples.

• Elastic deformation is temporary. The molecules will return to their original positions
as soon as the force is removed. Rubber bands and tires are elastic, as well as steel
rods and wooden boards.

• Plastic deformation is permanent. Plastic deformation can be observed by bending a
metal spoon.
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Figure 118 (a) Brittle; (b) and (c) shows ductility

Most materials are capable of all three types of deformation. Small amounts of stress
cause elastic deformation, but large amounts will cause plastic deformation. In the event of
repeated deformation or tremendous stress, brittle deformation occurs.

Solids are incompressible. Solids may break or deform under stress, but they tolerate
little compression. For instance, a wooden plank will break if force is applied, but it will
not compress like a sponge. The only reason sponges compress is because they contain
air pockets and undergo elastic deformation. Otherwise, solids will not compress. At the
molecular level, this happens because the intermolecular bonds do not change size without
breaking.

Some solids, usually metals, have properties like ductility and malleability. A ductile
material can be stretched into long, thin wires. A malleable substance can be hammered into
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very thin sheets. Gold and copper are some of the most malleable and ductile substances
known. These properties occur as a result of the metallic bonding1.

41.2 Solids at the Molecular Level

Solids occur when there is enough intermolecular bonding to hold the molecules of a substance
into a relatively rigid structure. The molecules are close together, and their movement is
restricted to vibration. Solids occur at the lowest temperatures and highest pressures. As
the temperature of a solid increases, so does the kinetic energy of its molecules. At the
melting point, the molecules have enough energy to overcome their bonds and melt into a
liquid. Likewise, a liquid will freeze once its molecules are not moving fast enough to avoid
strong intermolecular bonds.

Compounds that have ionic bonding or metallic bonding are most likely to be found in
the solid phase due to their high melting points. Also, covalent network substances (like
diamond or quartz) are solids because the atoms are secured with covalent bonds, requiring
extreme amounts of energy to separate them.

41.2.1 Types of Solids

w:Crystal structure2

• Crystalline solids have a molecular structure with a specific geometric shape. The solid
has a specific melting point at which all molecules begin to break free of their bonds.
Substances like salt, diamond, and quartz are crystalline solids. These solids usually form
by cooling a liquid slowly, so that the molecules have time to arrange themselves in a
crystalline structure as their bonds form.

• Amorphous solids have a molecular structure with no specific shape. The solid melts over
a range of temperatures because the amount of energy needed to break the bonds varies
from molecule to molecule. Substances like coal and glass are amorphous. Amorphous
solids usually form when a liquid is cooled quickly, so there is no time for the molecules
to arrange themselves into a crystal.

Crystalline solids are typically harder and more rigid. Coal and diamond are both made
from elemental carbon, but coal is amorphous and diamond is crystalline. Because of its
crystal structure, diamond is one of the hardest substances known, whereas coal can be
scratched away with a fingernail. The crystal structure also explains diamond's brilliant,
transparent appearance. Coal is black and dull because the disorder of the atoms does not
allow light to pass.

i Information
Ionic solids and metallic solids are always crystalline. Covalent network solids can be
crystalline or amorphous. Van der Waals solids are always amorphous.

1 Chapter 19 on page 97
2 http://en.wikipedia.org/wiki/Crystal%20structure
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41.2.2 Packing and Unit Cells

Figure 119 The unit cell of sodium chloride

In crystalline solids, the atoms are arranged in a specific pattern. The smallest repeating
part of this pattern is called the unit cell. The unit cell may have more atoms than the
empirical formula of a substance because the geometric shape may require several atoms. In
the case of sodium chloride, the empirical formula contains only two atoms, but the unit cell
has 27 atoms.

The molecules of a solid are close packed. They arrange themselves in the densest shape
possible. Usually, two different patterns occur.

• Face-centered cubic or FCC
• Hexagonal close-packed or HCP
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Figure 120 Halite, or rock salt, exhibits FCC packing.

FCC crystals have three alternating layers, described as ABCABCABC (every third layer is
the same). The layers are arranged so that each unit cell is half-way between the two unit
cells above or below it. HCP crystals have two alternating layers, described as ABABABAB
(every other layer is the same).
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Figure 121 FCC lattice

Figure 122 HCP lattice
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42 Liquids

42.1 Liquids at a Molecular Level

Liquids have some intermolecular bonding, but it is not nearly as strong as that of a solid.
As a result, the molecules are somewhat close together, but they are not tightly packed.
Instead, they are free to slide past each other. Liquids occur at temperatures above the
melting point of a substance, but below its boiling point. At the melting point, the molecules
are moving slow enough to form rigid bonds and become a solid. At the boiling point, the
molecules are moving so fast that they cannot form any bonds and become a gas.

42.2 Characteristics of Liquids

Figure 123 Diffusion is the chaotic mixing of fluids. The jar on the left has warmer
water.
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Liquids have definite volume, but indefinite shape. They are free to form droplets and
puddles when they are not inside a container. When a liquid is inside a container, it will take
its shape. Unlike gases, a liquid will not change its volume to spread out and completely fill
a container. There is enough intermolecular bonding to give liquids a definite volume.

Liquids are fluid, able to flow and take any shape. This occurs due to the weak intermolecular
bonding that allows the molecules to slide past each other freely. As a result of being fluid,
liquids exhibit many interesting properties that solids do not, including capillary action and
diffusion.

Liquids, like gases, undergo diffusion when mixed. This can be seen by adding food coloring
to water. Different liquids, when added, will chaotically spread out and mix together.
Diffusion will occur faster when the liquid is warmer because the increased kinetic energy
allows the molecules to move faster and collide more frequently.

Liquids are usually considered incompressible. The molecules are already close together,
so it is difficult to compress them any more. Under very high pressures, liquids will actually
compress, but not very much.

Liquids, unlike gases, have a distinct surface—they need not take their container's shape.
This allows the formation of droplets and puddles.
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42.3 Special Properties

42.3.1 Cohesion and Adhesion

Figure 124 Water droplets adhere to a spiderweb. Their round shape is caused by
cohesion.

The molecules of a liquid are attracted to each other. This is called cohesion. Molecules
like methane are non-polar, so they are held together only by van der Waals forces (the
weakest). These molecules will have minimal cohesion. In contrast, water molecules use
hydrogen bonding (very strong), so they display strong cohesion. A cohesive liquid will form
more spherical droplets and have much higher surface tension (explained below).

w:Adhesion1 Adhesion is the attraction of a liquid molecule to its surroundings. Adhesive
liquids will demonstrate capillary action (explained below). They are also more "wet".
Mercury is very cohesive, but not adhesive. As a result, it doesn't leave behind residue as it
rolls across a surface. Water, on the other hand, is much more adhesive. When water rolls
across a surface, it wets that surface because some of the molecules adhere to it.

1 http://en.wikipedia.org/wiki/Adhesion
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42.3.2 Surface Tension and Capillary Action

When water drops are on an impermeable (waterproof) surface, they tend to form beads.
This is due to its surface tension. Liquid molecules pull at each other, and as a result
they decrease their surface area. The molecules at the boundary of the liquid are pulled in,
causing a droplet shape. When water is on a permeable surface, it spreads out, as can be
seen with water on a paper towel. This capillary action explains how water in the ground
reaches the top of trees that are hundreds of feet tall.

Figure 125 Adhesive liquids (like water
but not mercury) will rise up a narrow tube.

Figure 126 Cohesive liquids have surface
tension to hold themselves into droplets.

42.3.3 Pressure

Liquids will distribute pressure evenly. This concept, known as Pascal's Law, is crucial for
equipment like hydraulic brakes. It is a result of their incompressibility.
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Helpful Hint:
If there is no atmospheric pressure (a vacuum, like outer space), liquids cannot form.

Liquids will evaporate. Although the average kinetic energy of the molecules is too low
to overcome bonding and become a gas, individual molecules will occasionally have above-
average energy and break free from the surface of the liquid. The molecule then escapes
escapes to the gas phase. At the same time, however, a gas molecule may hit the surface
of the liquid and slow down enough to join the liquid. A glass of water left outside in the
sun will eventually become empty. The sunlight adds energy to the molecules, allowing
some to escape as a gas. Eventually, all molecules will escape. The tendency of a liquid to
evaporate depends on its intermolecular forces. Volatile liquids tend to evaporate quickly
have relatively weak intermolecular forces keeping the molecules together, making it easier
for them to escape the liquid phase. Conversely, non-volatile liquids do not evaporate to any
visible extent due to the presence very strong intermolecular forces.

The evaporation increases with temperature. It can be measured by vapor pressure, the
amount of pressure exerted by the evaporated gas above the liquid's surface. Vapor pressure
increases with temperature, and once it reaches the pressure of the surrounding atmosphere,
the liquid will boil. Vapor pressure also depends on the intensity of intermolecular forces in
the liquid.

42.3.4 Viscosity

Viscosity refers to the liquid's resistance to flow. For example, maple syrup2 has a relatively
high viscosity when compared to water because maple syrup flows much slower than water,
which flows relatively quickly and easily. The difference in viscosity between these two
liquids is due to the attractive forces within the specific liquid. In order to flow, molecules
must roll and move over each other. A solution with low attractive forces would allow the
molecules to move in a more free and easy manner, decreasing the viscosity.

In most cases, the viscosity of a liquid decreases as the temperature of a liquid is increased.
Increasing the temperature of a liquid causes the molecules to have a higher kinetic energy3.
This increase in kinetic energy breaks down the intermolecular forces present in the liquid.
Since viscosity is dependent on these attractive forces, the viscosity will decrease when the
kinetic energy is increased.

2 http://en.wikipedia.org/wiki/Maple%20syrup
3 http://en.wikipedia.org/wiki/Kinetic%20energy
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43 Gases

43.1 Characteristics of Gases

Gases have a number of special characteristics that differentiate them from other states of
matter. Here is a list of characteristics of gases:

Characteristics of Gases

• Gases have neither definite shape nor definite volume. They expand to the size
of their container.

• Gases are fluid, and flow easily.
• Gases have low density, unless compressed. Being made of tiny particles in a large,

open space, gases are very compressible.
• Gases diffuse (mix and spread out) and effuse (travel through small holes).

43.1.1 Standard Temperature and Pressure

w:Standard conditions for temperature and pressure1

Standard Temperature and Pressure, or STP, is 0 °C and 1 atmosphere of pressure.
Expressed in other units, STP is 273 K and 760 torr. The Kelvin and torr are useful units
of temperature and pressure respectively that we will discuss later in the following sections.

1 http://en.wikipedia.org/wiki/Standard%20conditions%20for%20temperature%20and%
20pressure
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43.1.2 Avogadro's Law

Figure 127 Amedeo Avogadro, the Italian chemist. Avogadro's Law is named after him
and his discoveries about the behavior of gases

w:Avogadro's Law2 Avogadro's Law states that equal volumes of gases at the same
temperature and pressure contain the same number of molecules. So both one mole of Xenon
at STP (131.3 grams) and one mole of helium at STP (4.00 grams) take up 22.4 liters. Even
1 mole of air, which is a mixture of several gases, takes up 22.4 liters of volume. 22.4 L is
the standard molar volume of a gas.

2 http://en.wikipedia.org/wiki/Avogadro%27s%20Law
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[Avogadro's Law]

V

n
= k

where:

V is the volume of the gas.

n is the number of moles of the gas.

k is a proportionality constant.

The most important consequence of Avogadro's law is that the 'ideal gas constant has
the same value for all gases. This means that the constant

p1 ·V1
T1 ·n1

= p2 ·V2
T2 ·n2

= const

where:

p is the pressure of the gas

T is the temperature of the gas

has the same value for all gases, independent of the size or mass of the gas molecules.

43.1.3 Pressure

Gases exert pressure on their containers and all other objects. Pressure is measured as force
per unit area. A barometer is a device that measures pressure. There are a number of
different units to measure pressure:

• torr, equal to millimeters of mercury (mm Hg): if a glass cylinder with no gas in it
is placed in a dish of liquid mercury, the mercury will rise in the cylinder to a certain
number of millimeters.

• atmosphere (atm), the pressure of air at sea level.
• pascal (Pa), equal to one newton (N) per square meter. A newton is the force necessary

to accelerate one kilogram by one meter per second squared.

You should know that 1 atm = 760 torr = 101.3 kPa.

43.2 Ideal Gases

w:Ideal gas3

Gases are complicated things composed a large numbers of tiny particles zipping around
at high speeds. There are a number of complex forces governing the interactions between

3 http://en.wikipedia.org/wiki/Ideal%20gas
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molecules in the gas, which in turn affect the qualities of the gas as a whole. To get around
these various complexities and to simplify our study, we will talk about ideal gases.

An ideal gas is a simplified model of a gas that follows several strict rules and satisfies several
limiting assumptions. Ideal gases can be perfectly modeled and predicted with a handful of
equations.

Ideal gases follow, among others, these important rules:

Rules of Ideal Gasses

1. The molecules that make up a gas are a point masses, meaning they have no
volume.

2. Gas particles are spread out with very great distance between each molecule. Thus,
intermolecular forces are essentially zero, meaning that they neither attract
nor repel each other.

3. If collisions do occur between gas particles, these collisions are elastic, meaning
there is no loss of kinetic (motion) energy.

4. Gas molecules are in continuous random motion.
5. Temperature is directly proportionate to kinetic energy.

i Information
Note: Ideal gases never truly exist (because the nature of gases is so complicated), but
gases are often close enough to an ideal gas that the equations still hold fairly accurate.

43.2.1 Ideal Gas Law

Ideal gases can be completely described using the ideal gas law:

[Ideal Gas Law]

pV = nRT

where

p is the absolute pressure of the gas,

V is the volume of the gas,

n is the number of moles of gas,

R is the ideal gas constant,

T is the absolute temperature, in Kelvin.

43.2.2 Ideal Gas Constant

Values of R Units
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Values of R Units
8.314472(15) JK−1mol−1

8.314472(15) m3PaK−1mol−1

8.314472(15) cm3MPaK−1mol−1

0.08205746(14) LatmK−1mol−1

62.36367(11) LTorrK−1mol−1

The ideal gas constant, R, is a constant from the ideal gas equation, above, that helps to
relate the various quantities together. The gas constant represents the same value, but the
exact numerical representation of it may be different depending on the units used for each
term. The table at right shows some values of R for different units. Here is the value of R
using Joules for energy, Kelvin for temperature, and moles for quantity:

[Ideal Gas Constant]

R= 8.314472 JK−1mol−1

43.2.3 Real Gases

All real gases (or non-ideal gases) deviate from the ideal gas laws that we discussed above.
These deviations can occur for several reasons:

• Real molecules have mass and volume. They are too big and no longer behave like ideal
point masses

• Low volumes and high pressures cause molecules to be close enough for intermolecular
forces. Polar molecules exaggerate the problem.

• Low temperature means low kinetic energy. At lower temperatures, intermolecular forces
become significant and cannot be ignored like they are in ideal gasses

• Other complicated factors may prevent ideal behavior.

When these issues are present, gas molecules attract each other, and may even condense
into a liquid. Gases act most like ideal gases when the molecules have low mass (small
volume), are not polar, and are at high temperature and low pressure. Noble gases like
Xenon or Argon act the most like ideal gases because they are mostly electrical neutral and
non-interactive.

43.3 Kinetic Molecular Theory

This theory describes why gases exhibit their properties. It only applies accurately to ideal
gases. Because there is no such thing as an ideal gas, the Kinetic Molecular Theory can
only approximate gas behavior. It is still very useful to chemists.

w:Kinetic theory4

4 http://en.wikipedia.org/wiki/Kinetic%20theory
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The Kinetic Molecular Theory explains the pressure, temperature, kinetic energy, and speed
of gases and their molecules. See Wikipedia for the exact equations of the Kinetic Molecular
Theory, as well as detailed explanations. What is most important is understanding the
general concepts, not the specific equations.

43.3.1 Kinetic Energy and Temperature

Kinetic energy is the mechanical, or movement, energy. It is given by the equation:

KE = 1
2mv

2
rms

where

m is mass and

vrms is the average velocity

Explained with words, kinetic energy is dependent on the product of a particle's mass and
its velocity squared. The more kinetic energy, the faster a particle moves. Conversely, the
faster a particle moves, the more kinetic energy it has.

The Kinetic Molecular Theory states that kinetic energy and temperature are directly
proportionate. Thus, a double in temperature will result in a double in kinetic energy and
an increase in velocity by a factor of 1.4 (the square root of 2, see the KE equation). This
means that the higher the temperature of a gas, the faster the individual particles in that
gas are moving.

A hotter gas has more kinetic energy than a colder gas. If two gases are at the same
temperature, they will have the same kinetic energy. The lighter-massed gas will have a
higher average speed for its particles at the same energy level. It is important to know that
gas temperature must be measured in kelvin. Zero degrees Celsius is 273 kelvin. One
Celsius degree is equal to one kelvin, but the kelvin scale has water's freezing point at 273
and boiling point at 373. It is necessary to use kelvin because temperatures must always be
positive when using the Kinetic Molecular Theory.

Question for the reader

A gas's temperature is increased from 20 °C to 40° C. What factor does its kinetic
energy increase? Velocity?

i Information
Keep in mind that gases are all about averages. For a temperature increase, there will
be an average increase in the kinetic energy of the particles in that gas. Even in a very
hot gas there will be some particles moving very slowly. However, the average will be
high.
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43.3.2 Pressure and Collisions

Pressure exists because the gas molecules are in continuous random motion, and they will
constantly strike the walls of their container. Pressure will increase as the speed of the
molecules increases, due to greater forces of collision. Pressure will also increase as the mass
of the molecules increase. A small, slow molecule has less momentum than a large, fast
molecule, which explains their difference in pressure.

Question for the reader

There are two jars of ideal gas, for example. In Jar A there is nitrogen gas (N2). In Jar
B there is methane gas (CH4). Both jars are at the same temperature. Which will have
greater pressure?

Question for the reader

Now, Jars A and B both have propane gas (C3H8). Jar A is at 300 K and Jar B is at
500 K. Which will have greater pressure?

es:Química/Propiedades de los gases5 pt:Introdução à Química/A fase gasosa6

5 http://es.wikibooks.org/wiki/Qu%EDmica%2FPropiedades%20de%20los%20gases
6 http://pt.wikibooks.org/wiki/Introdu%E7%E3o%20%E0%20Qu%EDmica%2FA%20fase%20gasosa
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44 Phase Changes

44.1 Phase Diagrams

Phase diagrams predict the phase of a substance at a certain pressure and temperature.

Figure 128

The triple point is where all three phases of matter can exist in equilibrium. Points that
are on a line are where two phases of matter can coexist.

The critical point is the highest pressure and temperature that the three normal phases
can exist. Any further, and the characteristics become a blend of liquid and gas.
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44.2 Changes in State

Figure 129

If the temperature and pressure change and move across a line in the diagram, the phase
will also to change. There are six ways this can happen:

• Solid to liquid: melting
• Liquid to solid: freezing
• Liquid to gas: evaporation
• Gas to liquid: condensation
• Gas to solid: deposition
• Solid to gas: sublimation

The diagram on the right also shows the plasma state of matter. A plasma1 is simply
a gas that has been completely ionized, so that there is a mixture of positive ions and
electrons. It has interesting electrical properties, but it is not important in the scope of
General Chemistry.

1 http://en.wikipedia.org/wiki/Plasma
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44.2.1 Energy Changes

Helpful Hint:
The kinetic energy of a molecule is directly proportional to its temperature. Potential
energy is used to break bonds.

If you boil water, it never goes above 100 degrees Celsius. Only after it has completely
evaporated will it get any hotter. This is because once water reaches the boiling point, extra
energy is used to change the state of matter and increase the potential energy instead of the
kinetic energy. The opposite happens when water freezes. To boil or melt one mole of a
substance, a certain amount of energy is required. These amounts of energy are the molar
heat of vaporization and molar heat of fusion. If that amount of energy is added to
a mole of that substance at boiling or freezing point, all of it will melt or boil, but the
temperature won't change.

Figure 130

The graph shows the temperature of ice as heat is added. Temperature increases linearly
with heat, until the melting point. Then, the heat added does not change the temperature.
That heat energy is instead used to break intermolecular bonds and convert ice into water.
At this point, there is a mixture of both ice and water. Once all ice has been melted, the
temperature again rises linearly with heat added. At the boiling point, temperature no longer
rises with heat added because the energy is once again being used to break intermolecular
bonds. Once all water has been boiled to steam, the temperature will continue to rise
linearly as heat is added.
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45 Behavior of Gases

45.1 Evaporation of Liquids

An open bottle of vinegar standing at room temperature will spread odor across the room
despite the fact that it is not boiling. This is because kinetic energy is unevenly distributed
throughout a liquid. Some molecules are moving faster than others. This allows the liquid
to evaporate into a gas. In order for evaporation to occur, the entire liquid does not need
to be at the boiling temperature; only some individual molecules. At a given temperature
a liquid evaporates at a specific rate, causing gas pressure above the liquid in the system
that contains it. Can you guess the vapor pressure of water at 100 degrees Celsius? If you
guessed 760 torr or 1 atm, you're right. Liquids boil when their vapor pressures equal the
atmospheric pressure around them. Some liquids are more volatile than others, meaning
they evaporate more readily.

Figure 131 A Boltzmann distribution at various temperatures.
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Evaporation occurs because of the uneven distribution of kinetic energy. This is called
a Boltzmann distribution. Although the average kinetic energy of the liquid is below the
boiling point, some molecules have above average energy. That gives them enough energy to
overcome their bonds and break free of the liquid. At the same time, a gas molecule could
strike the liquid and slow down enough to become part of it. There is an equilibrium between
the amount of evaporating liquid and the amount of liquifying gas. Higher temperatures
will have an equilibrium that favors more gas.

45.2 Motion of Gas Particles

Figure 132 This animation demonstrates the motion of gas particles.

Gas particles move in random, straight-line motion. Gas particles possess a greater kinetic
energy than the particles of a liquid or solid. The greater kinetic energy is due to gases
existing at higher temperatures than liquids or solids. As temperature increases, particles
move faster and, thus, have greater kinetic energy. The particles of a gas have minimal
interactions, except collisions with each other.
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45.2.1 Diffusion and Effusion

Due to their random motion, gases will eventually escape from a container if there is a hole
in it. This is called effusion. Gases also spread out across a room, or mix together in a
container. This is called diffusion.

More information about diffusion and effusion is presented in the next chapter1.

45.3 Dalton's Law of Partial Pressures

The total amount of pressure exerted by a gas is equal to the sum of its components:

Ptotal = P1 +P2 +P3 + ...

For instance, if you add 300 torr of nitrogen gas to a container, then you add 250 torr
of oxygen to that container, the total pressure will be 550 torr (assuming volume and
temperature stayed constant).

Another way of stating this law is that the pressure exerted by a particular gas in a mixture
(gases always form homogeneous mixtures with each other) is equal to its mole fraction
multiplied by the total pressure.

1 Chapter 46 on page 233
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46 Diffusion and Effusion

46.1 Diffusion and Effusion

46.1.1 Diffusion

Diffusion is the process of a substance spreading out to evenly fill its container or environ-
ment. In a solution, a concentrated solute diffuses to spread evenly in its solvent. In air, gas
molecules diffuse to mix thoroughly. Substances diffuse from areas of high concentration
to low concentration. Diffusion explains why an open bottle of ammonia will fill an entire
room with odor. The gas molecules escaping from the bottle spread out to fill their new
container: the room. As a result, the whole room smells. Upon opening the windows, the
gas will diffuse into the environment.

i Information
Diffusion occurs because the gas molecules are in continuous random motion. This
motion is called Brownian Motion. The molecules will eventually reach anywhere
they can.

Diffusion is also the process of two gases mixing together, if both stored in the same container.
They will spread out evenly, resulting in a solution (homogeneous mixture).

46.1.2 Effusion

Effusion is the process of gas molecules escaping from a small hole in the container. Effusion
explains why fumes are noticeable near a leaky fuel pipe.

i Information
Effusion is also explained by the continuous random motion of the molecules. The
random motion prevents molecules from avoiding the small hole. Slowly but steadily,
gas molecules will pass through the hole.

Effusion obviously depends on the size of the hole. If small enough, effusion may not occur
because, like a beach ball hitting a basketball hoop, the molecules can't fit. Larger holes
obviously allow molecules to escape faster. If the hole is large enough, the process may be
considered diffusion instead of effusion.

Effusion can be seen with balloons. Effusion proves that the balloon has holes in it, even
though it looks totally impassable. When left alone for several days, a balloon filled with

233



Diffusion and Effusion

helium will eventually deflate. If that balloon were filled with hydrogen, it would deflate in
less time because the molecules are smaller and escape with ease. and you can try that

46.2 Graham's Law of Effusion

Graham's Law can be used to approximate diffusion. However, diffusion involves two or
more gases interacting with each other, so the equation is not accurate.

The more massive a gas is, the slower it effuses. The relationship is given by Graham's
Law.

Rate1
Rate2

=
√
M2
M1

, where M is the molar mass of a gas molecule.

As an example, assume there are two identical containers with holes. Container A has
hydrogen gas (M=2 g/mol) and Container B has helium gas (M=4 g/mol). If the hydrogen
gas effuses at a rate of 4 mol/hr, the helium gas would effuse at a slower rate (being heavier).
Using Graham's Law, we can see that it would effuse at a rate of about 2.8 mol/hr.
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47 Gas Laws

47.1 Gas Laws

As the result of many different scientists and experiments, several gas laws have been
discovered. These laws relate the various state variables of a gas.

State Variables of a Gas

• Pressure (P)
• Volume (V)
• Temperature (T)
• Molar mass (n)

These gas laws can be used to compare two different gases, or determine the properties of a
gas after one of its state variables have changed.

V
n = constant n1

V1
= n2

V2
Avogadro's Law states that equal vol-
umes of all ideal gases (at the same tem-
perature and pressure) contain the same
number of molecules.

P ×V = constant P1×V1 = P2×V2 Boyle's Law states that equal pressure
is inversely proportional to volume (when
temperature is constant).

V
T = constant V1

T1
= V2

T2
Charles' Law states that volume is pro-
portional to temperature (when pressure
is constant). Remember that temperature
must be measured in Kelvin.

P
T = constant P1

T1
= P2

T2
Gay-Lussac's Law states that pressure is
proportional to temperature (when volume
is constant).

47.1.1 Combined Gas Law

Combining Charles' Law, Boyle's Law, and Gay-Lussac's Law gives us the combined gas
law.

P ×V
T = constant For a gas with constant molar mass, the three other state vari-

ables are interrelated.
P1×V1

T1
= P2×V2

T2
The Combined Gas Law can be used for comparisons between
gases.
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47.2 Ideal Gas Law

When Avogadro's Law is considered, all four state variables can be combined into one
equation. Furthermore, the "constant" that is used in the above gas laws becomes the
Universal Gas Constant (R).

To better understand the Ideal Gas Law, you should first see how it is derived from the
above gas laws.

V ∝ n and V ∝ T
P This is simply a restatement of Avogadro's Law and the Com-

bined Gas Law.
V ∝ n×T

P We can now combine the laws together.
V

n×T
P

=R Let R be a constant, and write the proportion in the form of an
equation.

P ×V
n×T =R Rearranging the fraction gives one form of the ideal gas law.

The ideal gas law is the most useful law, and it should be memorized. If you know the ideal
gas law, you do not need to know any other gas laws, for it is a combination of all the other
laws. If you know any three of the four state variables of a gas, the unknown can be found
with this law. If you have two gases with different state variables, they can be compared.

There are three ways of writing the ideal gas law, but all of them are simply algebraic
rearrangements of each other.

PV = nRT This is the most common form.
P V
nT =R This form is useful for predicting the effects of changing a state vari-

able. To maintain a constant value of R, an change in the numerator
must result in a proportional change in the denominator, and vice
versa. If, for example, the pressure is decreased in a constant-volume
container, you can use this form to easily predict that the temperature
must decrease.

P1V1
n1T1

= P2V2
n2T2

Because R is the same constant for all gases, this equation can be used
to relate two gases to each other.

i Information
Rules for Using the Ideal Gas Law

• Always convert the temperature to kelvins (K).
• Always convert mass to moles (mol).
• Always convert volume to liters (L).
• It is preferable to convert pressure to kilopascals (kPa). R, the Universal Gas

Constant, would be 8.314 (L·kPa)/(mol·K).
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47.3 Kinetic Molecular Theory

w:Kinetic theory1 The Kinetic Molecular Theory attempts to explain the gas laws. It
describes the behavior of microscopic gas molecules to explain the macroscopic behavior of
gases. According to this theory, an ideal gas is composed of continually moving molecules of
negligible volume. The molecules move in straight lines unless they collide into each other
or the walls of their container.

P = F
A The pressure of the gas on the container is explained as the force the

molecules exert on the walls during a collision. Pressure is equal to
the average force of collisions divided by the total surface area of the
container.

T = 2
3kB

K The temperature of the gas is proportional to the average kinetic
energy of the molecules. K denotes the average kinetic energy of the
molecules, and kB is the Boltzman constant (1.388 x 10-23).

The gas laws are now explained by the microscopic behavior of gas molecules:

• Boyle's Law: The pressure of a gas is inversely proportional to its volume. A container's
volume and surface area are obviously proportional. Based on the pressure equation, an
increase in volume (and thus surface area) will decrease pressure.

• Charles' Law: the volume of a gas is proportional to its temperature. As the volume (and
surface area) increases, the pressure will decrease unless the force also increase. When
pressure is constant, the volume and temperature must be proportional. The temperature
equation above explains why: the energy of the molecules (and their collision force) is
proportional to temperature.

• Gay-Lussac's Law: The temperature of a gas is directly proportional to its pressure. An
increase in temperature will increase the kinetic energy of the molecules (shown by the
temperature equation). Greater kinetic energy causes the molecules to move faster. Their
collisions with the container will have more force, which increases pressure.

• Avogadro's Law: Equal volumes of all ideal gases (at the same temperature and pressure)
contain the same number of molecules. According to the Kinetic Molecular Theory, the
size of individual molecules is negligible compared to distances between molecules. Even
though different gases have different sized molecules, the size difference is negligible, and
the volumes are the same.

47.3.1 Derivation of Ideal Gas Law

Suppose there are N molecules, each with mass m, in a cubic container with side
length s. Even though the molecules are moving in all directions, we may assume, on
average, that one third of the molecules are moving along the x-axis, one third along
the y-axis, and one third along the z-axis. We may assume this because the motion of
the molecules is random, so no direction is preferred.

1 http://en.wikipedia.org/wiki/Kinetic%20theory
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Suppose the average speed of the molecules is u. Let a specific wall of the container
be labeled A. Because the collisions in Kinetic Molecular Theory are perfectly elastic,
the speed after a collision is −u. Therefore, the average change in momentum (the
product of mass and velocity) per collision is 2mu.Each molecule, on average, travels
a distance of 2s between two consecutive collisions with wall A. Therefore, it will
collide u/2s times per second with wall A.
2mu× u

2s = mu2

s The average change in momentum per molecule per second.
Nmu2

3s Therefore, this is the total change in momentum per second
for the (1/3)N molecules that collide into wall A. This is the
momentum per second that was exerted onto wall A. Because
force equals the change in momentum over time, this value is the
force exerted on wall A.

Nmu2

3s × 1
s2 =

Nmu2

3s3

Pressure is defined as force per unit area, so this is the pressure
P of the gas.

PV = Nmu2

3 Because the volume of the container is V = s3, we can rearrange
the equation.

K = 1
2mu

2 The kinetic energy of a single particle is given by this equation.
PV = 2

3NK Substitute kinetic energy into the PV equation.
PV =NkBT Substitute the temperature equation (from the previous sec-

tion).
PV =NAnkBT Avogadro's number NA is equal to the number of molecules per

mole.
R= kBNA By definition, the ideal gas constant is equal to the Boltzmann

constant times Avogadro's number.
PV = nRT The ideal gas law is derived from the Kinetic Molecular Theory.

47.4 Deviations from the Ideal Gas Law

In an ideal gas, there are no intermolecular attractions, and the volume of the gas particles
is negligible. However, there is no real gas that can perfectly fits this behavior, so the Ideal
Gas Law only approximates the behavior of gases. This approximation is very good at high
temperatures and low pressures.

At high temperature the molecules have high kinetic energy, so intermolecular attractions are
minimized. At low pressure the gas occupies more volume, making the size of the individual
molecules negligible. These two factors make the gas behave ideally.

At low temperature or high pressure, the size of the individual molecules and intermolecular
attractions becomes significant, and the ideal gas approximation becomes inaccurate.

47.5 Eudiometers and Water Vapor

Helpful Hint:
In calculations for a gas above a liquid, the vapor pressure of the liquid must be considered.
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A eudiometer is a device that measures the downward displacement of a gas. The apparatus
for this procedure involves an inverted container or jar filled with water and submerged in
a water basin. The lid of the jar has an opening for a tube through which the gas to be
collected can pass. As the gas enters the inverted container, it forces water to leave the
jar (displacing it downward). To fill the entire container with gas, there must enough gas
pumped into the container to expel all of the water.

Figure 133 Gas is created by burning a substance that releases methane. The
eudiometer on the right was full of water before the gas was created. By measuring the
change in volume, the amount of gas can be calculated.

As seen in this diagram, the downward displacement involves water. Therefore, in the
container where the gas is collected, there is unwanted water vapor. To account for the
water vapor, subtract the pressure of water vapor from the pressure of the gases in the
container to find the pressure of the collected gas. This is simply a restatement of Dalton's
Law of Partial Pressure:

Ptotal = Pwater vapor +Pgas

The pressure of water vapour can be found on this webpage2.

47.6 Gas Laws Practice Questions

1. Between the Combined Gas Law and the Ideal Gas Law, which one accounts for
chemical change? Explain.

2 http://eweb.chemeng.ed.ac.uk/chemeng/water.html
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2. Calculate the density of hydrogen at a temperature of 298 K and pressure of 100.0
kPa.

3. What volume does 5.3 moles of oxygen take up at 313 K and 96.0 kPa?
4. Hydrogen and sulfur chemically combine to form the gas hydrogen sulfide, according

to the reaction: H2 (g) + S(s) → H2S(g). How many liters of hydrogen are required to
form 7.4 L of hydrogen sulfide (at STP: 273 K, 101.3 kPa)?

Answers to Gas Laws Practice Questions3

3 http://en.wikibooks.org/wiki/General%20Chemistry%2FGas%20Laws%2FAnswers
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48 Chemical Equilibrium

Chemical equilibrium occurs when a reversible reaction is occurring backwards and
forwards at the same time by the same amount. It is the balancing point of a chemical
reaction, when it seems to stop happening. Although some reactions (like the combustion of
propane) occur to completion (no backwards reaction), most reactions occur in both the
forward and backward direction. One reaction will occur at a faster rate than the other,
causing a net result. As the reaction progresses, the forward reaction slows down and the
backward reaction speeds up. When the rates are equal, equilibrium has occurred. The
reaction appears to have stopped, and the total amount of products and reactants remains
stable.

i Information
Chemical reactions never really stop, but they no longer make any progress once the
forwards and backwards reactions are occurring at the same rate. This is equilibrium.

48.1 The Equilibrium Constant

The ratio of products to reactants, or Keq is known as the equilibrium constant. For the
generic reaction mA + nB → xC + yD, the equilibrium constant is

Keq = [C]x[D]y

[A]m[B]n

where [X] detonates the activity of X. The activity of X is:

• its concentration if X is a gas or in a solution
• 1 if X is a pure solid or pure liquid

In other words, pure solids and liquids don't affect the equilibrium constant, as long as there
is enough for the reaction to proceed. Their activity is 1, so they don't need to be written
in the equilibrium constant.

48.1.1 Kp and Kc

There are two types of Keq. One is Kc, and the activities are concentrations. You are
already familiar with this expression; it is the normally-used Keq. For gaseous reactions,
you may use the concentration equilibrium. You may also use partial pressures instead of
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concentrations. This expression is denoted Kp. The activities are partial pressures instead
of concentrations. This can only be used when all products and reactants are in the gaseous
phase.

To convert between Kp and Kc, there is an equation:

Kp =Kc(RT )∆n

R is the Universal Gas Constant and T is the temperature at which the reaction is occurring.
∆n is the change (in moles) of gas molecules between products and reactants. It may be
zero (in which case Kp = Kc).

48.1.2 Examples

Example 1 15.0 moles of X and 20.0 moles of Y are put into an empty 2.0
liter container. They react, and eventually reach equilibrium with 7.0 moles
of Z according to the hypothetical equation

X+ 2Y→ Z

Calculate the equilibrium constant.

Solution: Because the container was originally empty and at equilibrium, all 7.0 moles of Z
are produced by the reaction. Therefore, 7.0 moles of X and 14.0 moles of Y are consumed
in the reaction, so at equilibrium there remain 8.0 moles of X, 6.0 moles of Y, and 7.0 moles
of Z. Divide these values by 2.0 liters to determine the concentration, then substitute into
the equilibrium expression:

Keq = [Z]
[X][Y ]2 = [3.5]

[4.0][3.0]2 = 0.097

Example 2 5.00 moles of hydrogen are put into an empty 1.00-L container
with 5.00 moles of iodine, where they react according to this equation

H2 + I2→ 2HI

The equilibrium constant is 51.5 at the temperature of the reaction. Calculate the
number of moles of HI that will form.

Solution: Suppose 2y moles of HI forms. Then, y moles of H2 and I2 are consumed. Therefore,
at equilibrium, there are 2y moles of HI, and (5.00 - y) moles of both H2 and I2. Dividing
by 1.00 liters (to find concentration) and writing an equilibrium expression gives:
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51.5 = [2y]2

[5.00−y][5.00−y]

Solving this equation gives y = 3.91 (reject the other solution, as it is greater than 5.00). At
equilibrium, there are 7.82 mol of HI.

48.2 Calculations With K

The exact value of K doesn't really matter. What is important is its magnitude.

K > 1 Reactions favors products
K < 1 Reaction favors reactants

If the reaction favors products, it will occur in the forward (left-to-right) direction. If K is
very large, the reaction will occur mostly to completion, using up almost all the reactants.

If the reaction favors reactants, it will occur in the reverse (right-to-left) direction. If K is
very small, the reaction will use up almost all the products and make them into reactants.
The reverse reaction is favored.

48.2.1 Reaction Arithmetic

If you reverse the reaction (changing the direction of the arrow, or flipping the left and right
sides), the new value of Keq will be its reciprocal.

A → B (K = x)
B → A (K = 1/x)

If you add two reactions, their equilibrium constants are multiplied.

A → B
G → H

(K = x)
(K = y)

A + G → B + H (K = xy)

These basic principles can help you determine an unknown equilibrium constant by combining
known constants.
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48.2.2 Q

Keq is only used when a reaction is in equilibrium. To find it, write its concentration (or
partial pressure) expression, then plug in all the measured values. The resulting K can be
used to predict other equilibrium positions.

If a reaction is not at equilibrium, you can still plug in the measured concentrations. Instead
of calling this value Keq, it is called Q.

Q > K The products must decrease and the reactants will increase.
Q = K There is equilibrium.
Q < K The reactants must decrease and the products will increase.

So, if you know the equilibrium constant for a reaction, and you know all the concentrations,
you can predict what direction the reaction will proceed.

48.2.3 I-C-E Charts

Let's say you know K for a reaction, and you know some concentrations. You can calculate
the final (equilibrium) concentrations using an "Initial-Change-Equilibrium" chart. Here is
an example.

CO(g) +H2O(g)→ CO2(g) +H2(g)

At 25°C, Kc = 23.2 for this reaction.

First, write the equilibrium expression:

Kc = [H2][CO2]
[CO][H2O]

In a sealed container of 2.00 L: 3 mol H2O, 4 mol CO, 1 mol H2 have been added. (Write
the ICE chart):

CO H2O CO2 H2
Initial 2 1.5 0 0.5
Change -x -x +x +x
Equilibrium 2-x 1.5-x x 0.5+x

Now, plug in the "equilibrium" values into the K expression. Substitute all known values
and solve for x. Then, substitute x for the final values to determine the equilibrium
concentrations.

By substituting everything into the K expression, we have:
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23.3 = (0.5 +x)× (x)
(2−x)× (1.5−x)

Solving this will require the use of the quadratic equation. It may be easier to use approxi-
mations or a graphing calculator. When solved, x= 1.34 (disregard values of x that would
give negative concentrations). By substituting x into the "equilibrium" values in the ICE
chart, we can determine the concentrations of all substances when the reaction reaches
equilibrium.

CO H2O CO2 H2
0.66 M 0.16 M 1.34 M 1.84 M

To check your answer, you could substitute these values into the equilibrium expression and
see if it equals 23.3 (the given Keq value).

i Information
This was a fairly simple example. There were no coefficients in the reaction, so no
exponents in the expression.

The purpose of doing this is to see the final concentrations of the substances involved in a
chemical reaction. Unless Keq is incredibly large, not all the reactants will be consumed.

48.3 Equilibrium in Detail

The next few chapters in this book will provide more details on equilibrium.

48.3.1 Shifts in Equilibrium

Le Chatelier's principle states that a system will adapt to minimize a change. If reactants
are added, they will be consumed and products will form. Likewise, if products are added,
they will be consumed (by the reverse reaction) and reactants will form.

The only change in a system that will affect the value of Keq is temperature. The value of
Keq is never changed by the concentrations or pressures of the substances.

48.3.2 Special Constants

Ka = [H+][A−]
[HA] Acids and bases have special ionization constants, which show

how they react with water. The acid ionization constant, or Ka,
tells how strong an acid is.
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Kb = [OH−][BH]
[B] The base ionization constant, Kb, similarly tells how strong a

base is.
Ksp = [A+][B−]

[AB] The solubility product Ksp shows how much an ionic sub-
stance will dissociate when dissolved.

48.3.3 Relation to E

There is a special relation between the standard potential of a redox reaction and the
equilibrium constant E = 0.0592logK

n , where n is the number of moles of electrons transferred.
This is a significant equation, because this allows us to calculate the hard to measure K
from the easy to measure E. it:Chimica generale/Equilibrio chimico1

1 http://it.wikibooks.org/wiki/Chimica%20generale%2FEquilibrio%20chimico

246

http://it.wikibooks.org/wiki/Chimica%20generale%2FEquilibrio%20chimico


49 Le Chatelier's Principle

49.1 Le Chatelier's Principle

Le Chatelier's Principle states that when a system that is in dynamic equilibrium1 is
disrupted in some way, the system will respond with chemical or physical changes to restore
a new equilibrium state.

There are several changes that can effect the equilibrium position of a system:

• Concentration
• Pressure/Volume
• Temperature

49.1.1 Concentration

If the concentrations in a system are changed, Le Chatelier's Principle predicts that the
equilibrium position will shift to minimize the change.

CO(g) +H2O(g) 
 CO2(g) +H2(g)

For example, let us say that the reaction above is at equilibrium. Adding more reactants
(CO(g) and H2O(g)) will disturb the equilibrium system because it raises the reactant
concentration. The system will then produce more products (CO2(g) and H2(g)) and will
decrease the reactant concentration in order to obtain equilibrium again. The system is now
at a new equilibrium position, and the change created has been minimized.

The above example shows that increasing the reactants in an equilibrium system favors the
products because the system produces more products and reduces the amount of reactants.
The table below shows the response of an equilibrium system to changes in concentration:

Change in Concentration System response
Increase reactant Favors products
Decrease reactant Favors reactants
Increase product Favors reactants
Decrease product Favors products

1 http://en.wikipedia.org/wiki/Dynamic%20equilibrium
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49.1.2 Pressure/Volume

If some the substances in a system are gas, changing their partial pressure is the same as
changing their concentrations.

If the volume is increased, the overall pressure decreases (and vice versa). Consider the
reaction A + B → 3C. There are three moles of products for every two moles of reactants.
The product side has higher pressure than the reactant side. So, if pressure is increased (or
volume decreased), equilibrium will shift towards the lower pressure side. Products will be
consumed (by the reverse reaction) and reactants will form.

If pressure is decreased (or volume increased), equilibrium will shift towards the higher
pressure side.

i Information
If an inert gas (such as neon) is added to a system, it will raise the overall pressure.
However, the partial pressures of all products and reactants are unchanged, so no shift
in equilibrium occurs.

49.1.3 Temperature

Changes in concentration, pressure, and volume affect the equilibrium position, but the
equilibrium constant Keq is unchanged. These changes can be calculated using the equilibrium
expression and known values of Keq and concentrations.

Temperature, however, does change the value of Keq. When given a value of K, you will also
be given a temperature because K is dependent on the temperature.

An increase in temperature will favor the endothermic (heat-absorbing) side of a reaction.
A decrease in temperature will favor the exothermic (heat-releasing) side of a reaction.

For example, the following reaction is very exothermic:

2H2 +O2→ 2H2O

Because it is exothermic, you can think of it like this:

2H2 +O2→ 2H2O+heat

At room temperature, Keq for this reaction is 3.2 x 10
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50 Acid-Base Equilibrium

Consider an acid, HA, in water. According to the Brønsted-Lowry acid/base theory, the
acid should protonate the water to form hydronium and the conjugate base, A-. There will
be an equilibrium between the acid and water, and hydronium and the conjugate base.

HA+H2O↔H3O+ +A−

This equilibrium can be used to calculate the concentrations of species in the solution.

50.1 Acid Dissociation Constant

Like all equilibria, an acid/base dissociation will have a particular equilibrium constant
which will determine the extent of the reaction (whether it lies to the left or right of the
equation). As the equilibrium constant approaches zero, the reaction tends to form 100%
reactants. As the equilibrium constant approaches infinity, the reaction tends to form 100%
products. The equilibrium constant K=1 states that there will be 50% products and 50%
reactants.

K = [H3O+][A−]
[H2O][HA]

Helpful Hint:
Strong acids/bases dissociate completely, so their equilibrium constants are overwhelm-
ingly large.

Because the equilibrium is used for calculating the concentrations of weak acids, very little
water actually reacts. The concentration of water during the reaction is, therefore, a constant,
and can be excluded from the expression for K. This gives rise to a special equilibrium
constant, Ka, known as the acid dissociation constant. It is simply K multiplied by the
concentration of water.

Ka = K[H2O] = [H3O+][A−]
[HA]

The Ka of a weak acid determines how acidic it is, i.e., how far its equilibrium lies to the
right. The Ka values of weak acids can and have been determined experimentally.
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50.2 Base Dissociation Constant

A similar equilibrium exists when a weak base is dissolved in water. The base will accept a
proton from water and form a conjugate acid, BH+.

B+H2O↔OH− +BH+

This equilibrium has its own special constant, Kb, known as the base dissociation constant.
Like the acid dissociation constant, it is defined as the equilibrium constant multiplied by
the concentration of water.

Kb =K[H2O] = [BH+][OH−]
[B]

50.3 Ion Product Constant

A special equilibrium exists between ordinary water molecules. Occasionally, one water
molecule will act as an acid, and donate a proton to another water molecule (which acts as
a base). This is the auto-ionization of water.

H2O+H2O↔H3O+ +OH−

By the Le Chatelier Principle, we can see that if the hydronium ion concentration is
increased (by adding an acid), the equilibrium will move to the left and there will be a lower
concentration of hydroxide. Thus, hydronium and hydroxide concentration are inversely
related—an increase in one will result in a decrease in the other, and vice versa.

The equilibrium expression for this reaction is given a special name, Kw. Because it simplifies
to the product of hydronium and hydroxide concentration, it is sometimes called the ion
product constant. The value of this constant is 1.0 × 10-14 at 25◦C.

Kw = [H3O+][OH−] = 1.0×10−14

This expression can be used to find the pH of pure water. Recall that pH is the negative
logarithm of hydronium ion concentration. If we set the hydronium ion concentration in the
above expression to be x, we can derive the pH. The hydroxide ion concentration must also
be x (since each molecule of hydroxide is a result of a molecule of hydronium forming). We
have:
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Summary

x2 = 1.0×10−14

x =
√

1.0×10−14

x = 1.0×10−7

pH = − log1.0×10−7

pH = 7.0

This technique can be used to determine the pH of any solution if either one of the ion
concentrations are known.

50.4 Conjugate Base Expressions

The conjugate bases of weak acids have a relationship with their parent acids. Consider the
equilibrium expression of the conjugate base, A-, of the weak acid HA.

Kb = [HA][OH−]
A−

If we multiply the expression for an acid by the expression for its conjugate base, the
concentrations of the acid and conjugate base cancel and we obtain the ion product constant
for water! This allows us to calculate the Kb of a base if the Ka of its conjugate acid is
known (and vice versa).

[H3O+][A−]
[HA] × [HA][OH−]

[A−]
= [H3O+][OH−]

Ka × Kb = Kw

50.5 Summary

The definitions of the acid and base dissociation constants are very important. They are
presented here for reference.

Ka = [H3O+][A−]
[HA] The acid dissociation constant measures the strength of an acid

dissolved in water.
Kb = [BH+][OH−]

[B] The base dissociation constant measures the strength of a base
dissolved in water.

Kw =Ka×Kb The ion product constant relates the concentrations of acid-
s/bases and their conjugates in a solution.
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51 Solutions in Equilibrium

51.1 Solution

Helpful Hint:
You may need to review solubilitya and the properties of solutionsb.

a Chapter 34 on page 163
b Chapter 35 on page 169

All ionic compounds are soluble in water to some extent, but the degree of solubility varies.
While some compounds dissolve almost completely, others dissolve to such a small extent that
they are simply called insoluble compounds. Such compounds include calcium sulfate, silver
chloride, and lead hydroxide. Generally, ionic compounds whose component ions have larger
charge magnitudes are less soluble because the ions are attracted too much to dissociate.
A soluble compound will dissociate because of the attractions with the surrounding water
molecules are strong enough to separate the ions.

For an ionic compound to dissociate, the forces of attraction between its component ions and
the surrounding water molecules must be greater than the forces of attraction between the
ions within the compound. When introduced to an aqueous environment, ionic compounds
such as sodium chloride, sodium hydroxide, and ammonium bromide dissolve because of
this.

51.2 Solubility Constant

AB(s)
water−−−→ A+

(aq) +
B−

(aq)

This reaction shows an ionic compound AB dissolving
into its ions A+ and B-.

K = [A+][B−]
[AB] This is the equilibrium constant for the reaction. Water

is excluded because, although involved, it is not a prod-
uct or reactant.

Ksp = [A+][B−] Because the undissolved AB is a solid, pure substance,
it can be excluded from the expression. The result is
the solubility constant Ksp. It measures the degree of
solubility of an ionic compound.

If two or more of the same ion are created by the dissociation of one particle of the ionic
compound, the molar concentration of this ion is raised to the power of how many such ions
there are. For example, when calcium chloride dissociates, two chloride ions are created in
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the dissociation of one particle, so the concentration of the chloride ion is squared when
calculating Ksp.

Ksp = [Ca2+][Cl−]2

i Information
Ksp is the equilibrium constant for the dissolution reaction above.

• If Ksp is much greater than 1, the substance is soluble.
• If Ksp is very close to 1, the substance is slightly soluble, or soluble only in very

low quantities.
• If Ksp is less than 1, the substance is insoluble.

An example of a slightly soluble substance is calcium hydroxide. In very minute quantities,
it will dissolve completely, but in large quantities it remains mostly undissolved.

51.3 Calculations with Ksp

51.3.1 Finding Ksp

It would not be an uncommon situation if you know a substance's solubility (g/mL), but
you need to know its Ksp value. Follow this example:

Ksp = [Ca2+][OH−]2 This is the solubility constant for cal-
cium hydroxide. We wish to determine is
numerical value, but we only know that
its solubility is 0.185 g per 100 mL.

0.185 g
0.100 L ×

1.00 mol
74.09 g = 2.497×10−2 mol/L We need to know its molar solubility,

so we convert units and divide by molar
mass.

Ksp = (2.497× 10−2)(4.994× 10−2)2 =
6.23×10−5

Now, plug in the molar solubility into
the Ksp expression. Notice that the hy-
droxide concentration is doubled because
there will be twice as many moles as the
undissolved substance.

We have now determined the Ksp value for calcium hydroxide. It will allow us to determine
other information about solutions containing these ions, such as percent ionization and the
formation of precipitates.

Questions for the reader Lead(II) iodide is slightly soluble in water. It forms
a bright yellow precipitate if too much is dissolved. You have determined
that 0.75 g will dissolve in one liter of cold water. What is the molar solubility
of lead(II) iodide? What is the Ksp value?
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After heating the water, the solubility rises to 4.3 g per liter. What is the
new Ksp value?

A similar process can be used to determine a substance's solubility by working backwards
from the solubility constant.

51.3.2 Percent Ionization

Once an ionic compound's Ksp value is known, it is possible to determine the percent
ionization, or relative amount of dissociated ions.

Ksp = [Ag+]2[SO2−
4 ] = 1.20×10−5 We know the Ksp for silver sulfate, which

is slightly soluble, and we want to know the
percent ionization.

1.20×10−5 = (2x)2× (x)
x= 0.0144

Substitute x for the concentration of sulfate
and 2x for silver. Solve for x.

percent ionized = 0.0144 mol/L
2.00 mol/L =

0.72%
We now know the maximum concentration
of the ions. Any remaining silver nitrate will
be undissolved because the solubility has
been exceeded and the solution is saturated.
To determine percent ionization, we must
know how much silver sulfate was dissolved.
For this example, assume 1.00 mole was dis-
solved into 0.500 L of water.

As you can see, the percent ionization decreases as the amount of solute increases. This is
because the solution is saturated and no more ions will dissociate.

Question for the reader Lithium fluoride has a Ksp of 1.84 x 10-3. If 1.5 g
are dissolved, what will be the percent ionization?

51.3.3 Precipitates

Obviously, the dissociate reaction occurs in reverse if there are too many ions. In this case,
the solution is saturated, and any excess ions will solidify and form a precipitate.

If two soluble solutions are mixed, but the can form an insoluble compound, a precipitate
will form.

Ksp = [Ag+][Cl−] = 1.77×10−10 For example, a solution of silver nitrate
is mixed with a solution of sodium chlo-
ride. Both are soluble. Silver chloride,
however, is insoluble.
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.001 g AgNO3
170 g/mol = 5.9×10−6 mol Ag+

.001 g NaCl
58 g/mol = 1.7×10−5 mol Cl−

If 1.00 mg NaCl and 1.00 mg AgNO3
are dissolved into 1.00 L of water, will a
precipitate form?

Q= (5.9×10−6)(1.7×10−5) = 1.0×10−10

Q<Ksp

No, a precipitate will not form.

.002 g NaCl
58 g/mol = 3.4×10−5 mol Cl−

Q= (5.9×10−6)(3.4×10−5) = 2.0×10−10
Now, another milligram of sodium chlo-
ride is dissolved.

Q>Ksp

The extra chloride ions will bond with
silver ions and form a solid precipitate.

In this case, the precipitate would probably be too small and dilute to be noticed. As more
ions are added, however, the solution will become visibly cloudy.

Question for the reader Calcium carbonate has a Ksp of 3.36 x 10-9. In a
0.01 M solution of calcium chloride (soluble), how many moles of sodium
carbonate (also soluble) can be added before precipitates form?
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52 Introduction

Chemical kinetics is the study of the rates of chemical reactions. You may know if a reaction
is capable of happening, and you may know how far the reaction will proceed, but you
don't know fast it will happen. Consider two reactions: the rusting of an iron nail and the
combustion of propane. Both reactions will occur, and both will occur to completion. The
rusting will take years to complete, but propane will combust in an instant. Furthermore,
the nail will rust faster when it's moist, and slower in the presence of less oxygen. Obviously,
there are factors that affect the rates of chemical reactions. The study of these factors and
rates is chemical kinetics.

Figure 134 This iron wire has taken years
to become rusty.
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Figure 135 This fire took only a moment
to start.

52.1 Reaction Rate

aA+ bB→ cC+dD Consider this generic chemical reaction.
(Lower case letters represent the molar coeffi-
cients.)

r=− 1
a

d[A]
dt =−1

b
d[B]

dt = 1
c

d[C]
dt = 1

d
d[D]

dt The reaction rate r is defined as the rate
of change of the concentration of the sub-
stances. Remember that a substance written
inside brackets is its concentration, and it is
always raised to the power of its coefficient
in the reaction (just like equilibrium expres-
sions). The reaction rate involves Calculus1,
but in non-mathematical terms it is simply
the rate of change of the concentrations.

1 http://en.wikibooks.org/wiki/Calculus
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r = k[A]a[B]b Actually measuring the rate of change of
the reactants and products is difficult. In-
stead, the reaction rate can be accurately
modeled by a rate equation. This is an ex-
ample of a rate equation that might model
the above reaction, where k is a constant.

In summary, the reaction rate can be determined using a rate equation, which depends
on (among other things) the concentration of the reactants. The reaction rate essentially
measures the speed at which a reaction proceeds.

52.2 Collision Theory

All reactions have activation energy regardless of being endothermic or exothermic.

Collision theory predicts that reactions occur when molecules collide. In order for reactants
to form products, the reactant molecules must physically collide so that they can rearrange
themselves into product molecules. Only some collisions are effective because the collision
must involve enough energy to allow the reaction to occur. This is called activation energy,
the energy needed to begin a reaction.

Activation energy explains why gasoline will not spontaneously ignite. First, a small spark
or flame must be present. The heat generated by the spark gives the gasoline molecules
enough energy to activate the reaction. Being highly exothermic, the combustion of gasoline
releases a large amount of heat—more than enough to activate further reactions and create
a fire.

Collision theory allows us to predict the rate constant k for a rate equation (see above).
At a given temperature T , the rate constant is:

k = Zρe−Ea/(RT )

,

where R is the Universal Gas Constant, Ea is the activation energy for the reaction, ρ is a
predicted-to-actual correction factor, and Z is the collision factor. The collision factor can
also be calculated mathematically. It is the average number of reactant particle collisions
per unit time.

52.3 Factors Affecting Rate

The rate of a reaction is affected by many factors. These effects can be measured empirically
or explained by collision theory.
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52.3.1 Concentration

This is the most obvious factor affecting rate. Increasing the concentration of the reactants
will increase the rate they react. This is the main purpose of writing a rate equation; the
concentrations can be plugged in like variables and the rate can be solved mathematically.
In a rate equation in the form r = k[A]a[B]b, the concentrations are the variables (raised to
the powers of their coefficients in the reaction). All other factors that can affect rate are
lumped into k, which is considered a constant.

Collision theory explains this. Higher concentrations means more molecules packed into a
given space. Therefore, there will be more collisions and thus a faster reaction.

52.3.2 Pressure

In a reaction of gaseous reactants, the partial pressure of the gases has the same function as
the concentration.

Adding an inert gas like argon will not affect the rate because the partial pressures of
the reacting gases remain the same.

However, increasing the overall pressure (or decreasing the volume if you remember the gas
laws2) will also result in a greater reaction rate. The increased pressure causes the molecules
to collide with more force. More collisions will be effective and therefore products will form
faster.

52.3.3 Temperature

As you should already know, a molecule's kinetic energy is directly proportional to its
temperature. By increasing the temperature, molecules collide more vigorously, and more
collisions will be effective.

52.3.4 Stirring

In a heterogeneous reaction there are two or more phases of matter interacting, such as a
solid dissolving into a liquid. Stirring or shaking the mixture will speed up the reaction rate.
This is common sense. When you add sugar to a drink, you stir it because you know it will
dissolve faster. Collision theory would predict this because the stirring would increase the
number of collisions between reactant molecules.

In a similar manner, increasing the surface area of a solid reactant will increase the reaction
rate.

2 Chapter 47 on page 235
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52.3.5 Catalysts/Enzyme

Figure 136 The activation energy Ea is decreased by a catalyst, but the overall reaction
does not change.

A catalyst is a substance that helps a reaction proceed without being consumed. Catalysts3
have already been explored in this book. One way or another, they reduce the activation
energy needed for a reaction to occur, making it occur faster.

In biochemistry, an enzyme is a protein that serves as a catalyst.

3 Chapter 25.1.3 on page 132

261





53 Reaction Rates

53.1 Introduction

Reaction rates of a chemical system provide the underpinnings of many theories in thermo-
dynamics and chemical equilibria.

Elementary reactions are one-step processes in which the reactants become the products
without any intermediate steps. The reactions are unimolecular (A → products) or bimolec-
ular (A + B → products). Very rarely, they could be trimolecular (A + B + C → products),
but this is not common due to the rarity of three molecules colliding at the same time.

A complex reaction is made up of several elementary reactions, with the products of one
reaction becoming the reactants of the next until the overall reaction is complete.

53.2 Rate Equation

mA+nB→ pC+ qD Consider an arbitrary chemical reaction.
r = k[A]m[B]n The rate at which the products will form from the reactants

is given by this rate equation.
r = k[C]p[D]q The rate of the reverse reaction (which also occurs to a

lesser extent) has its own rate equation.

Note [A] is raised to the power of m, its coefficient, just like an equilibrium expression. The
rate of the reaction may rely on the molar coefficients of the reactant species, but it might
not. However, for an elementary reaction, the concentrations of the species A and B are
always raised to their molar coefficients. This only applies to elementary reactions, which
is a very important distinction to make.

i Information
k is the rate reaction coefficient, which is reaction-specific. It can be considered a
constant, although it does change with temperature (and possible other factors).

53.2.1 Order

The order of an equation is what the concentration of a substance is raised to in the rate
equation. The greater the number, the greater effect it will have on rate. For example, zero
order equations do not effect the rate. To find the order, you must alter one concentration
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and keep the rest the same, Dividing gives an equation which can be used to solve for the
order. To find overall order, simply add all orders together.

53.2.2 Zero-Order Equations

Zero-order equations do not depend on the concentrations of the reactants.

r = k There is only a rate coefficient with no concentrations. The rate
probably depends on temperature, and possibly other factors like
surface area, sunlight intensity, or anything else except for concen-
tration. These reactions usually occur when a substance is reacting
with some sort of catalyst or solid surface.

[A] = [A]0−kt The integrated rate law tells us how much reactant will remain
after a given amount of time. Integrated rate laws can be found us-
ing calculus1, but that isn't necessary. In this zero-order integrated
rate law, k is the rate coefficient from the rate equation, t is time,
and [A]0 is the starting concentration.

i Information
If you make a graph of concentration vs. time, you will see a straight line. The slope of
that line is equal to −k. This is how you can identify a zero-order rate.

53.2.3 First-Order Equations

First-order equations depend on the concentration of a unimolecular reaction.

r = k[A] There is a rate coefficient multiplied by the concentration of
the reactant. As with a zero-order equation, the coefficient
can be though of as a constant, but it actually varies by the
other factors like temperature. There can be other reactants
present in the reaction, but their concentrations do not effect
the rate. First-order equations are often seen in decomposi-
tion reactions2.

ln[A] =−kt+ ln[A]0 This is the integrated rate law.
t1/2 = ln2

k The half-life of a reaction is the amount of time it takes for
one half of the reactants to become products. One half-life is
50% completion, two half-lives would lead to 75% completion,
three half-lives 88%, and so on. The reaction never quite
reaches 100%, but it does come close enough. To find the
half-life, you can algebraically manipulate the integrated rate
law.

1 http://en.wikibooks.org/wiki/Calculus
2 Chapter 28 on page 141
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i Information
If you make a graph of the logarithm of concentration vs. time, you will see a straight
line with a slope of −k. This is how you can identify a first-order rate.

53.2.4 Second-Order Equations

Second-order equations depend on the two concentrations of a bimolecular reaction.

r = k[A][B] This is the rate law for a second-order equation.
r = k[A]2 If there are two molecules of the same kind reacting together, the

rate law can be simplified.
1

[A] = 1
[A]0

+kt In that case, this is the integrated rate law.
t1/2 = 1

k[A]0
This is the half-life for a second-order reaction (with only one
reactant).

i Information
To see a graph with a straight line of slope k, graph the reciprocal of concentration vs.
time.

53.3 Equilibrium

Equilibrium will occur when the forward and reverse rates are equal. As you may have
already noticed, the equilibrium expression of a reaction is equal to the rate equations
divided.

2NO2→N2O4 Consider this reaction, the dimerization of nitrogen
dioxide into dinitrogen tetraoxide.

rf = kf [NO2]2
rr = kr[N2O4]

The forward reaction rate is second-order, and the
reverse reaction rate is first-order.

kf [NO2]2 = kr[N2O4] The rate coefficients may be different for the two reac-
tions. If the reaction is in equilibrium, the forward and
reverse rates must be equal.

Keq = kf

kr
= [N2O4]

[NO2]2 Rearranging the equation gives the equilibrium expres-
sion.

Understanding kinetics explains various concepts of equilibrium. Now it should make sense
why increasing the reactant concentration will make more products. The forward rate
increases, which uses up reactants, which decreases the forward rate. At the same time,
products are made, which increases the reverse reaction, until both reaction rates are equal
again.
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53.4 Arrhenius Equation

The Arrhenius equation determines a rate coefficient based on temperature and activation
energy. It is surprisingly accurate and very useful. The Arrhenius equation is:

k =Ae−Ea/RT

Ea is the activation energy for the reaction, in joules per mole. R is the Universal Gas
Constant, T is the temperature (in kelvin), and A is the prefactor. Prefactors are usually
determined experimentally.
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54 Reaction Mechanisms

Figure 137 A step-by-step breakdown of a reaction shows its mechanism, the actual
process of reactions becoming products.

Chemists often write chemical equations for reactions as a single step, which only shows the
net result of a reaction. However, most chemical reactions occur in a series of steps called
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elementary reactions1. All of these elementary reactions must add up to equal the overall
balanced equation. The complete sequence of these elementary steps is called a reaction
mechanism. The reaction mechanism is the step-by-step process by which reactants actually
become products. It is the "how" of the reaction, whereas the overall balanced equation only
shows the "what" of the reaction.

54.1 Rate-Determining Steps

Sometimes, intermediate substances are created in the process that disappear in the end.
Take the following example of a homogeneous reaction (where products and reactants are
all in the same phase):

CO+NO2→ CO2 +NO

There are actually two reactions occurring at different speeds.

• 2NO2→NO3 +NO (slow)
• NO3 +CO→NO2 +CO2 (fast)

Since the first step is the slowest, and the entire reaction must wait for it, it is known as the
rate-determining step. The overall reaction rate depends almost entirely on the rate of
the slowest step. The other steps are fast enough that their rate is insignificant, as they are
always waiting for the slower step to complete.

Why is the first step slower? Collision theory explains whether or not particles react when
they collide. The particles must collide with a minimum energy and a proper orientation if
a reaction is to occur.

The minimum energy needed for a reaction to occur is its activation energy. The particles
must be moving fast enough for their collision to satisfy the activation energy. Without the
necessary energy, the particles will bounce off each other with no reaction. A good example
of activation energy is a butane lighter, which needs a spark before the fluid burns. The
spark provides enough energy to the particles to make their collisions effective.

Reactions with high activation energy will be slower than those with low activation energy.
With a high activation energy, less particles are likely to generate the needed energy when
they collide. Reactions that break bonds, especially double or triple covalent bonds, will
have higher activation energy.

The particles must also collide with the proper orientation. For example, the reaction in
the animation above shows an ammonium ion reacting with a NCO- ion. For the reaction
to occur, the ammonium ion must collide with the nitrogen of the NCO-. If the ions don't
collide in the right place while facing in the right direction, the reaction cannot occur.

Reactions that have very specific requirements for the orientation of the colliding particles
will be much slower. Reactions that can occur without a specific orientation will happen
faster.

1 http://en.wikipedia.org/wiki/Elementary%20reaction
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Determining the Validity of an Elementary Step Model

54.2 Determining the Validity of an Elementary Step Model

In order for a proposed elementary step equation to be valid it must fulfil these requirements.

1. The rate equation of the slow step much match the rate equation of the overall reaction.

2. The reactants and products of all the elementary steps added together must equal the
one of the actual equation.

3. The rate law for the elementary step must be able to be written without the concentration
of the intermediates, because the intermediates are too small to be accurately measured.

For example, if given this equation and asked to prove the rate mechanism

Equation 2O3→ 3O2 +NO

Proposed Mechanism

O3→O2 +O (fast)

O3O→ 2O2 (slow)

rate= k[O3]2/[O2]

We know that when the reaction occurs backwards, the k changes from k to kˆ{-1}. So, we
substitute in the backwards rate for O_3, and plug it into the slow step. Then, take the
rate equation of the slow step. We find that it is the same as the rate law for the overall
equation and meets the three criteria above, so this proposed mechanism is valid.
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55 Introduction

Thermodynamics is the study of the changes in energy that occur in reactions.

55.1 Systems

A system is the set of substances and energy that is being studied. If, for example, reactions
are occurring in a jar, everything inside the jar is the system, and everything outside the jar
is the surroundings. The surroundings are everything not in the system, which means the
rest of the universe. The system and the surroundings together are called the "universe".

One important issue is what kind of interactions exist between the system and its surroundings.
Some systems may exchange matter and heat with the surroundings (like a system of boiling
liquid losing matter and heat with the vapor). This is called an open system. If there is
just heat exchange occurring between the system and its surroundings it is called a closed
system. No matter can enter or leave a closed system. And, finally, if there is no exchange
of heat and no exchange of matter, the system is completely isolated.

55.2 Temperature vs. Heat

If you put a hot iron pot under cold water, it cools down very quickly. This is because iron
has a low specific heat, which is the amount of energy required to increase the temperature
of one gram of a substance by one degree Celsius (or Kelvin). Solid iron only requires
0.45 J/(g*K), while liquid water holds about nine times as much energy (heat) per degree
(temperature). So when water receives energy from the pot, it only warms up by a few
degrees, while the pot cools down substantially.

B Warning
Temperature is the measure of the kinetic energy of a particle. Heat is energy,
measured in joules (J). There is a very big difference between the two.

55.3 Thermochemical Equations

Equations don't just show chemicals; they also show how much energy is required or released.
This energy is called enthalpy. There are two ways to write a thermochemical reaction, for
example:
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• 2H2 +O2→ 2H2O+ 571.6 kJ
• 2H2 +O2→ 2H2O (∆H =−285.8 kJ)

Note that the number is negative in the second format. Also, notice how the first equation
has double the energy because there are two moles of water. The second equation shows the
amount of heat per mole, so the number of moles does not affect it.

From a thermochemical reaction, one can tell the molar heat of formation of a compound.
Usually, this is measured at 25°C, and is written as ΔHf°. It is the amount of heat required
to make one mole of the substance. The small ° symbol means "standard", as in Standard
Temperature and Pressure.

Molar heat of combustion is the opposite of the molar heat of formation. It measures
the amount of energy released when a mole of the compound is burned. It is written as
ΔHc°.

i Information
In thermochemistry, if a reaction takes multiple steps, the heats from each reaction are
simply added or subtracted. This is known as Hess's Law.
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56 Enthalpy

The absolute enthalpy of a system cannot be measured directly. However, it is possible to
measure changes in enthalpy (∆H) by measuring temperature changes, which represent
heat being lost or gained.

The enthalpy of a chemical system is the "heat content" of the system—the energy it contains.
Enthalpy is represented by the symbol H.

56.1 Enthalpy of Reaction

All reactions have some amount of enthalpy. It is simply the amount of heat absorbed or
released by the reaction. Combustion reactions obviously release large amounts of heat. They
have negative enthalpy. A negative enthalpy represents an exothermic reaction, releasing
heat. A reaction that absorbs heat is endothermic. Its enthalpy will be positive, and it will
cool down its surroundings.

Consider these two reactions:

3C + 4H2 → C3H8 (∆H =
−104.67 kJ/mol)

This reaction is exothermic (negative
enthalpy, release of heat). When the
reaction occurs, the surroundings will
increase in temperature due to the gain
of heat the system releases. For every
mole of propane (C3H8) formed, 104.67
kilojoules of energy are released.

N2 + O2 → 2NO (∆H =
+756.05 kJ/mol)

This reaction is endothermic (positive
enthalpy, absorption of heat). When the
reaction occurs, the surroundings will
decrease in temperature due to the loss
of heat the system absorbed. For every
mole of NO formed, 378.3 kilojoules of
heat are absorbed. (Note that the reac-
tion shows two moles being formed, so
the enthalpy is double that of one mole
being formed.)

Although every reaction has a change in enthalpy, the amount depends on the temperature.
The same reaction could be endothermic at one temperature and exothermic at another.
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Enthalpies must be given at a specific temperature. The reactions above show the enthalpies
at 25 °C.

56.2 Temperature and Heat

There is a relationship between temperature and heat. If an object gains or loses heat
without any phase changes, this reaction relates temperature to heat:

Q=mc∆T

Q is the amount of heat (in joules or kilojoules) and ∆T is the change in temperature
(Celsius degrees). m is the mass of the object (in grams, usually) and c is the object's
specific heat.

Specific heat is a constant that depends on the particular material of the object. It is
measured in joules per gram-degree. It is determined experimentally. You can look it up in
a chart, or you can calculate it if you measure the amount of heat added and the change in
temperature. The specific heat of water is 4.186 J/g-degree. For one gram of water, the
temperature rises/falls by one degree Celsius for every 4.186 joules of heat added/removed.
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57 Entropy

Entropy is the measure of disorder in a system.

57.1 An Example

First, let's examine a non-chemistry example. Say you have one card from a deck of playing
cards. It can have one of 52 possible values. Now you pick up four more cards. If the deck
were shuffled randomly, the odds of you holding, say, a "straight flush" are 0.00154%. The
odds of having a "high card", which is essentially a "nothing" hand, is 50.12%. In the case of
a straight flush, the cards you are holding are highly organized. They must be in a specific,
exact pattern (like 10 9 8 7 6 of the same suit). To have a high card, no two cards must
have the same rank and the cards cannot be in order.

There is a very low probability of having a straight flush because the cards are in a very orderly
state. There is a large probability of having "nothing" because the cards are in a random,
disorderly state. In our card-playing system, straight flushes have low entropy because
they are so orderly. "Nothing" hands have high entropy because they are disorderly and
random. Furthermore, it takes minimal effort to toss all the cards in the air and randomize
their order. Increasing the entropy of the system comes naturally. On the other hand,
sorting the cards in order takes time and effort. It does not happen randomly. Decreasing
the entropy of the system is unnatural and takes effort, or energy.

57.1.1 In Chemistry

The entropy of a chemical system is a measure of its disorder or chaos. More precisely,
it is a measure of the dispersion of energy. A solid has low entropy (low chaos, orderly)
because the molecules are locked into a rigid structure. Their energy is not dispersed freely.
A gas has high entropy (high chaos, disorderly) because the molecules are free to move
about randomly. The energy of the system is dispersed over a large area with unlimited
possibilities of the location of each molecule.

Absolute zero can never be achieved.
As temperature decreases, so does entropy. Theoretically, at absolute zero (0 K, or -273
°C), the entropy of the system would be zero. This is because the solid would be perfectly
crystallized so that its energy is not dispersed at all.

As you will soon learn, the Second Law of Thermodynamics1 tells us that the entropy of the
universe always increases. Think about it. If you have built a house of cards, the entropy of

1 Chapter 59 on page 279
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the system is low. A house of cards is very orderly, with each card having a very specific
location. The house of cards will undoubtedly collapse. The resulting pile of cards is very
disorderly. The cards can be in any position and still be a random pile of cards. The entropy
has increased spontaneously. Houses of cards will spontaneously collapse, but they never
spontaneously build themselves up. This is because high entropy is natural and low entropy
is unnatural.

57.2 Entropy Changes

When analyzing the entropy change of a chemical reaction, you would need specific numbers.
As a guideline, you can estimate the entropy change based on some basic rules:

• Melting and boiling increases entropy
• Freezing and condensing decreases entropy
• Dissolving a solute increases entropy
• Forming precipitates decreases entropy

If you do happen to know the absolute entropy of substances in a reaction (by looking it up
in a chart), you can calculate the change in entropy. Entropy is symbolized with S. The
change in entropy is ∆S. As with enthalpy, the degree symbol (∆So) represents STP. The
change in entropy is the absolute entropy of the products minus the absolute entropy of the
reactants.

57.3 See also

• Entropy for beginners2- a Wikibook that provides a mathematical explanation.

2 http://en.wikibooks.org/wiki/Entropy%20for%20beginners
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58 The First Law

The First Law of Thermodynamics is simply a restatement of the Law of Conservation
of Energy. There are a few ways of stating it, but they all mean the same thing:

• "Energy is neither created nor destroyed. It can only change form."
• "The change in the system's thermal energy is equal to the heat added to the system

minus the work done by the system."

The first definition is self-explanatory. As an example, a propane grill does not "create"
energy when it cooks food. The energy stored within propane molecules and oxygen atoms
is released in the form of heat and light when the propane molecules reassemble themselves
into carbon dioxide and water (the combustion reaction). Energy has not been created or
destroyed. It has simply changed from chemical potential energy into light and thermal
energy.

The second explanation comes from a physics point of view. It means that adding heat to a
system increases its internal energy, and a system that does work (like breaking bonds or
assembling large molecules from small ones) decreases its internal energy. Overall, the total
amount of heat, work, and energy remains constant. This should make sense because heat is
energy and work is energy being applied, so based on the first definition, all forms of energy
must be accounted for.

i Information
The First Law is much more useful in Physics1 than it is in General Chemistry.
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59 The Second Law

59.1 Introduction: A powerful law.

The second law of thermodynamics is based on our common human experience. It didn't
begin with complicated apparatus or complex theories, but rather with thinking about how
old-fashioned steam engines worked and the first important equation appeared to be very
simple: just q/T.

Yet the second law is probably our most powerful aid in helping us understand why the
world works as it does both in simple and in complex ways: why hot pans cool down, why
ping pong balls don't bounce forever when they are dropped, why gasoline (plus the oxygen
in air) makes engines run, why our "engines"—our bodies—run and we continue to live
and our bodies stay warm even when it's cold, but also why we die when some chemical
reactions within us fail. In fact, the second law helps to explain everything that happens in
our physical world. In chemistry, it's especially important because it can tell us whether
any chemical reaction that we write on paper will probably be spontaneous and go as we
have written it.

59.2 The Big Problem

Unfortunately, for almost a century and a half, the second law has been expressed by experts
in ways that a beginner in chemistry could not possibly understand without a great deal of
additional explanation. Here are just three of some 25 explanations that have been most
prominent:

• "The entropy of the universe increases toward a maximum" (Clausius)
• "It is impossible in any way to diminish the entropy of a system of bodies without thereby

leaving behind changes in other bodies" (Planck)
• "In any irreversible process the total entropy of all bodies concerned is increased." (Lewis)

Entropy, entropy, entropy! But what is entropy? Even some textbooks still say something
like "Don't ask about understanding it. Just work the problems that have entropy in them
and you'll gradually understand it because you will be able to work with it"! That's the old
way which fortunately has been discarded by most US general chemistry texts. (See list at
http://www.entropysite.com/#whatsnew.) The good news of the twenty-first century is
that now entropy can be described as a simple idea (no matter how complex to calculate
and deal with in advanced courses and research.) Because of our new conceptual approach,
a basic version of the second law can be understood easily.
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59.3 A Modern Version

i Information
"Energy of all types changes from being localized to becoming dispersed or spread out,
if it is not hindered from doing so. Entropy change is the quantitative measure of that
kind of a spontaneous process: how much energy has flowed or how widely it has
become spread out at a specific temperature."
(http://www.entropysite.com/entropy_isnot_disorder.html)

http://

What does that "energy of all types" and "becoming dispersed" mean? Let's first think
about light (which technically is electromagnetic radiation). Does the radiation from a light
bulb stay inside that glass of the bulb? Of course not. It spreads out just as far as it can,
hindered from dispersing to miles and even farther only by dust or air density differences.
What about the sound from a stereo speaker—does it stay inside a dorm room or a car?
It disperses farther than other people want to hear it, usually! And what happens to the
kinetic energy of a fast moving car if the car should hit a brick wall? It spreads out in a
crashing sound, in twisting metal and heating it and tearing apart the bricks of the wall
so that they fly around, slightly warmer than they were. Those are just a few examples of
different types of energy and some ways in which they become dispersed or spread out.

i Information
Energy of all types disperses...if it is not hindered from doing so.

59.4 The Importance of the Second Law

In chemistry, the type of energy in which we are most often interested is the kinetic energy
of molecules, molecular motion energy. We know from Kinetic Molecular Theory1 that
molecules are in constant motion if their temperatures are above 0 K. In gases like nitrogen
and oxygen, they are moving at an average speed of a thousand miles (1600 km) an hour at
298 K and go about 200 times their diameter before bumping into another molecule . The
molecules in liquids may be moving approximately as fast even though they are constantly
hitting one another as they move a little here and there. In solids the particles, molecules
or atoms or ions, can only "dance in one place" (vibrating in coordination with the other
particles in the solid). This is a kinetic energy of vibration that is equivalent to the motion
energy of gases or liquids at the same temperature.

The motion energy of molecules consists of their translation, rotation, and vibration (Figure
1 of http://www.2ndlaw.com/entropy.html.) Note that this vibration is vibration inside
a molecule and by itself, as though the chemical bonds between atoms were like springs.
The vibration in a crystal that we were just talking about is a vibration of a whole molecule
or other particle in one place and coordinated with the other molecules in the crystal.

1 Chapter 43 on page 217
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Examples from Everyday Life

59.5 Examples from Everyday Life

Let's see how the second law helps us to understand our common experience better, to
see how so many totally different events really are just examples of energy dispersing or
spreading out, i.e., of the second law. A rock will fall if you lift it up and then let go. Hot
frying pans cool down when taken off the stove. Iron rusts (oxidizes) in the air. Air in a
tire is at a high pressure and shoots out even from a small puncture to the lower pressure
atmosphere. Ice cubes melt in a warm room.

59.5.1 A Falling Rock

A rock has potential energy (PE) localized in it when you lift it up above the ground. The
rock is the system; everything else it encounters is the surroundings. Drop the rock and
its PE changes to kinetic energy (energy of movement, KE), pushing air aside as it falls
(therefore spreading out the rock’s KE a bit) before it hits the ground, dispersing a tiny bit
of sound energy (compressed air) and causing a little heating (molecular motion energy)
of the ground it hits and in the rock itself. The rock is unchanged (after a minute when
it disperses to the air the small amount of heat it got from hitting the ground). But the
potential energy that your muscles localized in by lifting it up is now totally spread out and
dispersed all over in a little air movement and a little heating of the air and ground.

59.5.2 A Hot Frying Pan

A hot frying pan? The iron atoms in a hot frying pan (system) in a room (surroundings) are
vibrating very rapidly, like fast "dancing in place". Therefore, considering both the pan and
the room, the motion energy in the hot pan is localized. That motion energy will disperse—if
it is not hindered, according to the second law. Whenever the less rapidly moving molecules
in the cooler air of the room hit the hot pan, the fast-vibrating iron atoms transfer some of
their energy to the air molecules. The pan’s localized energy thus becomes dispersed, spread
out more widely to molecules in the room air.

59.5.3 Some Rusting Iron

In a chemical reaction such as iron rusting, i.e., iron plus oxygen to form iron oxide (rust),
the reactants of iron and oxygen don't have to be at a high temperature to have energy
localized within them. Iron atoms (as -Fe-Fe-Fe-) plus oxygen molecules of the air (O-O)
have more energy localized within their bonds than does the product of their reaction, iron
rust (iron oxide).

That’s why iron reacts with oxygen—to release energy from their combined total of higher
energy bonds and form the lower energy bonds in iron oxide. Then, all that difference in
energy becomes dispersed to the surroundings as heat i.e., the reaction is exothermic and
makes molecules in the surroundings move faster. But remember how chemical reactions
occur! Remember that it requires energy to break bonds and therefore to start any reaction
there must be some extra energy, an activation energy supplied somehow to break a bond
or many bonds in the reacting substances. (For information about activation energies, see
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http://www.2ndlaw.com/obstructions.html) Then, if the bonds that are being formed
in the product are much stronger than those being broken in the reactants, that difference
in energy (which usually causes greater motion energy of all the molecules) can feed back to
break more bonds in the reactants.

However, in the case of iron reacting with oxygen at normal room temperature around 298
K, the process is very slow because only a few oxygen atoms are moving exceptionally fast
and hit the iron just right so an Fe-Fe bond and an O-O bond are broken and an Fe-O bond
can form. There isn't enough heat (motion energy) localized in nearby iron atoms, and
there are no other unusually fast-moving oxygen molecules. It's a slow process depending
on collision of the small amount of fast moving oxygen atoms in the surroundings to make it
happen.

Therefore, even in moist air (that speeds up another process yielding iron oxide), iron doesn't
react very rapidly with oxygen but it steadily does so and in time, both the iron atoms and
the oxygen molecule spread out to the surroundings the portion of their bond energy that
iron oxide doesn't need for its existence at that temperature.

59.5.4 A Leaky Tire

Air in a tire is at a higher pressure than the atmosphere around it, so it shoots out even
from a small hole. What could that have to do with a big deal like the Second Law of
Thermodynamics? (Every spontaneous physical or chemical process involves the second
law!) Those nitrogen and oxygen molecules in the tire each have motion energy but it is far
more localized, compressed in the small volume of the tire, than it would be in the huge
volume of the atmosphere. Thus, the second law explains why punctures or blowouts occur:
the motion energy of those localized molecules will become dispersed and spread out to the
lower-pressure, larger-volume atmosphere if it is no longer hindered by the tire walls from
becoming so.

59.5.5 A Melting Ice Cube

An ice cube melts in a big warm room. How can the melting of a little ice cube in a warm
room maybe 200,000 times bigger than it is be an example of the second law? How could
that possibly be a spreading out of energy? But the second law has to do with energy
dispersal and there's a little spreading out in that 200,001st part of that total of system
plus surroundings!

i Information
Hotter goes to cooler spontaneously. Always.

Lots of things are happening when molecules of the warm air disperse some of their energy
to the molecules that are vibrating (like dancing rapidly in one place) in the ice cube. Right
at the surface many hydrogen bonds between the water molecules of the ice are broken by
the motion energy of the air molecules being transferred to the those surface molecules.
(This doesn't change the amount of motion energy of those molecules and therefore their

282

http://www.2ndlaw.com/obstructions.html)


Recap and Conclusion

temperature doesn't change. They increase in potential energy due to the hydrogen-bond
breaking.) Now, because the water molecules whose hydrogen bonds to other molecules in the
rigid ice structure are broken, they are free to form hydrogen bonds to other water molecules
that are liquid—they can exchange partners and move from one to another. The vibrational
energy that allowed them to dance in place in the crystal is changed to translational energy
in the liquid and the molecules can move just a bit.

Thus, although the true picture is just a bit more complex (i.e., it is the closer energy levels
in translation than in solid vibration that make the energy far more dispersed in liquid than
solid), we can sense that the movement of molecules in liquid water allows the energy to
be more spread out than in crystalline ice, even at melting temperature. It is not a matter
of order and "disorder"! (That's as misleading as magic and as obsolete as 1898 fashions.
http://www.entropysite.com/order_to_disorder.pdf)

59.5.6 Order to Disorder

The second law tells us about energy dispersal, and entropy is the word for how that
energy dispersal is measured—how spread out the energy becomes in a system, how much
more dispersed it has become compared to how localized it was. Such energy changes and
consequent entropy changes are the focus for understanding how and why spontaneous
events occur in nature. Only sometimes do the structures or arrangements of molecules in
an object help us to see greater or lesser localization of energy (that used to be called "order
to disorder").

Now we can understand what scientists have been talking about the last century and a
half when they spoke in apparently mysterious sentences like "The entropy of the universe
increases toward a maximum." All they meant was simply that energy, everywhere, spreads
out as much as it can (and that spreading out of energy is measured by entropy).

59.6 Recap and Conclusion

Rocks falling down mountains, hot pans cooling in cool rooms, anything made of iron rusting,
anything burning or reacting with oxygen, all these types of spontaneous events and chemical
reactions that occur by themselves are due to energy dispersing or spreading out. Entropy is
the quantitative measure of how much energy and how much dispersal occurs in a process or
a reaction. Therefore, entropy is constantly increasing because spontaneous events continue
to occur in our energy-rich universe. Thus, we can decipher the following statement of the
second law:

"In any irreversible process the total entropy of all bodies concerned is increased."

That just means: "In any process in which energy becomes spread out, the measure of that
spreading out or dispersing (i.e., the total entropy) increases when you include both what
happens in the system AND its surroundings.”

Now we can translate "second law language"! It seems very confusing if you read it rapidly,
but taking it a few words at a time and knowing what we have just reviewed, the ideas are
not complicated.

283

http://www.entropysite.com/order_to_disorder.pdf)




60 Free Energy

60.1 Introduction

What's the point of entropy and enthalpy? So far, you have studied equilibrium to tell you
how far a reaction occurs and kinetics to tell you how fast a reaction occurs. Thermodynamics
can tell you if a reaction will occur, and at what temperatures. It may seem too obvious,
but why does an ice cube spontaneously melt when it is at 30 °C? Melting is endothermic,
so it would seem that the reverse reaction (freezing) is favored. After all, reactions that
release heat are usually more favorable than those that absorb heat.

The answer is free energy (also called Gibbs Free Energy). The change in free energy for
a reaction ultimately determines if it can occur spontaneously or not. Free energy is a
combination of entropy and enthalpy, and when a reaction decreases the free energy, it will
occur spontaneously.

60.2 The Equation

Free energy is defined by ∆G= ∆H−T∆S. By measuring or calculating the entropy change
and enthalpy change of a reaction, you can determine the change in free energy. Notice
that free energy depends on temperature as well. In this equation (as with all other thermo
equations) T must be an absolute temperature, measured in Kelvin. So the freezing
point of water is not zero but rather 273 K. By using the Kelvin temperature scale, all
temperatures will be greater than zero.

When you have solved for ∆G for a particular reaction at a certain temperature, you will
find one of three possible outcomes:

Reaction type Means...
∆G< 0 exergonic the reaction occurs spontaneously.
∆G= 0 the reaction is at equilibrium.
∆G> 0 endergonic the reaction will not occur.

Equipped with this knowledge, you can determine the temperature at which a reaction will
be at equilibrium (by setting G to 0 and solving for T). If a reaction is endergonic, it will
not occur spontaneously. However, at a different temperature, the reaction might occur.
Also, the reverse reaction will have an opposite value for G. For example, the combustion of
propane will have a large negative value for its change in free energy. The reverse reaction
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would have the same large value, but positive. This makes sense, knowing that propane does
not spontaneously precipitate from the smokey exhaust of a grill.

60.2.1 Spontaneity

Let's return to the example of a melting ice cube. At T = 273 K (0 °C) the processes of
freezing and melting are at equilibrium. ∆G must equal zero. At higher temperatures, the
melting process occurs spontaneously, so we can deduce that ∆H is positive and ∆S is also
positive. We already know that melting is endothermic and increases entropy, so it seems
the free energy equation works.

Between entropy and enthalpy, there can be four possible outcomes:

∆H ∆S ∆G Result
+ - always + never spontaneous
- + always - always spontaneous
+ + + for low T, and - for high T depends on T
- - - for low T, and + for high T depends on T

We can see that the melting of an ice cube is spontaneous for high temperatures.

60.2.2 Relating Free Energy

Free energy is related to equilibrium, as we have already seen. There is an equation that
will allow you to convert between reaction free energy and the equilibrium constant for a
particular reaction at a given temperature:

∆G=−RT × lnKeq

R is the Universal Gas constant, and ln is the natural logarithm. A scientific calculator will
have a [LN] to calculate logarithms and a [eˆ] button to calculate anti-logarithms.
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61 Group 1

61.1 Alkali Metals

Figure 138 Sodium metal is soft enough to be cut with a knife.

The alkali metals are the elements inGroup 1 (1A). They are lithium1, sodium2, potassium3,
rubidium4, cesium5, and francium6.

These elements are best marked by their reactivity. Physically they are soft, shiny (when
freshly prepared) solids with low melting points; they conduct electricity well. They all have

1 http://en.wikipedia.org/wiki/Lithium
2 http://en.wikipedia.org/wiki/Sodium
3 http://en.wikipedia.org/wiki/Potassium
4 http://en.wikipedia.org/wiki/Rubidium
5 http://en.wikipedia.org/wiki/Cesium
6 http://en.wikipedia.org/wiki/Francium
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Group 1

one valence electron that they lose easily to almost any electronegative substance. Alkali
metals are never found in their elemental form outside the lab because they are too reactive.
Even the smallest amount of oxygen or water would react with the metal. For this reason,
alkali metals have no structural use. They must be kept under inert liquids such as kerosene
or in inert gases (nitrogen suffices for any of these elements other than lithium).

Alkali metals have many uses in both biological life and industry. Francium, however,
is radioactive and decays rapidly to other elements, so it has no commercial use and its
chemical properties are vaguely understood.

All oxidize easily to the +1 oxidation state.

i Information
The alkali metals have very similar chemical and physical properties. They can be
studied as a whole, rather than element-by-element, due to this similarity.

61.2 Safety

Leave experiments with alkali metals to the experienced chemists.

B Warning
Alkali metals are dangerous. Their reactions release enough heat to cause flames, and
may produce explosive byproducts like hydrogen gas. Never cast any alkali metal into
water or acids. These metals should never be allowed to touch flesh because they react
with any water upon them and yield corrosive hydroxides that damage flesh.

61.3 Reactions

Alkali metals react violently with water, halogens, and acids. The reactions release surprising
amounts of heat and light. In a chemical equation, alkali metals are represented with an M.
Here are some example equations:

4M(s) +O2(g)→ 2M2O(s) Alkali metals react with oxygen to form
oxides, which have a duller appearance
and lower reactivity. The oxides are much
less reactive than the pure metals.

288



Reactions

M2O(s) +H2O→ 2MOH(aq) However, the oxides do react vigorously
with water to form a hydroxide. The re-
sulting hydroxides of these elements dis-
sociate completely in water to form some
of the strongest bases7 known. "Lye" is an
industrial-strength base, which is sodium
hydroxide (NaOH).

NaOH(aq) + HCl(aq) → NaCl(aq) +
H2O(l)

These hydroxides react readily with acids
to form water and their corresponding al-
kali salt in a neutralization8 reaction.

2M(s) + 2H2O→ 2MOH(aq) +H2(g) The pure alkali metal can also react di-
rectly with water. In this case, the metal is
a basic anhydride9. Gaseous hydrogen is
released, which is flammable.

2M(s) +Cl2(g)→ 2MCl(s) Exposing an alkali metal to a halogen10
will cause an extremely exothermic reaction
that results in an ionic salt11.

Almost every salt of an alkali metal is highly soluble in water. They form conducting
solutions, proving their ionic nature.

61.3.1 Flame Tests

When burned in a flame, the alkali metals give off a unique color that can be used to identify
them.

7 Chapter 36 on page 177
8 Chapter 40.2 on page 200
9 Chapter 40.3 on page 201
10 Chapter 68 on page 333
11 Chapter 17 on page 87
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Figure 139 Lithium (pinkish-red flame)
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Figure 140 Sodium (yellow flame)
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Figure 141 Potassium (pale violet flame)

292



62 Group 2

62.1 Alkaline Earth Metals

Figure 142 Pure magnesium crystals

The alkaline earth metals are the elements in Group 2 (2A). They are beryllium1, magne-
sium2, calcium3, strontium4, barium5, and radium6. They are similar to alkali metals7, but
less reactive.

1 http://en.wikipedia.org/wiki/Beryllium
2 http://en.wikipedia.org/wiki/Magnesium
3 http://en.wikipedia.org/wiki/Calcium
4 http://en.wikipedia.org/wiki/Strontium
5 http://en.wikipedia.org/wiki/Barium
6 http://en.wikipedia.org/wiki/Radium
7 Chapter 61 on page 287

293

http://en.wikipedia.org/wiki/Beryllium
http://en.wikipedia.org/wiki/Magnesium
http://en.wikipedia.org/wiki/Calcium
http://en.wikipedia.org/wiki/Strontium
http://en.wikipedia.org/wiki/Barium
http://en.wikipedia.org/wiki/Radium


Group 2

Alkaline earth metals all have two valence electrons, and they easily oxidize to the +2 state.
With increasing mass, these elements become softer, have lower melting and boiling points,
and become more reactive. None appear uncombined in nature, and all are separated from
their compounds with difficulty. Alkaline earth metals react with halogens and (except for
beryllium) with water and oxygen. Magnesium, being less reactive, reacts only at higher
temperatures than the other alkaline earth metals. Radium is radioactive, so its chemical
properties are difficult to study.

i Information
The alkaline-earth metals have very similar chemical and physical properties. They can
be studied as a whole, rather than element-by-element, due to this similarity.

The alkaline earth metals are chemically and physically similar to the alkali metals8, but
they are less reactive.

62.2 Safety

B Warning
Alkaline earth metals are very flammable. Their reactions could release enough heat to
cause flames, and may produce explosive byproducts like hydrogen gas. Use caution
when handling these metals. Calcium, strontium, and barium react with water and
form corrosive hydroxides. Salts of beryllium are toxic.

62.3 Reactions

The alkaline earth metals undergo reactions similar to the alkali metals, but their +2 oxidation
state causes their compounds to be different. The following reactions use magnesium as an
example, but the other alkaline earth metals undergo the same reactions as well.

2Mg(s) +O2(g)→ 2MgO(s) Magnesium oxide forms slowly unless
ignited. Powders or thin slices of mag-
nesium can be ignited with a match, so
magnesium is used in fire-starting devices.

3Mg(s) +N2(g)→Mg3N2(s) Magnesium burns readily in oxygen, and
surprisingly nitrogen as well. Air is com-
posed mostly of nitrogen, but most ele-
ments will not react with nitrogen because
nitrogen is so stable.

8 Chapter 61 on page 287
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MgO(s) +H2O(l)→Mg(OH)2(aq) Magnesium oxide is a basic anhydride9.
Magnesium hydroxide is a strong base10,
although its solubility11 is too low for this
property to be significant.

Mg3N2(s) + 6H2O → 3Mg(OH) +
2NH3(g)

Magnesium nitride will react with water
or the moisture in air. This reaction is de-
tected by the pungent smell of ammonia.

Mg(s) + 2H2O→Mg(OH)2(aq) +H2(g) Magnesium metal reacts with water to
form a hydroxide, but only at high tem-
peratures or in the presence of acid. Cal-
cium, being more reactive, will react with
water as long as its hot. The other ele-
ments will react in warm water. Notice
the flammable hydrogen gas that is re-
leased.

Mg(s) + 2HCl(aq)→MgCl2(aq) +H2(g) Magnesium will react exothermically with
acids to form an ionic salt12 and hydrogen
gas.

Remember that all of the alkaline earth metals can undergo these reactions; magnesium
was just an example. Beryllium, however, is much less reactive than the other metals, so it
might not react.

62.4 Uses

Beryllium is rare and its compounds are toxic, so it is in little use.

Magnesium metal has some use in applications needing a soft, light metal. Magnesium
metal can be used an easily-burned substance with a bright light in photographic flash bulbs.
Magnesium hydroxide is commonly used as a strong but generally safe antacid. Magnesium
sulfate is commonly known as Epsom salts.

Even more significantly, magnesium appears in a compound known as chlorophyll13, the
greenish pigment in plants and algae that allows plants to perform photosynthesis14. It is
essential to animal life.

Calcium has no use as a structural metal, but its compound calcium carbonate is a major
building material as limestone. Calcium carbonate is essential to bones and to plant life.
Calcium and heavier elements in this group react with warm water to form highly-alkaline
hydroxides.

9 Chapter 40.3 on page 201
10 Chapter 36 on page 177
11 Chapter 34 on page 163
12 Chapter 17 on page 87
13 http://en.wikibooks.org/wiki/chlorophyll
14 http://en.wikibooks.org/wiki/photosynthesis
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Strontium, much rarer than calcium, has few uses. Barium, also rarer, has few uses other
than its sulfate, a coating used for lining the digestive organs for X-rays.

Radium is rare and strongly radioactive; it is extremely dangerous due to its intense
radioactivity.
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63 Group 13

Group 13 (IIIA) consists of boron1, aluminum2, gallium3, indium4, and thallium5. Boron
is a metalloid, but the other elements are metals. All elements in this group have three
valence electrons.

i Information
Because these elements have varying properties, they will be studied
element-by-element, rather than as a group.

1 http://en.wikipedia.org/wiki/Boron
2 http://en.wikipedia.org/wiki/Aluminum
3 http://en.wikipedia.org/wiki/Gallium
4 http://en.wikipedia.org/wiki/Indium
5 http://en.wikipedia.org/wiki/Thallium
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63.1 Boron

Figure 143 A borax crystal. Borax (a mineral containing boron) has many uses
including laundry detergent.

Figure 144
Boroxin. Notice
boron's three bonds.

Boron is a metalloid, exhibiting characteristics of both metals and non-metals. It is never
found in its pure form in Earth, but it is a component of some minerals. However, pure
boron can form as a result of chemical reactions. It can be a brown amorphous solid, or a
crystalline solid. In the crystalline form, it is black and very hard.
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Boron is a poor conductor of electricity at normal temperatures, but at high temperatures
it does conduct electricity. Its chemical properties are mostly, but not entirely, non-metallic.
Boron is the least electronegative non-metal, so it readily loses electrons when reacting.
Boron is almost entirely in the +3 oxidation state. Boron has an oxide B2O3, and it is
acidic.

BCl3 + 3H2O→ B(OH)3 + 3HCl Boric halides are volatile substances that attack
water with the formation of boric acid B(OH)3
and hydrogen halides.

B(OH)3 +H2O→B(OH)−
4 +H+ Boric acid reacts with water to release a proton.

It is a weak acid6.
2B2O3 + 7C→ B4C+ 6CO Boric oxide, at extremely high temperatures, can

react with carbon to form boron carbide. Boron
carbide is incredibly strong, finding use as tank
armor.

i Information
In a manner similar to carbon7, boron can form stable covalent network8 solids. Each
boron atom bonds to three other borons, forming a large crystal.

Boron has interesting properties when it bonds covalently. It has three electrons, so it
usually forms three single covalent bonds, an exception to the octet rule9. Substances like
boron trichloride (BCl3), boric acid, and the borate ion (BO3

Aluminum (British spelling aluminium) is a metal, although it is too reactive to exist in
pure form. Instead, it is found in a wide variety of minerals including bauxite, the primary
source for extracting aluminum. Aluminum is the third most abundant element in Earth's
crust.

6 Chapter 36 on page 177
9 Chapter 14 on page 77
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Figure 145 Aluminum metal

Unlike boron, aluminum is an almost stereotypical metal10 in its physical properties: it is
malleable and ductile, and it conducts heat and electricity very well. Because of its lightness,
resistance to corrosion, attractiveness (approaching that of silver), and inexpensiveness to
process along with adequate strength for many commercial and domestic uses, it is the
third-most used of all metals. Only iron and zinc exceed it in production.

Aluminum compounds typically exist in the +3 oxidation state. Because of its durability and
light weight, aluminum is used in many alloys, mixtures of metals. Two metals, each with
desirable characteristics, can be mixed together to produce an alloy that has the properties
of both metals. Aluminum used to be used for household wiring, but it expands too much
when heated. The expansion causes the wires to come loose, and house fires can start.

Aluminum seems unreactive because of a thin, hard surface of aluminum oxide Al2O3 which
does not react with water or oxygen and preserves the aluminum metal underneath it from
chemical attack. Pure aluminum will immediately form this layer when exposed to air.
Although aluminum is very conductive, aluminum oxide does not conduct electricity.

10 Chapter 19 on page 97
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Figure 146 Aluminum trichloride

Al2O3(s) + 3H2O(l) + 2OH−
(aq) →

2Al(OH)−
4(aq)

Al2O3(s) + 6H+
(aq)→ 2Al3+

(aq) + 3H2O(l)

Aluminum oxide is amphoteric11—it
reacts violently to neutralize strong bases
or strong acids.

2Al+ 3Cl2→ 2AlCl3 Reacting aluminum with a halogen12 re-
sults in an aluminum halide. Aluminum
chloride can exist as an ionic solid13 or
a covalent solid14, but either way it is a
weak conductor.

2AlCl3(aq) + 3NaOH(aq)→ Al(OH)3(aq) +
3NaCl(aq)

Aluminum chloride is a Lewis acid15,
able to neutralize bases.

Fe2O3 + 2Al→ 2Fe+Al2O3 Molten aluminum reacts violently with
some metal oxides in the thermite re-
action, in which a substance like iron
oxide is reduced16 to iron and aluminum
is oxidized to its oxide. This is a highly
exothermic reaction, releasing enough
heat to weld metal.

Generally, aqueous aluminum is found as a hydroxide Al(OH)3.

11 Chapter 36 on page 177
12 Chapter 68 on page 333
13 Chapter 17 on page 87
14 Chapter 18 on page 91
15 Chapter 40.5 on page 204
16 http://en.wikibooks.org/wiki/General%20Chemistry%2FChemical%20Reactions
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63.2 Others

Figure 147 Gallium

Gallium is a brittle metal that melts slightly above room temperature, so holding it in
your hand would liquefy it. One magic trick, the 'melting spoon' involves stirring a hot
liquid (usually hot water) with a spoon specially made of gallium. The spoon melts in
the water and 'disappears'. (The gallium simply sinks to the bottom of the cup; after the
magic trick is done the 'magician removes the water and the molten gallium and pours the
gallium into a mold that makes a new spoon for doing the trick again). Gallium is used in
many semiconductor devices and LEDs (light emitting diodes). Gallium(III) arsenide is an
important semiconductor used in many electronics.

Indium's most common isotope is radioactive and decays slowly into tin. Indium typically
has the +3 oxidation state.

Thallium tends to appear in the +1 (thallous) oxidation state as well as the +3 (thallic)
oxidation state. Oddly, thallium acts much like an alkali metal17 in its physical and chemical
properties. Thallous oxide (Tl2O) and the metal react violently with water to form a
hydroxide TlOH that completely dissociates into Tl+ and OH- ions as if it were an alkali

17 Chapter 61 on page 287
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metal hydroxide. Its halides are quite salt-like, dissociating into ions into solutions that, like
solutions of salts of the alkali metals, conduct electricity.

B Warning
Thallium has a violent reaction with water that could release enough heat to cause
flames, and may produce explosive byproducts like hydrogen gas. Thallium hydroxide
that results from this reaction is as strongly alkaline as alkali-metal hydroxides and is
similarly corrosive. In addition, thallium compounds are extremely toxic.

Neither thallium metal nor any thallium compound is readily available in the United States
because it is so dangerous and has few legitimate uses.
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64 Group 14

64.1 The Carbon Family

Group 14 (IVA) consists of carbon1, silicon2, germanium3, tin4, and lead5. Carbon is a
non-metal, silicon and germanium are metalloids, and tin and lead are metals.

With 4 valence shell electrons, elements of the carbon family tend to form covalent compounds.
With increasing mass and atomic radius these elements become increasingly metallic and
have lower melting and boiling points.

Group 14 elements form gaseous hydrogen compounds with difficulty. These are either
unstable or combustible. All but lead form oxides, sulfides, and halides in the +4 oxidation
state. The +4 oxidation state predominates in carbon, silicon, and germanium; the +2 and
+4 oxidation states both appear in tin, and the +2 oxidation state prevails in lead. Halides
in the +4 state form for all of these elements, and they are covalent.

Carbon compounds are much more covalent6 than analogous compounds of silicon, germa-
nium, tin, or lead. Even more significantly, carbon forms double and even triple bonds with
itself or other elements, forming compounds that the heavier elements of this group cannot
form like acetylene (C2H2). Silicon and the heavier elements of this group can form only
single bonds.

Thus carbon dioxide CO2 is a gas at normal temperatures because the double bonds between
carbon and oxygen create single molecules, but silicon dioxide SiO2 forms a hard rock known
as quartz because it is a covalent network solid7. Each silicon atom bonds to four different
oxygen atoms with single bonds, and each oxygen atom bonds with two silicon atoms.
Similar properties apply to the oxides of germanium, tin, and lead. Carbon dioxide dissolves
in water to form carbonic acid, a weak acid that reacts with bases to form carbonates; oxides
of the other elements of this group are practically nonreactive in water.

i Information
Because of its unparalleled importance in chemistry, carbon is the main focus of our
study of the Group 14 elements.

1 http://en.wikipedia.org/wiki/Carbon
2 http://en.wikipedia.org/wiki/Silicon
3 http://en.wikipedia.org/wiki/Germanium
4 http://en.wikipedia.org/wiki/Tin
5 http://en.wikipedia.org/wiki/Lead
6 Chapter 18 on page 91
7 Chapter 21 on page 113
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64.2 Carbon

Carbon is a very important element. It is abundant in the earth and atmosphere, and it is
found in the substances that make all living things. Carbon has many properties that make
it different from other elements, so it deserves thorough study.

64.2.1 Allotropes

Figure 148 a) diamond; b) graphite; c)
lonsdaleite; d/e/f) buckyballs; g) amorphous;
h) nanotubes

Allotropes are different forms of a pure element. Carbon has several allotropes, three of
which are common.

• Amorphous carbon is coal and soot. The carbon molecules are covalently bonded, but
there is no order or arrangement.

• Graphite occurs when carbon forms flat covalent networks. These flat "sheets" are not
bonded to each other, making them free to slide past each other. Graphite composes the
"lead" in pencils.

• Diamond occurs when carbon forms a three-dimensional covalent network. Diamonds
are much different from graphite and amorphous carbon. They are transparent, brilliant-
looking, and incredibly hard. Diamond only forms at heat and intense pressures.

There are also several rare and exotic allotropes of carbon, including:

• Buckeyballs, or fullerenes, are spherical shaped balls of carbon. Covalent bonds join
the carbon atoms into a soccer ball pattern that looks much like the geodesic domes
of Buckminster Fuller. The most common buckeyball has the molecular formula C60.
Buckeyballs are large enough for a small atom to get trapped inside.
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• Lonsdaleite forms upon meteorite impact with the Earth.
• Carbon nanotubes are incredibly small but rigid tubes made of carbon. They are

created in labs and are a subject of research.

Keep in mind that allotropes are composed of only one element. In this case, these allotropes
contain only carbon atoms and no other elements.

64.2.2 Inorganic Compounds

Although carbon is known mainly for its organic compounds, it does form many important
inorganic compounds.

Oxides

Oxides of carbon contain only carbon atoms and oxygen atoms. There are two oxides that
occur commonly:

• Carbon monoxide (CO): a poisonous gas released when carbon-based fuels burn in limited
oxygen.

• Carbon dioxide (CO2): found naturally in the air, but too much is considered pollution.
Animals exhale carbon dioxide, and plants absorb it. It is slightly acidic. Carbon dioxide,
when solid, is "dry ice".

There are other oxides that could form, but they are unstable or unnatural:

Figure 149 Carbon trioxide

• Carbon suboxide (C3O2): Consists of double bonds, with oxygens at the ends. O = C =
C = C = O. It breaks apart into carbon dioxide and dicarbon monoxide.

• Dicarbon monoxide (C2O): Very reactive. Contains only double bonds, but the end
carbon has a non-bonding pair.

Figure 150

• Carbon trioxide (CO3): Exists in three different shapes, very unstable
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Compounds Derived from Oxides

Carbonic acid forms when carbon dioxide is dissolved in water. It is given by the reaction:

CO2 +H2O↔H2CO3

Figure 151

Carbonate and bicarbonate are two ions that carbon forms.

Figure 152

Figure 153

Their formulas are CO3
2- and HCO3

-, respectively.

Ionic Compounds

Along with the oxyanions (carbonate and bicarbonate), carbon can form several other ions8.

8 Chapter 17 on page 87
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Figure 154 Calcium carbide CaC2

• Cyanide (CN-)
• Cyanate (OCN-)
• Thiocyante (SCN-)
• Carbides (C2

2- and C3
4-)

Alloys

Carbon is used in some alloys, mixtures of metals. If a small amount (between 0.2% and
2.1% by weight) of carbon is mixed into iron, the result is steel.
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64.2.3 Organic Compounds

Figure 155 Methane

Compounds containing carbon (except for the above inorganic compounds) are considered
organic. They were once thought to be produced only by living things, but they have since
been created in laboratories. Most organic compounds contain hydrogen as well as carbon.

Many substances are organic compounds. Polymers are organic compounds consisting of
long chains of repeating patterns containing carbon and other atoms. Plastics, rubbers, and
nylon are all organic polymers. Hydrocarbons are compounds containing only hydrogen
and carbon, methane being a simple example. Crude oil is a sludge of various hydrocarbons
mixed together. Propane, butane, and octane are well-known hydrocarbons used for fuel.
Perhaps the most interesting type of organic compound is the biomolecule. Carbohydrates,
proteins, lipids (fats), and nucleic acids (like DNA) are the most basic biomolecules. They,
too, are polymers (except for lipids), being made of long chains of small, repeating chemicals
that have bonded together. Biomolecules make up the chemicals found in the living cells
that compose all living things.

Organic chemistry and biochemistry are very broad and thorough topics. They are far
outside the scope of General Chemistry. Fortunately, your knowledge of General Chemistry
is sufficient to begin the Wikibooks Organic Chemistry9 and Biochemistry10 if you are
interested.

9 http://en.wikibooks.org/wiki/Organic%20Chemistry
10 http://en.wikibooks.org/wiki/Biochemistry
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64.3 Silicon

Figure 156 Transistor electronics exist because of silicon's semiconductor properties.

Silicon is found in semiconductors, the basis of all electronic devices. Its electron configura-
tion allows it to donate or accept electrons. When pure silicon is "doped" with elements
that have more or fewer electrons than silicon, the slightly-impure silicon becomes a semi-
conductor. These substances make up complex electronics by acting like a switch that can
turn on or off depending on electrical signals.

Silicon does not exist uncombined in nature; it most commonly occurs in silica (including
the very common rock quartz and most sand grains) and in silicates. Most silicates are
insoluble. So-called 'magic rocks' react with dissolved sodium silicate in water reacts with
the ions of some dissolved metal salts to form columns of rock-like silicates.

Silicon dioxide, a hard substance that melts only at high temperatures, is very different in
its chemical properties from carbon dioxide, a gas until it freezes into dry ice. Molten silica
can be cast as glass, a hard and useful material resistant to attack by almost all chemicals
except fluorine, hydrofluoric acid, and strong alkalis. Glass is extremely useful in household
containers and drinking utensils because it is resistant to chemicals, heat, and the attack of
micro-organisms. Glass can be very clear if pure or containing certain chemicals, or it can
take on attractive colors, making it a favorite material for art objects. Some small living
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creatures turn dissolved silica in the sea into their shells to create structure. A great variety
of silicon compounds known as silicone11s have widespread and varied uses.

Figure 157 A large Perpendicular stylea

Gothicb window of eight lights in Canterbury
Cathedralc, c. 1400, which contains medieval
glass.

a http://en.wikibooks.org/wiki/Perpendicular%20style
b http://en.wikibooks.org/wiki/Gothic%20architecture
c http://en.wikibooks.org/wiki/Canterbury%20Cathedral

64.4 Others

Germanium is another element used in semiconductors.

Tin is considered a "poor metal". It has two allotropes at STP: grey tin and white tin. Grey
tin has non-metallic characteristics, but white tin is metallic. Tin is used frequently as

11 http://en.wikipedia.org/wiki/silicone
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an alloy. "Tin cans" are actually steel cans with a tin plating to resist corrosion. Pewter
is an alloy of copper and tin, containing mostly tin. Bronze is an alloy of copper and tin
containing mostly copper. Solder is an alloy of tin and lead used for its low melting point
for attaching wires.

Lead is a heavy, gray metal. It had a tremendous number of uses, but it is now known to be
a neurotoxin if ingested. Water-carrying pipes were made out of lead, but they are now made
from copper or plastic because lead could contaminate the water. Lead compounds especially
if soluble in water (like lead acetate used as a preservative and sweetener of wines in Roman
times) or stomach acids (like the lead oxide once used in paints) or in gaseous or liquid form
(like tetraethyl lead once used in gasoline), and powdered lead are very dangerous. Use of
lead in foodstuffs, paint, and vehicle fuels is now illegal almost everywhere.

B Warning
Lead compounds and vapors are insidious poisons that accumulate in the brain and
create learning disabilities and personality disorders.

Lead-crystal glass has lead oxide in it but so tightly bound with silica that it can't escape
easily. Pencil 'leads' are not lead at all, but instead harmless graphite (really carbon) bound
with clay. Lead remains useful in automobile batteries (that contain necessary sulfuric acid
much more dangerous than lead) and in nuclear use as a shield against radiation much more
dangerous than lead metal.

2PbO+PbS→ 3Pb+SO2 Lead oxides are easily reduced12.
3Pb(s) + 8HNO3(aq) → 3Pb2+

(aq) +
6NO−

3(aq) + 2NO(g) + 4H2O(l)

Lead does not dissolve in hydrochloric
acid or sulfuric acid, but it will dissolve
in nitric acid because nitric acid is a
strong oxidizer.

PbO(s) + 2OH−
(aq) + H2O(l) →

Pb(OH)2−
4(aq)

Lead(II) oxide will form plumbite ions
when added to basic solutions.

Pb(OH)2−
4(aq) + Cl2(aq) → PbO2(s) +

2Cl−(aq) + 2H2O(l)

Plumbites form lead(IV) dioxide when
chlorinated.

PbO2(s) + 2OH−
(aq) + 2H2O(l) →

Pb(OH)2−
6(aq)

Adding lead(IV) dioxide to a basic solu-
tion will form plumbate ions.

12 Chapter 32 on page 155
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65 Group 15

65.1 The Nitrogen Family

Group 15 (VA) contains nitrogen1, phosphorous2, arsenic3, antimony4, and bismuth5.
Elements in Group 15 have five valence electrons. Because the elements can either gain
three electrons or lose five to gain a stable configuration, they more often form covalent
compounds unless bonded to an active metal. Their electron affinities are not very large.
Metallic properties increase markedly from gaseous nitrogen to barely-metallic bismuth
with increasing size and mass. Nitrogen and phosphorus are non-metallic, and arsenic and
antimony are metalloids.

Elements of this group are known as pnicogens and their compounds as pniconides. The
name is derived from from the Greek word pnicomigs meaning suffocation.

i Information
The Group 15 elements are unique enough to be studied individually, rather than as a
group.

These elements are much less reactive than the elements of Group 166, and their chemistries
are more complicated. Most of the chemistry of these elements is in the +3 or +5 oxidation
states, although they form gaseous compounds with hydrogen in the -3 oxidation state:
ammonia NH3, phosphine PH3, arsine AsH3, stibine AsH3, and bismuthine BiH3; these all
burn in oxygen to give oxides or the free element (in the case of nitrogen).

4NH3 + 3O2→ 6H2O+ 2N2

All form oxides—nitrogen with difficulty, the others with ease. Most of the oxides are acidic,
exceptions being nitrous oxide N2O, nitric oxide NO, and bismuth oxide Bi2O3. Except
for nitrogen, typical oxides are in the +3 or +5 (bismuth excluded) oxidation states. All
form halides7—nitrogen with difficulty, but those of phosphorus, arsenic, and antimony fully
hydrolyze in water.

1 http://en.wikipedia.org/wiki/Nitrogen
2 http://en.wikipedia.org/wiki/Phosphorous
3 http://en.wikipedia.org/wiki/Arsenic
4 http://en.wikipedia.org/wiki/Antimony
5 http://en.wikipedia.org/wiki/Bismuth
6 Chapter 66 on page 321
7 Chapter 67 on page 327
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Nitrogen and phosphorus form important acids in the +5 oxidation state. Nitrogen forms
nitric acid HNO3, a substance used to create medicines and explosives (but this acid is
corrosive and dangerous, so don't touch it or even spill it on anything), and salts known
as nitrates such as potassium nitrate KNO3, an important fertilizer. Phosphorus forms
phosphoric acid, H3PO4; phosphates are salts of phosphoric acid. Some phosphates are
essential to respiration and thus life itself.

65.2 Nitrogen

Figure 158 The nitrogen cycle shows how nitrogen is passed along organisms and the
atmosphere.

Nitrogen occurs naturally as the diatomic gas N2. It composes about 70% of the air we
breathe. The bond holding the two nitrogen atoms together is triple covalent, so it is very
strong. Because of that, nitrogen is very unreactive. It is used in many places when an inert
gas is needed. However, nitrogen will react with some substances:

6Li(s) +N2(g)→ 2Li3N(s)
3Mg(s) +N2(g)→Mg3N2(s)

Although nitrogen gas is usually con-
sidered inert, it does react with some
elements by burning.
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Li3N(s) + 3H2O→ 3LiOH(aq) +NH3(g)
Mg3N2(s) + 6H2O → 3Mg(OH)2(aq) +
2NH3(g)

The nitrides react violently with wa-
ter to form ammonia gas and a basic8
solution.

In its pure form, nitrogen is not very useful. It is much more important when it is a component
of ammonia, nitrate, oxides, or biomolecules like protein. Due it is very unreactive nature,
it is difficult to get nitrogen to react and form these useful substances. Any process that
can convert elemental nitrogen into a nitrogen compound is called nitrogen fixation.
Nitrogen fixation is biologically important because amino acids, proteins, and enzymes
contain nitrogen. It is commercially important because it is used in explosives, rocket fuels,
and fertilizers.

There are many nitrogen fixation reactions:

N2 +8H+ +8e− +energy→ 2NH3 +H2 This occurs in bacterial enzymes. The am-
monia (NH3) quickly becomes ammonium
(NH4

+). The nitrogen in the bacteria enters
the soil where plants can absorb it. Humans
and animals that eat those plants can get
the nitrogen.

N2 + 3H2↔ 2NH3 The Haber process is used for commer-
cially producing ammonia. This reaction
only occurs at very high pressures and tem-
peratures (around 20 MPa and 500 °C) and
in the presence of an iron catalyst. Also, the
reaction occurs in somewhat complex equip-
ment that must input pure reactants and
extract the ammonia.

Keep in mind that ammonia is a gas at STP. The household product called "ammonia" is
actually an aqueous solution9 of ammonium hydroxide (NH4OH) that forms when ammonia
gas is dissolved in water. Ammonia, quite unlike hydrogen compounds of Groups 16 and 17,
is a base in its reactions, forming salts with weak and strong acids alike. Such a substance
as ammonium chloride (NH4Cl) is a soluble, strongly ionic salt.

Nitrogen compounds are often extremely unstable because nitrogen atoms in nitrogen
compounds tend to seek each other to recombine as nitrogen gas. Many nitrogen compounds
are literal explosives, including TNT and nitroglycerin. These explosives are in common
use in construction projects for the demolition of buildings and other obstacles to new
construction, or to get access to minerals in mining operations.

B Warning
Handling of any explosive or making them is appropriately left to experts.

8 Chapter 36 on page 177
9 http://en.wikibooks.org/wiki/General%20Chemistry%2FAqueous%20Solutions
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65.3 Phosphorus

Figure 159
White phosphorus
atomic structure

Phosphorus has two common allotropes: red phosphorus and white phosphorus. White
phosphorus (P4) has a waxy appearance and turns yellow when exposed to light. When
exposed to oxygen in the dark, it glows pale green.

B Warning
White phosphorus is extremely dangerous. It causes severe burns and is very toxic. It
ignites with a very hot flame and can be explosive. Leave all experiments with white
phosphorus to experienced chemists

.

White phosphorus ignites under all but the most delicate conditions. The combustion of
white phosphorus produces phosphorus(V) oxide:

P4 + 5O2→ P4O10

One of its most common uses is in military weapons that cause severe burning of the object
hit by the weapon.

Red phosphorus is an amorphous solid. It is more stable and explodes at temperatures
higher than those of white phosphorus. It is still, however, dangerously reactive. Both forms
of phosphorus are insoluble in water and can be interconverted with various applications of
heat, pressure, and light.

There also exist black phosphorus and violet phosphorus. Unlike nitrogen, phosphorus will
not readily form a diatomic molecule with a triple bond. Diphosphorus does exist, but only
between a temperature range of 1200 °C and 2000 °C.

Phosphorus is essential to life in the form of phosphates in bones and in substances known
as ADP and ATP that transform food into useful energy in cells.
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65.4 Others

Figure 160 A crystal of bismuth, showing its colorful iridescent tarnish.

Arsenic is similar to phosphorus. It has three allotropes: grey arsenic, yellow arsenic, and
black arsenic. Grey arsenic is the most common form. Its structure is similar to graphite.

Antimony has the physical properties of a metal, but behaves chemically as a non-metal.

B Warning
Arsenic and antimony, as well as practically all of their compounds, are dangerous
poisons.
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Bismuth is a brittle, silvery metal. Bismuth is actually radioactive, decaying into thallium-
205. Because its half-life is 19 x 1018 years, about a million times the age of the universe,
bismuth is usually considered stable.

Bismuth is much less radioactive than the nearly-harmless and unavoidable radioactive
isotopes of carbon and potassium in living things. Unlike arsenic and antimony, its compounds
aren't toxic unless something else in the compound is itself toxic or the substance is very
acidic or alkaline. In fact, a bismuth compound is very common in a heavily-used stomach
medication that requires no prescription.
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66 Group 16

66.1 The Oxygen Family

Group 16 (VIA) is made of oxygen1, sulfur2, selenium3, tellurium4, and polonium5.
Oxygen, sulfur, and selenium are non-metals. Tellurium is a metalloid and polonium is a
metal.

Group 16 elements have 6 valence electrons, meaning that they require two more electrons
to complete a stable electron octet. They still have relatively large electron affinities and are
rather reactive, forming ions with a -2 charge. All but polonium form volatile compounds
with hydrogen: water H2O, hydrogen sulfide H2S, hydrogen selenide H2Se, and hydrogen
telluride H2Te.

Electronegativity decreases in this group with increasing atomic mass, and oxygen is more
electronegative than any element except fluorine; it acts much like a halogen except for its
-2 oxidation state. Fluorine and oxygen oxidize these elements (except oxygen) to the +6
oxidation state, resulting in such substances (for sulfur) as sulfur hexafluoride SF6 and sulfur
trioxide SO3 and its derivative sulfuric acid H2SO4, one of the most heavily-used industrial
chemicals. (Note that use of sulfuric acid requires extreme care because it causes chemical
burns upon flesh, cloth, and paper). Typically, these elements will attain an oxidation state
of -2.

Oxides of sulfur, selenium, and tellurium are acidic. Strong radioactivity largely masks the
chemical properties of polonium.

i Information
The elements of Group 16 have somewhat varied properties; however, out study of
these elements will focus on oxygen because of its abundance and significance.

66.2 Oxygen

Oxygen is a diatomic gas that makes up about 20% of the air we breath. It is essential for
the life of animals, and plants release it. Plants absorb sunlight and produce glucose (sugar)
and oxygen. Cells of plants and animals alike "burn" glucose with oxygen to gain energy.

1 http://en.wikipedia.org/wiki/Oxygen
2 http://en.wikipedia.org/wiki/Sulfur
3 http://en.wikipedia.org/wiki/Selenium
4 http://en.wikipedia.org/wiki/Tellurium
5 http://en.wikipedia.org/wiki/Polonium
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Figure 161 Close-up of chloroplasts, the part of plant cells where photosynthesis occurs

6CO2 + 6H2O+ sunlight→ C6H12O6 +
6O2

Photosynthesis is actually a series of
complex chemical reactions, involving
several substances found in the chloro-
plasts of plants. This is the overall reac-
tion.

C6H12O6 + 6O2 → 6CO2 + 6H2O +
2880 kJ/mol

Cellular respiration is the reverse pro-
cess: converting glucose into energy.

Oxygen has a few allotropes, but only two are common: dioxygen and ozone. Dioxygen is
the regular form of oxygen, O2, held together with a double covalent bond. Ozone, O3, is
found naturally in the upper atmosphere and can form when normal oxygen is exposed to
high voltage.

66.2.1 Ozone

Ozone is not very stable. It will decompose: 2 O3 → 3 O2. Ozone is a very powerful oxidizing
agent6. Metals and non-metals are both susceptible to oxidation when exposed to ozone.

C+ 2O3→ CO2 + 2O2 Carbon is oxidized by ozone.
NO+O3→NO2 +O2 Nitric oxide becomes nitrogen dioxide.

6 Chapter 32 on page 155
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Although considered a pollutant when at ground level (it is toxic), ozone is a very important
chemical found in the upper atmosphere. The Sun emits dangerous ultraviolet light that
would damage living cells, but ozone absorbs the light energy and converts it safely into
heat energy:

Figure 162 The ozone cycle

O3 +radiation→O2 +O High-powered radiation from the sun splits ozone
molecules.

O2 +O→O3 +energy Atomic oxygen can reattach itself to dioxygen to recre-
ate ozone.

You can see that the net result of the above reactions is a system of ozone that converts
dangerous radiation into heat energy.

Atomic oxygen is extremely unstable and will attach itself to form O2 or O3 immediately:

• O3 +O→ 2O2
• O+O→O2

The amount of ozone in the atmosphere is small, but solar radiation will split O2 into two
O atoms, so there is a small but steady supply of ozone. Unfortunately, many man-made
products called chlorofluorocarbons (CFCs) have entered the upper atmosphere over the
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years. The chemicals release chlorine radicals that act as catalysts for an ozone-destroying
reaction. As a result, the amount of ozone in the atmosphere has decreased, which could
lead to an increase in dangerous solar radiation.

CFCl3 + radiation→ CFCl2 +
Cl·

A chlorine radical forms from a CFC. Radicals
have a single non-bonding electron (instead of
the usual pair), so they are extremely reactive. A
chlorine radical is simply a single atom of chlorine
(which has seven electrons).

Cl ·+O3→ ClO+O2 Chlorine radicals will become stable by "stealing"
an oxygen atom from ozone.

ClO+O3→ Cl ·+2O2 The chlorine monoxide reacts to eliminate an-
other ozone molecule. The original radical is now
available to repeat the entire process.

As you can see, chlorine radicals convert ozone into regular oxygen without being used up.
Over the years, products have been created that replace CFCs and cause less environmental
damage.

66.2.2 Oxides

Any chemical compound consisting of oxygen and some other element covalently bonded
is an oxide. Metals form oxides easily, except for a few including gold, platinum, and
mercury. Besides being called oxidation7, the process is also called tarnishing or rusting. In
other words, an iron nail that turns to rust has formed iron oxide. The dull, dirty-looking
film that coats otherwise shiny copper is copper oxide. Oxides form because oxygen is so
electronegative. When substances burn (including hydrocarbons and metals), they oxidize
and release large amounts of heat quickly.

The oxide ion is O2-. There is also peroxide O2
2- and superoxide O2

-.

7 Chapter 32 on page 155
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66.3 Sulfur

Figure 163 S8

Sulfur behaves similarly to oxygen, but it has over 30 allotropes. The most common is S8.
Sulfur is a solid at STP. It is yellow and is actually odorless. The distinct odor of sulfur is
actually H2S, hydrogen sulfide. Sulfur is a part of many organic and inorganic compounds.
Sulfur is part of some proteins necessary for life.

Chemical names beginning with "thio"- mean an oxygen atom has been replaced with a
sulfur atom. For example, cyanate is OCN-, whereas thiocyanate is SCN-.

66.4 Others

Selenium conducts electricity better in the light than in the dark, so it is found in photocells,
electrical components that detect light.

Tellurium is extremely rare and very poisonous.

Polonium is dangerously radioactive and very rare. It is usually associated with uranium
ore as a product of radioactive decay of uranium.
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67 Group 17

67.1 Halogens

The halogens are found inGroup 17(VIIA). The halogens are fluorine1, chlorine2, bromine3,
iodine4, and astatine5.

Like the alkali metals6, the halogens are extremely reactive. They have seven valence
electrons, meaning they require only one more electron for a noble configuration. This gives
them very large electron affinities and extreme reactivity to form ions with a -1 charge. They
are so reactive that in their homogeneous state, UV light will catalyze a radical reaction.

The halogens exist in diatomic form. Under normal conditions, they will always occur in
pairs, covalently bonded. The covalent bond allows them to share an electron and possess
a complete octet. F2 is a pale yellowish-brown gas. It is highly reactive, causing organic
compounds and hydrogen gas to explode, even without a spark. Cl2 is a pale yellow-green
gas. It reacts with water to form disinfectants and bleaches. Br2 is a reddish-brown liquid,
but, being volatile, it readily evaporates into a reddish vapor. I2 is a gray solid that forms
a violet gas if heated.

Fluorine is the most electronegative7 of all elements, and it is so reactive that it attacks
almost any other element (noble gases, oxygen, nitrogen, and gold are the exceptions) to
form fluorides. Chlorine is somewhat less reactive, bromine somewhat less reactive than
chlorine, and iodine even less, but even iodine is a formidable ionizer. Extreme radioactivity
masks the chemical properties of astatine. With increasing atomic weight for these elements,
the elements have higher boiling and melting points. At normal temperatures, fluorine and
chlorine are gases, bromine is a liquid, and iodine is a solid.

i Information
The halogens have very similar chemical properties. They can be studied as a whole,
rather than element-by-element, due to this similarity.

1 http://en.wikipedia.org/wiki/Fluorine
2 http://en.wikipedia.org/wiki/Chlorine
3 http://en.wikipedia.org/wiki/Bromine
4 http://en.wikipedia.org/wiki/Iodine
5 http://en.wikipedia.org/wiki/Astatine
6 Chapter 61 on page 287
7 Chapter 16 on page 83
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Figure 164 Copper (II) Fluoride

Figure 165 Chlorine gas
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Figure 166 Bottle containing both liquid
and gaseous bromine
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Figure 167 Solid iodine pieces

67.2 Safety

B Warning
All of these pure elements are dangerous and should never be touched. Fluorine is
extremely dangerous in that it corrodes almost anything—even glass. Breathing the
vapors of these elements, even in minute amounts, can cause death.

67.3 Reactions

2F2(g) + 2H2O(l)→O2(g) + 4HF(aq)
Cl2(g) +H2O(l)→HCl(aq) +HClO(aq)
Br2(g) +H2O(l)→HBr(aq) +HBrO(aq)

The halogens in diatomic form react
with water to produce acids8.
Iodine does not react with water and is
only slightly soluble9. Chlorine also has
low solubility, but it will react in water
to form hypochloric acid and hydrochlo-
ric acid.

X2 +H2(g)→ 2HX(g) In chemical reactions, an X is used to
symbolize any halogen element. All halo-
gens form gaseous compounds with hy-
drogen: hydrogen fluoride HF, hydrogen
chloride HCl, hydrogen bromide HBr,
and hydrogen iodide HI. These are acidic,
strongly reactive substances called hy-
drogen halides.

8 Chapter 36 on page 177
9 Chapter 34 on page 163
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HX(g) + 2H2O(g) → H3O+
(aq) +X−

(aq) +
H2O(l)

When hydrogen halides are dissolved in
water, they are known as hydrohalic
acids. Except for hydrogen fluoride,
they are among the strongest10 known
acids.

2M(s) +X2(g)→ 2MX(s)
HX(g) +NH3(g)→NH4X(g)

These reactions show reactions with met-
als and ammonia gas to form salts and
ammonium halides11, respectively.

SiCl4 + 2H2O→ SiO2 + 4HCl Many non-metallic halides react with
water to release hydrogen halides. For
example, silicon chloride and water react.

67.4 Other Compounds

Halides of metals are known as salts. Sodium chloride, better known as "table salt", is the
crystalline substance often used to enhance the flavor of food. Note, however, that not all
salts are halides (for example, sodium sulfate Na2SO4), and not all halides are salts (carbon
tetrachloride, CCl4).

Interhalogens are molecules composed of two or more different halogen atoms. They are
similar to the diatomic halogens. Some examples are chlorine monofluoride ClF and bromine
monochloride BrCl. There are many others, and they are all very reactive and somewhat
unstable. Interhalogens take the form XYn, where n is 1, 3, 5, or 7. X and Y are both
halogens, X being the less electronegative.

Noble gas compounds have been formed using fluorine. Although noble gases are sup-
posedly inert, the larger ones like xenon will form covalent bonds with a very electronegative
element like fluorine. Xenon difluoride XeF2, xenon tetrafluoride XeF4, and xenon hexafluo-
ride XeF6 are among the noble gas compounds that have been created.

10 Chapter 50 on page 249
11 Chapter 17 on page 87
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68.1 Noble Gases

The noble gases are in Group 18 (8A). They are helium1, neon2, argon3, krypton4, xenon5,
and radon6. They were once called inert gases because they were thought to be completely
inert—unable to form compounds. This is a reasonable belief because the noble gases
have a complete octet7, making them very stable and unlikely to gain or lose any electrons.
However, some compounds have been formed with the larger elements of this group, like
xenon tetrafluoride (XeF4). No normal compounds of helium, neon, or argon are stable at
any but the coldest of temperatures.

Radon is dangerously radioactive; it causes cancer. It is so unstable that its radioactivity
makes any chemical experiments with it nearly impossible.

i Information
Noble gases all have a complete octet (eight valence electrons), except for helium
(which has only two electrons). Because this configuration is extremely stable as well as
symmetrical, the noble gases are very unreactive.

68.2 Ionization

If an electric current is passed through a gas, its electrons will become excited. The electron
will jump to a higher energy level, but then it falls back down to a stable state and releases
the energy that it had absorbed. The energy is released in the form of a photon, or particle
of light. In other words, gases can be used to convert electricity into light—the concept
of "neon signs". Neon signs are not necessarily filled with neon. They are filled with any
mixture of gases to get the desired color. Each gas has a unique color that it emits.

1 http://en.wikipedia.org/wiki/Helium
2 http://en.wikipedia.org/wiki/Neon
3 http://en.wikipedia.org/wiki/Argon
4 http://en.wikipedia.org/wiki/Krypton
5 http://en.wikipedia.org/wiki/Xenon
6 http://en.wikipedia.org/wiki/Radon
7 Chapter 14 on page 77
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Figure 168 Helium (pink)

Figure 169 Neon (red-orange)

Figure 170 Argon (blue)
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Figure 171 Krypton (pale green)

Figure 172 Xenon (pale blue)

Of course, other gases can be used besides the noble gases.
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68.3 Helium

Figure 173 Helium will
not freeze. Instead, it
becomes a superfluid.

Helium is a unique noble gas. It is the second most abundant element in the universe.
Lighter than air, it is used in blimps because it will allow them to float without the risk of
an explosion. Neon is the only element less reactive than helium.

Helium will not freeze under normal pressure. There cannot be enough intermolecular force8
to lock the atoms into a solid. It remains a gas until 4 K, then becomes a liquid. With the
right conditions, helium becomes a superfluid. It is a liquid that will creep along the edges
of its container with zero viscosity.

8 Chapter 21 on page 113
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69 Hydrogen

69.1 Hydrogen

i Information
Hydrogen is an element like no other. It does not fit into any of the groups.

Hydrogen1 is by far the most common element in the universe; as a gas it is too light for
Earth's gravity to hold. It is by far the largest constituent of the Sun and all other stars
and of the gas giant planets of our solar system. It exists on or just under the surface of the
Earth as a component of water and in innumerable compounds of carbon, many essential to
life.

The heat and light from the sun (or any other star) arises largely from the nuclear fusion
of hydrogen into helium. Nuclear reactions are discussed later2. Essentially, the nucleus of
two atoms can combine at very high temperatures, which releases tremendous amounts of
energy in the form of heat and light.

69.2 Reactions

Hydrogen, although having one outermost electron, does not fit into the alkali metals or
any other group. It deserves its own treatment. It forms compounds analogous to those of
the alkali metals, but such hydrogen compounds are much less alkaline (or more acidic),
much less ionic, and more volatile. Sodium chloride, the stereotypical salt, is neutral and
clearly ionic; hydrogen chloride is a non-ionic gas under normal conditions and is a strong
acid. The hydrogen analogue of sodium hydroxide is a volatile liquid (water, its most
common compound) under normal situations—unlike the strongly alkaline and solid sodium
hydroxide, water is slightly ionic and effectively neutral.

Hydrogen is a non-metal, forming a diatomic gas which results from the sharing of the
single electrons of hydrogen atoms. It can achieve a stable ionic structure (no electrons!) by
losing an electron or by gaining an electron and achieving the completed shell configuration
of helium. The hydrogen molecule is best described as sharing the two electrons between
two hydrogen atoms. This structure is highly stable and has little inclination to form
bonds between other hydrogen molecules; hydrogen is a gas down to some of the lowest
temperatures known. It is also the lightest of gases, weighing less even than helium.

1 http://en.wikipedia.org/wiki/Hydrogen
2 Chapter 71.2 on page 354

337

http://en.wikipedia.org/wiki/Hydrogen


Hydrogen

H2(g) +F2(g)→ 2HF(g) +heat Hydrogen readily shares its electron
with a strongly electronegative element,
like any halogen, oxygen, or sulfur. The
combination with fluorine is particularly
violent and possible down to very low
temperatures. Light is enough to force
combustion between hydrogen and chlo-
rine, and a spark is enough to cause com-
bustion between hydrogen and oxygen.

2H2(g) +O2(g)→ 2H2O(g) +heat Due to the Hindenburg disaster of 1936,
helium has long replaced hydrogen in
lighter-than-air aircraft. The reaction
responsible for that disaster was simply
the combustion of hydrogen and oxygen.
(Note that at the temperatures associ-
ated with such a combustion, water is in
the gaseous state)

H2(g) + 2Na(s)→ 2NaH(s)
NaH(s) +H2O(l)→NaOH(aq) +H2(g)

Hydrogen can act somewhat like a halo-
gen, forming hydrides with some metals.
Most of these react violently with wa-
ter to form hydrogen gas and the metal
hydroxide. Hydrogen compounds with
non-metals are typically among the most
volatile substances of those elements.

2Zn(s) + 2HCl(aq)→ 2ZnCl(aq) +H2(g)
M+2H+→M2+ +H2(g) (general net ionic
equation)

Under pressure, in aqueous solutions, or
in non-solid acids, hydrogen is a good re-
ducing agent3. Strong acids attack most
metals. This example shows hydrochloric
acid added to zinc.In the atmospheres
of gas giant planets (Jupiter, Saturn,
Uranus, and Neptune) gaseous hydrogen
under great pressure reduces nitrogen to
ammonia, carbon compounds to methane
and other hydrocarbons, and oxides to
water.

69.3 Compounds

i Information
Hydrogen forms more chemical compounds than any other element including carbon.

3 Chapter 32 on page 155

338



Forms

Almost all carbon compounds contain hydrogen, and vice versa, but more substances
containing hydrogen (without carbon) exist than do compounds of carbon (without hydrogen).
Hydrogen forms bonds with most non-metals, including oxygen, nitrogen, and carbon.
Although a hydrogen atom can bond with only one other element, and then only in a single
bond, hydrogen allows very long chains of carbon atoms to form. Most of the hydrogen
compounds with carbon alone are combustible gases or volatile liquids or waxy solids that
can be vaporized and burned to produce water, carbon dioxide, and much heat. Natural gas,
gasoline (a mixture of liquid hydrocarbons), and waxes as found in candles make suitable
fuels. With such other elements as oxygen, nitrogen, sulfur, and in some cases metals,
hydrogen allows the formation of substances necessary for life, including carboxylic acids,
sugars, proteins, nucleic acids, haemoglobin, and chlorophyll.

Such complex compounds are ordinarily discussed in Organic Chemistry4, a study associated
more obviously with carbon.

69.4 Forms

Hydrogen has three isotopes. All hydrogen atoms contain exactly one proton in the nucleus,
but there can be zero, one, or two neutrons. 99.98% of all hydrogen atoms naturally found
on Earth have no neutrons. This is called protium, or 1H. It is stable, along with deuterium,
or 2H. Deuterium has one neutron. It behaves exactly like regular hydrogen, but it weighs
twice as much. Thus, "heavy water" is D2O, where D is deuterium. Tritium, or 3H, has two
neutrons. It is unstable (radioactive) and decays into helium.

If hydrogen loses an electron, it becomes H+, simply a bare proton. In an aqueous solution, H+ forms
hydrogen bonds with a surrounding water molecule to create hydronium H3O+. As the
hydronium concentration of a solution increases, so does its acidity5.

Although uncommon, hydrogen can gain an electron to become an H- ion.

4 http://en.wikibooks.org/wiki/Organic%20Chemistry
5 Chapter 36 on page 177
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70 Transition Metals

70.1 Transition Metals

The transition metals are found in the middle of the periodic table1. There are two definitions
of transition metals:

1. All d-block elements (Groups 3-12)
2. Elements with partially occupied d-orbitals or that can form cations with partially

occupied d-orbitals

The first definition is more common and is used casually, but the second definition emphasizes
the unique properties of transition metals and is the one used by IUPAC (The International
Union of Pure and Applied Chemistry). The second definition is commonly considered to
exclude Zn, Cd and Hg because these elements have a d10 electronic configuration (the
d-orbitals being fully, not partially, occupied). However, recently reported fluoride Hg(IV)
compounds, which have a d8 configuration put this exemption into doubt and make it
reasonable to consider Hg (and possibly Zn and Cd too) as transition metals.

Transition metals behave differently than other metals because of their partially occupied
d-orbitals. Adding electrons to a transition metal does not affect its valence shell because
the electrons go into the d-orbital (which is not part of the valence shell). All transition
metals have one or two valence electrons.

70.1.1 Electrons and Oxidation

Transition metals are interesting because they can have several oxidation states2, unlike
most other metals. This happens because the transition metals can lose their d electrons in
addition to their s electrons when forming ions.

1 http://en.wikibooks.org/wiki/General%20Chemistry%2FPeriodic%20Table
2 Chapter 31 on page 151
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Figure 174 The solid dots show common oxidation states, and the hollow dots show
possible but unlikely states.

Remember that an electron orbital is most stable when it is full or half-full (or empty).
Studying the electron configurations of the transition metals shows an interesting pattern:

Sc: [Ar]4s23d1
Ti: [Ar]4s23d2
V : [Ar]4s23d3
Cr: [Ar]4s13d5
Mn: [Ar]4s23d5
Fe: [Ar]4s23d6
Co: [Ar]4s23d7
Ni: [Ar]4s23d8
Cu: [Ar]4s13d10
Zn: [Ar]4s23d10

To be more stable, an s-electron "jumps up" to the d-orbital in chromium and copper. This
also occurs in in heavier transition metals like molybdenum, tungsten, and platinum. With
heavier transition metals in Periods 5, 6, and 7, the effects of relativity cause changes in the
energy levels of the orbitals. In those elements, s-electrons "jump up" to d-shells more often
than expected with the full/half-full rule.

When ions of the transition metals form, they lose their s-electrons first, then they lose their
d-electrons if further ionized. For example, copper can form two different ions, and titanium
can form three:

Cu: [Ar]4s13d10
Cu+: [Ar]4s03d10
Cu2+: [Ar]4s03d9
Ti: [Ar]4s23d2
Ti2+: [Ar]4s03d2
Ti3+: [Ar]4s03d1
Ti4+: [Ar]4s03d0
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70.1.2 Colors

Transition metals and their oxides, when dissolved, form colored compounds. Group 1 and 2
metals are clear when dissolved and white when precipitated. Other metals, like lead, are
clear when dissolved and may have color when precipitated (lead precipitates are yellow).
Transition metals, on the other hand, are colored when dissolved. Different metals are known
for their specific colors, finding use as inks or paints.

Figure 175 Left to right: cobalt(II) nitrate (red); potassium dichromate (orange);
potassium chromate (yellow); nickel(II) chloride (green); copper(II) sulfate (blue);
potassium permanganate (purple).

70.2 Families

70.2.1 Coinage Metals

The "coinage metals" are copper3, silver4, gold5, and roentgenium6. These elements are used
for much more than just coins, and many other elements besides these are made into coins.
Furthermore, roentgenium is radioactive with a half-life of 3.6 seconds, making it useless for
commercial applications. Consequently, the "coinage metals" are more appropriately called
Group 11 (IB) elements.

Copper, silver, and gold, although relatively rare (copper), rare (silver), or extremely rare
(gold), are among the longest-known and most familiar elements. They are soft, shiny,
dense metals resistant to corrosion and very good conductors of electricity. Roentgenium,
a recently-discovered synthetic element, is so short-lived that its physical and chemical
properties are ill-defined.

3 http://en.wikipedia.org/wiki/Copper
4 http://en.wikipedia.org/wiki/Silver
5 http://en.wikipedia.org/wiki/Gold
6 http://en.wikipedia.org/wiki/Roentgenium
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Transition Metals

Copper is by far the most heavily used of these elements due to its electrical properties, its
commonness (contrasted to silver and gold) and the attractiveness of its alloys brass and
bronze. Until aluminum became commonplace, copper was second only to iron in production
among the metals.

Figure 176 Copper pipes

Figure 177 Silver, the shiniest

Figure 178 Gold

They are easy to identify when found because copper (reddish) and gold (yellow) are the
only two colored metals that people are likely to encounter. Silver is the shiniest of metals,
and it is usually found in the presence of copper or gold and gives an obvious contrast. They
are often found uncombined.
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Because of their softness they are easily struck as coins, and their comparative rarity and
attractiveness, along with their resistance to corrosion make them compact stores of wealth.
They are too soft to have structural value, but copper alloys with such elements as zinc and
tin to form harder brasses and bronzes. Brass and bronze were essential in the earliest metal
tools; without them, civilization as we know would be impossible. Gold and silver, due to
their attractiveness and their resistance to oxidation, have been used heavily in jewelry and
other ornamental works. Gold, although extremely expensive, is so malleable that at modest
cost a small amount can be pounded into a foil of extreme thinness that allows it to be used
as a covering of some architectural objects; a little gold goes a long way.

Copper oxidizes with some difficulty to the +1 state in halides and an oxide and to the +2
state in salts such as copper sulfate CuSO4. Soluble copper compounds are easily identified
by their distinctive blue-green color. Silver oxidizes to the +1 state in such substances as
silver nitrate AgNO3 and silver sulfide Ag2S, the latter the typical blackening of silver. Gold
oxidizes to the +1 and +3 state with great difficulty.

These elements are poor (copper) to extremely-poor (gold) reducing agents and their
compounds are very good oxidizing agents. Copper ions oxidize most metals:

Cu2+
(aq) +Fe(s)→ Cu(s) +Fe2+

(aq)

The reaction is even stronger with either silver or gold. In effect a solution of one of these
metals' salts plates most other metals.

Silver is most electrically conductive metal, followed by copper then gold. This makes copper
a favorite material for electrical wires. Gold-tipped wires are employed in situations that
need electrical precision (like high-quality audio) because gold will not tarnish (the tarnish
of copper is much less conductive).

70.2.2 Zinc Family

The Zinc Family is Group 12 (IIB) and consists of zinc7, cadmium8, mercury9, and
copernicum10.

Zinc, cadmium, and mercury are metals with low melting points for metals. This is because
they have an especially stable electron configuration. Mercury is so poor at forming metallic
bonds that it is liquid at room temperature.

7 http://en.wikipedia.org/wiki/zinc
8 http://en.wikipedia.org/wiki/cadmium
9 http://en.wikipedia.org/wiki/mercury
10 http://en.wikipedia.org/wiki/copernicum
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Figure 179 A zinc coin

Figure 180 Cadmium pieces

Figure 181 A puddle of mercury

Zinc and cadmium are soft metals that easily oxidize to the +2 oxidation state. Neither
of these two metals appears uncombined in nature. Zinc is heavily used in alloys with
copper to create a harder metal known as brass; as a coating for iron (the process is called
"galvanizing"), it oxidizes to form a protective layer of zinc oxide (ZnO) that protects the
iron from oxidation, also known as rust. Zinc oxide is much safer than lead oxide and is often
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used in white paint. Since 1982, zinc has been the main metal used in American pennies. It
is now used in new organ pipes.

Cadmium forms two substances, cadmium yellow (cadmium sulfide, CdS) and cadmium
red (cadmium selenide, CdSe) that appeared in paints. These paints had strong colors that
many of the great artists of the Impressionist periods cherished in their paintings. But
these substances are very poisonous, and painters who used them often died young and
crippled. Modern painters ordinarily use different paints that do not use these two poisonous
chemicals.

Mercury, in contrast, is a shiny liquid at room temperature and oxidizes with some difficulty.
It conducts electricity well. Because it is liquid it is an unusual metal—but it is a metal. It
has been used in thermometers (but not so often after it has been identified as a dangerous
poison) because it expands with heat and in switches where it can flow into a closed space
to close a circuit. Mercury oxidizes to the +2 state in mercuric chloride (HgCl2); in some
strange compounds, two mercury atoms share an electron and offer their "spare" electrons
to form substances in the +1 state, such as mercurous chloride (Hg2Cl2).

Zinc is an essential trace element for living things; it has some germicidal properties and is
toxic (poisonous) in large quantities. Zinc pennies should never be swallowed. Cadmium,
mercury, and their compounds are very dangerous poisons. Although mercury is attractive
and has remarkable properties, it should be used with extreme care, and only by workers
who have appropriate knowledge of its hazards.

The artificial Element 112 named copernicum in 2010 is probably part of this group in its
properties, but it is extremely difficult to produce and too unstable to have a well-defined
chemistry. Few atoms of this element have ever been made.

The elements of Groups 8, 9, and 10 are in two distinct groups: the common elements
iron, cobalt, and nickel of the upper row of transition metals and the platinum metals of
the second and third rows, and the far-scarcer platinum metals of the two lower rows of
transition elements.

70.3 Iron, cobalt, and nickel

These elements are fairly-good reducing agents -- so good that they rarely appear uncombined
in nature. Iron11 is by far the most common of these. One of the most common elements
in the universe, it is the heaviest metal that forms in normal fusion in stars (but only the
largest stars). Once a star begins to produce iron in its core, that star is doomed in short
order to a violent explosion that destroys the star and scatters its matter, including all of
the elements that it has formed in fusion.

Uncombined iron, cobalt, and nickel -- but especially iron -- are to be found in meteors, solid
objects that strike the earth. Iron is by far the most common of the transition elements,
and one of the most useful. It's hard to count all the uses of iron, the metal most used
(whether pure or in alloys) in almost all machines. Giant "glass box" skyscrapers depend
upon iron bars within their concrete "skeletons" to give them strength and stability. The

11 http://en.wikipedia.org/wiki/iron
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rails of railroads are long iron bars. Concrete highways and airstrips have iron re-enforcing
bars to give them the strength to hold heavy vehicles. The vehicles themselves are largely
iron and a harder material known as steel, an alloy of iron, carbon, and often metals other
than iron.

Iron is the cheapest of all structural metals. With some skill of an artisan known as a
blacksmith12 it can be worked into many useful objects such as horseshoes, nails, plows,
chains, pails, ladders, and many tools. In foundries, iron and steel are shaped in far greater
quantities into such objects as furniture and parts of aircraft, ships, motor vehicles, and
appliances.

Iron has one fault as a structural material: it rusts easily. In the presence of water (especially
salt water) it corrodes into oxides:

Fe(s) + 1/2 O2(g) → FeO(s) 2 Fe(s) + 3/2 O2(g) → Fe2O3(s)

and a mixed oxide known as hematite

2 Fe(s) + 3/2 O2(g) → Fe2O3(s)

one of the most common ores of iron. Iron oxides are mildly alkaline, so iron resists attacks
by alkalis; acids attack it. For example,

Fe (s) + H2SO4(l) → Fe2+(aq) + SO42-(aq) + H2(g)

Even a comparatively weak acid, like phosphoric acid, can attack iron oxide. This is the
"naval jelly" reaction that removes rust from iron:

FeO(s) + H3PO4(l) → Fe2+(aq) + HPO4(aq)
-2 + H2O(l)

A great advance of humanity, the beginning of the Iron Age, began when people found that
they could separate iron from oxygen by burning it with carbon (usually charcoal) which
can reduce iron oxides to iron:

Fe3O4(s) + 4 C(s) → 3 Fe(s) + 4 CO(g)

Much of existing economic activity depends upon the extraction of iron ore, the reduction
of iron ore to iron, the strengthening of iron to steel, the creation of iron and steel objects,
and the various practices used in protecting iron from corrosion.

Important as that activity is, our lives would be impossible without an important compound
of iron known as hemoglobin which carries oxygen through the bloodstream to cells where
the cells can use the oxygen to release energy from food also delivered to cells through the
bloodstream.

12 http://en.wikibooks.org/wiki/blacksmith
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Figure 182 two suspension bridges

Figure 183 an old iron plow

Figure 184 red blood cells contain
hemoglobin
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Figure 185 an electromagnet attracting
scrap iron

The earth itself has a hot, dense core of largely iron and nickel. At the temperatures
characteristic of the Earth's core the iron and nickel form a giant natural magnet that
creates a magnetic field that goes beyond the Earth itself into the atmosphere. That magnetic
field drives off much dangerous radiation that would kill life on the Earth's surface if it
reached the Earth's surface.

Cobalt and nickel are both far scarcer than iron and not as extensively used in commerce as
iron, although they have specialized uses.
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70.3.1 Platinum Family

The Platinum group metals are ruthenium13, rhodium14, palladium15, osmium16, iridium17,
and platinum18. These elements are found in the second two rows of Groups 8/9/10
(IIIB).

Unlike their lighter counterparts in Groups 8, 9, and 10 of these elements are resistant to
corrosion and tarnish. They serve as catalysts for many chemical reactions, speeding up
the reaction without being consumed by it.

Palladium, osmium, and the other platinum group metals absorb hydrogen when powdered.

Rhodium is used in catalytic converters—metallic structures found inside vehicles. Catalytic
converters convert nitric oxides (which are toxic pollutants) into elemental nitrogen and
oxygen (both of which make up breathable air):

2NOx→ xO2 +N2

That reaction would not occur without rhodium to serve as a catalyst.

13 http://en.wikipedia.org/wiki/ruthenium
14 http://en.wikipedia.org/wiki/rhodium
15 http://en.wikipedia.org/wiki/palladium
16 http://en.wikipedia.org/wiki/osmium
17 http://en.wikipedia.org/wiki/iridium
18 http://en.wikipedia.org/wiki/platinum
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71 Inner Transition Metals

71.1 Inner Transition Metals

The inner transition metals are found in the f-block, usually put at the bottom of the
Periodic Table1. These elements were sometimes called rare earth metals due to their
extremely low natural occurrence. Except for extremely-unstable promethium which quickly
decays to another lanthanoid metal, these elements are not rare. Indeed cerium is abundant
in Earth's crust.) Many of them do not occur naturally, but are instead created in labs
artificially. Furthermore, these elements all have nearly identical properties, both chemically
and physically, making them very difficult to identify and separate. They are almost as
reactive as the alkali metals, and all actinoids are radioactive, so they have little commercial
significance. However, the radioactive elements can be used in nuclear power plants or as
weapons.

Most of the inner transition metals form ions with a +3 charge. Some of the lighter actinoids
can use their f-electrons for bonding, giving them a wider range of oxidation states, but
the rest do not use f-electrons and have only a +3 oxidation state. Cerium is a notable
exception: it has a somewhat common +4 oxidation state, seen in curium(IV) oxide CeO2.

These elements tarnish quickly in oxygen. Some will ignite in oxygen. They react with water
to release hydrogen:

2M+ 3H2O→M2O3 + 3H2

71.1.1 Lanthanoids

Lanthanoids burn in oxygen easily and react violently with non-metals. They are used in
lasers and sometimes steels depending on the element.

Neodymium magnets (Nd2Fe14B) are the strongest known permanent magnets. Gadolinium
exhibits ferromagnetism below room temperature.

The terbium(III) cation is very fluorescent—it glows in the dark.

Lanthanoid contraction is a phenomenon that causes the lanthanoids (and all elements
after them) to have much smaller atomic radii than expected. The f-electrons do not shield
the nuclear charge as much as expected, so the outermost electrons are attracted to the
nucleus more.

1 http://en.wikibooks.org/wiki/General%20Chemistry%2FPeriodic%20Table
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71.1.2 Actinoids

Only thorium and uranium occur naturally in Earth's crust (along with neptunium and
plutonium in trace amounts).

The actinoids are radioactive and decay into more stable elements. The actinoids that do
not occur naturally have been created in labs for experiments and research.

71.2 Nuclear Chemistry

Figure 186 A nuclear reaction
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Throughout your study of General Chemistry, you have undoubtedly heard of "radioactive
elements" and "unstable isotopes". These elements are the study of nuclear chemistry.
Normal chemical reactions occur between atoms and electrons. Atoms gain, lose, and
share electrons to form different substances. Chemical reactions are essentially interactions
of electrons. Nuclear reactions, on the other hand, occur within the nucleus of an atom.
They involve the gaining, losing, and transformation of protons, neutrons, and sometimes
other particles (electrons and photons). Nuclear chemistry is something that you can study
only within your textbook—radioactive substances are deadly to living things, can cause
explosions, and are difficult to procure.

You should already know what isotopes are: elements with the same number of protons,
but different numbers of neutrons (and a different total mass). Some isotopes are stable and
do not decay. They last indefinitely. Other isotopes are unstable, meaning that they are
radioactive. They will undergo nuclear reactions to become a more stable isotope. Some
elements are always unstable, regardless of how many neutrons, so all of their isotopes are
unstable.

For example, carbon-12 (6 protons, 6 neutrons) is stable. Carbon-14 (6 protons, 8 neutrons)
is unstable and decays into nitrogen-14. This is unusual from a chemical point of view—there
is no way for an atom to change into a different element. This is nuclear chemistry, though,
and elements do change frequently in their quest to become more stable.

71.2.1 Stability

There is no formula or exact rule to determine which isotopes are stable and which are
unstable. That must be determined experimentally. Patterns have emerged throughout
the study of the elements, and there are some general guidelines you can use to guess if an
isotope will be stable or radioactive:

• Lighter elements are stable when they have roughly equal numbers of protons and
neutrons.

• Heavier elements are stable when they have more neutrons than protons in about a 3:2
ratio.

• Elements that have a "magic number" of protons or neutrons are especially stable: 2, 8,
20, 28, 50, 82, 126.

In regard to the magic numbers, notice how helium-4 (2 p, 2 n) is the most abundant isotope
in the universe. Lead-208 is the heaviest stable isotope known (82 p, 126 n). The air we
breathe is filled with oxygen-16 (8 p, 8 n). The stability of these isotopes is no coincidence.
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71.2.2 Fusion and Fission

Figure 187 The fusion reaction that powers the Sun

Fusion reactions take two small nuclei and "fuses" them together into one large nucleus.
Fission reactions split a large nucleus into smaller nuclei. Fission releases tremendous
amounts of energy, which is why fission reactions are used in both nuclear power plants (to
provide electricity to an entire city) and nuclear bombs (to destroy an entire city). Fusion
reactions release even greater amounts of energy, but they only occur at unfathomably high
temperatures. Fusion reactions occur in stars in outer space. Our sun is basically one giant
fusion reactor. Hydrogen nuclei fuse together into helium nuclei, releasing the light and heat
that warms our planet. Here are some example nuclear reactions:
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2
1H+6

3 Li→ 24
2He Fusion

235
92 U+1

0 n→141
52 Te+91

40 Zr+ 31
0n Fission

Notice that the Law of Conservation of Matter is bent but not broken. If you add up the
mass numbers, they will be equal on both sides of the reaction. The total charge numbers
will also be equal.

71.2.3 Decay Modes

An unstable isotope will decay to become more stable. There are many decay modes, but a
few are common:

Common Decay Modes

• Alpha decay releases an alpha particle (helium-4, 2 p + 2 n). Occurs when the
isotope is too big to be stable.

• Beta+ decay converts a neutron into a proton, releasing a beta particle (electron).
Occurs when there are too many neutrons to be stable.

• Beta— decay converts a proton into a neutron, releasing a beta particle (positron).
Occurs when there are too many protons to be stable.

• Gamma decay releases a gamma particle (photon). Occurs when the nucleus has
too much energy.

• Electron capture converts a proton into a neutron by absorbing an electron. Occurs
when there are too many protons to be stable.

As far as health concerns, alpha particles are the most dangerous. They can be inhaled,
causing bodily damage. They are heavy and have a double positive charge, but they are
easily stopped by a piece of paper or skin. Beta particles are simply electrons (or positrons,
an antielectron). They are somewhat dangerous, and they are stopped by a piece of wood
or aluminum foil. Gamma rays are only stopped by thick slabs of lead. They are essentially
x-rays that have extreme amounts of energy. Although they have the most energy, they only
cause damage to things directly exposed to a radioactive substance. The other particles are
worse because they can travel through the atmosphere.

A particular isotope always uses the same decay mode. These reactions will summarize the
decay modes (notice the law of conservation):

238
92 U→234

90 Th+4
2 He2+ Alpha decay

238
92 U→234

90 Th+α The same reaction, written with the more common nota-
tion.

137
55 Cs→137

56 Ba+0
−1 e

− Beta— decay
22
11Na→22

10 Ne+0
1 e

+ Beta+ decay
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72 Synthetic Elements

72.1 Short-lived natural elements and synthetic elements

91 elements of the known 118 elements occur naturally on Earth. The other seventeen --
all elements beyond plutonium on the Periodic table, and three others -- technetium (43
electrons), promethium (61), and neptunium (93) -- are too unstable to exist on Earth and
are not among the rare elements that are parts of the nuclear decay process of either thorium
or uranium. The elements that do not occur naturally are synthetic. Synthetic elements
are elements that have been created in a laboratory by artificial means. Synthetic elements
are very unstable and have few commercial purposes. They decay into other elements in a
fraction of a second. Most are created purely for research and experiment.

Synthetic elements are created in particle accelerators. Two smaller elements are accelerated
to incredible speeds and collided into each other. Their nuclei merge together into a larger
element. The element is studied by lab equipment before it decays.

Seven of the 91 naturally-occurring elements (polonium, astatine, radon, francium, radium,
actinium, and protactinium) exist only in the presence of naturally-occurring radioactive
elements uranium and thorium. These comprise all elements with atomic numbers 84 through
91 except for thorium (90). All isotopes of these elements are very short-lived, and those of
them in use are used only for their radioactive properties (most notably in radium, and then
as a desperate therapy for some cancers). Because of their short half-lives and the hazards
associated with their radioactivity the chemistries of these elements are often extremely
difficult to study.

72.1.1 Naming

Most synthetic elements have been named by the IUPAC, the international authority for
naming chemicals. They are named after famous scientists or places where the element was
formed. For example, einsteinium (Es, 99) and americium (Am, 95). Some elements are
too new to have official names. Before it can be named, an element must be discovered and
proven to exist by a scientist or team. Then, the element's discoverer(s) will be allowed to
choose a name. Until the element has a name, it is given a provisional name. Provisional
names are made of a chain of words, each representing a digit in the element's atomic number.
For example, ununseptium1 is element 117 , unnilpentium2 was element 105 (since renamed
as dubnium), and unbioctium would be element element 128 (not believed to exist).

1 http://en.wikibooks.org/wiki/ununseptium
2 http://en.wikibooks.org/wiki/unnilpentium
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Short-lived natural elements and synthetic elements

Atomic masses in brackets are the most stable isotope.

Chemical Series of the Periodic Table
Alkali metals1 Alkaline earths2 Lanthaniods3 Actinoids4 Transition

metals5
Poor metals6 Metalloids7 Nonmetals8 Halogens9 Noble gases10

1 Chapter 61 on page 287
2 Chapter 62 on page 293
3 Chapter 71.1.1 on page 353
4 Chapter 71.1.2 on page 354
5 Chapter 70 on page 341
6 http://en.wikibooks.org/wiki/General%20Chemistry%2FChemistries%20of%20Various%

20Elements
7 http://en.wikibooks.org/wiki/General%20Chemistry%2FChemistries%20of%20Various%

20Elements
8 http://en.wikibooks.org/wiki/General%20Chemistry%2FChemistries%20of%20Various%

20Elements
9 Chapter 67 on page 327
10 Chapter 68 on page 333
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74 Units of Measure

74.1 SI Fundamental Units

These are the seven basic SI units from which all other units are constructed.

Quantity Symbol Unit Unit Symbol
Length l metre m
Time t second s
Mass m kilogram kg
Thermodynamic temperature T kelvin K
Amount n mole mol
Electrical charge Q coulomb C
Luminous intensity IV candela cd

74.2 SI Derived Units

All other units are derived units. They are built from fundamental units. This is a small
selection of units that may be found in General Chemistry.

Quantity Symbol Unit Unit Sym-
bol

Derived
From

Force F newton N kg·m·s-2
Energy U joule J kg·m2·s-2
Pressure P pascal Pa kg·m-1·s-2
Power watt W kg·m2·s-3
Electrical current I ampere A C·s-1
Electrical potential V volt V J·C-1

74.3 SI Prefixes

A prefix appears before a unit's symbol when expressing very large or very small quantities.
For example: 0.001 kg = 1 g = 1000 mg.

1000n 10n Prefix Symbol Decimal
10008 1024 yotta Y 1 000 000 000 000 000 000 000 000
10007 1021 zetta Z 1 000 000 000 000 000 000 000
10006 1018 exa E 1 000 000 000 000 000 000
10005 1015 peta P 1 000 000 000 000 000
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1000n 10n Prefix Symbol Decimal
10004 1012 tera T 1 000 000 000 000
10003 109 giga G 1 000 000 000
10002 106 mega M 1 000 000
10001 103 kilo k 1 000

102 hecto h 100
101 deca da 10

10000 100 (none) (none) 1
10−1 deci d 0.1
10−2 centi c 0.01

1000−1 10−3 milli m 0.001
1000−2 10−6 micro µ 0.000 001
1000−3 10−9 nano n 0.000 000 001
1000−4 10−12 pico p 0.000 000 000 001
1000−5 10−15 femto f 0.000 000 000 000 001
1000−6 10−18 atto a 0.000 000 000 000 000 001
1000−7 10−21 zepto z 0.000 000 000 000 000 000 001
1000−8 10−24 yocto y 0.000 000 000 000 000 000 000 001

74.4 Solution Concentration Units

Quantity Symbol Units Description
Molarity M mol/L moles of solute per liter of solution
Molality m mol/kg moles of solute per kilogram of solvent
Mole Fraction χ (none) moles of solute per moles of solution
Parts per mil-
lion

ppm (none) milligrams of solute per kilogram of
solution

Parts per billion ppb (none) micrograms of solute per kilogram of
solution

74.5 Other Useful Units

74.5.1 Volume

Volume Unit Conversion Mass of Water (4 °C)
1 L = 1000 cm3 1 kg
1 cm3 = 1 m/L 1 kg
1 m3 = 1000 L 1000 kg

74.5.2 Pressure

Name Symbol Conversion
Atmosphere atm = 760 torr = 101.325 kPa
Pascal Pa ≈ 7.5 x 10-3 torr
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Other Useful Units

Name Symbol Conversion
Torr (mm Hg) torr ≈ 133.3 Pa
Pound-per-square inch psi ≈ 51.7 torr ≈ 6.894 kPa

74.5.3 Temperature

One degree Celsius is equal to one Kelvin (in magnitude).

Name Symbol Abs. Zero M.P. of Water B.P. of Water
Fahrenheit °F -456.67 °F 32 °F 212 °F
Celsius °C -273.15 °C 0 °C 100 °C
Kelvin K 0 K 273.15 K 373.15 K

* Notice it is not "degrees Kelvin".
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75 Constants

75.1 Useful Physical/Chemical Constants

Constant Value
Avogadro's Number NA = 6.022 14 × 1023 mol-1
Faraday Constant F = 96 485.33 C mol-1
Atomic Mass Constant 1 amu = 1.660 538 × 10-27 kg
Molar Gas Constant R = 8.314 4 J mol-1 K-1

Molar Gas Constant R = 0.082 057 46 L atm K-1
 mol-1

Coulomb's Constant ke = 8.987 551 × 109 N m2 C-2

Speed of Light (Vacuum) c = 299 792 458 m s-1
Boltzmann Constant k = 1.380 65 × 10-23 J K-1

Charge on a Proton/Electron e = 1.602 176 × 10-19 C

These constants were obtained from The NIST Reference on Constants, Units and Uncer-
tainty1.

it:Chimica generale/Costanti2

1 http://physics.nist.gov/cuu/
2 http://it.wikibooks.org/wiki/Chimica%20generale%2FCostanti
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76 Useful Equations

76.0.1 General

Density mass
volume

Moles given mass (g)
gram formula mass

Percent Error measured−accepted
accepted ×100%

Percent Composition (by mass) mass of part
mass of whole ×100%

Molarity moles of solute
volume of solution

76.0.2 Atomic Structure

Symbol Meaning Symbol Meaning
E energy c speed of light
f frequency λ wavelength
Q charge r distance
ke Coulomb's constant h Plank's constant

Energy of Wave E = hf
Wave Relation c= λf

Coulomb's Law Fe = ke
Q1Q2

r2

76.0.3 Solutions, Liquids, and Gases

Symbol Meaning
P pressure
V volume
n number of moles
T temperature (in Kelvin)
Kf molal freezing point constant
Kb molal boiling point constant
χ mole fraction
m molality
M molarity

Rauolt's Law Psolution = P1χ1 +P2χ2 + . . .
Boiling Point Elevation ∆Tsolution =Kb ·msolute

Freezing Point Depression ∆Tsolution =Kf ·msolute
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Useful Equations

Ideal Gas Law PV = nRT

Combined Gas Law P1V1
n1T1

= P2V2
n2T2

Titration MAVA =MBVB

Dilution M1V1 =M2V2

76.0.4 Equilibrium

Symbol Meaning
Keq equilibrium constant (general)
Kp pressure equilibrium constant
Kc concentration equilibrium constant
R gas law constant
T temperature (in Kelvin)
∆n moles of product – moles of reactant

pH pH =− log [H+]
pOH pOH =− log [OH−]
(for water) pH + pOH = 14
Pressure/Concentration Kp =Kc(RT )∆n

Equilibrium,
for a reaction aA + bB→ cC +dD

Keq = [C]c[D]d
[A]a[B]b

76.0.5 Thermochemistry

Symbol Meaning
q heat energy
m mass
C specific heat
T temperature (in Kelvin)

Heat Transfer q =mC∆T
Enthalpy ∆H =Hproducts−Hreactants

Entropy ∆S = Sproducts−Sreactants

Free Energy ∆G= ∆H−T∆S
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77 Standard Reduction Potentials

Half Reaction Eo (V)
F2(g) + 2 e- → 2 F- 2.87
Co3+ + e- → Co2+ 1.82
Au3+ + 3e- → Au(s) 1.50
Cl2 (g) + 2 e- → 2 Cl- 1.36
O2 (g) + 4 H+ + 4 e- → 2 H2O(l) 1.23
Br2(l) + 2 e- → 2 Br- 1.07
2 Hg2+ + 2 e- → Hg22+ 0.92
Ag+ + e- → Ag(s) 0.80
Hg22+ + 2 e- → 2 Hg (l) 0.79
Fe3+ + e- → Fe2+ 0.77
I2(s) + 2 e- → 2 I- 0.53
Cu+ + e- → Cu(s) 0.52
Cu2++ 2 e- → Cu(s) 0.34
Cu2++ e- → Cu+ 0.15
Sn4+ + 2 e- → Sn2+ 0.15
S(s) + 2 H+ + 2e- → H2S(g) 0.15
2 H+ + 2 e- → H2(g) 0.00
Pb2+ + 2 e- → Pb(s) -0.13
Sn2+ + 2 e- → Sn(s) -0.14
Ni2+ + 2 e- → Ni(s) -0.25
Co2+ + 2 e- → Co(s) -0.28
Tl+ + e- → Tl(s) -0.34
Cd2+ + 2 e- → Cd(s) -0.40
Cr3+ + e- → Cr2+ -0.41
Fe2+ + 2 e- → Fe(s) -0.44
Cr3+ + 3 e- → Cr(s) -0.74
Zn2+ + 2 e- → Zn(s) -0.76
Mn2+ + 2 e- → Mn(s) -1.18
Al3+ + 3 e- → Al(s) -1.66
Be2+ + 2 e- → Be(s) -1.70
Mg2+ + 2 e- → Mg(s) -2.37
Na+ + e- → Na(s) -2.71
Ca2+ + 2 e- → Ca(s) -2.87
Sr2+ + 2 e- → Sr(s) -2.89
Ba2+ + 2 e- → Ba(s) -2.90
Rb+ + e- → Rb(s) -2.92
K+ + e- → K(s) -2.92
Cs+ + e- → Cs(s) -2.92
Li+ + e- → Li(s) -3.05

373





78 Elements and their Properties

375



Elements and their Properties

N
am

e
Sy

m
bo

l
N
um

-
be

r
A
to
m
ic

m
as
s

D
en

si
ty

at
20
°C

(g
/c
m

3
)

M
el
t-

in
g

po
in
t

(°
C
)

B
oi
lin

g
po

in
t

(°
C
)

P
ha

se
*

O
xi
da

-
ti
on

**

A
ct
in
iu
m

A
c

89
22

7.
02

78
10

.0
7

10
47

31
97

S
+
3

A
lu
-

m
in
iu
m

A
l

13
26

.9
82

2.
70

66
0.
5

24
67

S
+
3

A
m
er
i-

ci
um

A
m

95
(2
43

)
13

.6
7

99
4

26
07

X
S

+
3
+
4

+
5
+
6

A
nt
i-

m
on

y
Sb

51
12

1.
75

6.
69

63
0.
7

17
50

S
-3

+
3

+
5

A
rg
on

A
r

18
39

.9
48

1.
66

-1
89

.4
-1
85

.9
G

0
A
rs
en

ic
A
s

33
74

.9
21

59
5.
72

61
3
(s
ub

-
lim

at
io
n)

61
3

S
-3

+
3

+
5

A
st
at
in
e

A
t

85
20

9.
98

71
7
(a
p-

pr
ox
.)

30
2

33
7

S
+
1
+
3

(p
ro
b.
)

B
ar
iu
m

B
a

56
13

7.
32

7
3.
65

72
5

16
40

S
+
2

B
er
ke
-

liu
m

B
k

97
(2
47

)
13

.2
5

98
6

71
0

X
S

+
3
+
4

B
er
yl
-

liu
m

B
e

4
9.
01

21
82

1.
85

12
78

29
70

S
+
2

B
ism

ut
h

B
i

83
20
8.
98
03
7

9.
80

27
1.
4

15
60

S
+
3
+
5

B
oh

riu
m

B
h

10
7

38
(e
st
.)

X
S

B
or
on

B
5

10
.8
11

2.
46

23
00

25
50

S
+
3

B
ro
m
in
e

B
r

35
79

.9
04

3.
14

-7
.3

58
.8

D
L

-1
+
1

+
5

C
ad

-
m
iu
m

C
d

48
11

2.
41

1
8.
64

32
1

76
5

S
+
2

C
ae
siu

m
C
s

55
13
2.
90
54
3

1.
90

28
.4

69
0

S
+
1

C
al
ci
um

C
a

20
40

.0
78

1.
54

83
9

14
87

S
+
2

376



Useful Physical/Chemical Constants

N
am

e
Sy

m
bo

l
N
um

-
be

r
A
to
m
ic

m
as
s

D
en

si
ty

at
20
°C

(g
/c
m

3
)

M
el
t-

in
g

po
in
t

(°
C
)

B
oi
lin

g
po

in
t

(°
C
)

P
ha

se
*

O
xi
da

-
ti
on

**

C
al
i-

fo
rn
iu
m

C
f

98
(2
51

)
15

.1
X

S
+
3

C
ar
bo

n
C

6
12

.0
11

3.
51

35
50

48
27

S
-4

+
2

+
4

C
er
iu
m

C
e

58
14

0.
11

5
6.
77

79
8

32
57

S
+
3
+
4

C
hl
or
in
e

C
l

17
35

.4
52

7
2.
95

-1
01

-3
4.
6

D
G

-1
+
1

+
3
+
5

+
7

C
hr
om

iu
m

C
r

24
51

.9
96

1
7.
14

18
57

24
82

S
+
2
+
3

+
6

C
ob

al
t

C
o

27
58

.9
33

2
8.
89

14
95

28
70

S
+
2
+
3

C
op

pe
r

C
u

29
63

.5
46

8.
92

10
83

.5
25

95
S

+
1
+
2

C
op

er
ni
-

ci
um

C
n

11
2

13
.5
33

6
X

L

C
ur
iu
m

C
m

96
(2
47

)
13

.5
1

10
67

31
10

X
S

+
3

D
ar
m
-

st
ad

tiu
m

D
s

11
0

21
.4
6

X
S

D
ub

ni
um

D
b

10
5

39
(e
st
.)

X
S

D
ys
pr
o-

siu
m

D
y

66
16

2.
5

8.
56

14
09

23
35

S
+
3

E
in
-

st
ei
ni
um

Es
99

(2
52

)
13

.5
(e
st
.)

86
0

X
S

Er
bi
um

Er
68

16
7.
26

9.
05

15
22

25
10

S
+
3

E
u-

ro
pi
um

Eu
63

15
1.
96

5
5.
25

82
2

15
97

S
+
2
+
3

Fe
rm

iu
m

Fm
10

0
(2
57

)
27

81
X

S
Fl
uo

rin
e

F
9

18
.9
98
40
32

1.
58

-2
19

.6
-1
88

.1
D

G
-1

377



Elements and their Properties

N
am

e
Sy

m
bo

l
N
um

-
be

r
A
to
m
ic

m
as
s

D
en

si
ty

at
20
°C

(g
/c
m

3
)

M
el
t-

in
g

po
in
t

(°
C
)

B
oi
lin

g
po

in
t

(°
C
)

P
ha

se
*

O
xi
da

-
ti
on

**

Fr
an

ci
um

Fr
87

22
3.
01

97
1.
87

27
67

7
S

+
1

G
ad

ol
in
-

iu
m

G
d

64
15

7.
25

7.
89

13
11

32
33

S
+
3

G
al
liu

m
G
a

31
69

.7
23

5.
91

29
.8

24
03

S
+
3

G
er
m
a-

ni
um

G
e

32
72

.6
1

5.
32

93
7.
4

28
30

S
-4

+
2

+
4

G
ol
d

A
u

79
19
6.
96
65
4

19
.3
2

10
64

.4
29

40
S

+
1
+
3

H
af
ni
um

H
f

72
17

8.
49

13
.3
1

21
50

54
00

S
+
4

H
as
siu

m
H
s

10
8

41
(e
st
.)

X
S

H
el
iu
m

H
e

2
4.
00

26
02

0.
17

-2
73

(n
/a

)
-2
68

.9
G

0

H
ol
m
iu
m

H
o

67
16
4.
93
03
2

8.
78

14
70

27
20

S
+
3

H
yd

ro
-

ge
n

H
1

1.
00

79
4

0.
08

4
-2
59

.1
-2
52

.9
D

G
+
1
-1

In
di
um

In
49

11
4.
82

7.
31

15
6.
2

20
80

S
+
3

Io
di
ne

I
53

12
6.
90
44
7

4.
94

11
3.
5

18
4.
4

D
S

-1
+
1

+
5
+
7

Ir
id
iu
m

Ir
77

19
2.
22

22
.6
5

24
10

41
30

S
+
3
+
4

Ir
on

Fe
26

55
.8
47

7.
87

15
35

27
50

S
+
2
+
3

K
ry
pt
on

K
r

36
83

.8
3.
48

-1
56

.6
-1
52

.3
G

0
+
2

La
n-

th
an

um
La

57
13

8.
90

55
6.
16

92
0

34
54

S
+
3

La
w
re
n-

ci
um

Lr
10

3
(2
63

)
9.
84

29
61

X
S

Le
ad

Pb
82

20
7.
2

11
.3
4

32
7.
5

17
40

S
+
2
+
4

Li
th
iu
m

Li
3

6.
94

1
0.
53

18
0.
5

13
17

S
+
1

Lu
te
tiu

m
Lu

71
17

4.
96

7
9.
84

16
56

33
15

S
+
3

378



Useful Physical/Chemical Constants

N
am

e
Sy

m
bo

l
N
um

-
be

r
A
to
m
ic

m
as
s

D
en

si
ty

at
20
°C

(g
/c
m

3
)

M
el
t-

in
g

po
in
t

(°
C
)

B
oi
lin

g
po

in
t

(°
C
)

P
ha

se
*

O
xi
da

-
ti
on

**

M
ag

ne
-

siu
m

M
g

12
24

.3
05

1.
74

64
8.
8

11
07

S
+
2

M
an

-
ga

ne
se

M
n

25
54

.9
38

05
7.
44

12
44

20
97

S
+
2
+
3

+
4
+
7

M
ei
tn
er
-

iu
m

M
t

10
9

35
(e
st
.)

X
S

M
en

de
le
-

vi
um

M
d

10
1

(2
58

)
15

21
X

S

M
er
cu

ry
H
g

80
20

0.
59

13
.5
5

-3
8.
9

35
6.
6

L
+
1
+
2

M
ol
yb

de
-

nu
m

M
o

42
95

.9
4

10
.2
8

26
17

55
60

S
+
3
+
6

N
eo
dy

m
iu
m
N
d

60
14

4.
24

7.
00

10
10

31
27

S
+
3

N
eo
n

N
e

10
20

.1
79

7
0.
84

-2
48

.7
-2
46

.1
G

0
N
ep

tu
-

ni
um

N
p

93
(2
37

)
20

.4
8

64
0

39
02

S
+
3
+
4

+
5
+
6

N
ic
ke
l

N
i

28
58

.6
9

8.
91

14
53

27
32

S
+
2
+
3

N
io
bi
um

N
b

41
92

.9
06

38
8.
58

24
68

49
27

S
+
3
+
5

N
itr

og
en

N
7

14
.0
06

74
1.
17

-2
09

.9
-1
95

.8
D

G
-3

+
3

+
5

N
o-

be
liu

m
N
o

10
2

(2
59

)
15

21
X

S

O
sm

iu
m

O
s

76
19

0.
2

22
.6
1

30
45

50
27

S
+
3
+
4

O
xy

ge
n

O
8

15
.9
99

4
1.
33

-2
18

.4
-1
82

.9
D

G
-2

Pa
lla

-
di
um

Pd
46

10
6.
42

12
.0
2

15
52

31
40

S
+
2
+
4

P
ho

sp
ho

-
ru
s

P
15

30
.9
73
76
2

1.
82

44
(P

4)
28

0
(P

4)
S

-3
+
3

+
5

379



Elements and their Properties

N
am

e
Sy

m
bo

l
N
um

-
be

r
A
to
m
ic

m
as
s

D
en

si
ty

at
20
°C

(g
/c
m

3
)

M
el
t-

in
g

po
in
t

(°
C
)

B
oi
lin

g
po

in
t

(°
C
)

P
ha

se
*

O
xi
da

-
ti
on

**

Pl
at
in
um

Pt
78

19
5.
08

21
.4
5

17
72

38
27

S
+
2
+
4

P
lu
to
-

ni
um

Pu
94

(2
44

)
19

.7
4

64
1

33
27

S
+
3
+
4

+
5
+
6

Po
lo
ni
um

Po
84

20
8.
98

24
9.
20

25
4

96
2

S
+
2
+
4

Po
ta
s-

siu
m

K
19

39
.0
98

3
0.
86

63
.7

77
4

S
+
1

Pr
as
eo
dy

m
iu
mPr

59
14
0.
90
76
5

6.
48

93
1

32
12

S
+
3

P
ro
m
e-

th
iu
m

Pm
61

14
6.
91

51
7.
22

10
80

27
30

S
+
3

P
ro
ta
c-

tin
iu
m

Pa
91

23
1.
03

59
15

.3
7

15
54

40
30

S
+
4
+
5

R
ad

iu
m

R
a

88
22

6.
02

54
5.
50

70
0

11
40

S
+
2

R
ad

on
R
n

86
22

2.
01

76
9.
23

-7
1

-6
1.
8

G
0

R
he

ni
um

R
e

75
18

6.
20

7
21

.0
3

31
80

56
27

S
+
4
+
6

+
7

R
ho

di
um

R
h

45
10

2.
90

55
12

.4
1

19
66

37
27

S
+
3

R
oe
nt
ge
-

ni
um

R
g

11
1

19
.2
82

X
S

R
ub

id
-

iu
m

R
b

37
85

.4
67

8
1.
53

39
68

8
S

+
1

R
ut
he

-
ni
um

R
u

44
10

1.
07

12
.4
5

23
10

39
00

S
+
3

R
ut
he

r-
fo
rd
iu
m

R
f

10
4

18
.1

X
S

Sa
m
ar
-

iu
m

Sm
62

15
0.
36

7.
54

10
72

17
78

S
+
2
+
3

380



Useful Physical/Chemical Constants

N
am

e
Sy

m
bo

l
N
um

-
be

r
A
to
m
ic

m
as
s

D
en

si
ty

at
20
°C

(g
/c
m

3
)

M
el
t-

in
g

po
in
t

(°
C
)

B
oi
lin

g
po

in
t

(°
C
)

P
ha

se
*

O
xi
da

-
ti
on

**

Sc
an

-
di
um

Sc
21

44
.9
55

91
2.
99

15
39

28
32

S
+
3

Se
ab

or
gi
um

Sg
10

6
35

(e
st
.)

X
S

Se
le
ni
um

Se
34

78
.9
6

4.
82

21
7

68
5

S
-2

+
4

+
6

Si
lv
er

A
g

47
10

7.
86

82
10

.4
9

96
1.
9

22
12

S
+
1

Si
lic

on
Si

14
28

.0
85

5
2.
33

14
10

23
55

S
-4

+
2

+
4

So
di
um

N
a

11
22
.9
89
76
8

0.
97

97
.8

89
2

S
+
1

St
ro
n-

tiu
m

Sr
38

87
.6
2

2.
63

76
9

13
84

S
+
2

Su
lfu

r
S

16
32

.0
66

2.
06

11
3

44
4.
7

S
-2

+
4

+
6

Ta
nt
a-

lu
m

Ta
73

18
0.
94

79
16

.6
8

29
96

54
25

S
+
5

Te
ch
-

ne
tiu

m
Tc

43
98

.9
06

3
11

.4
9

21
72

50
30

S
+
4
+
6

+
7

Te
l-

lu
riu

m
Te

52
12

7.
6

6.
25

44
9.
6

99
0

S
-2

+
4

+
6

Te
rb
iu
m

T
b

65
15
8.
92
53
4

8.
25

13
60

30
41

S
+
3

T
ha

lli
um

T
l

81
20

4.
38

33
11

.8
5

30
3.
6

14
57

S
+
1
+
3

T
ho

riu
m

T
h

90
23

2.
03

81
11

.7
2

17
50

47
87

S
+
4

T
hu

liu
m

T
m

69
16
8.
93
42
1

9.
32

15
45

17
27

S
+
3

T
in

Sn
50

11
8.
71

7.
29

23
2

22
70

S
+
2
+
4

T
ita

ni
um

T
i

22
47

.8
8

4.
51

16
60

32
60

S
+
2
+
3

+
4

Tu
ng

st
en

W
74

18
3.
85

19
.2
6

34
07

59
27

S
+
6

381



Elements and their Properties

N
am

e
Sy

m
bo

l
N
um

-
be

r
A
to
m
ic

m
as
s

D
en

si
ty

at
20
°C

(g
/c
m

3
)

M
el
t-

in
g

po
in
t

(°
C
)

B
oi
lin

g
po

in
t

(°
C
)

P
ha

se
*

O
xi
da

-
ti
on

**

U
nu

nh
ex
-

iu
m

U
uh

11
6

9.
32

X

U
nu

no
c-

tiu
m

U
uo

11
8

X

U
nu

np
en
-

tiu
m

U
up

11
5

9.
80

7
X

U
nu

nq
ua

-
di
um

U
uq

11
4

11
.3
42

X

U
nu

ns
ep

-
tiu

m
U
us

11
7

X

U
nu

n-
tr
iu
m

U
ut

11
3

11
.8
5

X

U
ra
ni
um

U
92

23
8.
02

89
18

.9
7

11
32

.4
38

18
S

+
3
+
4

+
5
+
6

Va
na

-
di
um

V
23

50
.9
41

5
6.
09

18
90

33
80

S
+
2
+
3

+
4
+
5

X
en

on
X
e

54
13

1.
29

4.
49

-1
11

.9
-1
07

G
0
+
2
+
4

+
6

Y
tt
er
-

bi
um

Y
b

70
17

3.
04

6.
97

82
4

11
93

S
+
2
+
3

Y
tt
riu

m
Y

39
88

.9
05

85
4.
47

15
23

33
37

S
+
3

Zi
nc

Zn
30

65
.3
9

7.
14

41
9.
6

90
7

S
+
2

Zi
rc
o-

ni
um

Zr
40

91
.2
24

6.
51

18
52

43
77

S
+
4

382



Useful Physical/Chemical Constants

(*) Phase at STP, where S is solid, L is liquid, and G is gas. X is for synthetic (laboratory)
elements, and D is for diatomic elements.

(**) Most common oxidation states, not an exhaustive list.

Atomic weights in parentheses are the atomic weights for the most stable isotope. de:Übersicht
über die chemischen Elemente1

1 http://de.wikibooks.org/wiki/%DCbersicht%20%FCber%20die%20chemischen%20Elemente
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79 GNU Free Documentation License

1. REDIRECT Wikibooks:GNU Free Documentation License1

1 http://en.wikibooks.org/wiki/GNU%20Free%20Documentation%20License
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81.1 GNU GENERAL PUBLIC LICENSE
Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc.
<http://fsf.org/>

Everyone is permitted to copy and distribute verba-
tim copies of this license document, but changing
it is not allowed. Preamble

The GNU General Public License is a free, copyleft
license for software and other kinds of works.

The licenses for most software and other practi-
cal works are designed to take away your freedom
to share and change the works. By contrast, the
GNU General Public License is intended to guaran-
tee your freedom to share and change all versions
of a program–to make sure it remains free software
for all its users. We, the Free Software Foundation,
use the GNU General Public License for most of our
software; it applies also to any other work released
this way by its authors. You can apply it to your
programs, too.

When we speak of free software, we are referring
to freedom, not price. Our General Public Li-
censes are designed to make sure that you have
the freedom to distribute copies of free software
(and charge for them if you wish), that you receive
source code or can get it if you want it, that you
can change the software or use pieces of it in new
free programs, and that you know you can do these
things.

To protect your rights, we need to prevent others
from denying you these rights or asking you to sur-
render the rights. Therefore, you have certain re-
sponsibilities if you distribute copies of the soft-
ware, or if you modify it: responsibilities to respect
the freedom of others.

For example, if you distribute copies of such a pro-
gram, whether gratis or for a fee, you must pass
on to the recipients the same freedoms that you re-
ceived. You must make sure that they, too, receive
or can get the source code. And you must show
them these terms so they know their rights.

Developers that use the GNU GPL protect your
rights with two steps: (1) assert copyright on the
software, and (2) offer you this License giving you
legal permission to copy, distribute and/or modify
it.

For the developers’ and authors’ protection, the
GPL clearly explains that there is no warranty for
this free software. For both users’ and authors’
sake, the GPL requires that modified versions be
marked as changed, so that their problems will not
be attributed erroneously to authors of previous
versions.

Some devices are designed to deny users access to
install or run modified versions of the software in-
side them, although the manufacturer can do so.
This is fundamentally incompatible with the aim
of protecting users’ freedom to change the software.
The systematic pattern of such abuse occurs in the
area of products for individuals to use, which is
precisely where it is most unacceptable. Therefore,
we have designed this version of the GPL to pro-
hibit the practice for those products. If such prob-
lems arise substantially in other domains, we stand
ready to extend this provision to those domains in
future versions of the GPL, as needed to protect
the freedom of users.

Finally, every program is threatened constantly by
software patents. States should not allow patents
to restrict development and use of software on
general-purpose computers, but in those that do,
we wish to avoid the special danger that patents
applied to a free program could make it effectively
proprietary. To prevent this, the GPL assures that
patents cannot be used to render the program non-
free.

The precise terms and conditions for copying, dis-
tribution and modification follow. TERMS AND
CONDITIONS 0. Definitions.

“This License” refers to version 3 of the GNU Gen-
eral Public License.

“Copyright” also means copyright-like laws that ap-
ply to other kinds of works, such as semiconductor
masks.

“The Program” refers to any copyrightable work
licensed under this License. Each licensee is ad-
dressed as “you”. “Licensees” and “recipients” may
be individuals or organizations.

To “modify” a work means to copy from or adapt
all or part of the work in a fashion requiring copy-
right permission, other than the making of an exact
copy. The resulting work is called a “modified ver-
sion” of the earlier work or a work “based on” the
earlier work.

A “covered work” means either the unmodified Pro-
gram or a work based on the Program.

To “propagate” a work means to do anything with it
that, without permission, would make you directly
or secondarily liable for infringement under appli-
cable copyright law, except executing it on a com-
puter or modifying a private copy. Propagation in-
cludes copying, distribution (with or without mod-
ification), making available to the public, and in
some countries other activities as well.

To “convey” a work means any kind of propagation
that enables other parties to make or receive copies.
Mere interaction with a user through a computer

network, with no transfer of a copy, is not convey-
ing.

An interactive user interface displays “Appropriate
Legal Notices” to the extent that it includes a con-
venient and prominently visible feature that (1) dis-
plays an appropriate copyright notice, and (2) tells
the user that there is no warranty for the work (ex-
cept to the extent that warranties are provided),
that licensees may convey the work under this Li-
cense, and how to view a copy of this License. If
the interface presents a list of user commands or
options, such as a menu, a prominent item in the
list meets this criterion. 1. Source Code.

The “source code” for a work means the preferred
form of the work for making modifications to it.
“Object code” means any non-source form of a
work.

A “Standard Interface” means an interface that ei-
ther is an official standard defined by a recognized
standards body, or, in the case of interfaces spec-
ified for a particular programming language, one
that is widely used among developers working in
that language.

The “System Libraries” of an executable work in-
clude anything, other than the work as a whole,
that (a) is included in the normal form of packag-
ing a Major Component, but which is not part of
that Major Component, and (b) serves only to en-
able use of the work with that Major Component,
or to implement a Standard Interface for which an
implementation is available to the public in source
code form. A “Major Component”, in this context,
means a major essential component (kernel, window
system, and so on) of the specific operating system
(if any) on which the executable work runs, or a
compiler used to produce the work, or an object
code interpreter used to run it.

The “Corresponding Source” for a work in object
code form means all the source code needed to gen-
erate, install, and (for an executable work) run
the object code and to modify the work, including
scripts to control those activities. However, it does
not include the work’s System Libraries, or general-
purpose tools or generally available free programs
which are used unmodified in performing those ac-
tivities but which are not part of the work. For
example, Corresponding Source includes interface
definition files associated with source files for the
work, and the source code for shared libraries and
dynamically linked subprograms that the work is
specifically designed to require, such as by intimate
data communication or control flow between those
subprograms and other parts of the work.

The Corresponding Source need not include any-
thing that users can regenerate automatically from
other parts of the Corresponding Source.

The Corresponding Source for a work in source code
form is that same work. 2. Basic Permissions.

All rights granted under this License are granted
for the term of copyright on the Program, and are
irrevocable provided the stated conditions are met.
This License explicitly affirms your unlimited per-
mission to run the unmodified Program. The out-
put from running a covered work is covered by this
License only if the output, given its content, con-
stitutes a covered work. This License acknowledges
your rights of fair use or other equivalent, as pro-
vided by copyright law.

You may make, run and propagate covered works
that you do not convey, without conditions so long
as your license otherwise remains in force. You may
convey covered works to others for the sole purpose
of having them make modifications exclusively for
you, or provide you with facilities for running those
works, provided that you comply with the terms
of this License in conveying all material for which
you do not control copyright. Those thus making or
running the covered works for you must do so exclu-
sively on your behalf, under your direction and con-
trol, on terms that prohibit them from making any
copies of your copyrighted material outside their
relationship with you.

Conveying under any other circumstances is permit-
ted solely under the conditions stated below. Subli-
censing is not allowed; section 10 makes it unneces-
sary. 3. Protecting Users’ Legal Rights From Anti-
Circumvention Law.

No covered work shall be deemed part of an effec-
tive technological measure under any applicable law
fulfilling obligations under article 11 of the WIPO
copyright treaty adopted on 20 December 1996, or
similar laws prohibiting or restricting circumven-
tion of such measures.

When you convey a covered work, you waive any
legal power to forbid circumvention of technologi-
cal measures to the extent such circumvention is ef-
fected by exercising rights under this License with
respect to the covered work, and you disclaim any
intention to limit operation or modification of the
work as a means of enforcing, against the work’s
users, your or third parties’ legal rights to forbid
circumvention of technological measures. 4. Con-
veying Verbatim Copies.

You may convey verbatim copies of the Program’s
source code as you receive it, in any medium, pro-
vided that you conspicuously and appropriately
publish on each copy an appropriate copyright no-
tice; keep intact all notices stating that this License
and any non-permissive terms added in accord with
section 7 apply to the code; keep intact all notices
of the absence of any warranty; and give all recipi-
ents a copy of this License along with the Program.

You may charge any price or no price for each copy
that you convey, and you may offer support or war-
ranty protection for a fee. 5. Conveying Modified
Source Versions.

You may convey a work based on the Program, or
the modifications to produce it from the Program,
in the form of source code under the terms of sec-
tion 4, provided that you also meet all of these con-
ditions:

* a) The work must carry prominent notices stating
that you modified it, and giving a relevant date. *
b) The work must carry prominent notices stating
that it is released under this License and any con-
ditions added under section 7. This requirement
modifies the requirement in section 4 to “keep in-
tact all notices”. * c) You must license the entire
work, as a whole, under this License to anyone who
comes into possession of a copy. This License will
therefore apply, along with any applicable section 7
additional terms, to the whole of the work, and all
its parts, regardless of how they are packaged. This
License gives no permission to license the work in
any other way, but it does not invalidate such per-
mission if you have separately received it. * d) If
the work has interactive user interfaces, each must
display Appropriate Legal Notices; however, if the
Program has interactive interfaces that do not dis-
play Appropriate Legal Notices, your work need not
make them do so.

A compilation of a covered work with other sepa-
rate and independent works, which are not by their
nature extensions of the covered work, and which
are not combined with it such as to form a larger
program, in or on a volume of a storage or distri-
bution medium, is called an “aggregate” if the com-
pilation and its resulting copyright are not used to
limit the access or legal rights of the compilation’s
users beyond what the individual works permit. In-
clusion of a covered work in an aggregate does not
cause this License to apply to the other parts of the
aggregate. 6. Conveying Non-Source Forms.

You may convey a covered work in object code form
under the terms of sections 4 and 5, provided that
you also convey the machine-readable Correspond-
ing Source under the terms of this License, in one
of these ways:

* a) Convey the object code in, or embodied in,
a physical product (including a physical distribu-
tion medium), accompanied by the Corresponding
Source fixed on a durable physical medium custom-
arily used for software interchange. * b) Convey the
object code in, or embodied in, a physical product
(including a physical distribution medium), accom-
panied by a written offer, valid for at least three
years and valid for as long as you offer spare parts
or customer support for that product model, to
give anyone who possesses the object code either
(1) a copy of the Corresponding Source for all the
software in the product that is covered by this Li-
cense, on a durable physical medium customarily
used for software interchange, for a price no more
than your reasonable cost of physically performing
this conveying of source, or (2) access to copy the
Corresponding Source from a network server at no
charge. * c) Convey individual copies of the object
code with a copy of the written offer to provide
the Corresponding Source. This alternative is al-
lowed only occasionally and noncommercially, and
only if you received the object code with such an of-
fer, in accord with subsection 6b. * d) Convey the
object code by offering access from a designated
place (gratis or for a charge), and offer equivalent
access to the Corresponding Source in the same way
through the same place at no further charge. You
need not require recipients to copy the Correspond-
ing Source along with the object code. If the place
to copy the object code is a network server, the Cor-
responding Source may be on a different server (op-
erated by you or a third party) that supports equiv-
alent copying facilities, provided you maintain clear
directions next to the object code saying where to
find the Corresponding Source. Regardless of what
server hosts the Corresponding Source, you remain
obligated to ensure that it is available for as long
as needed to satisfy these requirements. * e) Con-
vey the object code using peer-to-peer transmission,
provided you inform other peers where the object
code and Corresponding Source of the work are be-
ing offered to the general public at no charge under
subsection 6d.

A separable portion of the object code, whose
source code is excluded from the Corresponding
Source as a System Library, need not be included
in conveying the object code work.

A “User Product” is either (1) a “consumer prod-
uct”, which means any tangible personal property
which is normally used for personal, family, or
household purposes, or (2) anything designed or
sold for incorporation into a dwelling. In deter-
mining whether a product is a consumer product,
doubtful cases shall be resolved in favor of cover-
age. For a particular product received by a par-
ticular user, “normally used” refers to a typical or
common use of that class of product, regardless of
the status of the particular user or of the way in
which the particular user actually uses, or expects
or is expected to use, the product. A product is a
consumer product regardless of whether the prod-
uct has substantial commercial, industrial or non-
consumer uses, unless such uses represent the only
significant mode of use of the product.

“Installation Information” for a User Product
means any methods, procedures, authorization
keys, or other information required to install and
execute modified versions of a covered work in that
User Product from a modified version of its Corre-
sponding Source. The information must suffice to
ensure that the continued functioning of the modi-
fied object code is in no case prevented or interfered
with solely because modification has been made.

If you convey an object code work under this sec-
tion in, or with, or specifically for use in, a User
Product, and the conveying occurs as part of a
transaction in which the right of possession and
use of the User Product is transferred to the re-
cipient in perpetuity or for a fixed term (regard-
less of how the transaction is characterized), the
Corresponding Source conveyed under this section
must be accompanied by the Installation Informa-
tion. But this requirement does not apply if neither
you nor any third party retains the ability to install
modified object code on the User Product (for ex-
ample, the work has been installed in ROM).

The requirement to provide Installation Informa-
tion does not include a requirement to continue to
provide support service, warranty, or updates for a
work that has been modified or installed by the re-
cipient, or for the User Product in which it has been
modified or installed. Access to a network may be
denied when the modification itself materially and
adversely affects the operation of the network or
violates the rules and protocols for communication
across the network.

Corresponding Source conveyed, and Installation
Information provided, in accord with this section
must be in a format that is publicly documented
(and with an implementation available to the public
in source code form), and must require no special
password or key for unpacking, reading or copying.
7. Additional Terms.

“Additional permissions” are terms that supplement
the terms of this License by making exceptions from
one or more of its conditions. Additional permis-
sions that are applicable to the entire Program
shall be treated as though they were included in
this License, to the extent that they are valid un-
der applicable law. If additional permissions apply
only to part of the Program, that part may be used
separately under those permissions, but the entire
Program remains governed by this License without
regard to the additional permissions.

When you convey a copy of a covered work, you may
at your option remove any additional permissions
from that copy, or from any part of it. (Additional
permissions may be written to require their own re-
moval in certain cases when you modify the work.)
You may place additional permissions on material,
added by you to a covered work, for which you have
or can give appropriate copyright permission.

Notwithstanding any other provision of this Li-
cense, for material you add to a covered work, you
may (if authorized by the copyright holders of that
material) supplement the terms of this License with
terms:

* a) Disclaiming warranty or limiting liability dif-
ferently from the terms of sections 15 and 16 of this
License; or * b) Requiring preservation of specified
reasonable legal notices or author attributions in
that material or in the Appropriate Legal Notices
displayed by works containing it; or * c) Prohibit-
ing misrepresentation of the origin of that material,
or requiring that modified versions of such material
be marked in reasonable ways as different from the
original version; or * d) Limiting the use for pub-
licity purposes of names of licensors or authors of
the material; or * e) Declining to grant rights under
trademark law for use of some trade names, trade-
marks, or service marks; or * f) Requiring indem-
nification of licensors and authors of that material
by anyone who conveys the material (or modified
versions of it) with contractual assumptions of lia-
bility to the recipient, for any liability that these
contractual assumptions directly impose on those
licensors and authors.

All other non-permissive additional terms are con-
sidered “further restrictions” within the meaning of
section 10. If the Program as you received it, or any
part of it, contains a notice stating that it is gov-
erned by this License along with a term that is a
further restriction, you may remove that term. If a
license document contains a further restriction but
permits relicensing or conveying under this License,
you may add to a covered work material governed
by the terms of that license document, provided
that the further restriction does not survive such
relicensing or conveying.

If you add terms to a covered work in accord with
this section, you must place, in the relevant source
files, a statement of the additional terms that ap-
ply to those files, or a notice indicating where to
find the applicable terms.

Additional terms, permissive or non-permissive,
may be stated in the form of a separately written
license, or stated as exceptions; the above require-
ments apply either way. 8. Termination.

You may not propagate or modify a covered work
except as expressly provided under this License.
Any attempt otherwise to propagate or modify it is
void, and will automatically terminate your rights
under this License (including any patent licenses
granted under the third paragraph of section 11).

However, if you cease all violation of this License,
then your license from a particular copyright holder
is reinstated (a) provisionally, unless and until the
copyright holder explicitly and finally terminates
your license, and (b) permanently, if the copyright
holder fails to notify you of the violation by some
reasonable means prior to 60 days after the cessa-
tion.

Moreover, your license from a particular copyright
holder is reinstated permanently if the copyright
holder notifies you of the violation by some reason-
able means, this is the first time you have received
notice of violation of this License (for any work)
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from that copyright holder, and you cure the vi-
olation prior to 30 days after your receipt of the
notice.

Termination of your rights under this section does
not terminate the licenses of parties who have re-
ceived copies or rights from you under this License.
If your rights have been terminated and not perma-
nently reinstated, you do not qualify to receive new
licenses for the same material under section 10. 9.
Acceptance Not Required for Having Copies.

You are not required to accept this License in or-
der to receive or run a copy of the Program. Ancil-
lary propagation of a covered work occurring solely
as a consequence of using peer-to-peer transmission
to receive a copy likewise does not require accep-
tance. However, nothing other than this License
grants you permission to propagate or modify any
covered work. These actions infringe copyright if
you do not accept this License. Therefore, by mod-
ifying or propagating a covered work, you indicate
your acceptance of this License to do so. 10. Auto-
matic Licensing of Downstream Recipients.

Each time you convey a covered work, the recipient
automatically receives a license from the original
licensors, to run, modify and propagate that work,
subject to this License. You are not responsible
for enforcing compliance by third parties with this
License.

An “entity transaction” is a transaction transfer-
ring control of an organization, or substantially all
assets of one, or subdividing an organization, or
merging organizations. If propagation of a cov-
ered work results from an entity transaction, each
party to that transaction who receives a copy of the
work also receives whatever licenses to the work the
party’s predecessor in interest had or could give un-
der the previous paragraph, plus a right to posses-
sion of the Corresponding Source of the work from
the predecessor in interest, if the predecessor has it
or can get it with reasonable efforts.

You may not impose any further restrictions on the
exercise of the rights granted or affirmed under this
License. For example, you may not impose a license
fee, royalty, or other charge for exercise of rights
granted under this License, and you may not ini-
tiate litigation (including a cross-claim or counter-
claim in a lawsuit) alleging that any patent claim
is infringed by making, using, selling, offering for
sale, or importing the Program or any portion of it.
11. Patents.

A “contributor” is a copyright holder who autho-
rizes use under this License of the Program or a
work on which the Program is based. The work
thus licensed is called the contributor’s “contribu-
tor version”.

A contributor’s “essential patent claims” are all
patent claims owned or controlled by the contribu-
tor, whether already acquired or hereafter acquired,
that would be infringed by some manner, permit-
ted by this License, of making, using, or selling its
contributor version, but do not include claims that
would be infringed only as a consequence of further
modification of the contributor version. For pur-
poses of this definition, “control” includes the right
to grant patent sublicenses in a manner consistent
with the requirements of this License.

Each contributor grants you a non-exclusive, world-
wide, royalty-free patent license under the contrib-
utor’s essential patent claims, to make, use, sell, of-
fer for sale, import and otherwise run, modify and
propagate the contents of its contributor version.

In the following three paragraphs, a “patent li-
cense” is any express agreement or commitment,
however denominated, not to enforce a patent (such
as an express permission to practice a patent or
covenant not to sue for patent infringement). To
“grant” such a patent license to a party means to
make such an agreement or commitment not to en-
force a patent against the party.

If you convey a covered work, knowingly relying
on a patent license, and the Corresponding Source
of the work is not available for anyone to copy,
free of charge and under the terms of this License,
through a publicly available network server or other
readily accessible means, then you must either (1)
cause the Corresponding Source to be so available,
or (2) arrange to deprive yourself of the benefit
of the patent license for this particular work, or
(3) arrange, in a manner consistent with the re-
quirements of this License, to extend the patent
license to downstream recipients. “Knowingly re-
lying” means you have actual knowledge that, but
for the patent license, your conveying the covered
work in a country, or your recipient’s use of the cov-
ered work in a country, would infringe one or more
identifiable patents in that country that you have
reason to believe are valid.

If, pursuant to or in connection with a single trans-
action or arrangement, you convey, or propagate
by procuring conveyance of, a covered work, and
grant a patent license to some of the parties re-
ceiving the covered work authorizing them to use,
propagate, modify or convey a specific copy of the
covered work, then the patent license you grant is
automatically extended to all recipients of the cov-
ered work and works based on it.

A patent license is “discriminatory” if it does not in-
clude within the scope of its coverage, prohibits the
exercise of, or is conditioned on the non-exercise
of one or more of the rights that are specifically
granted under this License. You may not convey a
covered work if you are a party to an arrangement
with a third party that is in the business of dis-
tributing software, under which you make payment
to the third party based on the extent of your ac-
tivity of conveying the work, and under which the
third party grants, to any of the parties who would
receive the covered work from you, a discrimina-
tory patent license (a) in connection with copies
of the covered work conveyed by you (or copies
made from those copies), or (b) primarily for and in
connection with specific products or compilations
that contain the covered work, unless you entered
into that arrangement, or that patent license was
granted, prior to 28 March 2007.

Nothing in this License shall be construed as ex-
cluding or limiting any implied license or other de-
fenses to infringement that may otherwise be avail-
able to you under applicable patent law. 12. No
Surrender of Others’ Freedom.

If conditions are imposed on you (whether by court
order, agreement or otherwise) that contradict the
conditions of this License, they do not excuse you
from the conditions of this License. If you cannot
convey a covered work so as to satisfy simultane-
ously your obligations under this License and any
other pertinent obligations, then as a consequence
you may not convey it at all. For example, if you
agree to terms that obligate you to collect a roy-
alty for further conveying from those to whom you
convey the Program, the only way you could satisfy
both those terms and this License would be to re-
frain entirely from conveying the Program. 13. Use
with the GNU Affero General Public License.

Notwithstanding any other provision of this Li-
cense, you have permission to link or combine any
covered work with a work licensed under version
3 of the GNU Affero General Public License into
a single combined work, and to convey the result-
ing work. The terms of this License will continue
to apply to the part which is the covered work, but
the special requirements of the GNU Affero General
Public License, section 13, concerning interaction
through a network will apply to the combination
as such. 14. Revised Versions of this License.

The Free Software Foundation may publish revised
and/or new versions of the GNU General Public Li-
cense from time to time. Such new versions will be
similar in spirit to the present version, but may dif-
fer in detail to address new problems or concerns.

Each version is given a distinguishing version num-
ber. If the Program specifies that a certain num-
bered version of the GNU General Public License
“or any later version” applies to it, you have the
option of following the terms and conditions either
of that numbered version or of any later version
published by the Free Software Foundation. If the
Program does not specify a version number of the
GNU General Public License, you may choose any
version ever published by the Free Software Foun-
dation.

If the Program specifies that a proxy can decide
which future versions of the GNU General Public
License can be used, that proxy’s public statement
of acceptance of a version permanently authorizes
you to choose that version for the Program.

Later license versions may give you additional or
different permissions. However, no additional obli-
gations are imposed on any author or copyright
holder as a result of your choosing to follow a later
version. 15. Disclaimer of Warranty.

THERE IS NO WARRANTY FOR THE PRO-
GRAM, TO THE EXTENT PERMITTED BY AP-
PLICABLE LAW. EXCEPT WHEN OTHERWISE
STATED IN WRITING THE COPYRIGHT HOLD-
ERS AND/OR OTHER PARTIES PROVIDE THE
PROGRAM “AS IS” WITHOUT WARRANTY OF
ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IM-
PLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE.
THE ENTIRE RISK AS TO THE QUALITY AND
PERFORMANCE OF THE PROGRAM IS WITH
YOU. SHOULD THE PROGRAM PROVE DEFEC-
TIVE, YOU ASSUME THE COST OF ALL NECES-
SARY SERVICING, REPAIR OR CORRECTION.
16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY APPLI-
CABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY
OTHER PARTY WHO MODIFIES AND/OR CON-
VEYS THE PROGRAM AS PERMITTED ABOVE,
BE LIABLE TO YOU FOR DAMAGES, IN-
CLUDING ANY GENERAL, SPECIAL, INCIDEN-
TAL OR CONSEQUENTIAL DAMAGES ARISING
OUT OF THE USE OR INABILITY TO USE
THE PROGRAM (INCLUDING BUT NOT LIM-
ITED TO LOSS OF DATA OR DATA BEING REN-
DERED INACCURATE OR LOSSES SUSTAINED
BY YOU OR THIRD PARTIES OR A FAILURE
OF THE PROGRAM TO OPERATE WITH ANY
OTHER PROGRAMS), EVEN IF SUCH HOLDER
OR OTHER PARTY HAS BEEN ADVISED OF
THE POSSIBILITY OF SUCH DAMAGES. 17. In-
terpretation of Sections 15 and 16.

If the disclaimer of warranty and limitation of lia-
bility provided above cannot be given local legal ef-

fect according to their terms, reviewing courts shall
apply local law that most closely approximates an
absolute waiver of all civil liability in connection
with the Program, unless a warranty or assumption
of liability accompanies a copy of the Program in
return for a fee.

END OF TERMS AND CONDITIONS How to Ap-
ply These Terms to Your New Programs

If you develop a new program, and you want it to
be of the greatest possible use to the public, the
best way to achieve this is to make it free software
which everyone can redistribute and change under
these terms.

To do so, attach the following notices to the pro-
gram. It is safest to attach them to the start of
each source file to most effectively state the exclu-
sion of warranty; and each file should have at least
the “copyright” line and a pointer to where the full
notice is found.

<one line to give the program’s name and a brief
idea of what it does.> Copyright (C) <year>
<name of author>

This program is free software: you can redistribute
it and/or modify it under the terms of the GNU
General Public License as published by the Free
Software Foundation, either version 3 of the Li-
cense, or (at your option) any later version.

This program is distributed in the hope that
it will be useful, but WITHOUT ANY WAR-
RANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PAR-
TICULAR PURPOSE. See the GNU General Public
License for more details.

You should have received a copy of the GNU Gen-
eral Public License along with this program. If not,
see <http://www.gnu.org/licenses/>.

Also add information on how to contact you by elec-
tronic and paper mail.

If the program does terminal interaction, make it
output a short notice like this when it starts in an
interactive mode:

<program> Copyright (C) <year> <name of au-
thor> This program comes with ABSOLUTELY
NO WARRANTY; for details type ‘show w’. This is
free software, and you are welcome to redistribute it
under certain conditions; type ‘show c’ for details.

The hypothetical commands ‘show w’ and ‘show c’
should show the appropriate parts of the General
Public License. Of course, your program’s com-
mands might be different; for a GUI interface, you
would use an “about box”.

You should also get your employer (if you work
as a programmer) or school, if any, to sign a
“copyright disclaimer” for the program, if nec-
essary. For more information on this, and
how to apply and follow the GNU GPL, see
<http://www.gnu.org/licenses/>.

The GNU General Public License does not permit
incorporating your program into proprietary pro-
grams. If your program is a subroutine library, you
may consider it more useful to permit linking pro-
prietary applications with the library. If this is
what you want to do, use the GNU Lesser General
Public License instead of this License. But first,
please read <http://www.gnu.org/philosophy/why-
not-lgpl.html>.

81.2 GNU Free Documentation License
Version 1.3, 3 November 2008

Copyright © 2000, 2001, 2002, 2007, 2008 Free Soft-
ware Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verba-
tim copies of this license document, but changing
it is not allowed. 0. PREAMBLE

The purpose of this License is to make a manual,
textbook, or other functional and useful document
"free" in the sense of freedom: to assure everyone
the effective freedom to copy and redistribute it,
with or without modifying it, either commercially
or noncommercially. Secondarily, this License pre-
serves for the author and publisher a way to get
credit for their work, while not being considered
responsible for modifications made by others.

This License is a kind of "copyleft", which means
that derivative works of the document must them-
selves be free in the same sense. It complements
the GNU General Public License, which is a copy-
left license designed for free software.

We have designed this License in order to use it
for manuals for free software, because free software
needs free documentation: a free program should
come with manuals providing the same freedoms
that the software does. But this License is not lim-
ited to software manuals; it can be used for any tex-
tual work, regardless of subject matter or whether
it is published as a printed book. We recommend
this License principally for works whose purpose is
instruction or reference. 1. APPLICABILITY AND
DEFINITIONS

This License applies to any manual or other work,
in any medium, that contains a notice placed by the
copyright holder saying it can be distributed under
the terms of this License. Such a notice grants a
world-wide, royalty-free license, unlimited in dura-
tion, to use that work under the conditions stated
herein. The "Document", below, refers to any such
manual or work. Any member of the public is a li-
censee, and is addressed as "you". You accept the
license if you copy, modify or distribute the work
in a way requiring permission under copyright law.

A "Modified Version" of the Document means any
work containing the Document or a portion of it, ei-
ther copied verbatim, or with modifications and/or
translated into another language.

A "Secondary Section" is a named appendix or a
front-matter section of the Document that deals ex-
clusively with the relationship of the publishers or

authors of the Document to the Document’s overall
subject (or to related matters) and contains noth-
ing that could fall directly within that overall sub-
ject. (Thus, if the Document is in part a textbook
of mathematics, a Secondary Section may not ex-
plain any mathematics.) The relationship could be
a matter of historical connection with the subject
or with related matters, or of legal, commercial,
philosophical, ethical or political position regard-
ing them.

The "Invariant Sections" are certain Secondary Sec-
tions whose titles are designated, as being those of
Invariant Sections, in the notice that says that the
Document is released under this License. If a sec-
tion does not fit the above definition of Secondary
then it is not allowed to be designated as Invariant.
The Document may contain zero Invariant Sections.
If the Document does not identify any Invariant
Sections then there are none.

The "Cover Texts" are certain short passages of text
that are listed, as Front-Cover Texts or Back-Cover
Texts, in the notice that says that the Document is
released under this License. A Front-Cover Text
may be at most 5 words, and a Back-Cover Text
may be at most 25 words.

A "Transparent" copy of the Document means a
machine-readable copy, represented in a format
whose specification is available to the general pub-
lic, that is suitable for revising the document
straightforwardly with generic text editors or (for
images composed of pixels) generic paint programs
or (for drawings) some widely available drawing ed-
itor, and that is suitable for input to text format-
ters or for automatic translation to a variety of for-
mats suitable for input to text formatters. A copy
made in an otherwise Transparent file format whose
markup, or absence of markup, has been arranged
to thwart or discourage subsequent modification by
readers is not Transparent. An image format is not
Transparent if used for any substantial amount of
text. A copy that is not "Transparent" is called
"Opaque".

Examples of suitable formats for Transparent
copies include plain ASCII without markup, Tex-
info input format, LaTeX input format, SGML or
XML using a publicly available DTD, and standard-
conforming simple HTML, PostScript or PDF de-
signed for human modification. Examples of trans-
parent image formats include PNG, XCF and JPG.
Opaque formats include proprietary formats that
can be read and edited only by proprietary word
processors, SGML or XML for which the DTD
and/or processing tools are not generally available,
and the machine-generated HTML, PostScript or

PDF produced by some word processors for output
purposes only.

The "Title Page" means, for a printed book, the
title page itself, plus such following pages as are
needed to hold, legibly, the material this License
requires to appear in the title page. For works in
formats which do not have any title page as such,
"Title Page" means the text near the most promi-
nent appearance of the work’s title, preceding the
beginning of the body of the text.

The "publisher" means any person or entity that
distributes copies of the Document to the public.

A section "Entitled XYZ" means a named subunit
of the Document whose title either is precisely XYZ
or contains XYZ in parentheses following text that
translates XYZ in another language. (Here XYZ
stands for a specific section name mentioned below,
such as "Acknowledgements", "Dedications", "En-
dorsements", or "History".) To "Preserve the Title"
of such a section when you modify the Document
means that it remains a section "Entitled XYZ" ac-
cording to this definition.

The Document may include Warranty Disclaimers
next to the notice which states that this License
applies to the Document. These Warranty Dis-
claimers are considered to be included by reference
in this License, but only as regards disclaiming war-
ranties: any other implication that these Warranty
Disclaimers may have is void and has no effect on
the meaning of this License. 2. VERBATIM COPY-
ING

You may copy and distribute the Document in any
medium, either commercially or noncommercially,
provided that this License, the copyright notices,
and the license notice saying this License applies to
the Document are reproduced in all copies, and that
you add no other conditions whatsoever to those
of this License. You may not use technical mea-
sures to obstruct or control the reading or further
copying of the copies you make or distribute. How-
ever, you may accept compensation in exchange for
copies. If you distribute a large enough number of
copies you must also follow the conditions in sec-
tion 3.

You may also lend copies, under the same condi-
tions stated above, and you may publicly display
copies. 3. COPYING IN QUANTITY

If you publish printed copies (or copies in media
that commonly have printed covers) of the Doc-
ument, numbering more than 100, and the Doc-
ument’s license notice requires Cover Texts, you

must enclose the copies in covers that carry, clearly
and legibly, all these Cover Texts: Front-Cover
Texts on the front cover, and Back-Cover Texts
on the back cover. Both covers must also clearly
and legibly identify you as the publisher of these
copies. The front cover must present the full title
with all words of the title equally prominent and
visible. You may add other material on the covers
in addition. Copying with changes limited to the
covers, as long as they preserve the title of the Doc-
ument and satisfy these conditions, can be treated
as verbatim copying in other respects.

If the required texts for either cover are too volu-
minous to fit legibly, you should put the first ones
listed (as many as fit reasonably) on the actual
cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the
Document numbering more than 100, you must ei-
ther include a machine-readable Transparent copy
along with each Opaque copy, or state in or with
each Opaque copy a computer-network location
from which the general network-using public has
access to download using public-standard network
protocols a complete Transparent copy of the Doc-
ument, free of added material. If you use the lat-
ter option, you must take reasonably prudent steps,
when you begin distribution of Opaque copies in
quantity, to ensure that this Transparent copy will
remain thus accessible at the stated location until
at least one year after the last time you distribute
an Opaque copy (directly or through your agents or
retailers) of that edition to the public.

It is requested, but not required, that you con-
tact the authors of the Document well before redis-
tributing any large number of copies, to give them
a chance to provide you with an updated version of
the Document. 4. MODIFICATIONS

You may copy and distribute a Modified Version of
the Document under the conditions of sections 2
and 3 above, provided that you release the Modi-
fied Version under precisely this License, with the
Modified Version filling the role of the Document,
thus licensing distribution and modification of the
Modified Version to whoever possesses a copy of it.
In addition, you must do these things in the Modi-
fied Version:

* A. Use in the Title Page (and on the covers, if
any) a title distinct from that of the Document,
and from those of previous versions (which should,
if there were any, be listed in the History section
of the Document). You may use the same title as
a previous version if the original publisher of that
version gives permission. * B. List on the Title
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Page, as authors, one or more persons or entities
responsible for authorship of the modifications in
the Modified Version, together with at least five of
the principal authors of the Document (all of its
principal authors, if it has fewer than five), unless
they release you from this requirement. * C. State
on the Title page the name of the publisher of the
Modified Version, as the publisher. * D. Preserve
all the copyright notices of the Document. * E. Add
an appropriate copyright notice for your modifica-
tions adjacent to the other copyright notices. * F.
Include, immediately after the copyright notices, a
license notice giving the public permission to use
the Modified Version under the terms of this Li-
cense, in the form shown in the Addendum below. *
G. Preserve in that license notice the full lists of In-
variant Sections and required Cover Texts given in
the Document’s license notice. * H. Include an unal-
tered copy of this License. * I. Preserve the section
Entitled "History", Preserve its Title, and add to it
an item stating at least the title, year, new authors,
and publisher of the Modified Version as given on
the Title Page. If there is no section Entitled "His-
tory" in the Document, create one stating the title,
year, authors, and publisher of the Document as
given on its Title Page, then add an item describ-
ing the Modified Version as stated in the previous
sentence. * J. Preserve the network location, if any,
given in the Document for public access to a Trans-
parent copy of the Document, and likewise the net-
work locations given in the Document for previous
versions it was based on. These may be placed in
the "History" section. You may omit a network lo-
cation for a work that was published at least four
years before the Document itself, or if the original
publisher of the version it refers to gives permission.
* K. For any section Entitled "Acknowledgements"
or "Dedications", Preserve the Title of the section,
and preserve in the section all the substance and
tone of each of the contributor acknowledgements
and/or dedications given therein. * L. Preserve all
the Invariant Sections of the Document, unaltered
in their text and in their titles. Section numbers or
the equivalent are not considered part of the section
titles. * M. Delete any section Entitled "Endorse-
ments". Such a section may not be included in the
Modified Version. * N. Do not retitle any existing
section to be Entitled "Endorsements" or to conflict
in title with any Invariant Section. * O. Preserve
any Warranty Disclaimers.

If the Modified Version includes new front-matter
sections or appendices that qualify as Secondary
Sections and contain no material copied from the
Document, you may at your option designate some
or all of these sections as invariant. To do this, add
their titles to the list of Invariant Sections in the
Modified Version’s license notice. These titles must
be distinct from any other section titles.

You may add a section Entitled "Endorsements",
provided it contains nothing but endorsements of
your Modified Version by various parties—for ex-
ample, statements of peer review or that the text
has been approved by an organization as the au-
thoritative definition of a standard.

You may add a passage of up to five words as a
Front-Cover Text, and a passage of up to 25 words
as a Back-Cover Text, to the end of the list of Cover
Texts in the Modified Version. Only one passage of
Front-Cover Text and one of Back-Cover Text may
be added by (or through arrangements made by)
any one entity. If the Document already includes
a cover text for the same cover, previously added
by you or by arrangement made by the same entity
you are acting on behalf of, you may not add an-

other; but you may replace the old one, on explicit
permission from the previous publisher that added
the old one.

The author(s) and publisher(s) of the Document do
not by this License give permission to use their
names for publicity for or to assert or imply en-
dorsement of any Modified Version. 5. COMBIN-
ING DOCUMENTS

You may combine the Document with other docu-
ments released under this License, under the terms
defined in section 4 above for modified versions,
provided that you include in the combination all
of the Invariant Sections of all of the original doc-
uments, unmodified, and list them all as Invariant
Sections of your combined work in its license no-
tice, and that you preserve all their Warranty Dis-
claimers.

The combined work need only contain one copy of
this License, and multiple identical Invariant Sec-
tions may be replaced with a single copy. If there
are multiple Invariant Sections with the same name
but different contents, make the title of each such
section unique by adding at the end of it, in paren-
theses, the name of the original author or publisher
of that section if known, or else a unique number.
Make the same adjustment to the section titles in
the list of Invariant Sections in the license notice
of the combined work.

In the combination, you must combine any sections
Entitled "History" in the various original docu-
ments, forming one section Entitled "History"; like-
wise combine any sections Entitled "Acknowledge-
ments", and any sections Entitled "Dedications".
You must delete all sections Entitled "Endorse-
ments". 6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Docu-
ment and other documents released under this Li-
cense, and replace the individual copies of this Li-
cense in the various documents with a single copy
that is included in the collection, provided that you
follow the rules of this License for verbatim copying
of each of the documents in all other respects.

You may extract a single document from such a col-
lection, and distribute it individually under this Li-
cense, provided you insert a copy of this License
into the extracted document, and follow this Li-
cense in all other respects regarding verbatim copy-
ing of that document. 7. AGGREGATION WITH
INDEPENDENT WORKS

A compilation of the Document or its derivatives
with other separate and independent documents or
works, in or on a volume of a storage or distribution
medium, is called an "aggregate" if the copyright re-
sulting from the compilation is not used to limit the
legal rights of the compilation’s users beyond what
the individual works permit. When the Document
is included in an aggregate, this License does not
apply to the other works in the aggregate which are
not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is appli-
cable to these copies of the Document, then if the
Document is less than one half of the entire aggre-
gate, the Document’s Cover Texts may be placed
on covers that bracket the Document within the
aggregate, or the electronic equivalent of covers
if the Document is in electronic form. Otherwise
they must appear on printed covers that bracket
the whole aggregate. 8. TRANSLATION

Translation is considered a kind of modification, so
you may distribute translations of the Document
under the terms of section 4. Replacing Invariant
Sections with translations requires special permis-
sion from their copyright holders, but you may in-
clude translations of some or all Invariant Sections
in addition to the original versions of these Invari-
ant Sections. You may include a translation of this
License, and all the license notices in the Document,
and any Warranty Disclaimers, provided that you
also include the original English version of this Li-
cense and the original versions of those notices and
disclaimers. In case of a disagreement between the
translation and the original version of this License
or a notice or disclaimer, the original version will
prevail.

If a section in the Document is Entitled "Acknowl-
edgements", "Dedications", or "History", the re-
quirement (section 4) to Preserve its Title (section
1) will typically require changing the actual title.
9. TERMINATION

You may not copy, modify, sublicense, or distribute
the Document except as expressly provided under
this License. Any attempt otherwise to copy, mod-
ify, sublicense, or distribute it is void, and will
automatically terminate your rights under this Li-
cense.

However, if you cease all violation of this License,
then your license from a particular copyright holder
is reinstated (a) provisionally, unless and until the
copyright holder explicitly and finally terminates
your license, and (b) permanently, if the copyright
holder fails to notify you of the violation by some
reasonable means prior to 60 days after the cessa-
tion.

Moreover, your license from a particular copyright
holder is reinstated permanently if the copyright
holder notifies you of the violation by some reason-
able means, this is the first time you have received
notice of violation of this License (for any work)
from that copyright holder, and you cure the vi-
olation prior to 30 days after your receipt of the
notice.

Termination of your rights under this section does
not terminate the licenses of parties who have re-
ceived copies or rights from you under this License.
If your rights have been terminated and not perma-
nently reinstated, receipt of a copy of some or all
of the same material does not give you any rights
to use it. 10. FUTURE REVISIONS OF THIS LI-
CENSE

The Free Software Foundation may publish new, re-
vised versions of the GNU Free Documentation Li-
cense from time to time. Such new versions will be
similar in spirit to the present version, but may dif-
fer in detail to address new problems or concerns.
See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguish-
ing version number. If the Document specifies that
a particular numbered version of this License "or
any later version" applies to it, you have the op-
tion of following the terms and conditions either of
that specified version or of any later version that
has been published (not as a draft) by the Free Soft-
ware Foundation. If the Document does not specify
a version number of this License, you may choose
any version ever published (not as a draft) by the
Free Software Foundation. If the Document speci-
fies that a proxy can decide which future versions of

this License can be used, that proxy’s public state-
ment of acceptance of a version permanently autho-
rizes you to choose that version for the Document.
11. RELICENSING

"Massive Multiauthor Collaboration Site" (or
"MMC Site") means any World Wide Web server
that publishes copyrightable works and also pro-
vides prominent facilities for anybody to edit those
works. A public wiki that anybody can edit is
an example of such a server. A "Massive Multiau-
thor Collaboration" (or "MMC") contained in the
site means any set of copyrightable works thus pub-
lished on the MMC site.

"CC-BY-SA" means the Creative Commons
Attribution-Share Alike 3.0 license published by
Creative Commons Corporation, a not-for-profit
corporation with a principal place of business in
San Francisco, California, as well as future copyleft
versions of that license published by that same
organization.

"Incorporate" means to publish or republish a Doc-
ument, in whole or in part, as part of another Doc-
ument.

An MMC is "eligible for relicensing" if it is licensed
under this License, and if all works that were first
published under this License somewhere other than
this MMC, and subsequently incorporated in whole
or in part into the MMC, (1) had no cover texts or
invariant sections, and (2) were thus incorporated
prior to November 1, 2008.

The operator of an MMC Site may republish an
MMC contained in the site under CC-BY-SA on the
same site at any time before August 1, 2009, pro-
vided the MMC is eligible for relicensing. ADDEN-
DUM: How to use this License for your documents

To use this License in a document you have written,
include a copy of the License in the document and
put the following copyright and license notices just
after the title page:

Copyright (C) YEAR YOUR NAME. Permission is
granted to copy, distribute and/or modify this doc-
ument under the terms of the GNU Free Documen-
tation License, Version 1.3 or any later version pub-
lished by the Free Software Foundation; with no
Invariant Sections, no Front-Cover Texts, and no
Back-Cover Texts. A copy of the license is included
in the section entitled "GNU Free Documentation
License".

If you have Invariant Sections, Front-Cover Texts
and Back-Cover Texts, replace the "with . . .
Texts." line with this:

with the Invariant Sections being LIST THEIR TI-
TLES, with the Front-Cover Texts being LIST, and
with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts,
or some other combination of the three, merge
those two alternatives to suit the situation.

If your document contains nontrivial examples of
program code, we recommend releasing these exam-
ples in parallel under your choice of free software
license, such as the GNU General Public License,
to permit their use in free software.

81.3 GNU Lesser General Public License
GNU LESSER GENERAL PUBLIC LICENSE

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc.
<http://fsf.org/>

Everyone is permitted to copy and distribute verba-
tim copies of this license document, but changing
it is not allowed.

This version of the GNU Lesser General Public Li-
cense incorporates the terms and conditions of ver-
sion 3 of the GNU General Public License, supple-
mented by the additional permissions listed below.
0. Additional Definitions.

As used herein, “this License” refers to version 3
of the GNU Lesser General Public License, and the
“GNU GPL” refers to version 3 of the GNU General
Public License.

“The Library” refers to a covered work governed by
this License, other than an Application or a Com-
bined Work as defined below.

An “Application” is any work that makes use of an
interface provided by the Library, but which is not
otherwise based on the Library. Defining a subclass
of a class defined by the Library is deemed a mode
of using an interface provided by the Library.

A “Combined Work” is a work produced by com-
bining or linking an Application with the Library.
The particular version of the Library with which
the Combined Work was made is also called the
“Linked Version”.

The “Minimal Corresponding Source” for a Com-
bined Work means the Corresponding Source for
the Combined Work, excluding any source code for
portions of the Combined Work that, considered in
isolation, are based on the Application, and not on
the Linked Version.

The “Corresponding Application Code” for a Com-
bined Work means the object code and/or source
code for the Application, including any data and
utility programs needed for reproducing the Com-
bined Work from the Application, but excluding the
System Libraries of the Combined Work. 1. Excep-
tion to Section 3 of the GNU GPL.

You may convey a covered work under sections 3
and 4 of this License without being bound by sec-
tion 3 of the GNU GPL. 2. Conveying Modified
Versions.

If you modify a copy of the Library, and, in your
modifications, a facility refers to a function or data
to be supplied by an Application that uses the fa-
cility (other than as an argument passed when the
facility is invoked), then you may convey a copy of
the modified version:

* a) under this License, provided that you make a
good faith effort to ensure that, in the event an Ap-
plication does not supply the function or data, the
facility still operates, and performs whatever part
of its purpose remains meaningful, or * b) under
the GNU GPL, with none of the additional permis-
sions of this License applicable to that copy.

3. Object Code Incorporating Material from Li-
brary Header Files.

The object code form of an Application may incor-
porate material from a header file that is part of
the Library. You may convey such object code un-
der terms of your choice, provided that, if the in-
corporated material is not limited to numerical pa-
rameters, data structure layouts and accessors, or
small macros, inline functions and templates (ten
or fewer lines in length), you do both of the follow-
ing:

* a) Give prominent notice with each copy of the
object code that the Library is used in it and that
the Library and its use are covered by this License.
* b) Accompany the object code with a copy of the
GNU GPL and this license document.

4. Combined Works.

You may convey a Combined Work under terms of
your choice that, taken together, effectively do not
restrict modification of the portions of the Library
contained in the Combined Work and reverse en-
gineering for debugging such modifications, if you
also do each of the following:

* a) Give prominent notice with each copy of the
Combined Work that the Library is used in it and
that the Library and its use are covered by this Li-
cense. * b) Accompany the Combined Work with a
copy of the GNU GPL and this license document. *
c) For a Combined Work that displays copyright no-
tices during execution, include the copyright notice
for the Library among these notices, as well as a ref-
erence directing the user to the copies of the GNU
GPL and this license document. * d) Do one of the
following: o 0) Convey the Minimal Corresponding
Source under the terms of this License, and the Cor-
responding Application Code in a form suitable for,
and under terms that permit, the user to recombine
or relink the Application with a modified version
of the Linked Version to produce a modified Com-
bined Work, in the manner specified by section 6 of
the GNU GPL for conveying Corresponding Source.
o 1) Use a suitable shared library mechanism for
linking with the Library. A suitable mechanism
is one that (a) uses at run time a copy of the Li-
brary already present on the user’s computer sys-
tem, and (b) will operate properly with a modified
version of the Library that is interface-compatible
with the Linked Version. * e) Provide Installation
Information, but only if you would otherwise be re-
quired to provide such information under section 6
of the GNU GPL, and only to the extent that such
information is necessary to install and execute a
modified version of the Combined Work produced
by recombining or relinking the Application with
a modified version of the Linked Version. (If you
use option 4d0, the Installation Information must
accompany the Minimal Corresponding Source and
Corresponding Application Code. If you use option
4d1, you must provide the Installation Information
in the manner specified by section 6 of the GNU
GPL for conveying Corresponding Source.)

5. Combined Libraries.

You may place library facilities that are a work
based on the Library side by side in a single library
together with other library facilities that are not
Applications and are not covered by this License,
and convey such a combined library under terms of
your choice, if you do both of the following:

* a) Accompany the combined library with a copy
of the same work based on the Library, uncombined
with any other library facilities, conveyed under
the terms of this License. * b) Give prominent no-
tice with the combined library that part of it is a
work based on the Library, and explaining where
to find the accompanying uncombined form of the
same work.

6. Revised Versions of the GNU Lesser General
Public License.

The Free Software Foundation may publish revised
and/or new versions of the GNU Lesser General
Public License from time to time. Such new ver-
sions will be similar in spirit to the present version,
but may differ in detail to address new problems or
concerns.

Each version is given a distinguishing version num-
ber. If the Library as you received it specifies that
a certain numbered version of the GNU Lesser Gen-
eral Public License “or any later version” applies to
it, you have the option of following the terms and
conditions either of that published version or of any
later version published by the Free Software Foun-
dation. If the Library as you received it does not
specify a version number of the GNU Lesser Gen-
eral Public License, you may choose any version of
the GNU Lesser General Public License ever pub-
lished by the Free Software Foundation.

If the Library as you received it specifies that a
proxy can decide whether future versions of the
GNU Lesser General Public License shall apply,
that proxy’s public statement of acceptance of
any version is permanent authorization for you to
choose that version for the Library.
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                   {\mdfboundingboxheight}%
              }%
}%
 
\def\md@frame@topandleftline@first{%
           \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
           \addtolength{\mdfboundingboxheight}{%
                           1\mdf@innertopmargin@length%
                          +1\mdf@middlelinewidth@length%
                          +\mdf@splitbottomskip@length%
                         }%
            \rlap{\color{\mdf@middlelinecolor}
               \ifbool{mdf@leftline}%
                   {%
                     \rule[-\dp\tw@-\mdf@splitbottomskip@length]%
                            {\mdf@middlelinewidth@length}%
                               {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                   }{}%
             }%
            \rlap{\color{\mdf@middlelinecolor}%
             \ifmdf@topline
                 \ifboolexpr{ bool {mdf@leftline} and bool {mdf@rightline}}%
                    {\rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +\mdf@middlelinewidth@length%
                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
                 \ifboolexpr{ bool {mdf@leftline} and not(bool {mdf@rightline}) }%
                    {\rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +\mdf@middlelinewidth@length%
%                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
                 \ifboolexpr{ not (bool {mdf@leftline}) and bool {mdf@rightline} }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +\mdf@middlelinewidth@length%
%                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
                 \ifboolexpr{ not (bool {mdf@leftline}) and not( bool {mdf@rightline}) }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
%                          +\mdf@middlelinewidth@length%
%                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
              \fi%
              \ifmdf@rightline
               \ifmdf@topline\else%
                 \deflength\@tempskipb{\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +2\mdf@middlelinewidth@length%
                         }%
                 \hspace*{\@tempskipb}%
               \fi%
                  \llap{\color{\mdf@middlelinecolor}%
                         \rule[-\dp\tw@-\mdf@splitbottomskip@length]{\mdf@middlelinewidth@length}%
                                {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                    }%
              \fi%
            }%
}%




\def\md@putbox@first{%%%% Ausgabe der Teilbox 1
      \leftline{%
           \null\hspace*{\mdf@leftmargin@length}%
           \md@frame@topandleftline@first%
           \ifbool{mdf@leftline}%
           {\hspace*{\mdf@middlelinewidth@length}}{}%
           \md@frame@background@first%
           \hspace*{\mdf@innerleftmargin@length}%
           {\box\tw@}%
         }%
}

%%=second=%%

\def\md@frame@background@second{%
         \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
         \addtolength{\mdfboundingboxheight}{%
                    +\mdf@innerbottommargin@length%
                }%
        \rlap{\color{\mdf@backgroundcolor}%
               \rule[\dp\@tempboxa-\mdf@innerbottommargin@length]%
                    {\wd\@tempboxa+\mdf@innerleftmargin@length%
                      +\mdf@innerrightmargin@length}%
                   {\mdfboundingboxheight}%
               }%
}%
 
\def\md@frame@lines@second{%
         \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
         \addtolength{\mdfboundingboxheight}{%
                    +\mdf@innerbottommargin@length%
                    +\mdf@middlelinewidth@length%
                }%
          \rlap{\color{\mdf@middlelinecolor}%
               \ifbool{mdf@leftline}%
                 {\rule[\dp\@tempboxa-\mdf@innerbottommargin@length]%
                        {\mdf@middlelinewidth@length}%
                        {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                 }{}%
               }%
          \rlap{\color{\mdf@middlelinecolor}%
                \ifbool{mdf@bottomline}%
                 {%
                   \ifboolexpr{ bool {mdf@leftline} and bool {mdf@rightline} }%
                        {\rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length+2\mdf@middlelinewidth@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                   \ifboolexpr{ not (bool {mdf@leftline}) and not(bool {mdf@rightline}) }%
                        {%
                          \rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                    \ifboolexpr{ bool {mdf@leftline} and not( bool {mdf@rightline}) }%
                        {%
                          \rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length+\mdf@middlelinewidth@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                    \ifboolexpr{ not(bool {mdf@leftline}) and bool {mdf@rightline} }%
                        {%
                          \rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length+\mdf@middlelinewidth@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                 }{}%
               \llap{\color{\mdf@middlelinecolor}%
                     \ifbool{mdf@rightline}%
                       {\rule[\dp\@tempboxa-\mdf@innerbottommargin@length]%
                             {\mdf@middlelinewidth@length}%
                             {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                        \ifbool{mdf@bottomline}{}%
                             {\deflength\@tempskipb{\wd\@tempboxa%
                                      +\mdf@innerleftmargin@length%
                                      +\mdf@innerrightmargin@length%
                                      +2\mdf@middlelinewidth@length%
                                     }%
                             \hspace*{-\@tempskipb}%
                            }%
                      }{}%
                    }%
               }%       
}%


\def\md@putbox@second{%%%%% Ausgabe der mittleren Teilbox
  \ifvoid\@tempboxa%
  \else
      \leftline{%
         \null\hspace*{\mdf@leftmargin@length}%
         \md@frame@lines@second%
         \ifbool{mdf@leftline}%
         {\hspace*{\mdf@middlelinewidth@length}}{}%
         \md@frame@background@second%
         \hspace*{\mdf@innerleftmargin@length}%
         {\box\@tempboxa}%
        }%
  \fi%
}%


%%=middle=%%

\def\md@frame@background@middle{%
         \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
         \addtolength{\mdfboundingboxheight}{%
                  \mdf@splitbottomskip@length%
                  }%
        \rlap{\color{\mdf@backgroundcolor}%
              \rule[-\dp\tw@-\mdf@splitbottomskip@length]%
                    {\wd\tw@+\mdf@innerleftmargin@length+\mdf@innerrightmargin@length}%
                    {\mdfboundingboxheight}%
              }%
}%
 
\def\md@frame@lines@middle{%
         \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
         \addtolength{\mdfboundingboxheight}{%
                  \mdf@splitbottomskip@length%
                  }%
        \rlap{\color{\mdf@middlelinecolor}%
            \ifbool{mdf@leftline}%
              {%
              \rule[-\dp\tw@-\mdf@splitbottomskip@length]{\mdf@middlelinewidth@length}{\mdfboundingboxheight}%
              }{}%
            \ifbool{mdf@rightline}%
                   {%
                   \deflength{\mdfpositionx}{\wd\tw@%
                                     +\mdf@innerleftmargin@length%
                                     +\mdf@innerrightmargin@length%
                                     +\mdf@middlelinewidth@length%
                                    }%
                   \hspace*{\mdfpositionx}%
                   \llap{\color{\mdf@middlelinecolor}%
                        \rule[-\dp\tw@-\mdf@splitbottomskip@length]{\mdf@middlelinewidth@length}{\mdfboundingboxheight}%
                        \ifbool{mdf@leftline}{}{}%
                        }%
                   }{}%
          }%
}%




\def\md@putbox@middle{%%%% Ausgabe der Teilbox 1
      \leftline{%
           \null\hspace*{\mdf@leftmargin@length}%
           \md@frame@lines@middle%
           \ifbool{mdf@leftline}%
           {\hspace*{\mdf@middlelinewidth@length}}{}%
           \md@frame@background@middle%
           \hspace*{\mdf@innerleftmargin@length}%
           {\box\tw@}%
        }%
}







main/md-frame-1.mdf

%%==================================================%%
%%= Ausgabe der Box nach Vorgabe der Ausgaberoutine=%%
%%==================================================%%
%% Styledatei fuer das Paket mdframed erstellt durch
%% Marco Daniel und Elke Schubert
%% 
%% This package may be distributed under the terms of the LaTeX Project
%% Public License, as described in lppl.txt in the base LaTeX distribution.
%% Either version 1.0 or, at your option, any later version.

%%$Id: md-frame-1.mdf 105 2010-12-22 16:50:44Z marco $
%%$Rev: 105 $
%%$Author: marco $
%%$Date: 2010-12-22 17:50:44 +0100 (Mi, 22. Dez 2010) $

\def\mdversion{v0.6a}
\def\mdframedIpackagename{md-frame-1}
\def\md@frameIdate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }

\ProvidesFile{md-frame-1.mdf}[\md@frameIdate@svn$Id: md-frame-1.mdf 105 2010-12-22 16:50:44Z marco $ \mdversion: \mdframedIpackagename]

%%Allgemeine Einstellungen fuer tikz

\def\md@tikz@settings{%
          %wenn das Innere der Doppellinie 0pt breit ist,
          %muss Grenze zwischen innerer und aeusserer Linie
          %einer Farbe zugeordnet werden
          \ifdimequal{\mdf@middlelinewidth@length}{\z@}%
                       {\ifdimequal{\mdf@innerlinewidth@length}{\z@}%
                            {\ifdimequal{\mdf@outerlinewidth@length}{\z@}%
                              {\let\mdf@middlelinecolor\mdf@backgroundcolor}%
                              {\let\mdf@middlelinecolor\mdf@outerlinecolor}%
                            }%
                            {\let\mdf@middlelinecolor\mdf@innerlinecolor}%
                        }{}%
          \ifdimequal{\mdf@innerlinewidth@length}{\z@}%
                       {\ifdimequal{\mdf@outerlinewidth@length}{\z@}%
                            {\ifdimequal{\mdf@middlelinewidth@length}{\z@}%
                              {}%
                              {\let\mdf@middlelinecolor\mdf@linecolor}%
                            }%
                            {}%
                        }{}%
        \tikzset{mdftext/.style={inner sep=0pt,outer sep=0pt}}%
        \tikzset{mdfcorners/.style={rounded corners=\mdf@roundcorner@length}}%
        \tikzset{mdfbackground/.style={fill=\mdf@backgroundcolor}}%
        \ifdimgreater{\mdf@outerlinewidth@length}{\z@}%
            {\tikzset{mdfborderA/.style={%
                         draw=\mdf@outerlinecolor,%
                         line width=2\mdf@outerlinewidth@length+\mdf@middlelinewidth@length%
                         }%
                     }%
            }%
            {\tikzset{mdfborderA/.style={}}}%
        \ifdimgreater{\mdf@innerlinewidth@length}{\z@}%
            {\tikzset{mdfborderI/.style={%
                         draw=\mdf@innerlinecolor,%
                         line width=2\mdf@innerlinewidth@length+\mdf@middlelinewidth@length%
                         }%
                     }%
            }%
            {\tikzset{mdfborderI/.style={}}}%
       \tikzset{mdfmiddle/.style={draw=\mdf@middlelinecolor,line width=\mdf@middlelinewidth@length}}%
}%



\def\md@putbox@single{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
       \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa+\dp\@tempboxa}%
        \begin{tikzpicture}
	         \coordinate(O)at(0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2\mdf@innerlinewidth@length+\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{\mdfboxheight+\mdf@innertopmargin@length%
                                          +\mdf@innerbottommargin@length%
                                          +2*\mdf@innerlinewidth@length+\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\yp{\mdf@innerbottommargin@length%
                                          +1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \coordinate(P)at(\x,\y);
                 \begin{scope}
		      \clip[preaction=mdfborderA]%
                           [postaction={mdfbackground,mdfborderI}]%
                           [mdfcorners](O)--(O|-P)--(P)--(P|-O)--cycle;
	         \end{scope}
                 \path[mdfmiddle,mdfcorners](O)--(O|-P)--(P)--(P|-O)--cycle;
                 \node[mdftext,anchor=south west]at(\xp,\yp){\box\@tempboxa};
       \end{tikzpicture}%
     }%
}%

\def\md@putbox@first{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
       \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@+\dp\tw@}%
        \ifdimequal{\pagegoal}{\maxdimen}{\enlargethispage{\baselineskip}}{}%
        \begin{tikzpicture}
	         \coordinate(O) at (0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2*\mdf@innerlinewidth@length+1*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{-\mdfboxheight-\mdf@innertopmargin@length%
                                          -1*\mdf@innerlinewidth@length-0.5*\mdf@middlelinewidth@length+0.0cm}
                 \pgfmathsetlengthmacro\yp{-\mdf@innertopmargin@length%
                                           -1*\mdf@innerlinewidth@length-0.5*\mdf@middlelinewidth@length%
                                           -0.5\mdfboxheight}
                 \coordinate(P)at(\x,\y);
                 \clip(-\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length,%
                       \mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length)%
                      rectangle(\x+\mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length,\y);
                 \begin{scope}
                     \clip[preaction=mdfborderA]%
                          [postaction={mdfbackground,mdfborderI}]%
                          [mdfcorners](O|-P)--(O)--(P|-O)--(P);
                 \end{scope}
                 \path[mdfmiddle,mdfcorners,](O|-P)--(O)--(P|-O)--(P);
                 \node[mdftext,anchor=west,inner sep=0pt,outer sep=0pt]at(\xp,\yp){\box\tw@};
%                 \draw[fill] (0,0) circle (.1cm);
%                 \draw[fill,yellow] (\x,\y) circle (.1cm);
%                 \draw[fill,orange] (\xp,\yp) circle (.05cm);
     \end{tikzpicture}%
     }%
}%


\def\md@putbox@middle{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@}%
        \setlength{\mdf@ymargin@length}{0.4\baselineskip}%
        \begin{tikzpicture}
	         \coordinate(O)at(0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2*\mdf@innerlinewidth@length+1*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{\mdfboxheight}
                 \pgfmathsetlengthmacro\yp{0cm}
                 \coordinate(P)at(\x,\y);
                 \clip(-\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length,0)%
                       rectangle(\x+\mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length,\y);
                 \begin{scope}
                 	\path[mdfborderA](O)--(O|-P)(P)--(P|-O);
                        \clip[postaction=mdfbackground](O)--(O|-P)--(P)--(P|-O);
                        \path[mdfborderI](O)--(O|-P)(P)--(P|-O);
                 \end{scope}
                 \path[mdfmiddle](O)--(O|-P)(P)--(P|-O);
                 \node[mdftext,anchor=south west]at(\xp,\yp){\box\tw@};
       \end{tikzpicture}%
     }
}

\def\md@putbox@second{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
       \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa}%
        \begin{tikzpicture}
                 \coordinate(O)at(0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2*\mdf@innerlinewidth@length+1*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{\mdfboxheight%
                                          +\mdf@innerbottommargin@length%
                                          +1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\yp{\mdf@innerbottommargin@length%
                                          +1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \coordinate(P)at(\x,\y);
                 \clip(-\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length,%
                       -\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length)%
                      rectangle(\x+\mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length,\y);
                 \begin{scope}
                      \clip[preaction=mdfborderA]%
                      [postaction={mdfbackground,mdfborderI}]%
                      [mdfcorners](P-|O)--(O)--(O-|P)--(P);
                 \end{scope}
                 \path[mdfmiddle,mdfcorners](P-|O)--(O)--(O-|P)--(P);
                 \node[mdftext,anchor=south west] at (\xp,\yp){\box\@tempboxa};
       \end{tikzpicture}%
     }
}







main/md-frame-3.mdf

%%==================================================%%
%%= Ausgabe der Box nach Vorgabe der Ausgaberoutine=%%
%%==================================================%%
%% Styledatei fuer das Paket mdframed erstellt durch
%% Marco Daniel 

%% This package may be distributed under the terms of the LaTeX Project
%% Public License, as described in lppl.txt in the base LaTeX distribution.
%% Either version 1.0 or, at your option, any later version.

%%$Id: md-frame-3.mdf 105 2010-12-22 16:50:44Z marco $
%%$Rev: 105 $
%%$Author: marco $
%%$Date: 2010-12-22 17:50:44 +0100 (Mi, 22. Dez 2010) $


%%Allgemeine Einstellungen fuer pstricks
%%Hier nur einfacher Rahmen mit Einstellungen

\def\mdversion{v0.6a}
\def\mdframedIIIpackagename{md-frame-3}
\def\md@frameIIIdate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }

\ProvidesFile{md-frame-3.mdf}[\md@frameIIIdate@svn$Id: md-frame-3.mdf 105 2010-12-22 16:50:44Z marco $ \mdversion: \mdframedIIIpackagename]

\def\md@ptlength@to@pscode#1{\pst@number{#1} \pst@number\psxunit div}
\let\ptTps\md@ptlength@to@pscode\relax


\def\md@putbox@single{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa+\dp\@tempboxa}%
        \setlength{\mdfboundingboxheight}{%
                     \mdfboxheight%
                    +\mdf@innertopmargin@length%
                    +\mdf@innerbottommargin@length%
%                    +\mdf@middlelinewidth@length%
%                    +\mdf@middlelinewidth@length%
                  }%
         \ifbool{mdf@topline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@bottomline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \setlength{\mdfboundingboxwidth}{%
                     \mdfboxwidth%
                    +\mdf@innerleftmargin@length%
                    +\mdf@innerrightmargin@length%
%                    +\mdf@middlelinewidth@length%
%                    +\mdf@middlelinewidth@length%
                  }%
       \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
       \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
       \psset{linearc=\mdf@roundcorner@length,cornersize=absolute,}%
       \expandafter\psset\expandafter{\mdf@psset@local}%
        \psset{unit=1truecm}%
        \begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)
             \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and bool {mdf@leftline} and bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                      \psframe[linewidth=\mdf@middlelinewidth@length,
                               linecolor=\mdf@linecolor,
                                cornersize=absolute,
                                fillstyle=none,]%
                          (0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%
             \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and not (bool {mdf@leftline}) and bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0  %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! 0  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%
              \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and bool {mdf@leftline} and not( bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}% 
               \ifboolexpr{   not(  bool {mdf@topline}) and bool {mdf@bottomline}
                          and bool {mdf@leftline} and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%  
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%     
                \ifboolexpr{  bool {mdf@topline} and not (bool {mdf@bottomline})
                          and bool {mdf@leftline} and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                           0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add  %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add  %Y-Koord
                       )%  
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                           0 %Y-Koord
                       )%
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}% 
                 \ifboolexpr{ not( bool {mdf@topline}) and not (bool {mdf@bottomline})
                          and bool {mdf@leftline} and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                           0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%  
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                           0 %Y-Koord
                       )%
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%    
             \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and not (bool {mdf@leftline}) and not(bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0  %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! 0  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%
              \ifboolexpr{ not( bool {mdf@topline}) and not (bool {mdf@bottomline})
                          and bool {mdf@leftline} and  not( bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                           0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                       )%
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%    
              \ifboolexpr{ not( bool {mdf@topline}) and not (bool {mdf@bottomline})
                          and not(bool {mdf@leftline}) and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (!0 0)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%  
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                           0 %Y-Koord
                       )%
                      \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}% 
             \ifboolexpr{    not( bool {mdf@topline}) and bool {mdf@bottomline}
                          and not (bool {mdf@leftline}) and not(bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0  %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%
              \ifboolexpr{     bool {mdf@topline} and not (bool {mdf@bottomline})
                          and not (bool {mdf@leftline}) and not(bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! 0  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%  \psgrid
        \end{pspicture}%
     }%
}






\def\md@putbox@first{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@+\dp\tw@}%
        \setlength{\mdfboundingboxheight}{%
                    +\mdfboxheight%
                    +\mdf@innertopmargin@length%
                    +\mdf@splitbottomskip@length%
                  }%
         \ifbool{mdf@topline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \setlength{\mdfboundingboxwidth}{%
                    +\mdf@innerleftmargin@length%
                    +\mdfboxwidth
                    +\mdf@innerrightmargin@length%
                  }%
         \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \psset{linearc=\mdf@roundcorner@length}%
         \expandafter\psset\expandafter{\mdf@psset@local}%
         \psset{unit=1truecm}%
         \ifdimgreater{\mdfboundingboxheight}{\vsize}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\vsize)}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)}
              \ifboolexpr{     bool {mdf@topline} and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%
              \ifboolexpr{    not( bool {mdf@topline}) and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%       
               \ifboolexpr{    not( bool {mdf@topline}) and not(bool {mdf@rightline})
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%  
               \ifboolexpr{    not( bool {mdf@topline}) and bool {mdf@rightline}
                          and not( bool {mdf@leftline} )
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%              
               \ifboolexpr{     bool {mdf@topline} and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline} )
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0 %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}% 
                \ifboolexpr{    not(bool {mdf@topline}) and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline} )
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%  
           \end{pspicture}%
     }%
}



\def\md@putbox@middle{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@+\dp\tw@}%
        \setlength{\mdfboundingboxheight}{%
                    +\mdfboxheight%
                    +\mdf@splitbottomskip@length%
                  }%
         \setlength{\mdfboundingboxwidth}{%
                    +\mdf@innerleftmargin@length%
                    +\mdfboxwidth%
                    +\mdf@innerrightmargin@length%
                  }%
         \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \expandafter\psset\expandafter{\mdf@psset@local}%
         \psset{linearc=\mdf@roundcorner@length}%
         \psset{unit=1truecm}%
         \ifdimgreater{\mdfboundingboxheight}{\vsize}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\vsize)}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)}
              \ifboolexpr{    bool {mdf@rightline} and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}  %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%
               \ifboolexpr{    bool {mdf@rightline} and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%  
               \ifboolexpr{   not( bool {mdf@rightline})  and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}  %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%                    
                \ifboolexpr{(
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and bool {mdf@topline} and not( bool {mdf@bottomline})
                             )
                             or
                             (
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and not (bool {mdf@topline}) and not( bool {mdf@bottomline})
                             )
                             or
                             (
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and not (bool {mdf@topline}) and bool {mdf@bottomline}
                             )
                              or
                             (
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and bool {mdf@topline} and bool {mdf@bottomline}
                             )  
                       }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%  
       \end{pspicture}%
     }%
}

\def\md@putbox@second{
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa+\dp\@tempboxa}%
        \setlength{\mdfboundingboxheight}{%
                    +\mdfboxheight%
                    +\mdf@innerbottommargin@length%
                  }%
         \ifbool{mdf@bottomline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \setlength{\mdfboundingboxwidth}{%
                    +\mdf@innerleftmargin@length%
                    +\mdfboxwidth
                    +\mdf@innerrightmargin@length%
                  }%
         \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \expandafter\psset\expandafter{\mdf@psset@local}
         \psset{linearc=\mdf@roundcorner@length}%
         \psset{unit=1truecm}%
         \begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)
              \ifboolexpr{     bool {mdf@bottomline} and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%
               \ifboolexpr{   not( bool {mdf@bottomline}) and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%                    
               \ifboolexpr{   not( bool {mdf@bottomline}) and not(bool {mdf@rightline})
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
               \ifboolexpr{   not( bool {mdf@bottomline}) and bool {mdf@rightline}
                          and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
               \ifboolexpr{  bool {mdf@bottomline} and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0 %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
                \ifboolexpr{  not(bool {mdf@bottomline}) and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
       \end{pspicture}%
     }%
}

\endinput
%eof
%eof
%eof
%eof
%eof







main/utf8plain.def

%%
%% This is file `utf8.def',
%% generated with the docstrip utility.
%%
%% The original source files were:
%%
%% utf8ienc.dtx  (with options: `utf8')
%% 
%% This is a generated file.
%% 
%% Copyright 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
%% The LaTeX3 Project and any individual authors listed elsewhere
%% in this file.
%% 
%% This file was generated from file(s) of the LaTeX base system.
%% --------------------------------------------------------------
%% 
%% It may be distributed and/or modified under the
%% conditions of the LaTeX Project Public License, either version 1.3c
%% of this license or (at your option) any later version.
%% The latest version of this license is in
%%    http://www.latex-project.org/lppl.txt
%% and version 1.3c or later is part of all distributions of LaTeX
%% version 2005/12/01 or later.
%% 
%% This file has the LPPL maintenance status "maintained".
%% 
%% This file may only be distributed together with a copy of the LaTeX
%% base system. You may however distribute the LaTeX base system without
%% such generated files.
%% 
%% The list of all files belonging to the LaTeX base distribution is
%% given in the file `manifest.txt'. See also `legal.txt' for additional
%% information.
%% 
%% The list of derived (unpacked) files belonging to the distribution
%% and covered by LPPL is defined by the unpacking scripts (with
%% extension .ins) which are part of the distribution.
\ProvidesFile{utf8.def}
   [2008/04/05 v1.1m UTF-8 support for inputenc]
\makeatletter
\catcode`\ \saved@space@catcode
\def\UTFviii@two@octets#1#2{\expandafter
    \UTFviii@defined\csname u8:#1\string#2\endcsname}
\def\UTFviii@three@octets#1#2#3{\expandafter
    \UTFviii@defined\csname u8:#1\string#2\string#3\endcsname}
\def\UTFviii@four@octets#1#2#3#4{\expandafter
    \UTFviii@defined\csname u8:#1\string#2\string#3\string#4\endcsname}
\def\UTFviii@defined#1{%
  \ifx#1\relax
      \PackageError{inputenc}{Unicode\space char\space \string#1\space
                              not\space set\space up\space
                              for\space use\space with\space LaTeX}\@eha
  \else\expandafter
    #1%
  \fi
}
\begingroup
\catcode`\~13
\catcode`\"12
\def\UTFviii@loop{%
  \uccode`\~\count@
  \uppercase\expandafter{\UTFviii@tmp}%
  \advance\count@\@ne
  \ifnum\count@<\@tempcnta
  \expandafter\UTFviii@loop
  \fi}
    \count@"C2
    \@tempcnta"E0
    \def\UTFviii@tmp{\xdef~{\noexpand\UTFviii@two@octets\string~}}
\UTFviii@loop
    \count@"E0
    \@tempcnta"F0
    \def\UTFviii@tmp{\xdef~{\noexpand\UTFviii@three@octets\string~}}
\UTFviii@loop
    \count@"F0
    \@tempcnta"F4
    \def\UTFviii@tmp{\xdef~{\noexpand\UTFviii@four@octets\string~}}
\UTFviii@loop
\endgroup
\@inpenc@test
\ifx\@begindocumenthook\@undefined
  \makeatother
  \endinput \fi
\begingroup
\catcode`\"=12
\catcode`\<=12
\catcode`\.=12
\catcode`\,=12
\catcode`\;=12
\catcode`\!=12
\catcode`\~=13
\gdef\DeclareUnicodeCharacter#1#2{%
   \count@"#1\relax
   \wlog{ \space\space defining Unicode char U+#1 (decimal \the\count@)}%
   \begingroup
    \parse@XML@charref
    \def\UTFviii@two@octets##1##2{\csname u8:##1\string##2\endcsname}%
    \def\UTFviii@three@octets##1##2##3{\csname u8:##1%
                                     \string##2\string##3\endcsname}%
    \def\UTFviii@four@octets##1##2##3##4{\csname u8:##1%
                           \string##2\string##3\string##4\endcsname}%
    \expandafter\expandafter\expandafter
    \expandafter\expandafter\expandafter
    \expandafter
     \gdef\UTFviii@tmp{\IeC{#2}}%
   \endgroup
}
\gdef\parse@XML@charref{%
  \ifnum\count@<"A0\relax
     \PackageError{inputenc}{Cannot\space define\space Unicode\space
                             char\space value\space <\space 00A0}\@eha
  \else\ifnum\count@<"800\relax
     \parse@UTFviii@a,%
     \parse@UTFviii@b C\UTFviii@two@octets.,%
  \else\ifnum\count@<"10000\relax
     \parse@UTFviii@a;%
     \parse@UTFviii@a,%
     \parse@UTFviii@b E\UTFviii@three@octets.{,;}%
   \else
     \parse@UTFviii@a;%
     \parse@UTFviii@a,%
     \parse@UTFviii@a!%
     \parse@UTFviii@b F\UTFviii@four@octets.{!,;}%
    \fi
    \fi
  \fi
}
\gdef\parse@UTFviii@a#1{%
     \@tempcnta\count@
     \divide\count@ 64
     \@tempcntb\count@
     \multiply\count@ 64
     \advance\@tempcnta-\count@
     \advance\@tempcnta 128
     \uccode`#1\@tempcnta
     \count@\@tempcntb}
\gdef\parse@UTFviii@b#1#2#3#4{%
     \advance\count@ "#10\relax
     \uccode`#3\count@
     \uppercase{\gdef\UTFviii@tmp{#2#3#4}}}
\endgroup
\@onlypreamble\DeclareUnicodeCharacter
\@onlypreamble\parse@XML@charref
\@onlypreamble\parse@UTFviii@a
\@onlypreamble\parse@UTFviii@b
\begingroup
  \def\cdp@elt#1#2#3#4{%
    \wlog{Now handling font encoding #1 ...}%
    \lowercase{%
        \InputIfFileExists{utf8plain.dfu}}%
           {\wlog{... processing UTF-8 mapping file for font %
                     encoding #1}%
            \catcode`\ 9\relax}%
          {\wlog{... no UTF-8 mapping file for font encoding #1}}%
  }
  \cdp@list
\endgroup
\def\DeclareFontEncoding@#1#2#3{%
  \expandafter
  \ifx\csname T@#1\endcsname\relax
    \def\cdp@elt{\noexpand\cdp@elt}%
    \xdef\cdp@list{\cdp@list\cdp@elt{#1}%
                    {\default@family}{\default@series}%
                    {\default@shape}}%
    \expandafter\let\csname#1-cmd\endcsname\@changed@cmd
    \begingroup
      \wlog{Now handling font encoding #1 ...}%
      \lowercase{%
        \InputIfFileExists{utf8plainenc.dfu}}%
           {\wlog{... processing UTF-8 mapping file for font %
                      encoding #1}}%
           {\wlog{... no UTF-8 mapping file for font encoding #1}}%
    \endgroup
  \else
     \@font@info{Redeclaring font encoding #1}%
  \fi
  \global\@namedef{T@#1}{#2}%
  \global\@namedef{M@#1}{\default@M#3}%
  \xdef\LastDeclaredEncoding{#1}%
  }
\DeclareUnicodeCharacter{00A9}{\textcopyright}
\DeclareUnicodeCharacter{00AA}{\textordfeminine}
\DeclareUnicodeCharacter{00AE}{\textregistered}
\DeclareUnicodeCharacter{00BA}{\textordmasculine}
\DeclareUnicodeCharacter{02C6}{\textasciicircum}
\DeclareUnicodeCharacter{02DC}{\textasciitilde}
\DeclareUnicodeCharacter{200C}{\textcompwordmark}
\DeclareUnicodeCharacter{2026}{\textellipsis}
\DeclareUnicodeCharacter{2122}{\texttrademark}
\DeclareUnicodeCharacter{2423}{\textvisiblespace}

\endinput
%%
%% End of file `utf8.def'.
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headers/babel.tex

\usepackage[english]{babel}
\newcommand{\mychapterbabel}{Chapter}
\newcommand{\mypagebabel}{on page}
\newcommand{\myfigurebabel}{Figure}
\newcommand{\mylangbabel}{english}







headers/commands.tex

% Syntax Highlightling

%\DefineShortVerb[commandchars=\\\{\}]{\|}
\DefineVerbatimEnvironment{Highlighting}{Verbatim}{commandchars=\\\{\}}
% Add ',fontsize=\small' for more characters per line
\newenvironment{Shaded}{\begin{scriptsize}}{\end{scriptsize}}
\newcommand{\KeywordTok}[1]{\textbf{{#1}}}
\newcommand{\DataTypeTok}[1]{\underline{{#1}}}
\newcommand{\DecValTok}[1]{{#1}}
\newcommand{\BaseNTok}[1]{{#1}}
\newcommand{\FloatTok}[1]{{#1}}
\newcommand{\CharTok}[1]{{#1}}
\newcommand{\StringTok}[1]{{#1}}
\newcommand{\CommentTok}[1]{\textit{{#1}}}
\newcommand{\OtherTok}[1]{{#1}}
\newcommand{\AlertTok}[1]{\textbf{{#1}}}
\newcommand{\FunctionTok}[1]{{#1}}
\newcommand{\RegionMarkerTok}[1]{{#1}}
\newcommand{\ErrorTok}[1]{\textbf{{#1}}}
\newcommand{\NormalTok}[1]{{#1}}
\newcommand{\myfigurewithoutcaption}[1]{{\bfseries \myfigurebabel{ }#1}}
\newcommand{\myfigurewithcaption}[2]{{\bfseries \myfigurebabel{ }#1{\quad}}#2}

% Definition der Fussnoten
% ------------------------
%\KOMAoptions{footnotes=multiple}


\DeclareTextSymbol{\textlongs}{TS1}{115} 

\deffootnote[2.2em]{2.2em}{0em}{\makebox[2.2em][l]{\thefootnotemark}}

\newcommand{\badchar}[1]
{\textbf{?}}


\newcommand{\myplainurl}[1]
{{\ttfamily  \url{#1}}}


\newcommand{\myfnhref}[2]
{{#2} \^{}{\{\ttfamily  \url{#1}\}} }

\newcommand{\mymchref}[2]
{}


\newcommand{\mytabhref}[2]
{{#2}\protect\footnote{\ttfamily \url{#1} }}
%{\textsc{#2}}


\newcommand{\myfnlref}[2]
{{#2} \^{}\{\mychapterbabel \ref{#1} \mypagebabel {$\text{}$} \pageref{#1}\}}

\newlength{\fnwidth}
\setlength{\fnwidth}{\linewidth}
\addtolength{\fnwidth}{-10mm}

\newcommand{\myhref}[2]
{{#2}\protect\footnote{    \begin{minipage}{\fnwidth} \ttfamily \url{#1}  \end{minipage}}} 

\newcommand{\mylref}[2]
{{#2}\protect\footnote{\mychapterbabel {$\text{}$} \ref{#1} \mypagebabel {$\text{}$} \pageref{#1}}}

\newcommand{\myfnsref}[2]
{\text{#2} \^{}\{\text{#1} \}}

\newcommand{\mysref}[2]
{\text{#2}\protect\footnote{#1}}

\newcommand{\TickYes}{\checkmark}


% Kompatibilität, damit myfootnote nichts ins Leere läuft
\newcommand{\myfootnote}[1]
%{\footnote{\quad{}#1}}
{\footnote{#1}}


% Auflistungen
% ------------
% Standardvorschlag für itemize
%\newenvironment{myitemize}{\begin{itemize}}{\end{itemize}}
%\newenvironment{myenumerate}{\begin{enumerate}}{\end{enumerate}}
\newenvironment{myquote}{\begin{itemize}[{}]}{\end{itemize}}
\newenvironment{myblockquote}{\begin{itemize}[{\quad}]}{\end{itemize}}

\newenvironment{mydescription}{

\begin{inparablank}}{\end{inparablank}} 
% Alternativen ohne Einrückung
\newenvironment{myitemize}{\begin{compactitem}[\textbullet]}{\end{compactitem}}
\newenvironment{myenumerate}{\begin{compactenum}}{\end{compactenum}}

% einige weitere Festlegungen
% ---------------------------
% \breakslash is used for URLs to allow linebreaking
\newcommand{\mybreakslash}{\discretionary{/}{}{/}}

\newlength{\mylength}
\newlength{\myhight}
\newlength{\myshadingheight}
\newcommand{\myoverline}[1]
{\settowidth{\mylength}{#1} \settoheight{\myhight}{#1}
\makebox[-3pt][l]{#1}
\rule[\myhight+1pt]{\mylength}{0.15mm}}

% Teile von Büchern
\newcommand{\mypart}[1]
%{\part{#1}}
{\addtocontents{toc}{\protect\vspace{7.5mm} \textbf{\Large {#1}}}}

% minitoc vorbereiten, aber standardmäßig unterdrücken
\newcommand{\myminitoc}{}

% Haupttitel
% ----------
%\newcommand{\mymaintitle}[1]
%{\definecolor{shadecolor}{gray}{0.9}\begin{shaded}
%\begin{center}
%\Huge \bfseries 
%#1 
%\end{center}
%\end{shaded}}

%\newcommand{\mysubtitle}[1]
%{\begin{center}
%\LARGE \bfseries 
%#1
%\end{center}}

\newcommand{\mysubtitle}[1]{\subtitle{#1}}
\newcommand{\mymaintitle}[1]{\title{#1}}
\newcommand{\myauthor}[1]{\author{#1}}


% Metadaten
% ---------
\newcommand{\fetchurlcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Adresse der elektronischen Ressource zur Abholung (O)}.}{URL zur Abholung}}

\newcommand{\bookcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Adresse der elektronischen Ressource (O)}.}{Buch (Hauptseite)}}

\newcommand{\functionalgroupcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Angaben zum Inhalt: DDC-Sachgruppe der Deutschen Nationalbibliografie oder Warengruppen-Systematik des Deutschen Buchhandels (O)}.}{Sachgruppe(n)} }

\newcommand{\futhertopicscaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Angaben zum Inhalt: weitere Klassifikationen / Thesauri (F)}.}{Weitere Themen}}

\newcommand{\mainauthorscaption}[0]
{Hauptautor(en)}

\newcommand{\projecttexniciancaption}[0]
{Betreuer}

\newcommand{\organizationscaptions}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Beteiligte Organisationen (F)}.}{Organisation(en)}}

\newcommand{\datecaption}[0]
{Erscheinungsdatum}

\newcommand{\issuecaption}[0]
{Ausgabebezeichnung}

\newcommand{\standardcodecaption}[0]
{Standardnummer }

\newcommand{\maintitlecaption}[0]
{Haupttitel}

\newcommand{\publishercaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Verlag / Verlegende Stelle (O)}.}{Verlegende Stelle} }

\newcommand{\publishercitycaption}[0]
{Verlagsort}

\newcommand{\shelfcaption}[0]
{Wikibooks-Regal}

\newcommand{\sizecaption}[0]
{Umfang}


\newcommand{\Alpha}{\mathrm{A}}
\newcommand{\Beta}{\mathrm{B}}
\newcommand{\Epsilon}{\mathrm{E}}
\newcommand{\Zeta}{\mathrm{Z}}
\newcommand{\Eta}{\mathrm{H}}
\newcommand{\Iota}{\mathrm{I}}
\newcommand{\Kappa}{\mathrm{K}}
\newcommand{\Mu}{\mathrm{M}}
\newcommand{\Nu}{\mathrm{N}}
\newcommand{\Rho}{\mathrm{P}}
\newcommand{\Tau}{\mathrm{T}}
\newcommand{\Chi}{\mathrm{X}}













headers/defaultcolors.tex

\definecolor{AliceBlue}{rgb}{0.941176470588,0.972549019608,1.0}
\definecolor{aliceblue}{rgb}{0.941176470588,0.972549019608,1.0}
\definecolor{AntiqueWhite}{rgb}{0.980392156863,0.921568627451,0.843137254902}
\definecolor{antiquewhite}{rgb}{0.980392156863,0.921568627451,0.843137254902}
\definecolor{Aqua}{rgb}{0.0,1.0,1.0}
\definecolor{aqua}{rgb}{0.0,1.0,1.0}
\definecolor{Aquamarine}{rgb}{0.498039215686,1.0,0.83137254902}
\definecolor{aquamarine}{rgb}{0.498039215686,1.0,0.83137254902}
\definecolor{Azure}{rgb}{0.941176470588,1.0,1.0}
\definecolor{azure}{rgb}{0.941176470588,1.0,1.0}
\definecolor{Beige}{rgb}{0.960784313725,0.960784313725,0.862745098039}
\definecolor{beige}{rgb}{0.960784313725,0.960784313725,0.862745098039}
\definecolor{Bisque}{rgb}{1.0,0.894117647059,0.76862745098}
\definecolor{bisque}{rgb}{1.0,0.894117647059,0.76862745098}
\definecolor{Black}{rgb}{0.0,0.0,0.0}
\definecolor{black}{rgb}{0.0,0.0,0.0}
\definecolor{BlanchedAlmond}{rgb}{1.0,0.921568627451,0.803921568627}
\definecolor{blanchedalmond}{rgb}{1.0,0.921568627451,0.803921568627}
\definecolor{Blue}{rgb}{0.0,0.0,1.0}
%\definecolor{blue}{rgb}{0.0,0.0,1.0}
\definecolor{BlueViolet}{rgb}{0.541176470588,0.16862745098,0.886274509804}
\definecolor{blueviolet}{rgb}{0.541176470588,0.16862745098,0.886274509804}
\definecolor{Brown}{rgb}{0.647058823529,0.164705882353,0.164705882353}
\definecolor{brown}{rgb}{0.647058823529,0.164705882353,0.164705882353}
\definecolor{BurlyWood}{rgb}{0.870588235294,0.721568627451,0.529411764706}
\definecolor{burlywood}{rgb}{0.870588235294,0.721568627451,0.529411764706}
\definecolor{CadetBlue}{rgb}{0.372549019608,0.619607843137,0.627450980392}
\definecolor{cadetblue}{rgb}{0.372549019608,0.619607843137,0.627450980392}
\definecolor{Chartreuse}{rgb}{0.498039215686,1.0,0.0}
\definecolor{chartreuse}{rgb}{0.498039215686,1.0,0.0}
\definecolor{Chocolate}{rgb}{0.823529411765,0.411764705882,0.117647058824}
\definecolor{chocolate}{rgb}{0.823529411765,0.411764705882,0.117647058824}
\definecolor{Coral}{rgb}{1.0,0.498039215686,0.313725490196}
\definecolor{coral}{rgb}{1.0,0.498039215686,0.313725490196}
\definecolor{CornflowerBlue}{rgb}{0.392156862745,0.58431372549,0.929411764706}
\definecolor{cornflowerblue}{rgb}{0.392156862745,0.58431372549,0.929411764706}
\definecolor{Cornsilk}{rgb}{1.0,0.972549019608,0.862745098039}
\definecolor{cornsilk}{rgb}{1.0,0.972549019608,0.862745098039}
\definecolor{Crimson}{rgb}{0.862745098039,0.078431372549,0.235294117647}
\definecolor{crimson}{rgb}{0.862745098039,0.078431372549,0.235294117647}
\definecolor{Cyan}{rgb}{0.0,1.0,1.0}
%\definecolor{cyan}{rgb}{0.0,1.0,1.0}
\definecolor{DarkBlue}{rgb}{0.0,0.0,0.545098039216}
\definecolor{darkblue}{rgb}{0.0,0.0,0.545098039216}
\definecolor{DarkCyan}{rgb}{0.0,0.545098039216,0.545098039216}
\definecolor{darkcyan}{rgb}{0.0,0.545098039216,0.545098039216}
\definecolor{DarkGoldenRod}{rgb}{0.721568627451,0.525490196078,0.043137254902}
\definecolor{darkgoldenrod}{rgb}{0.721568627451,0.525490196078,0.043137254902}
\definecolor{DarkGray}{rgb}{0.662745098039,0.662745098039,0.662745098039}
\definecolor{darkgray}{rgb}{0.662745098039,0.662745098039,0.662745098039}
\definecolor{DarkGreen}{rgb}{0.0,0.392156862745,0.0}
\definecolor{darkgreen}{rgb}{0.0,0.392156862745,0.0}
\definecolor{DarkKhaki}{rgb}{0.741176470588,0.717647058824,0.419607843137}
\definecolor{darkkhaki}{rgb}{0.741176470588,0.717647058824,0.419607843137}
\definecolor{DarkMagenta}{rgb}{0.545098039216,0.0,0.545098039216}
\definecolor{darkmagenta}{rgb}{0.545098039216,0.0,0.545098039216}
\definecolor{DarkOliveGreen}{rgb}{0.333333333333,0.419607843137,0.18431372549}
\definecolor{darkolivegreen}{rgb}{0.333333333333,0.419607843137,0.18431372549}
\definecolor{Darkorange}{rgb}{1.0,0.549019607843,0.0}
\definecolor{darkorange}{rgb}{1.0,0.549019607843,0.0}
\definecolor{DarkOrchid}{rgb}{0.6,0.196078431373,0.8}
\definecolor{darkorchid}{rgb}{0.6,0.196078431373,0.8}
\definecolor{DarkRed}{rgb}{0.545098039216,0.0,0.0}
\definecolor{darkred}{rgb}{0.545098039216,0.0,0.0}
\definecolor{DarkSalmon}{rgb}{0.913725490196,0.588235294118,0.478431372549}
\definecolor{darksalmon}{rgb}{0.913725490196,0.588235294118,0.478431372549}
\definecolor{DarkSeaGreen}{rgb}{0.560784313725,0.737254901961,0.560784313725}
\definecolor{darkseagreen}{rgb}{0.560784313725,0.737254901961,0.560784313725}
\definecolor{DarkSlateBlue}{rgb}{0.282352941176,0.239215686275,0.545098039216}
\definecolor{darkslateblue}{rgb}{0.282352941176,0.239215686275,0.545098039216}
\definecolor{DarkSlateGray}{rgb}{0.18431372549,0.309803921569,0.309803921569}
\definecolor{darkslategray}{rgb}{0.18431372549,0.309803921569,0.309803921569}
\definecolor{DarkTurquoise}{rgb}{0.0,0.807843137255,0.819607843137}
\definecolor{darkturquoise}{rgb}{0.0,0.807843137255,0.819607843137}
\definecolor{DarkViolet}{rgb}{0.580392156863,0.0,0.827450980392}
\definecolor{darkviolet}{rgb}{0.580392156863,0.0,0.827450980392}
\definecolor{DeepPink}{rgb}{1.0,0.078431372549,0.576470588235}
\definecolor{deeppink}{rgb}{1.0,0.078431372549,0.576470588235}
\definecolor{DeepSkyBlue}{rgb}{0.0,0.749019607843,1.0}
\definecolor{deepskyblue}{rgb}{0.0,0.749019607843,1.0}
\definecolor{DimGray}{rgb}{0.411764705882,0.411764705882,0.411764705882}
\definecolor{dimgray}{rgb}{0.411764705882,0.411764705882,0.411764705882}
\definecolor{DodgerBlue}{rgb}{0.117647058824,0.564705882353,1.0}
\definecolor{dodgerblue}{rgb}{0.117647058824,0.564705882353,1.0}
\definecolor{FireBrick}{rgb}{0.698039215686,0.133333333333,0.133333333333}
\definecolor{firebrick}{rgb}{0.698039215686,0.133333333333,0.133333333333}
\definecolor{FloralWhite}{rgb}{1.0,0.980392156863,0.941176470588}
\definecolor{floralwhite}{rgb}{1.0,0.980392156863,0.941176470588}
\definecolor{ForestGreen}{rgb}{0.133333333333,0.545098039216,0.133333333333}
\definecolor{forestgreen}{rgb}{0.133333333333,0.545098039216,0.133333333333}
\definecolor{Fuchsia}{rgb}{1.0,0.0,1.0}
\definecolor{fuchsia}{rgb}{1.0,0.0,1.0}
\definecolor{Gainsboro}{rgb}{0.862745098039,0.862745098039,0.862745098039}
\definecolor{gainsboro}{rgb}{0.862745098039,0.862745098039,0.862745098039}
\definecolor{GhostWhite}{rgb}{0.972549019608,0.972549019608,1.0}
\definecolor{ghostwhite}{rgb}{0.972549019608,0.972549019608,1.0}
\definecolor{Gold}{rgb}{1.0,0.843137254902,0.0}
\definecolor{gold}{rgb}{1.0,0.843137254902,0.0}
\definecolor{GoldenRod}{rgb}{0.854901960784,0.647058823529,0.125490196078}
\definecolor{goldenrod}{rgb}{0.854901960784,0.647058823529,0.125490196078}
\definecolor{Gray}{rgb}{0.501960784314,0.501960784314,0.501960784314}
\definecolor{gray}{rgb}{0.501960784314,0.501960784314,0.501960784314}
\definecolor{Green}{rgb}{0.0,0.501960784314,0.0}
%\definecolor{green}{rgb}{0.0,0.501960784314,0.0}
\definecolor{GreenYellow}{rgb}{0.678431372549,1.0,0.18431372549}
\definecolor{greenyellow}{rgb}{0.678431372549,1.0,0.18431372549}
\definecolor{HoneyDew}{rgb}{0.941176470588,1.0,0.941176470588}
\definecolor{honeydew}{rgb}{0.941176470588,1.0,0.941176470588}
\definecolor{HotPink}{rgb}{1.0,0.411764705882,0.705882352941}
\definecolor{hotpink}{rgb}{1.0,0.411764705882,0.705882352941}
\definecolor{IndianRed}{rgb}{0.803921568627,0.360784313725,0.360784313725}
\definecolor{indianred}{rgb}{0.803921568627,0.360784313725,0.360784313725}
\definecolor{Indigo}{rgb}{0.294117647059,0.0,0.509803921569}
\definecolor{indigo}{rgb}{0.294117647059,0.0,0.509803921569}
\definecolor{Ivory}{rgb}{1.0,1.0,0.941176470588}
\definecolor{ivory}{rgb}{1.0,1.0,0.941176470588}
\definecolor{Khaki}{rgb}{0.941176470588,0.901960784314,0.549019607843}
\definecolor{khaki}{rgb}{0.941176470588,0.901960784314,0.549019607843}
\definecolor{Lavender}{rgb}{0.901960784314,0.901960784314,0.980392156863}
\definecolor{lavender}{rgb}{0.901960784314,0.901960784314,0.980392156863}
\definecolor{LavenderBlush}{rgb}{1.0,0.941176470588,0.960784313725}
\definecolor{lavenderblush}{rgb}{1.0,0.941176470588,0.960784313725}
\definecolor{LawnGreen}{rgb}{0.486274509804,0.988235294118,0.0}
\definecolor{lawngreen}{rgb}{0.486274509804,0.988235294118,0.0}
\definecolor{LemonChiffon}{rgb}{1.0,0.980392156863,0.803921568627}
\definecolor{lemonchiffon}{rgb}{1.0,0.980392156863,0.803921568627}
\definecolor{LightBlue}{rgb}{0.678431372549,0.847058823529,0.901960784314}
\definecolor{lightblue}{rgb}{0.678431372549,0.847058823529,0.901960784314}
\definecolor{LightCoral}{rgb}{0.941176470588,0.501960784314,0.501960784314}
\definecolor{lightcoral}{rgb}{0.941176470588,0.501960784314,0.501960784314}
\definecolor{LightCyan}{rgb}{0.878431372549,1.0,1.0}
\definecolor{lightcyan}{rgb}{0.878431372549,1.0,1.0}
\definecolor{LightGoldenRodYellow}{rgb}{0.980392156863,0.980392156863,0.823529411765}
\definecolor{lightgoldenrodyellow}{rgb}{0.980392156863,0.980392156863,0.823529411765}
\definecolor{LightGrey}{rgb}{0.827450980392,0.827450980392,0.827450980392}
\definecolor{lightgrey}{rgb}{0.827450980392,0.827450980392,0.827450980392}
\definecolor{LightGreen}{rgb}{0.564705882353,0.933333333333,0.564705882353}
\definecolor{lightgreen}{rgb}{0.564705882353,0.933333333333,0.564705882353}
\definecolor{LightPink}{rgb}{1.0,0.713725490196,0.756862745098}
\definecolor{lightpink}{rgb}{1.0,0.713725490196,0.756862745098}
\definecolor{LightSalmon}{rgb}{1.0,0.627450980392,0.478431372549}
\definecolor{lightsalmon}{rgb}{1.0,0.627450980392,0.478431372549}
\definecolor{LightSeaGreen}{rgb}{0.125490196078,0.698039215686,0.666666666667}
\definecolor{lightseagreen}{rgb}{0.125490196078,0.698039215686,0.666666666667}
\definecolor{LightSkyBlue}{rgb}{0.529411764706,0.807843137255,0.980392156863}
\definecolor{lightskyblue}{rgb}{0.529411764706,0.807843137255,0.980392156863}
\definecolor{LightSlateGray}{rgb}{0.466666666667,0.533333333333,0.6}
\definecolor{lightslategray}{rgb}{0.466666666667,0.533333333333,0.6}
\definecolor{LightSteelBlue}{rgb}{0.690196078431,0.76862745098,0.870588235294}
\definecolor{lightsteelblue}{rgb}{0.690196078431,0.76862745098,0.870588235294}
\definecolor{LightYellow}{rgb}{1.0,1.0,0.878431372549}
\definecolor{lightyellow}{rgb}{1.0,1.0,0.878431372549}
\definecolor{Lime}{rgb}{0.0,1.0,0.0}
\definecolor{lime}{rgb}{0.0,1.0,0.0}
\definecolor{LimeGreen}{rgb}{0.196078431373,0.803921568627,0.196078431373}
\definecolor{limegreen}{rgb}{0.196078431373,0.803921568627,0.196078431373}
\definecolor{Linen}{rgb}{0.980392156863,0.941176470588,0.901960784314}
\definecolor{linen}{rgb}{0.980392156863,0.941176470588,0.901960784314}
\definecolor{Magenta}{rgb}{1.0,0.0,1.0}
%\definecolor{magenta}{rgb}{1.0,0.0,1.0}
\definecolor{Maroon}{rgb}{0.501960784314,0.0,0.0}
\definecolor{maroon}{rgb}{0.501960784314,0.0,0.0}
\definecolor{MediumAquaMarine}{rgb}{0.4,0.803921568627,0.666666666667}
\definecolor{mediumaquamarine}{rgb}{0.4,0.803921568627,0.666666666667}
\definecolor{MediumBlue}{rgb}{0.0,0.0,0.803921568627}
\definecolor{mediumblue}{rgb}{0.0,0.0,0.803921568627}
\definecolor{MediumOrchid}{rgb}{0.729411764706,0.333333333333,0.827450980392}
\definecolor{mediumorchid}{rgb}{0.729411764706,0.333333333333,0.827450980392}
\definecolor{MediumPurple}{rgb}{0.576470588235,0.439215686275,0.847058823529}
\definecolor{mediumpurple}{rgb}{0.576470588235,0.439215686275,0.847058823529}
\definecolor{MediumSeaGreen}{rgb}{0.235294117647,0.701960784314,0.443137254902}
\definecolor{mediumseagreen}{rgb}{0.235294117647,0.701960784314,0.443137254902}
\definecolor{MediumSlateBlue}{rgb}{0.482352941176,0.407843137255,0.933333333333}
\definecolor{mediumslateblue}{rgb}{0.482352941176,0.407843137255,0.933333333333}
\definecolor{MediumSpringGreen}{rgb}{0.0,0.980392156863,0.603921568627}
\definecolor{mediumspringgreen}{rgb}{0.0,0.980392156863,0.603921568627}
\definecolor{MediumTurquoise}{rgb}{0.282352941176,0.819607843137,0.8}
\definecolor{mediumturquoise}{rgb}{0.282352941176,0.819607843137,0.8}
\definecolor{MediumVioletRed}{rgb}{0.780392156863,0.0823529411765,0.521568627451}
\definecolor{mediumvioletred}{rgb}{0.780392156863,0.0823529411765,0.521568627451}
\definecolor{MidnightBlue}{rgb}{0.0980392156863,0.0980392156863,0.439215686275}
\definecolor{midnightblue}{rgb}{0.0980392156863,0.0980392156863,0.439215686275}
\definecolor{MintCream}{rgb}{0.960784313725,1.0,0.980392156863}
\definecolor{mintcream}{rgb}{0.960784313725,1.0,0.980392156863}
\definecolor{MistyRose}{rgb}{1.0,0.894117647059,0.882352941176}
\definecolor{mistyrose}{rgb}{1.0,0.894117647059,0.882352941176}
\definecolor{Moccasin}{rgb}{1.0,0.894117647059,0.709803921569}
\definecolor{moccasin}{rgb}{1.0,0.894117647059,0.709803921569}
\definecolor{NavajoWhite}{rgb}{1.0,0.870588235294,0.678431372549}
\definecolor{navajowhite}{rgb}{1.0,0.870588235294,0.678431372549}
\definecolor{Navy}{rgb}{0.0,0.0,0.501960784314}
\definecolor{navy}{rgb}{0.0,0.0,0.501960784314}
\definecolor{OldLace}{rgb}{0.992156862745,0.960784313725,0.901960784314}
\definecolor{oldlace}{rgb}{0.992156862745,0.960784313725,0.901960784314}
\definecolor{Olive}{rgb}{0.501960784314,0.501960784314,0.0}
\definecolor{olive}{rgb}{0.501960784314,0.501960784314,0.0}
\definecolor{OliveDrab}{rgb}{0.419607843137,0.556862745098,0.137254901961}
\definecolor{olivedrab}{rgb}{0.419607843137,0.556862745098,0.137254901961}
\definecolor{Orange}{rgb}{1.0,0.647058823529,0.0}
\definecolor{orange}{rgb}{1.0,0.647058823529,0.0}
\definecolor{OrangeRed}{rgb}{1.0,0.270588235294,0.0}
\definecolor{orangered}{rgb}{1.0,0.270588235294,0.0}
\definecolor{Orchid}{rgb}{0.854901960784,0.439215686275,0.839215686275}
\definecolor{orchid}{rgb}{0.854901960784,0.439215686275,0.839215686275}
\definecolor{PaleGoldenRod}{rgb}{0.933333333333,0.909803921569,0.666666666667}
\definecolor{palegoldenrod}{rgb}{0.933333333333,0.909803921569,0.666666666667}
\definecolor{PaleGreen}{rgb}{0.596078431373,0.98431372549,0.596078431373}
\definecolor{palegreen}{rgb}{0.596078431373,0.98431372549,0.596078431373}
\definecolor{PaleTurquoise}{rgb}{0.686274509804,0.933333333333,0.933333333333}
\definecolor{paleturquoise}{rgb}{0.686274509804,0.933333333333,0.933333333333}
\definecolor{PaleVioletRed}{rgb}{0.847058823529,0.439215686275,0.576470588235}
\definecolor{palevioletred}{rgb}{0.847058823529,0.439215686275,0.576470588235}
\definecolor{PapayaWhip}{rgb}{1.0,0.937254901961,0.835294117647}
\definecolor{papayawhip}{rgb}{1.0,0.937254901961,0.835294117647}
\definecolor{PeachPuff}{rgb}{1.0,0.854901960784,0.725490196078}
\definecolor{peachpuff}{rgb}{1.0,0.854901960784,0.725490196078}
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{\itshape A three-{}dimensional representation of an atomic 4f orbital.}

\end{center}

\section{About {\itshape General Chemistry}}
\label{2}
{\itshape General Chemistry} is an introduction to the basic concepts of chemistry, including atomic structure and bonding, chemical reactions, and solutions.  Other topics covered include gases, thermodynamics, kinetics and equilibrium, thermodynamics, redox, and chemistry of the elements.

It is assumed that the reader has basic scientific understanding.  Otherwise, minimal knowledge of chemistry is needed prior to reading this book.

\section{Beyond General Chemistry}
\label{3}
\begin{myitemize}
\item{} Organic Chemistry -{} Chemistry studies focusing on the carbon atom and compounds.
\item{} Inorganic Chemistry -{} Chemistry studies focusing on salts, metals, and other compounds not based on carbon.
\item{} Biochemistry -{} Chemistry studies of or relating to living organisms.
\end{myitemize}

\section{About Wikibooks}
\label{4}
This is a wiki textbook. Anyone from around the world can read, as well as write it! All of the content in the book is covered by the \myhref{http://www.gnu.org/copyleft/fdl.html}{ GNU Free Document Licence}, which means it is guaranteed to remain free and open.
\subsection{Authors and Significant Contributors}
\label{5}

\begin{myitemize}
\item{} \myhref{http://en.wikibooks.org/wiki/User\%3ANipplesMeCool}{NipplesMeCool} 
\item{} \myhref{http://en.wikibooks.org/wiki/User\%3AOrngjce223}{Orngjce223} 
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\subsection{Chemistry is Everywhere}
\label{7}



\begin{minipage}{0.37500\textwidth}
\begin{center}
\includegraphics[width=1.0\textwidth,height=6.5in,keepaspectratio]{../images/2.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{2}{Chemistry: the study of the properties, composition, and transformation of matter.}
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The modern human experience places a large emphasis upon the material world. From the day of our birth to the day we die, we are frequently preoccupied with the world around us.  Whether struggling to feed ourselves, occupying ourselves with modern inventions, interacting with other people or animals, or simply meditating on the air we breathe, our attention is focused on different aspects of the material world.  In fact only a handful of disciplines—certain subsets of religion, philosophy, and abstract math—can be considered completely unrelated to the material world. Everything else is somehow related to {\bfseries chemistry}, the scientific discipline which studies the properties, composition, and transformation of matter.
\subsection{Branches of Chemistry}
\label{8}

Chemistry itself has a number of branches:

\begin{myitemize}
\item{} {\itshape Analytical chemistry} seeks to determine the composition of substances.
\item{} {\itshape Biochemistry} is the study of chemicals found in living things (such as DNA and proteins).
\item{} {\itshape Inorganic Chemistry} studies substances that do not contain carbon.
\item{} {\itshape Organic chemistry} studies carbon-{}based substances. Carbon, as described in more detail in this book, has unique properties that allow it to make complex chemicals, including those of living organisms. An entire field of chemistry is devoted to substances with this element.
\item{} {\itshape Physical chemistry} is the study of the {\itshape physical properties} of chemicals, which are characteristics that can be measured without changing the composition of the substance.
\end{myitemize}
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\raggedright{}\myfigurewithcaption{3}{This is the structure of table salt, or {\itshape sodium chloride}.}
\end{minipage}\vspace{0.75cm}



Chemistry as a discipline is based on a number of other fields. Because it is a measurement-{}based science, math plays an important role in its study and usage. A proficiency in high-{}school level algebra should be all that is needed in this text, and can be obtained from a number of \myhref{http://en.wikibooks.org/wiki/Algebra}{sources}. Chemistry itself is determined by the rules and principles of \myhref{http://en.wikibooks.org/wiki/Physics\%20Study\%20Guide}{physics}.  Basic principles from physics may be introduced in this text when necessary.
\subsection{Why Study Chemistry?}
\label{9}

There are many reasons to study chemistry. It is one pillar of the natural sciences necessary for detailed studies in the physical sciences or engineering. The principles of biology and psychology are rooted in the biochemistry of the animal world, in ways that are only now beginning to be understood. Modern medicine is firmly rooted in the chemical nature of the human body. Even students without long term aspirations in science find beauty in the infinite possibilities that originate from the small set of rules found in chemistry.

Chemistry has the power to explain everything in this world, from the ordinary to the bizarre.  Why does iron rust?  What makes propane such an efficient, clean burning fuel?  How can soot and diamond be so different in appearance, yet so similar chemically?  Chemistry has the answer to these questions, and so many more.  Understanding chemistry is the key to understanding the world as we know it.
\subsection{This Book: General Chemistry}
\label{10}

An introduction to the chemical world is set forth in this text.  The units of study are organized as follows.
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\begin{myenumerate}
\item{}  {\bfseries Properties of Matter}: An explanation of the most fundamental concept in chemistry: {\itshape matter}.
\item{}  {\bfseries Atomic Structure}: While technically in the domain of physics, {\itshape atoms} determine the behavior of matter, making them a necessary starting point for any discussion of chemistry.
\item{}  {\bfseries Compounds and Bonding}: Chemical {\itshape bonding} is introduced, which explains how less than one hundred naturally-{}occurring elements can combine to form all the different compounds that fill our world.
\item{}  {\bfseries Chemical Reactions}: Things get interesting once chemical {\itshape reactions} start making and breaking bonds.
\item{}  {\bfseries Aqueous Solutions}: Substances {\itshape dissolved} in water have special properties.  This is when {\itshape acids and bases} are introduced.
\item{}  {\bfseries Phases of Matter}: A detailed look at the {\itshape organization of substances}, with particular focus on {\itshape gases}.
\item{}  {\bfseries Chemical Equilibria}: Chemical reactions don\textquotesingle{}t go on forever.  {\itshape Equilibrium} is the balance that reactions seek to achieve.
\item{}  {\bfseries Chemical Kinetics}: {\itshape Kinetics} explain why it takes years for an iron nail to rust, but only a split second for a hydrogen-{}filled hot air balloon to explode.
\item{}  {\bfseries Thermodynamics}: Two things decide which reactions can occur and which reactions cannot: heat and chaos.  Or {\itshape enthalpy and entropy}, as they are called in thermodynamics
\item{}  {\bfseries Chemistries of Various Elements}:  An exploration of the {\itshape elements} that make up all substance.  Includes an introduction to {\itshape nuclear chemistry} and carbon, the essence of {\itshape organic chemistry}.
\end{myenumerate}




\begin{center}
{\large \myhref{http://en.wikibooks.org/wiki/General\%20Chemistry}{<{}<{} Begin Your Study of {\bfseries General Chemistry}! >{}>{}}}
\end{center}
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\section{What is Matter?}
\label{12}
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Matter is defined as anything that has {\bfseries mass} and {\bfseries volume}. 

{\bfseries Mass} is a measure of an object\textquotesingle{}s inertia.  It is proportional to weight: the more mass an object has, the more weight it has.  However, mass is not the same as weight.  Weight is a force created by the action of gravity on a substance while mass is a measure of an object\textquotesingle{}s resistance to change in motion.  Mass is measured by comparing the substance of interest to a standard kilogram called the International Prototype Kilogram (IPK). The IPK is a metal cylinder where the height and diameter both equal 39.17 millimeters and is made of an alloy of 90\% platinum and 10\% iridium. Thus, the standard kilogram is defined and all other masses are a comparison to this kilogram. When atom masses are measured in a mass spectrometer, a different internal standard is used. Your take home lesson with regard to mass is that mass is a relative term judged by a comparison.


{\bfseries Volume} is a measure of the amount of space occupied by an object.  Volume can be measured directly with equipment designed using graduations marks or indirectly using length measurements depending on the state (gas, liquid, or solid) of the material. A {\itshape graduated cylinder}, for example, is a tube that can hold a liquid which is marked and labeled at regular intervals, usually every 1 or 10 mL. Once a liquid is placed in the cylinder, one can read the graduation marks and record the volume measurement. Since volume changes with temperature, graduated equipment has limits to the precision with which one can read the measurement. Solid objects that have regular shape can have their volume calculated by measuring their dimensions.  In the case of a box, it\textquotesingle{}s volume equals length times width times height.

It is particularly interesting to note that measuring is different from calculating a specific value. While mass and volume can both be determined directly relative to either a defined standard or line marks on glass, calculating other values from measurements is not considered measuring. For example, once you have measured the mass and volume of a liquid directly, one can then calculate the density of a substance by dividing the mass by the volume. This is considered indirectly determining density. Interestingly enough, one can also measure density directly if an experiment which allows the comparison of density to a standard is set up.

Another quantity of matter directly or indirectly determined is the {\bfseries amount of substance}. This can either represent a counted quantity of objects (e.g. three mice or a dozen bagels) or the indirectly determined number of particles of a substance being dealt with such as how many atoms are contained in a sample of a pure substance. The latter quantity is described in terms of moles. One mole is a specifically defined as the number of particles in 12 grams of the isotope Carbon-{}12. This number is 6.02214078(18)x 10\textsuperscript{23}  particles. 

\LaTeXDoubleBoxTemplate{Units of Measure}{
\begin{myitemize}
\item{} Mass: the kilogram (kg).  Also, the gram (g) and milligram (mg).
\begin{myitemize}
\item{}  1 kg = 1000 g
\item{}  1000 mg = 1 g.
\end{myitemize}

\item{} Volume:  the liter (L), milliliter (mL).  Also, cubic centimeters (cc) and cubic meters (m\textsuperscript{3}).
\begin{myitemize}
\item{}  1 cc = 1 mL
\item{}  1000 mL = 1 L
\item{}  1000 L = 1 m\textsuperscript{3}
\end{myitemize}

\item{} Amount:  the mole (mol).
\begin{myitemize}
\item{}  1 mol = 6.02214078(18)x 10\textsuperscript{23}  particles
\end{myitemize}

\end{myitemize}
}
\section{Atoms, Elements, and Compounds}
\label{13} 
The fundamental building block of matter is the atom.
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Any atom is composed of a little nucleus surrounded by a \symbol{34}cloud\symbol{34} of electrons. In the nucleus there are protons and neutrons.

However, the term \symbol{34}atom\symbol{34} just refers to a building block of matter; it doesn\textquotesingle{}t specify the identity of the atom. It could be an atom of carbon, or an atom of hydrogen, or any other kind of atom.

This is where the term \symbol{34}element\symbol{34} comes into play. When an atom is defined by the number of protons contained in its nucleus, chemists refer to it as an {\bfseries element}. All elements have a very specific identity that makes them unique from other elements. For example, an atom with 6 protons in its nucleus is known as the element {\itshape carbon}. When speaking of the element {\itshape fluorine}, chemists mean an atom that contains 9 protons in its nucleus. 

\LaTeXZeroBoxOpenTemplate{
\begin{myitemize}
\item{} Atom: A fundamental building block of matter composed of protons, neutrons, and electrons.
\item{} Element: A uniquely identifiable atom recognized by the number of protons in the nucleus.
\end{myitemize}
}

Despite the fact that we define an element as a unique identifiable atom, when we speak, for example, 5 elements, we don\textquotesingle{}t usually mean those 5 atoms are of the same type (having the same number of protons in their nucleus). We mean 5 \textquotesingle{}types\textquotesingle{} of atoms. It is not necessary there are only 5 atoms. There may be 10, or 100, etc. atoms, but those atoms belong to one of 5 types of atoms. I\textquotesingle{}d rather define \textquotesingle{}element\textquotesingle{} as \textquotesingle{}type of atom\textquotesingle{}. I think it is more precise. If we\textquotesingle{}d like to refer to 5 atoms having the same 6 protons in their nucleus, I\textquotesingle{}d say \textquotesingle{}5 carbon atoms\textquotesingle{} or \textquotesingle{}5 atoms of carbon\textquotesingle{}.

It is important to note that if the number of protons in the nucleus of an atom changes, so does the identity of that element. If we could remove a proton from nitrogen (7 protons), it is no longer nitrogen. We would, in fact, have to identify the atom as carbon (6 protons). Remember, elements are unique and are always defined by the number of protons in the nucleus.  The {\bfseries \myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FPeriodic\%20Table}{Periodic Table of the Elements}} shows all known elements organized by the number of protons they have.

An element is composed of the same type of atom; {\itshape elemental carbon} contains any number of atoms, all having 6 protons in their nuclei.  In contrast, {\bfseries compounds} are composed of different type of atoms. More precisely, a compound is a chemical substance that consists of two or more elements.  A {\itshape carbon compound} contains some carbon atoms (with 6 protons each) and some other atoms with different numbers of protons.

Compounds have properties different from the elements that created them.  Water, for example, is composed of hydrogen and oxygen.  Hydrogen is an explosive gas and oxygen is a gas that fuels fire.  Water has completely different properties, being a liquid that is used to extinguish fires.

The smallest representative for a compound (which means it remains characteristics of the compound) is called a {\bfseries molecule}.  Molecules are composed of atoms that have \symbol{34}bonded\symbol{34} together.  As an example, the {\itshape formula} of a water molecule is \symbol{34}H\textsubscript{2}O\symbol{34}:  two hydrogen atoms and one oxygen atom.
\section{Properties of Matter}
\label{14}
Properties of matter can be divided in two ways: extensive/intensive, or physical/chemical.


\begin{center}

\begin{longtable}{|>{\RaggedRight}p{0.45982\linewidth}|>{\RaggedRight}p{0.45982\linewidth}|} \hline 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\begin{myitemize}\item{} {\itshape Extensive} properties depend on the amount of matter that is being measured. These include mass and volume.\item{} {\itshape Intensive} properties do not depend on the amount of matter. These include density and color.\end{myitemize}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\begin{myitemize}\item{} {\itshape Physical} properties can be measured without changing the chemical\textquotesingle{}s identity. The freezing point of a substance is physical.  When water freezes, it\textquotesingle{}s still H\textsubscript{2}O.\item{} {\itshape Chemical} properties deal with how one chemical reacts with another. We know that wood is flammable because it becomes heat, ash, and carbon dioxide when heated in the presence of oxygen.\end{myitemize}\\ \hline 
\end{longtable}


\end{center}

\section{States of Matter}
\label{15}
One important physical property is the {\itshape state of matter}. Three are common in everyday life: solid, liquid, and gas. The fourth, {\itshape plasma}, is observed in special conditions such as the ones found in the sun and fluorescent lamps.  Substances can exist in any of the states.  Water is a compound that can be liquid, solid (ice), or gas (steam).


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/7.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{7}{The ice in this picture is a solid.  The water in the picture is a liquid.  In the air there is water vapor, which is a gas.}
\end{minipage}\vspace{0.75cm}




\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/8.\SVGExtension}
\end{center}
\raggedright{}\myfigurewithcaption{8}{The states of matter depend on the bonding between molecules.}
\end{minipage}\vspace{0.75cm}


\subsection{Solids}
\label{16}
Solids have a definite shape and a definite volume.  Most everyday objects are solids: rocks, chairs, ice, and anything with a specific shape and size.  The molecules in a solid are close together and connected by {\itshape intermolecular bonds}.  Solids can be {\itshape amorphous}, meaning that they have no particular structure, or they can be arranged into crystalline structures or networks.  For instance, soot, graphite, and diamond are all made of elemental carbon, and they are all solids.  What makes them so different?  Soot is amorphous, so the atoms are randomly stuck together.  Graphite forms parallel layers that can slip past each other.  Diamond, however, forms a crystal structure that makes it very strong.
\subsection{Liquids}
\label{17}
Liquids have a definite volume, but they do not have a definite shape.  Instead, they take the shape of their container to the extent they are indeed \symbol{34}contained\symbol{34} by something such as beaker or a cupped hand or even a puddle. If not \symbol{34}contained\symbol{34} by a formal or informal vessel, the shape is determined by other internal (e.g. intermolecular)  and external (e.g. gravity, wind, inertial) forces. The molecules are close, but not as close as a solid.  The intermolecular bonds are weak, so the molecules are free to slip past each other, flowing smoothly.  A property of liquids is {\itshape viscosity}, the measure of \symbol{34}thickness\symbol{34} when flowing.  Water is not nearly as viscous as molasses, for example.
\subsection{Gases}
\label{18}
Gases have no definite volume and no definite shape.  They expand to fill the size and shape of their container.  The oxygen that we breathe and steam from a pot are both examples of gases.  The molecules are very far apart in a gas, and there are minimal intermolecular forces.  Each atom is free to move in any direction.  Gases undergo effusion and diffusion.  Effusion occurs when a gas seeps through a small hole, and diffusion occurs when a gas spreads out across a room.  If someone leaves a bottle of ammonia on a desk, and there is a hole in it, eventually the entire room will reek of ammonia gas.  That is due to the diffusion and effusion.  These properties of gas occur because the molecules are not bonded to each other.

\LaTexInfoTemplateOne{Technically, a gas is called a {\bfseries vapor} if it does not occur at standard temperature and pressure (STP).  STP is 0° C and 1.00 atm of pressure.  This is why we refer to water {\itshape vapor} rather than water gas.}
\begin{myitemize}
\item{} In gases, intermolecular forces are very weak, hence molecules move randomly colliding with themselves, and with the wall of their container, thus exerting pressure on their container. When heat is given out by gases, the internal molecular energy decreases; eventually, the point is reached when the gas liquifies.
\end{myitemize}

\LaTeXNullTemplate{}
\chapter{Changes in Matter}





\label{19}
\LaTeXNullTemplate{}

There are two types of change in matter: {\itshape physical} change and {\itshape chemical} change. As the names suggest, physical changes affect physical properties, and chemical changes affect chemical properties.

Chemical changes are also known as chemical reactions. The \symbol{34}ingredients\symbol{34} of a reaction are the reactants, and the end results are called the \symbol{34}products\symbol{34}. The change from reactants to products can be signified by an arrow.


\begin{center}
\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription} A Chemical Reaction
\end{mydescription}
}
\begin{myquote}\item{}
Reactants → Products
\end{myquote}
}
\end{center}


Note that the number of reactants and products don\textquotesingle{}t necessarily have to be the same. However, the number of each type of atom must remain constant.  This is called the {\bfseries Law of Conservation of Matter}.  It states that matter can never be created or destroyed, only changed and rearranged.  If a chemical reaction begins with 17 moles of carbon atoms, it must end with 17 moles of carbon atoms.  They may be bonded into different molecules, or in a different state of matter, but they cannot disappear.

When changes occur, energy is often transformed. However, like atoms, energy cannot disappear.  This is called the {\bfseries Law of Conservation of Energy}.  A simple example would be putting ice cubes into a soft drink.  The ice cubes get warmer as the drink gets colder, because energy cannot be created or destroyed, only transferred.  Note that energy can be \symbol{34}released\symbol{34} or \symbol{34}stored\symbol{34} by making and breaking bonds.  When a plant converts the energy from sunlight into food, that energy is stored in the chemical bonds within the sugar molecules.
\section{Chemical or Physical?}
\label{20}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/9.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{9}{Is blending together a smoothie a physical or chemical change?}
\end{minipage}\vspace{0.75cm}


Physical changes do not cause a substance to become a fundamentally different substance.  Chemical changes, on the other hand, cause a substance to change into something entirely new.  Chemical changes are typically irreversible, but that is not always the case.  It is easier to understand the difference between physical and chemical changes with examples.

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape  changes are physical.}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Phase changes are when you melt, freeze, boil, condense, \myhref{http://en.wikipedia.org/wiki/sublimation}{sublimate}, or \myhref{http://en.wikipedia.org/wiki/deposition}{deposit} a substance.  They do not change the nature of the substance unless a chemical change occurs along with the physical change.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Cutting, tearing, shattering, and grinding are physical.}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} These may be irreversible, but the result is still composed of the same molecules.  When you cut your hair, that is a physical change, even though you can\textquotesingle{}t put the hair back on your head again.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Mixing together substances is physical.}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} For example, you could mix salt and pepper, dissolve salt in water, or mix molten metals together to produce an alloy.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Gas bubbles forming is chemical.}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Not to be confused with bubbles from boiling, which would be physical (a phase change).  Gas bubbles indicate that a chemical reaction has occurred.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Precipitates forming is chemical.}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} When  dissolved substances are mixed, and a cloudy precipitate appears, there has been a chemical change.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Rotting, burning, cooking, and rusting (for example) are chemical.}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The resulting substances are entirely new chemical compounds.  For instance, wood becomes ash and heat; iron becomes rust; sugar ferments into alcohol.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Changes of color or release of odors (i.e. release of a gas) might be chemical.}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} As an example, the element chromium shows different colors when it is in different compounds, but a single chromium compound will not change color on its own without some sort of reaction.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Release/absorption of energy (heat, light, sound) is generally not easily categorized.}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Hot/cold packs involve dissolving a salt in water to change its temperature (more on that in later chapters); popping popcorn is mostly (but not completely) physical change; a glowstick has a chemical change in it. 
\end{longtable}

\LaTeXNullTemplate{}
\chapter{Classification of Matter}





\label{21}
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Matter can be classified by its state.
\begin{myitemize}
\item{} {\bfseries Solids} have a set volume and shape.The inter molecular force of attraction for solid matter is very strong.  
\item{} {\bfseries Liquids} have a set volume, but change shape. The inter molecular force of attraction for liquid matter is weaker than solid matter.
\item{} {\bfseries Gases} have neither definite volume nor shape. The inter molecular force of attraction for gaseous matter is negligible.  
\item{} {\bfseries Plasma} which are usually gaseous state of matter in which a part or all of the atoms or molecules are dissociated to form ions.
\end{myitemize}


Matter can also be classified by its chemical composition.
\begin{myitemize}
\item{} An \myhref{http://en.wikipedia.org/wiki/Chemical_element}{element} is a pure substance made up of atoms with the same number of protons. As of 2011, 118 elements have been observed, 92 of which occur naturally. Carbon (C), Oxygen (O), Hydrogen (H) are examples of elements. The \myhref{http://en.wikibooks.org/wiki/General_Chemistry\%2FPeriodic_Table}{periodic table} is a tabular representation of the known elements.
\item{} A \myhref{http://en.wikipedia.org/wiki/Chemical_compound}{compound} consists of two or more chemical elements that are chemically bonded together. Water (H\textsubscript{2}O) and table sugar (C\textsubscript{12}H\textsubscript{22}O\textsubscript{11}) are examples of chemical compounds. The ratio of the elements in a compound is always the same. For example in water, the number of H atoms is always twice the number of O atoms.
\item{} A \myhref{http://en.wikipedia.org/wiki/mixture}{mixture} consists of two or more substances (element or compound) mixed together without any chemical bond. Salad is a good example. A mixture can be separated into its individual components by mechanical means.
\end{myitemize}

\section{Types of Mixtures}
\label{22}

There are many kinds of mixtures.  They are classified by the behavior of the {\bfseries phases}, or substances that have been mixed.
\subsection{Homogeneous Mixtures}
\label{23}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/10.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{10}{Soda water is a homogeneous mixture.  (The straw looks broken because of \myhref{http://en.wiktionary.org/wiki/refraction}{refraction}.)}
\end{minipage}\vspace{0.75cm}


A homogeneous mixture is uniform, which means that any given sample of the mixture will have the same composition.  Air, sea water, and carbonation dissolved in soda are all examples of homogeneous mixtures, or solutions.  No matter what sample you take from the mixture, it will always be composed of the same combination of phases.  Chocolate chip ice cream is not homogeneous—one spoonful taken might have two chips, and then another spoonful might have several chips.

An example for a homogeneous mixture is a solution.  The substance that gets dissolved is the {\bfseries solute}.  The substance that does the dissolving is the {\bfseries solvent}.  Together they make a {\bfseries solution}.  If you stir a spoonful of salt into a glass of water, salt is the solute that gets dissolved.  Water is the solvent.  The salty water is now a solution, or homogeneous mixture, of salt and water.

When different gases are mixed, they always form a solution.  The gas molecules quickly spread out into a uniform composition.
\subsection{Heterogeneous Mixtures}
\label{24}

A {\bfseries heterogeneous mixture} is not uniform.  Different samples may have different compositions, like the example of chocolate chip ice cream.  Concrete, soil, blood, and salad are all examples of heterogeneous mixtures. 



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/11.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{11}{This dust is a suspension because it settles after the work is done.}
\end{minipage}\vspace{0.75cm}

\subsubsection{Suspensions}
\label{25}
When sand gets kicked up in a pond, it clouds the water.  Soon the sand settles down, and is no longer mixed into the water.  This is an example of a {\bfseries suspension}.  Suspensions are heterogeneous mixtures that will eventually settle.  They are usually, but not necessarily, composed of phases in different states of matter.  Italian salad dressing has three phases: the water, the oil, and the small pieces of seasoning.  The seasonings are solids that will sink to the bottom, and the oil and water are liquids that will separate.
\subsubsection{Colloids}
\label{26}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/12.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{12}{Toothpaste is a colloid, because it\textquotesingle{}s part solid and part liquid.}
\end{minipage}\vspace{0.75cm}


What exactly is toothpaste?  We can\textquotesingle{}t exactly classify it by its state of matter.  It has a definite shape and volume, like a solid.  But then you squeeze the tube, and it flows almost like a liquid.  And then there\textquotesingle{}s jelly, shaving cream, smoke, dough, and Silly Putty...

These are examples of {\bfseries colloids}.  A \myhref{http://en.wikipedia.org/wiki/Colloids}{colloid} is a heterogeneous mixture of two substances of different phases.  Shaving cream and other foams are gas dispersed in liquid.  Jello, toothpaste, and other gels are liquid dispersed in solid.  Dough is a solid dispersed in a liquid.  Smoke is a solid dispersed in a gas.

\LaTexInfoTemplateOne{Colloids differ from suspensions in that they will not settle.}

Colloids consist of two phases: a {\itshape dispersed phase} inside of a {\itshape continuous medium}.
\subsubsection{The Tyndall Effect}
\label{27}

The Tyndall effect distinguishes colloids from solutions.  In a solution, the particles are so fine that they will not scatter light.  This is not true for a colloid.  If you shine light through a solution, the beam of light will not be visible.  It will be visible in a colloid.  For instance, if you have ever played with a laser pointer, you have seen the Tyndall effect.  You cannot see the laser beam in air (a solution), but if you shine it into a mist (a colloid, or suspension, actually), the beam is visible.  Clouds look white (or gray), as opposed to blue, because of the Tyndall effect -{} the light is scattered by the small droplets of suspended water.
\section{Methods for Separating Mixtures}
\label{28}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/13.\SVGExtension}
\end{center}
\raggedright{}\myfigurewithcaption{13}{Filtration is one way to separate a mixture.}
\end{minipage}\vspace{0.75cm}


Because there is no chemical bonding in a mixture, the phases can be separated by mechanical means.  In a heterogeneous mixture like a salad, the pieces can easily be picked out and separated.  It is as simple as sifting through the salad and picking out all the tomatoes and radishes, for example.  However, many mixtures contain particles that are too small, liquids, or too many particles to be separated manually.  We must use more sophisticated methods to separate the mixture.
\subsection{Filtration}
\label{29}

Imagine you have a sandbox, but there are bits of broken glass in it.  All you would need is some sort of filter.  The sand particles are much smaller than the glass chips, so a mesh filter would let sand pass but stop the glass.  Filtration is used in all sorts of purification methods.  Some filters, like dialysis tubing, are such fine filters that water can pass, but dissolved glucose cannot.

\LaTexInfoTemplateOne{Filtration works with particles that are significantly different in size, like sand and rock, or water and glucose.}
\subsection{Distillation}
\label{30}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/14.\SVGExtension}
\end{center}
\raggedright{}\myfigurewithcaption{14}{A distillation apparatus has a boiling flask, a place to cool the vapor down, and a collecting flask.}
\end{minipage}\vspace{0.75cm}


If you were given a glass of saltwater, could you drink it?  Sure, if you distill it first.  Distillation is the boiling of a mixture to separate its phases.  Salt is a solid at room temperature, and water is a liquid.  Water will boil far before salt even begins to melt.  So separating the two is as simple as boiling the water until all that remains is the solid salt.  If desired, the water vapor can be collected, condensed, and used as a source of pure water.

Distillation can also be used if two liquids are mixed but have different boiling points.  Separation of several liquids with similar boiling points can be achieved using \myhref{http://en.wikipedia.org/wiki/fractionation}{fractionation}.
\subsection{Centrifugation and Sedimentation}
\label{31}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/15.\SVGExtension}
\end{center}
\raggedright{}\myfigurewithcaption{15}{Sedimentation is used to purify waste water, by letting it settle and removing the settled material (sludge, in this case).}
\end{minipage}\vspace{0.75cm}


These processes rely on differences in density.  In a medical lab, blood often goes into a centrifuge.  A centrifuge is a machine that spins a sample at fairly high rates of speed.  Red blood cells are much denser than the watery substance (called plasma, but it\textquotesingle{}s not the plasma state of matter) that makes up blood.  As a result of the spinning, the denser phases move outward and the less dense phases move inward, towards the axis of rotation.  Then, the red blood cells can be separated from the plasma.

Sedimentation is similar, but it happens when particles of different densities have settled within a liquid.  If a jar of muddy water is left to settle, the heaviest particles sink to the bottom first.  The lightest particles sink last and form a layer on top the heavier particles.  You may have seen this effect in a bottle of salad dressing.  The seasonings sink to the bottom, the water forms a lower layer, and the oil forms an upper layer.  The separate phases can be skimmed out.  To return it to a mixture, simply shake it up to disturb the layers.
\subsection{Unique Properties}
\label{32}

\includegraphics[width=0.15000\textwidth,height=6.5in,keepaspectratio]{../images/16.jpg}
 

The differences in substances\textquotesingle{} properties can be exploited to allow separation.  Consider these examples:
\begin{myitemize}
\item{}  A mixture of sand and iron filings can be separated by magnet.
\item{}  Salt and sand can be separated by solution (sand will not dissolve in water, salt will)
\item{}  Helium can be separated from a mixture with hydrogen by combustion (this is a very dangerous operation, since hydrogen in the presence of oxygen is highly explosive). Hydrogen is flammable, but helium is not.
\end{myitemize}

\subsection{Other methods}
\label{33}

There are countless other ways to \myhref{http://en.wikipedia.org/wiki/Separation_process}{separate mixtures}.
For instance, gel electrophoresis is used to separate different sized pieces of DNA.  They are placed into gel, and an electric current is applied.  The smaller pieces move faster and separate from the larger pieces.

Chromatography separates phases dissolved in liquid.  If you want to see an example, take a strip of paper and draw a dot on it with a colored marker.  Dip the strip into water, and wait a while.  You should see the ink separate into different colors as they spread out from the dot.

\LaTeXNullTemplate{}
\chapter{Numbers Used to Describe Atoms}
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\section{Numbers}
\label{35}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/17.\SVGExtension}
\end{center}
\raggedright{}\myfigurewithcaption{17}{If the red parts are protons and the green parts are neutrons, what\textquotesingle{}s the atomic, neutron, and mass number of this atom? (lithium)}
\end{minipage}\vspace{0.75cm}


The {\bfseries Atomic number} is the number of protons in the nucleus of an atom. This number determines the element type of the atom.  For instance, all neon atoms have exactly ten protons.  If an atom has ten protons, then it must be neon.  If an atom is neon, then it must have ten protons.

The atomic number is sometimes denoted {\bfseries Z}.  Continuing with the example of neon, {$Z=10$}.

The {\bfseries Neutron number} is the number of neutrons in the nucleus of an atom.  Remember that neutrons have no electric charge, so they do not affect the chemistry of an element.  However, they do affect the nuclear properties of the element.  For instance, Carbon-{}12 has six neutrons, and it is stable.  Carbon-{}14 has eight neutrons, and it happens to be radioactive.  Despite these differences, both forms of carbon behave the same way when forming chemical compounds.

The neutron number is sometimes denoted {\bfseries N}.

The {\bfseries Mass number} is the sum of protons and neutrons in an atom.  It is denoted {\bfseries A}. To find the mass number of an atom, remember that {\bfseries A = Z + N}.  The mass number of an atom is always an integer.  Because the number of neutrons can vary among different atoms of the same element, there can be different mass numbers of a given element.  Look back to the example of carbon.  Carbon-{}14 has a mass number of 14, and Carbon-{}12 has a mass number of 12.  Every carbon atom {\itshape must} have six protons, so Carbon-{}14 has eight neutrons and Carbon-{}12 has six neutrons.
\LaTexInfoTemplateOne{Elements with the same atomic number but different atomic masses are {\bfseries isotopes}.}  Isotopes of the same element have nearly identical chemical properties (because they have the same number of protons and electrons).  Their only difference is the number of neutrons, which changes their nuclear properties like radioactivity.
\subsection{Notation}
\label{36}

There is a convenient way of writing the numbers that describe atoms.  It is easiest to learn by examples.

\LaTexHelpFulHintTemplate{Keep in mind that any of the three numbers written around the element symbol are optional, but they should be written if it is important to the given situation.  The charge number is left off if the atom has zero charge (equal number of protons and electrons).  The mass number and atomic number are usually left off.}
\begin{longtable}{>{\RaggedRight}p{0.10867\linewidth}>{\RaggedRight}p{0.81097\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$_9^{19}\text{F}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This is how we write fluorine-{}19.  The atomic number is below and the mass number is above, followed by its symbol on the \myhref{http://en.wikibooks.org/wiki/General_Chemistry\%2FPeriodic_Table}{periodic table of the elements}.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$^{12}\text{C}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This example shows carbon-{}12.  Notice how the atomic number is missing.  You know which element it is because of the C, so there is no need to write the number of protons.  The atomic number is rarely written because the element symbol implies how many protons there are.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$_{12}^{25}\text{Mg}^{+2}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The last example shows both the atomic number and mass number, along with a charge.  The charge is the difference in the number of protons compared to the number of electrons.  You can read more about charge, protons, and electrons \mylref{47}{later on}.  From the example, you can see that this magnesium atom would have 12 protons, 13 neutrons, and 10 electrons.  Its mass is 25 (12 p + 13 n) and its charge is +2 (12 p -{} 10 e). 
\end{longtable}


\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Exercise for the reader!
Try writing the symbol for an atom with seven protons, seven neutrons, and eight electrons.  You will need to look up its symbol on the \myhref{http://en.wikibooks.org/wiki/General_Chemistry\%2FPeriodic_Table}{periodic table}.
\end{mydescription}
}
}
\section{Atomic Mass}
\label{37}
The mass of an atom is measured in {\itshape atomic mass units (amu)}. An atom\textquotesingle{}s mass can be found by summing the number of protons and neutrons.
By definition, 12 amu equals the atomic mass of carbon-{}12. Protons and neutrons have an approximate mass of 1 amu, and electrons have a negligible mass.

\WaningTemplate{There is a difference between an atom\textquotesingle{}s mass number and an element\textquotesingle{}s atomic mass.  The mass number measures the number of protons and neutrons in the nucleus of a {\itshape particular atom}.  The atomic mass measures the {\itshape average mass of all atoms for an element}.  For example, a carbon atom might have a mass number of 12 or 14 (or something else), but carbon in general has a mass of 12.011 amu.}

Usually, a pure element is made up of a number of isotopes in specific ratios. Because of this, the measured atomic mass of carbon is not exactly 12. It is an average of all the masses of all the isotopes, with the more common ones contributing more to the measured atomic mass.  By convention atomic masses are given no units.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Example
Pretend that the element Wikibookium has two isotopes. The first has a mass number of 104, and the second has a mass number of 107. Considering that 75\% of the naturally occurring atoms are of the first isotope, and the rest are of the second. The average atomic mass is calculated as

0.75 × 104 + 0.25 × 107 = 104.75

In this case, a bunch of Wikibookium atoms would have an average mass of 104.75 amu, but each individual atom might have a mass number of 104 or 107.  Keep in mind that all of the atoms would have the same number of protons. Their masses are different because of the number of neutrons.
\end{mydescription}
}
}
\section{Moles}
\label{38} 
A mole is defined as the amount of an element whose number of particles are equal to that in 12g of C-{}12 carbon, also known as Avogrado\textquotesingle{}s number. Avogadro\textquotesingle{}s number equals 6.022 × 10\textsuperscript{23}. Moles are not very confusing: if you have a dozen atoms, you would have 12. If you have a mole of atoms, you would have 6.022 × 10\textsuperscript{23}. Why is this ridiculously large number important? It can be used to convert between atomic mass units and grams. One mole of carbon-{}12 is exactly 12 grams, by definition. Similarly, one mole of any element is the atomic mass of that element expressed as a weight in grams. The atomic mass is equal to the number of grams per mole of that element.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Example
There are 128.2 g of rubidium (atomic mass = 85.47 amu).  How many atoms are there?

(128.2 g) / (85.47 g/mol) = 1.5 mol$\text{ }$\newline{}

(1.5 mol) × (6.022 × 10\textsuperscript{23}) = {\bfseries 9.03 × 10\textsuperscript{23} atoms of rubidium}
\end{mydescription}
}
}
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Moles are also important because every 22.4 liters of gas contain 1 mole of gas molecules at standard temperature and pressure (STP, 0 °C and 1 atmosphere of pressure). Avogrado discovered this. (That\textquotesingle{}s why it\textquotesingle{}s his number.) A container filled with fluorine gas would have to be 22.4 L large to hold one mole of F\textsubscript{2} molecules. Knowing this fact allows you to determine the mass of a gas molecule if you know the volume of the container. This holds true for every gas.

Why every single gas?  Atoms and molecules are {\itshape tiny}.  The volume of a gas is mostly empty space, so the molecules have an insignificantly small volume.  As you will \mylref{301}{eventually learn}, this ensures that there is always one mole of gas atoms for every 22.4 liters at STP.
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\chapter{History of Atomic Structure}





\label{39}
\begin{myenumerate}
\item{} REDIRECT \myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FAtomic\%20Structure\%2FHistory\%20of\%20Atomic\%20Structure}{General Chemistry/Atomic Structure/History of Atomic Structure}
\end{myenumerate}


\LaTeXNullTemplate{}

Current accounts of atomic structure are the result of centuries of contemplation and experimentation.  What follows is a very brief history of the development of atomic theory.
\section{Early Propositions}
\label{40}
\subsection{Atoms according to Democritus}
\label{41}
The earliest known proponent of anything resembling modern atomic theory was the ancient Greek thinker Democritus. He proposed the existence of indivisible atoms as a response to the arguments of Parmenides, and the paradoxes of Zeno.

Parmenides argued against the possibility of movement, change, and plurality on the premise that something cannot come from nothing.  Zeno attempted to prove Parmenides\textquotesingle{} point by a series of paradoxes based on difficulties with infinite divisibility.

In response to these ideas, Democritus posited the existence of indestructible atoms that exist in a void.  Their indestructibility provided a retort to Zeno, and the void allowed him to account for plurality, change, and movement.  It remained for him to account for the properties of atoms, and how they related to our experiences of objects in the world.

Democritus proposed that atoms possessed few actual properties, with size, shape, and mass being the most important.  All other properties, he argued, could be explained in terms of the three primary properties.  A smooth substance, for instance, might be composed of primarily smooth atoms, while a sour substance is composed of rough or sharp ones.  Solid substances might be composed of atoms with numerous hooks, by which they connect to each other, while the atoms of liquid substances possess far fewer points of connection.
\subsection{Alchemy}
\label{42}
Aristotle proposed that there were four elements, air, earth, water, and fire and that everything else was a mixture of these. This belief was very popular in the medieval ages and introduced the science of alchemy. Alchemy was based on the belief that since everything was made of only four elements, you could transmute mixtures into other mixtures of the same type, the most famous of which being lead into gold. 

Alchemy\textquotesingle{}s problem was exposed by Antoine Lavoisier when he heated metallic tin in a sealed flask. A grayish ash appeared on the surface of the melting tin, which Lavoisier heated until no more ash formed. After the flask cooled, he inverted it and opened it underwater. He discovered the water rose one-{}fifth of the way into the glass, leading Lavoisier to conclude that air itself is a mixture, with one-{}fifth of it having combined with the tin, yet the other four-{}fifths did not, showing that air was not an element.

Lavoisier repeated the experiment again, substituting mercury for tin, and found that the same happened. Yet after heating gently, found that the ash released the air, showing that the experiment could be reversed. He concluded that the ash was a compound of the metal and oxygen, which he proved by weighing the metal and the ash, and showing that it was heavier than the original metal.

Lavoisier then stated that combustion was not an element, but instead was a chemical reaction of a fuel and oxygen.
\section{Dalton\textquotesingle{}s Atomic Theory}
\label{43}
Holes in alchemy led the British chemist \myhref{http://en.wikipedia.org/wiki/John\%20Dalton}{John Dalton} to revive the atomic theory of matter. Dalton\textquotesingle{}s atomic theory from about 1803 is the basis of today\textquotesingle{}s chemistry, this theory consists of five parts:
\begin{myenumerate}
\item{} All matter is composed of atoms.
\item{} An element is a type of matter always composed of only one kind of atom, which retains certain specific properties.
\item{} Atoms can not be created or destroyed
\item{} A compound is matter composed of two or more atoms of two or more elements chemically combined in specific ratios.
\item{} A chemical reaction is the rearrangement of atoms to form new compounds.
\end{myenumerate}

\section{Thomson and the Discovery of the Electron}
\label{44}
In the year 1889 the British physicist \myhref{http://en.wikipedia.org/wiki/J.J.\%20Thomson}{J.J. Thomson} discovered the electron.  Thomson conducted a number of experiments using cathode rays.  Cathode rays are constructed by sealing two electrodes in a glass tube and removing the air from it.  When the electrodes are attached to high voltage, a beam of radiation is emitted from the negative electrode.  These beams are called cathode rays.

Thomson discovered that cathode rays travel in straight lines except when they are bent by electric or magnetic fields.  Because the cathode rays bent away from a negatively charged plate, Thomson concluded that these rays are made of negatively charged particles; today we call them electrons.  Thomson found that he could produce cathode rays using electrodes of various materials.  He then concluded that electrons were found in all atoms.
\section{The \symbol{34}Plum Pudding\symbol{34} Model of the Atom}
\label{45}
Soon after the discovery of the electron, Thomson began speculating on the nature of the atom.  He suggested a \symbol{34}plum pudding\symbol{34} model.  In this model the bits of \symbol{34}plum\symbol{34} were the electrons which were floating around in a \symbol{34}pudding\symbol{34} of positive charge to match that of the electrons and make an electrically neutral atom (a modern illustration of this idea would be a chocolate chip cookie, with the chips representing negatively charged electrons and the dough representing positive charge).
\section{Rutherford\textquotesingle{}s Nuclear Atom}
\label{46}
Ernest Rutherford proved Thomson wrong through further experimentation and another theory in 1911. In his experiments Rutherford used alpha particles from a radioactive element such as radium.  Rutherford aimed the alpha particles at metal foils.  He found that most of the particles passed directly through the foil; however some were deflected nearly backward.

According to the plum pudding model all of the particles should have slowed as they passed through the \symbol{34}pudding\symbol{34} but none should have been deflected. Rutherford then concluded that every particle must have a nucleus, that is, a small hard positively charged core which takes up little space but contains the majority of the atom\textquotesingle{}s mass. According to Rutherford\textquotesingle{}s model the positively charged nucleus would attract the negatively charged electrons. Today we recognize that the atom consists of a positively charged core with a number of electrons moving around it.

\LaTeXNullTemplate{}
\chapter{Subatomic Particles}
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\section{Particle Properties}
\label{48}

Before learning about subatomic particles, some basic properties should be understood.
\subsection{Charge}
\label{49}

Particles may be electrically charged.  {\bfseries Charge} is a property which defines the force that a particle will exert on other charged particles.  There is a well known saying that applies perfectly: \symbol{34}Opposites attract.\symbol{34}  (Likewise, like charges repel.)  Positive charges and negative charges will attract each other and come together.  Two positive or two negative charges will push each other away.

\LaTexHelpFulHintTemplate{Not all particles have charge.}
The amount of charge a particle has is measured in \myhref{http://en.wikipedia.org/wiki/Coulomb}{coulombs}, but it is more conveniently expressed in terms of an integer.  For instance, a helium ion that has 2 less electrons than usual has a charge of +2, and a bromide ion with one more electron than usual has a charge of -{}1.  (This may seem backwards, but remember that an electron has a negative charge.)  Notice that charge not only applies to subatomic particles, but also ions and other things as well.  Always remember to specify if a charge is positive or negative.  Unlike ordinary numbers, we {\itshape always write the plus sign for positive charges} to avoid confusion with a negative charge.

\LaTexInfoTemplateOne{
It may be useful to understand {\bfseries Coulomb\textquotesingle{}s Law}.  It explains the electromagnetic force: {$ F = \frac{k Q_1 Q_2}{r^2}$}.  {$Q$} is the charge on each particle, {$r$} is the distance between them, and {$k$} is a constant.  So, if the distance between two particles is doubled, the force will be reduced by one fourth.  Double the charge would mean double the force, be it attractive or repulsive.  Coulomb\textquotesingle{}s Law will be especially important when understanding periodic trends.

However, there is no need to solve it exactly.  Just remember the relationships between the variables.}
\subsection{Mass}
\label{50}

Mass is the measure of inertia.  From a subatomic point of view, mass can also be understood in terms of energy, but that does not concern us when dealing with chemistry.  Mass for particles, atoms, and molecules is not measured in grams, as with ordinary substances.  Instead, it is measured in {\itshape atomic mass units}, or {\bfseries amu}.  For more information about mass and amu, read the previous chapters on properties of matter.
\section{The Nucleus}
\label{51}
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At the center of each atom lies the nucleus. It is incredibly small: if you were to take the average atom (itself miniscule in size) and expand it to the size of a football stadium, then the nucleus would be about the size of a marble. It is, however, astoundingly dense: despite the tiny percentage of the atom\textquotesingle{}s volume it contains nearly all of the atom\textquotesingle{}s mass. The nucleus almost never changes under normal conditions, remaining constant throughout chemical reactions. Nuclei are themselves made up of a pair of smaller and more dense particles, the {\bfseries proton} and the {\bfseries neutron}. These particles are collectively dubbed {\bfseries nucleons}.
\subsection{Protons}
\label{52}

Protons have a charge of +1 and a mass of 1 amu.  They are often represented by a {$p$}.

Protons will be important when learning about acids and bases—they are the essence of acid.  Remember that the number of protons in an atom is its {\itshape atomic number}, and defines what element it will be.  The number of protons in a nucleus ranges from {\bfseries one} to over a hundred.

Consider the element hydrogen.  Its atomic number is 1, so it has one proton and one electron.  If it is made into an ion (an atom with missing or extra electrons), it will simply be a lone proton.  Thus, a proton {\itshape is} the nucleus of a hydrogen atom, and a proton {\itshape is} a hydrogen ion.  Therefore, a proton can be written as {$\text{H}^+$} or {$_1^1\text{H}^+$}, both symbols for a hydrogen ion.
\subsection{Neutrons}
\label{53}

Neutrons have no charge and a mass of 1 amu.  A neutron is slightly heavier than a proton, but the difference is insignificant.  Neutrons are often written {$n$}.
\LaTeXPlainBoxTemplate{Our friends the physicists say that neutrons and protons are made of even smaller particles called {\itshape quarks}.  Fortunately, we don\textquotesingle{}t need to know about that because quarks do not affect chemistry.  Instead, quarks fall in the field of \myhref{http://en.wikibooks.org/wiki/Quantum\%20Mechanics}{Quantum Mechanics}.} 

Unlike the protons, neutrons cannot exist outside the nucleus indefinitely as they become unstable and break down. Within one nucleus there can be many protons and neutrons all in close proximity to one another. The number of neutrons in a nucleus ranges from {\bfseries zero} to over a hundred.

You may wonder why neutrons exist.  They have no charge, so can they do anything?  The answer is yes—neutrons are very important.  Remember that opposites attract and likes repel.  If so, then how can several protons stay clumped together in the dense nucleus of an atom?  It would seem as if the protons would repel and scatter the nucleus.  However, there is a {\bfseries strong nuclear force} that holds the nucleus together.  This incredible force causes nucleons to attract each other with much greater strength than the electric force can repel them, but only over extremely short distances.

A delicate balance exists between the number of protons and neutrons. Protons, which are attracted to one another via the strong force but simultaneously repelled by their electromagnetic charges, cannot exist in great numbers within the nucleus without the stabilizing action of neutrons, which are attracted via the strong force but are not charged. Conversely, neutrons lend their inherent instability to the nucleus and too many will destabilize it.

\LaTexInfoTemplateOne{Neutrons are the reason for {\bfseries isotopes}, or atoms with the same number of protons but different masses.  The masses are different because of different numbers of neutrons.  Isotopes of a given element have almost identical chemical properties (like color, melting point, reactions, etc.), but they have different nuclear properties.  Some isotopes are stable, others are radioactive.  Different isotopes decay in different ways.}

Lastly, neutrons are very important in nuclear reactions, such as those used in power plants.  Neutrons act like a bullet that can split an atom\textquotesingle{}s nucleus.  Because they have no charge, neutrons are neither attracted nor repelled by atoms and ions.
\section{The Electron Cloud}
\label{54}

Surrounding the dense nucleus is a cloud of electrons.  Electrons have a charge of -{}1 and a mass of 0 amu.  That does not mean they are massless.  Electrons do have mass, but it is so small that it has no effect on the overall mass of an atom.  An electron has approximately 1/1800 the mass of a proton or neutron.  Electrons are written {$e^-$}.

Electrons orbit the outside of a nucleus, unaffected by the strong nuclear force.  They define the chemical properties of an atom because virtually every chemical reaction deals with the interaction or exchange of the outer electrons of atoms and molecules.

Electrons are attracted to the nucleus of an atom because they are negative and the nucleus (being made of protons and neutrons) is positive.  Opposites attract.  However, electrons don\textquotesingle{}t fall into the nucleus.  They orbit around it at specific distances because the electrons have a certain amount of energy.  That energy prevents them from getting too close, as they must maintain a specific speed and distance.  Changes in the energy levels of electrons cause different phenomena such as spectral lines, the color of substances, and the creation of ions (atoms with missing or extra electrons).
\subsection{Electron Interactions}
\label{55}

{\itshape Atoms will always have equal numbers of protons and electrons}, so their overall charge is zero.  Atoms are neutral.  Ions, on the other hand, are atoms that have gained or lost electrons and now have an unequal number of protons and electrons.  If there are extra electrons, the ion will be negatively charged.  If there are missing electrons, the ion will be positively charged, due to the majority of positive protons.

{\bfseries Valence electrons} (the outermost electrons) are responsible for an atom\textquotesingle{}s behavior in chemical bonds.  The {\itshape core electrons} are all of the electrons not in the outermost shell, and they rarely get involved.  An atom will attempt to fill its valence shell.  This occurs when an atom has eight valence electrons (as explained in the next chapter), so atoms will undergo chemical bonds to either share, give, or take the electrons it needs.  Sodium, for example, is very likely to give up its one valence electron, so that its outer shell is empty (the shell underneath it is full).  Chlorine is very likely to take an electron because it has seven and wants eight.  When sodium and chlorine are mixed, they exchange electrons and create sodium chloride (table salt).  As a result, both elements have full valence shells, and a very stable compound is formed.

\LaTeXNullTemplate{}
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\section{Introduction to Quantum Mechanics}
\label{57}
In the late 18th century, many physicists believed that they had made great progress in physics, and there wasn\textquotesingle{}t much more that needed to be discovered. The classical physics at the time was widely accepted in the scientific community. However, by the early 20th century, physicists discovered that the laws of classical mechanics break down in the atomic world, and experiments such as the photoelectric effect completely contradict the laws of classical physics. As a result of these crises, physicists began to construct new laws of physics which would apply to the atomic world; these theories would be collectively known as {\bfseries quantum mechanics}. Quantum mechanics, in some ways, completely changed the way physicists view the universe, and it also marked the end of the idea of a clockwork universe (the idea that universe was predictable).
\section{Electromagnetic Radiation}
\label{58}
\myhref{http://en.wikipedia.org/wiki/Electromagnetic\%20spectrum}{w:Electromagnetic spectrum}
Electromagnetic radiation (ER) is {\itshape a form of energy that sometimes acts like a wave, and other times acts like a particle}. Visible light is a well-{}known example. All forms of ER have two inversely proportional properties: wavelength and frequency. Wavelength is the distance from one wave peak to the next, which can be measured in meters. Frequency is the number of wave peaks observed in a given point during a second. The unit for frequency is hertz.
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Since wavelength and frequency are inversely related, their product (multiplication) always equals a constant — specifically, 3.0 x 10\textsuperscript{8} m/sec, which is better known as the speed of light.

The wavelength and frequency of any specific occurrence of ER determine its position on the {\bfseries electromagnetic spectrum}.
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As you can see, visible light is only a tiny fraction of the spectrum.

The energy of an electromagnetic wave is given by {$E = hf$}, where {$h$} is Plank\textquotesingle{}s constant and {$f$} is the frequency.  Energy is directly proportional to frequency — doubling the frequency will double the energy.
\section{The Discovery of the Quantum}
\label{59}
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So far we have only discussed the wave characteristics of energy. However, the wave model cannot account for something known as the {\bfseries photoelectric effect}. This effect is observed when light focused on certain metals apparently causes electrons to be emitted. (Photoelectric or solar panels work on this principle.)

For each metal it was found that there is a minimum threshold frequency of electromagnetic radiation that is needed to be shone on it in order for it to emit electrons. One could not replace a certain amount of light at one frequency with twice as much light of half the frequency. If light only acts as a wave, the effect of light should be cumulative -{} the light should add up, little by little, until it causes electrons to be emitted. Instead, there is a clear-{}cut minimum of the frequency of light that triggers the electron emissions.

The implication of this is that frequency is directly linked to energy, the higher light frequencies having more energy.  This observation led to the discovery of the minimum amount of energy that could be gained or lost by an atom.  Max Planck named this minimum amount the {\bfseries quantum}, plural \symbol{34}quanta\symbol{34}, meaning \symbol{34}how much\symbol{34}.  One {\bfseries photon} of light carries exactly one quantum of energy.
\section{More Evidence for a Particle Theory of Energy}
\label{60}
When an electric current is passed through a gas, some of the gas molecules\textquotesingle{} electrons move from their {\itshape ground state} to an {\itshape excited state} that is further away from their nuclei. When the electrons return to the ground state, they emit energy of various wavelengths. A prism can be used to separate the wavelengths, making them easy to identify.

If light acted only as a wave, then there should have been a continuous rainbow created by the prism. Instead, there were discrete lines created by different wavelengths. This is because electrons release specific wavelengths of light when moving from an excited state to a ground state.
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\section{Uncertainty}
\label{62}
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It turns out that photons are not the only thing that act like waves and particles. Electrons, too, have this dual characteristic. Electrons can be thought of as waves of a certain length, thus they would only be able to form a circle around the nucleus at certain distances. Of course, this brings up a problem: are electrons particles in a specific location, or waves in a general area? Werner Heisenberg tried using photons to locate electrons. Of course, when photons reach electrons, the electrons change velocity, and move to an excited state. As a result, it is impossible to know the velocity and location of an electron at the same time. This is known as the {\bfseries Heisenberg uncertainty principle}.  The Heisenberg uncertainty principle is a kind of scientific dilemma:  the more you know about something\textquotesingle{}s velocity, the less you know about its position; and the more you know about its position, the less you know about its velocity.  The significance of this uncertainty is that you can never know exactly where an atom\textquotesingle{}s electrons are.  
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On the tiny scale of an atom, the particle model of an electron does not accurately describe its properties. An electron tends to act more like a water wave than a billiard ball. At any one moment in time the ball is in some definite place; it is also moving in some definite direction at a definite speed. This is certainly not true for waves or electrons in general. The Heisenberg uncertainty principle states that the exact position and momentum of an electron cannot be simultaneously determined. This is because electrons simply don\textquotesingle{}t have a definite position, and direction of motion, at the same time!

One way to try to understand this is to think of an electron not as a particle but as a wave. Think of dropping a stone into a pond. The ripples start to spread out from that point. We can answer the question \symbol{34}Where is the wave?\symbol{34} with \symbol{34}It\textquotesingle{}s where you plonked the stone in\symbol{34}. But we can\textquotesingle{}t answer the question \symbol{34}What direction is the wave moving?\symbol{34} because it\textquotesingle{}s moving in all directions. It\textquotesingle{}s spreading out. Now think of a wave at the seaside. We know the direction of motion. It\textquotesingle{}s straight in towards the beach. But where is the wave? We can\textquotesingle{}t pinpoint an exact location. It\textquotesingle{}s all along the water.
\section{The Wave Function}
\label{63}
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If we can never know exactly where an electron is, then how do we keep track of them as they orbit atoms?  Erwin Schrödinger made the concept of the {\bfseries Schrödinger Wave Function}.  It tells the probability of an electron being found at a given position.  You don\textquotesingle{}t know where the electron is, but you know where it is most likely and least likely to be found.  The electron could be anywhere, but it is probably going to be a certain distance from the atom, staying within a certain shape.
\section{Orbitals}
\label{64}
In the following sections, we will learn about the shells, subshells, and orbitals that the electrons are in.  Try not to get confused; it can be difficult.  Understanding this information will help you to learn about bonding, which is very important.

In essence, each electron orbiting an atom has a set of four numbers that describe it.  Those four numbers, called {\itshape quantum numbers,} tell us how far away the electron is, what shape of path it is likely to follow, and which direction its orbit goes.  Each electron in an atom has a unique set of numbers, and the numbers can change if bonding occurs or an electron is energized into a higher-{}energy orbit.  In the next chapter, we will learn the exact meaning of those four values and how they affect the path the electron follows.

\LaTexInfoTemplateOne{Keep in mind that the pictures of the orbitals you will soon see show the area in which the electron is {\itshape most likely} to be, not its exact orbit.  It\textquotesingle{}s like a picture of a sprinkler watering a lawn, and the electrons are drops of water.  You know the general area of the water, but not the exact location of each droplet.  In the orbital pictures, you know the general area the electron could be in, but not its exact path.  This is a result of the Uncertainty Principle.}
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\section{The Quantum Numbers}
\label{66}

These four numbers are used to describe the location of an electron in an atom.


\begin{center}

\begin{longtable}{>{\RaggedRight}p{0.47357\linewidth}>{\RaggedRight}p{0.12760\linewidth}>{\RaggedRight}p{0.27829\linewidth}} 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Number}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Symbol}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Possible Values}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Principal Quantum Number&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$n \,$}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\displaystyle 1, 2, 3, 4, \ldots $}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Angular Momentum Quantum Number&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\ell \,$}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\displaystyle 0, 1, 2, 3, \ldots , (n - 1)$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Magnetic Quantum Number&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$m_\text{l} \,$}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\displaystyle -\ell, \ldots, -1, 0, 1, \ldots ,\ell \,$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Spin Quantum Number&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$m_\text{s} \,$}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\displaystyle +1/2, -1/2$} 
\end{longtable}


\end{center}

\subsection{Principal Quantum Number ({\itshape n})}
\label{67}
Determines the {\bfseries shell} the electron is in.  The shell is the main component that determines the energy of the electron (higher {\itshape n} corresponds to higher energy), as well as nuclear distance (higher {\itshape n} means further from the nucleus).  The row that an element is placed on the periodic table tells how many shells there will be.  Helium ({\itshape n} = 1), neon ({\itshape n} = 2), argon ({\itshape n} = 3), etc.
\subsection{Angular Momentum Quantum Number ({\itshape l})}
\label{68}
Also known as azimuthal quantum number. Determines the {\bfseries subshell} the electron is in.  Each subshell has a unique shape and a letter name. The {\itshape s orbital} is shaped like a sphere and occurs when {\itshape l} = 0.  The {\itshape p orbitals} (there are three) are shaped like teardrops and occur when {\itshape l} = 1.  The {\itshape d orbitals} (there are five) occur when {\itshape l} = 2.  The {\itshape f orbitals} (there are seven) occur when {\itshape l} = 3.  (By the way, when {\itshape l} = 4, the orbitals are \symbol{34}g orbitals\symbol{34}, but they (and the {\itshape l} = 5 \symbol{34}h orbitals\symbol{34}) can safely be ignored in general chemistry.)

This number also gives information as to what the {\bfseries angular node} of an orbital is. A \myhref{http://en.wikipedia.org/wiki/Node_\%28physics\%29}{node} is defined as a point on a \myhref{http://en.wikipedia.org/wiki/Standing_wave}{standing wave} where the wave has minimal \myhref{http://en.wikipedia.org/wiki/Amplitude}{amplitude}. When applied to chemistry this is the point of zero-{}displacement and thus where no electrons are found. In turn angular node means the planar or conical surface in which no electrons are found or where there is no electron density.

Here are pictures of the orbitals.  Keep in mind that they do not show the actual path of the electrons, due to the Heisenberg Uncertainty Principle.  Instead, they show the area where the electron is most likely to occur (say, 90\% of the probability).  The two colors represent the two different spin numbers (the choice is arbitrary).\begin{landscape}
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\end{longtable}

\end{landscape}

\subsection{Magnetic Quantum Number ({\itshape m}\textsubscript{l})}
\label{69}
Determines the {\bfseries orbital} in which the electron lies. For example, there are three p orbitals in shell {\itshape n} = 2: the magnetic quantum number determines which one of these orbitals the electrons reside in. The different orbitals are oriented at different angles around the nucleus.  See how each p orbital has the same general shape, but they point in different directions around the nucleus.
\subsection{Spin Quantum Number ({\itshape m}\textsubscript{s})}
\label{70}
Determines the {\bfseries spin} on the electron.
\subsection{Some Examples}
\label{71}
Let\textquotesingle{}s examine the quantum numbers of electrons from a magnesium atom.  Remember that each list of numbers corresponds to ({\itshape n}, {\itshape l}, {\itshape m}\textsubscript{l}, {\itshape m}\textsubscript{s}).\begin{landscape}

\begin{longtable}{>{\RaggedRight}p{0.11315\linewidth}>{\RaggedRight}p{0.10667\linewidth}>{\RaggedRight}p{0.10274\linewidth}>{\RaggedRight}p{0.10101\linewidth}>{\RaggedRight}p{0.09708\linewidth}>{\RaggedRight}p{0.10101\linewidth}>{\RaggedRight}p{0.09708\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Two s electrons:&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(1, 0, 0, +{\mbox{$\frac{1}{2}$}})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(1, 0, 0, -{}{\mbox{$\frac{1}{2}$}})&&&&\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Two s electrons:&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(2, 0, 0, +{\mbox{$\frac{1}{2}$}})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(2, 0, 0, -{}{\mbox{$\frac{1}{2}$}})&&&&\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Six p electrons:&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(2, 1, -{}1, +{\mbox{$\frac{1}{2}$}})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(2, 1, -{}1, -{}{\mbox{$\frac{1}{2}$}})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(2, 1, 0, +{\mbox{$\frac{1}{2}$}})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(2, 1, 0, -{}{\mbox{$\frac{1}{2}$}})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(2, 1, 1, +{\mbox{$\frac{1}{2}$}})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(2, 1, 1, -{}{\mbox{$\frac{1}{2}$}})\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Two s electrons:&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(3, 0, 0, +{\mbox{$\frac{1}{2}$}})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(3, 0, 0, -{}{\mbox{$\frac{1}{2}$}})&&&& 
\end{longtable}

\end{landscape}
\subsection{The Periodic Table}
\label{72}

Notice a pattern on the \myhref{http://en.wikibooks.org/wiki/General_Chemistry\%2FPeriodic_Table}{periodic table}.  Different areas, or blocks, have different types of electrons.  The two columns on the left make the s-{}block.  The six columns on the right make the p-{}block.  The large area in the middle (transition metals) makes the d-{}block.  The bottom portion makes the f-{}block.  Each row introduces a new shell (aka energy level).  Basically, the row tells you how many shells of electrons there will be, and the column tells you which subshells will occur (and which shells they occur in).  The value of m\textsubscript{l} can be determined by some of the rules we will learn in the next chapter.  The value of m\textsubscript{s} doesn\textquotesingle{}t really matter as long as there are no repeating values in the same orbital.

\LaTexInfoTemplateOne{To see the pattern better, take a look at \myhref{http://en.wikipedia.org/wiki/Periodic\%20table\%20\%28by\%20blocks\%29}{this periodic table}.}
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\section{Electron shells}
\label{74}
Each {\bfseries shell} is subdivided into {\bfseries subshells}, which are made up of {\bfseries orbitals},  each of which has electrons with different angular momentum. Each orbital in a shell has a characteristic shape, and is named by a letter. They are: {\bfseries s}, {\bfseries p}, {\bfseries d}, and {\bfseries f}. In a one-{}electron atom (e.g. H, He\textsuperscript{+}, Li\textsuperscript{+}, etc.) the energy of each orbital within a particular shell is identical. However when there is more than one electron, they interact with one another and split the orbitals into slightly different energies. Within any particular shell, the energy of the orbitals depends on the angular momentum, with the s orbital having the lowest energy, then p, then d, then f.

This image shows the orbitals (along with hybrid orbitals for bonding and a sample electron configuration, explained later).


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/43.\SVGExtension}
\end{center}
\raggedright{}\myfigurewithoutcaption{43}
\end{minipage}\vspace{0.75cm}


\section{The s orbital}
\label{75}
The simplest orbital in the atom is the 1s orbital. It has no radial or angular {\bfseries nodes}: the 1s orbital is simply a sphere of electron density. A node is a point where the electron probability is zero.  As with all orbitals the number of radial nodes increases with the principle quantum number (i.e. the 2s orbital has one radial node, the 3s has two etc.). Because the angular momentum quantum number is 0, there is only one choice for the magnetic quantum number -{} there is only one s orbital per shell. The s orbital can hold two electrons, as long as they have different spin quantum numbers.

{$\begin{matrix} n &=& 1, 2, 3, ... \\ l &=& 0 \\ m_l &=& 0 \\ m_s &=& +\frac{1}{2},  -\frac{1}{2} \\ \end{matrix}$}
\section{The p orbitals}
\label{76}

Starting from the 2nd shell, there is a set of p orbitals. The angular momentum quantum number of the electrons confined to p orbitals is 1, so each orbital has one {\bfseries angular node}. There are 3 choices for the magnetic quantum number, which indicates 3 differently oriented p orbitals. Finally, each orbital can accommodate two electrons (with opposite spins), giving the p orbitals a total capacity of 6 electrons.

{$\begin{matrix} n &=& 2, 3, 4, ... \\ l &=& 1 \\ m_l &=& -1,0,1 \\ m_s &=& +\frac{1}{2},  -\frac{1}{2} \\ \end{matrix}$}

The p orbitals all have two lobes of electron density pointing along each of the axes. Each one is symmetrical along its axis. The notation for the p orbitals indicate which axis it points down, i.e. p\textsubscript{x} points along the x axis, p\textsubscript{y} on the y axis and p\textsubscript{z} up and down the z axis. The p orbitals are {\bfseries degenerate} — they all have the same energy. P orbitals are very often involved in {\bfseries bonding}.

\begin{longtable}{>{\RaggedRight}p{0.29315\linewidth}>{\RaggedRight}p{0.29315\linewidth}>{\RaggedRight}p{0.29315\linewidth}} 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2p\textsubscript{x}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2p\textsubscript{y}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2p\textsubscript{z}}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{minipage}{0.25000\textwidth}\begin{center}\includegraphics[width=1.0\textwidth,height=6.5in,keepaspectratio]{../images/44.png}\end{center}\myfigurewithoutcaption{44}\end{minipage}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{minipage}{0.25000\textwidth}\begin{center}\includegraphics[width=1.0\textwidth,height=6.5in,keepaspectratio]{../images/45.png}\end{center}\myfigurewithoutcaption{45}\end{minipage}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{minipage}{0.25000\textwidth}\begin{center}\includegraphics[width=1.0\textwidth,height=6.5in,keepaspectratio]{../images/46.png}\end{center}\myfigurewithoutcaption{46}\end{minipage} 
\end{longtable}

\section{The d orbitals}
\label{77}

The first set of d orbitals is the 3d set. The angular momentum quantum number is 2, so each orbital has two {\bfseries angular nodes}. There are 5 choices for the magnetic quantum number, which gives rise to 5 different d orbitals. Each orbital can hold two electrons (with opposite spins), giving the d orbitals a total capacity of 10 electrons.

{$\begin{matrix} n &=& 3, 4, 5, ... \\ l &=& 2 \\ m_l &=& -2,-1,0,1,2 \\ m_s &=& +\frac{1}{2},  -\frac{1}{2} \\ \end{matrix}$}

Note that all the d orbitals have four lobes of electron density, except for the d\textsubscript{z2} orbital, which has two opposing lobes and a doughnut of electron density around the middle. The d orbitals can be further subdivided into two smaller sets. The d\textsubscript{x2-{}y2} and d\textsubscript{z2} all point directly along the x, y, and z axes. They form an {\bfseries e\textsubscript{g}} set. On the other hand, the lobes of the d\textsubscript{xy}, d\textsubscript{xz} and d\textsubscript{yz} all line up in the quadrants, with no electron density on the axes. These three orbitals form the {\bfseries t\textsubscript{2g}} set. In most cases, the d orbitals are {\bfseries degenerate}, but sometimes they can split, with the e\textsubscript{g} and t\textsubscript{2g} subsets having different energy. {\bfseries Crystal Field Theory} predicts and accounts for this. D orbitals are sometimes involved in bonding, especially in inorganic chemistry.
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\end{longtable}

\section{The f orbitals}
\label{78}
The first set of f orbitals is the 4f subshell.  There are 7 possible magnetic quantum numbers, so there are 7 f orbitals.  Their shapes are fairly complicated, and they rarely come up when studying chemistry.  There are 14 f electrons because each orbital can hold two electrons (with opposite spins).

{$\begin{matrix} n &=& 4, 5, 6, ... \\ l &=& 3 \\ m_l &=& -3,-2,-1,0,1,2,3 \\ m_s &=& +\frac{1}{2},  -\frac{1}{2} \\ \end{matrix}$}
\begin{landscape}
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\section{Filling Electron Shells}
\label{80}
When an atom or ion receives electrons into its orbitals, the orbitals and shells fill up in a particular manner.
\subsection{Aufbau principle}
\label{81}

You may consider an atom as being \symbol{34}built up\symbol{34} from a naked nucleus by gradually adding to it one electron after another, until all the electrons it will hold have been added. Much as one fills up a container with liquid from the bottom up, the orbitals of an atom are filled from the lowest energy orbitals to the highest energy orbitals.

Orbitals with the lowest principal quantum number ({$n$}) have the lowest energy and will fill up first.  Within a shell, there may be several orbitals with the same principal quantum number.  In that case, more specific rules must be applied.  For example, the three p orbitals of a given shell all occur at the same energy level.  So, how are they filled up?
ans: all the three p orbitals have same energy so while filling the p orbitals we can fill any one of the Px, Py or Pz first. it is a convention that we chose to fill Px first ,then Py and then Pz for our simplicity. Hence you can opt for filling these three orbitals from right to left also.
\subsection{Hund\textquotesingle{}s Rule}
\label{82}

According to Hund\textquotesingle{}s rule, orbitals of the same energy are each filled with one electron before filling any with a second. Also, these first electrons have the same spin.

This rule is sometimes called the \symbol{34}bus seating rule\symbol{34}.  As people load onto a bus, each person takes his own seat, sitting alone.  Only after all the seats have been filled will people start doubling up.
\subsection{Pauli Exclusion principle}
\label{83}

No two electrons can have all four quantum numbers the same. What this translates to in terms of our picture of orbitals is that each orbital can only hold two electrons, one \symbol{34}spin up\symbol{34} (+½) and one \symbol{34}spin down\symbol{34} (-{}½).



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/59.png}
\end{center}
\raggedright{}\myfigurewithcaption{59}{This animation demonstrates the Aufbau principle, Hund\textquotesingle{}s Rule, and the Pauli Exclusion principle.}
\end{minipage}\vspace{0.75cm}


\subsection{Orbital Order}
\label{84}
1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f, 6d, 7p, 8s.

Although this looks confusing, there is an easy way to remember.



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/60.png}
\end{center}
\raggedright{}\myfigurewithoutcaption{60}
\end{minipage}\vspace{0.75cm}



Understanding the above rules and diagrams will allow you to determine the electron configuration of almost any atom or ion.
\section{How to Write the Electron Configuration of an Atom}
\label{85}

\myhref{http://en.wikipedia.org/wiki/Electron\%20configuration}{w:Electron configuration}
Electron-{}configuration notation is relatively straightforward. Calcium, for example, would be 1s\textsuperscript{2}2s\textsuperscript{2}2p\textsuperscript{6}3s\textsuperscript{2}3p\textsuperscript{6}4s\textsuperscript{2}. This could be abbreviated by using the preceding {\itshape noble gas} (the elements found all the way on the right of the periodic table) as {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{2}, where Ar is argon.  Noble gasses have very stable configurations, and are extremely reluctant to lose electrons.
\section{Rule of Stability}
\label{86}
A subshell is particularly stable if it is half full or full. Given two configurations, the atom would \symbol{34}choose\symbol{34} the more stable one. 

Example: In the following configuration, Cu: {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{2}3d\textsuperscript{9}, copper\textquotesingle{}s d shell is just one away from stability, and therefore, one electron from the s shell jumps into the d shell: {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{1}3d\textsuperscript{10}. This way, the d shell is full, and is therefore stable, and the s shell is half full, and is also stable.



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/61.png}
\end{center}
\raggedright{}\myfigurewithoutcaption{61}
\end{minipage}\vspace{0.75cm}



Another example: Chromium has a configuration of {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{1}3d\textsuperscript{5}, although you would expect to see four d electrons instead of five.  This is because an s electron has jumped into the d orbital, giving the atom two half-{}full shells—much more stable than a d orbital with only four electrons.

The stability rule applies to atoms in the same group as chromium and copper. 

If one of these atoms has been ionized, that is, it loses an electron, it will come from the s orbital rather than the d orbital.  For instance, the configuration of Cu\textsuperscript{+ is {$\text{[}$}Ar{$\text{]}$}4s}03d\textsuperscript{10}.  If more electrons are removed, they will come from the d orbital.
\section{Magnetism}
\label{87}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/62.png}
\end{center}
\raggedright{}\myfigurewithcaption{62}{The spin of an electron creates a magnetic field (albeit ridiculously weak), so unpaired electrons create a small magnetic field.  Paired electrons have opposite spin, so the magnetic fields cancel each other out, leading to diamagnetism.}
\end{minipage}\vspace{0.75cm}



Magnetism is a well-{}known effect.  Chances are, you have magnets on your refrigerator.  As you already know, only certain elements are magnetic.  Electron configurations help to explain why.

{\bfseries Diamagnetism} is actually a very weak repulsion to magnetic fields.  All elements have diamagnestism to some degree.  It occurs when there are pair electrons.

{\bfseries Paramagnetism} is an attraction to external magnetic fields.  It is also very weak.  It occurs whenever there is an unpaired electron in an orbital.

{\bfseries Ferromagnetism} is the permanent magnetism that we encounter in our daily lives.  It only occurs with three elements: iron (Fe), nickel (Ni), and cobalt (Co).
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\section{Blocks of the Periodic Table}
\label{89}

The \myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FPeriodic\%20Table}{Periodic Table} does more than just list the elements. The word {\itshape periodic} means that in each row, or period, there is a pattern of characteristics in the elements. This is because the elements are listed in part by their electron configuration. The Alkali metals and Alkaline earth metals have one and two {\bfseries valence electrons} (electrons in the outer shell) respectively. These elements lose electrons to form bonds easily, and are thus very reactive. These elements are the {\itshape s-{}block} of the periodic table. The {\itshape p-{}block}, on the right, contains common non-{}metals such as chlorine and helium. The noble gases, in the column on the right, almost never react, since they have eight valence electrons, which makes it  very stable. The halogens, directly to the left of the noble gases, readily gain electrons and react with metals. The s and p blocks make up the {\itshape main-{}group elements}, also known as {\bfseries representative elements}. The {\itshape d-{}block}, which is the largest, consists of {\itshape transition metals} such as copper, iron, and gold. The {\itshape f-{}block}, on the bottom, contains rarer metals including uranium.  Elements in the same {\bfseries Group} or {\bfseries Family} have the same configuration of valence electrons, making them behave in chemically similar ways.


\begin{minipage}{1.0\linewidth}
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\raggedright{}\myfigurewithcaption{63}{Organization of Subshells}
\end{minipage}\vspace{0.75cm}


\section{Causes for Trends}
\label{90}
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\raggedright{}\myfigurewithcaption{64}{Potassium has many core electrons; the lone outer electron can easily be peeled off due to the \symbol{34}shielding\symbol{34} effect.}
\end{minipage}\vspace{0.75cm}


There are certain phenomena that cause the periodic trends to occur.  You must understand them before learning the trends.
\subsection{Effective Nuclear Charge}
\label{91}
The {\itshape effective nuclear charge} is the amount of positive charge acting on an electron.  It is the number of protons in the nucleus minus the number of electrons in between the nucleus and the electron in question.  Basically, the nucleus attracts an electron, but other electrons in lower shells repel it (opposites attract, likes repel).
\subsection{Shielding Effect}
\label{92}
The {\itshape shielding} (or {\itshape screening}) {\itshape effect} is similar to effective nuclear charge.  The {\itshape core electrons} repel the valence electrons to some degree.  The more electron shells there are (a new shell for each row in the periodic table), the greater the shielding effect is.  Essentially, the core electrons {\itshape shield} the valence electrons from the positive charge of the nucleus.
\subsection{Electron-{}Electron Repulsions}
\label{93}
When two electrons are in the same shell, they will repel each other slightly.  This effect is mostly canceled out due to the strong attraction to the nucleus, but it does cause electrons in the same shell to spread out a little bit.  Lower shells experience this effect more because they are smaller and allow the electrons to interact more.
\subsection{Coulomb\textquotesingle{}s Law}
\label{94}
Coulomb\textquotesingle{}s law is an equation that determines the amount of force with which two charged particles attract or repel each other.  It is {$F = \frac{k Q_1 Q_2}{r^2}$}, where {$Q$} is the amount of charge (+1e for protons, -{}1e for electrons), {$r$} is the distance between them, and {$k$} is a constant.  You can see that doubling the distance would quarter the force.  Also, a large number of protons would attract an electron with much more force than just a few protons would.
\section{Trends in the Periodic table}
\label{95}

Most of the elements occur naturally on Earth.  However, all elements beyond uranium (number 92) are called {\itshape trans-{}uranium elements} and never occur outside of a laboratory.  Most of the elements occur as solids or gases at STP.  {\bfseries STP} is {\itshape standard temperature and pressure}, which is 0° C and 1 atmosphere of pressure.  There are only two elements that occur as liquids at STP: mercury (Hg) and bromine (Br).

Bismuth (Bi) is the last stable element on the chart.  All elements after bismuth are radioactive and decay into more stable elements.  Some elements {\itshape before} bismuth are radioactive, however.
\subsection{Atomic Radius}
\label{96}
Leaving out the noble gases, atomic radii are larger on the left side of the periodic chart and are progressively smaller as you move to the right across the period. Conversely, as you move down the group, radii increase.

Atomic radii decrease along a period due to greater effective nuclear charge.  Atomic radii increase down a group due to the shielding effect of the additional core electrons, and the presence of another electron shell.
\subsection{Ionic Radius}
\label{97}
For nonmetals, ions are bigger than atoms, as the ions have extra electrons. For metals, it is the opposite.

Extra electrons (negative ions, called anions) cause additional electron-{}electron repulsions, making them spread out farther.  Fewer electrons (positive ions, called cations) cause fewer repulsions, allowing them to be closer.
\subsection{Ionization Energy}
\label{98}
\LaTexInfoTemplateOne{{\itshape Ionization energy} is the energy required to strip an electron from the atom (when in the gas state).

\begin{center}
\begin{equation*}X_{(g)} + energy \rightarrow X_{(g)}^+ + e^-\end{equation*}
\end{center}
}

Ionization energy is also a periodic trend within the periodic table organization. Moving left to right within a period or upward within a group, the first ionization energy generally increases. As the atomic radius decreases, it becomes harder to remove an electron that is closer to a more positively charged nucleus.

Ionization energy decreases going left across a period because there is a lower effective nuclear charge keeping the electrons attracted to the nucleus, so less energy is needed to pull one out.  It decreases going down a group due to the shielding effect.   Remember Coulomb\textquotesingle{}s Law: as the distance between the nucleus and electrons increases, the force decreases at a quadratic rate.
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\raggedright{}\myfigurewithcaption{65}{Periodic trend for ionization energy. Each period begins at a minimum for the alkali metals, and ends at a maximum for the noble gases.}
\end{minipage}\vspace{0.75cm}



It is considered a measure of the tendency of an atom or ion to surrender an electron, or the strength of the electron binding; the greater the ionization energy, the more difficult it is to remove an electron. The ionization energy may be an indicator of the reactivity of an element. Elements with a low ionization energy tend to be reducing agents and form cations, which in turn combine with anions to form salts.
\subsection{Electron Affinity}
\label{99}
\LaTexInfoTemplateOne{{\itshape Electron affinity} is the opposite of ionization energy.  It is the energy released when an electron is added to an atom.

\begin{center}
\begin{equation*}X + e^- \rightarrow X^- + energy\end{equation*}
\end{center}
}
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\raggedright{}\myfigurewithcaption{66}{Electron affinity is the energy released when an electron is added to an atom, producing a negative ion.}
\end{minipage}\vspace{0.75cm}


Electron affinity is highest in the upper left, lowest on the bottom right.  However, electron affinity is actually negative for the noble gasses.  They already have a complete valence shell, so there is no room in their orbitals for another electron.  Adding an electron would require creating a whole new shell, which {\itshape takes} energy instead of releasing it.  Several other elements have extremely low electron affinities because they are already in a stable configuration, and adding an electron would decrease stability.

Electron affinity occurs due to the same reasons as ionization energy.
\subsection{Electronegativity}
\label{100}
{\itshape Electronegativity} is how much an atom attracts electrons within a bond.  It is measured on a scale with fluorine at 4.0 and francium at 0.7.  Electronegativity decreases from upper right to lower left.

Electronegativity decreases because of atomic radius, shielding effect, and effective nuclear charge in the same manner that ionization energy decreases.
\subsection{Metallic Character}
\label{101}
Metallic elements are shiny, usually gray or silver colored, and good conductors of heat and electricity.  They are malleable (can be hammered into thin sheets), and ductile (can be stretched into wires).  Some metals, like sodium, are soft and can be cut with a knife.  Others, like iron, are very hard.  Non-{}metallic atoms are dull, usually colorful or colorless, and poor conductors.  They are brittle when solid, and many are gases at STP.  Metals give away their valence electrons when bonding, whereas non-{}metals take electrons.

The metals are towards the left and center of the periodic table—in the s-{}block, d-{}block, and f-{}block .  Poor metals and metalloids (somewhat metal, somewhat non-{}metal) are in the lower left of the p-{}block.  Non-{}metals are on the right of the table.

Metallic character increases from right to left and top to bottom.  Non-{}metallic character is just the opposite.  This is because of the other trends: ionization energy, electron affinity, and electronegativity.


\begin{center}
\begin{longtable}{>{\RaggedRight}p{0.5\linewidth}}  
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\raggedright{}\myfigurewithcaption{67}{Sodium, very metallic}
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The {\bfseries octet rule} refers to the tendency of atoms to prefer to have eight electrons in the {\itshape valence shell}. When atoms have fewer than eight electrons, they tend to react and form more stable compounds.  When discussing the octet rule, we do not consider d or f electrons.  Only the s and p electrons are involved in the octet rule, making it useful for the {\itshape representative elements} (elements not in the transition metal or inner-{}transition metal blocks).  An octet corresponds to an electron configuration ending with s\textsuperscript{2}p\textsuperscript{6}.
\section{Stability}
\label{103}

Atoms will react to get in the most stable state possible.  A complete octet is very stable because all orbitals will be full.  Atoms with greater stability have less energy, so a reaction that increases the stability of the atoms will release energy in the form of heat or light.  Reactions that decrease stability must absorb energy, getting colder.

The other tendency of atoms is to maintain a neutral charge. Only the \mylref{461}{noble gases} (the elements on the right-{}most column of the \myhref{http://en.wikibooks.org/wiki/General_Chemistry\%2FPeriodic_Table}{periodic table}) have zero charge with filled valence octets. All of the other elements have a charge when they have eight electrons all to themselves. The result of these two guiding principles is the explanation for much of the reactivity and bonding that is observed within atoms: {\bfseries atoms seek to share electrons in a way that minimizes charge while fulfilling an octet in the valence shell}.

\LaTexInfoTemplateOne{The noble gases rarely form compounds.  They have the most stable configuration (full octet, no charge), so they have no reason to react and change their configuration.  All other elements attempt to gain, lose, or share electrons to achieve a noble gas configuration.}
\subsection{Example}
\label{104}

The formula for table salt is NaCl.  It is the result of Na\textsuperscript{+} ions and Cl\textsuperscript{-{}} ions bonding together.  If sodium metal and chlorine gas mix under the right conditions, they will form salt.  The sodium loses an electron, and the chlorine gains that electron.  In the process, a great amount of light and heat is released.  The resulting salt is mostly unreactive — it is stable.  It won\textquotesingle{}t undergo any explosive reactions, unlike the sodium and chlorine that it is made of.

Why?  Referring to the octet rule, atoms attempt to get a noble gas electron configuration, which is eight valence electrons.  Sodium has one valence electron, so giving it up would result in the same electron configuration as neon.  Chlorine has seven valence electrons, so if it takes one it will have eight (an octet).  Chlorine has the electron configuration of argon when it gains an electron.

The octet rule could have been satisfied if chlorine gave up all seven of its valence electrons and sodium took them.  In that case, both would have the electron configurations of noble gasses, with a full valence shell.  However, their charges would be much higher.  It would be Na\textsuperscript{7-{}} and Cl\textsuperscript{7+}, which is much less stable than Na\textsuperscript{+} and Cl\textsuperscript{-{}}.  Atoms are more stable when they have no charge, or a small charge.
\section{Exceptions}
\label{105}
The octet rule is a useful aid when predicting the behavior of elements, but it does have limitations.
\subsection{Two Electrons}
\label{106}
The main exception to the rule is hydrogen, which is at its lowest energy when it has two electrons in its valence shell. Helium (He) is similar in that it, too, only has room for two electrons in its only valence shell.

Hydrogen and helium have only one electron shell.  The first shell has only one s orbital and no p orbital, so it holds only two electrons.  Therefore, these elements are most stable when they have two electrons.  You will occasionally see hydrogen with no electrons, but H\textsuperscript{+} is much less stable than hydrogen with one or two electrons.

Lithium, with three protons and electrons, is most stable when it gives up an electron.
\subsection{Less Than an Octet}
\label{107}
Other notable exceptions are aluminum and boron, which can function well with six valence electrons.  Consider BF\textsubscript{3.  The boron shares its three electrons with three fluorine atoms.  The fluorines follow the octet rule, but boron has only six electrons.  Although atoms with less than an octet may be stable, they will usually attempt to form a fourth bond to get eight electrons.  BF}3 is stable, but it will form BF\textsubscript{4} when possible.
\subsection{More Than an Octet}
\label{108}
In Period 3, the elements on the right side of the \myhref{http://en.wikibooks.org/wiki/General_Chemistry\%2FPeriodic_Table}{periodic table} have empty d orbitals.  The d orbitals may accept electrons, allowing elements like sulfur and phosphorus to have more than an octet.  Compounds such as PCl\textsubscript{5} and SF\textsubscript{6} can form.  These compounds have 10 and 12 electrons around their central atoms, respectively.


\begin{center}
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\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{minipage}{1.0\linewidth}\begin{center}\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/69.\SVGExtension}\end{center}\myfigurewithoutcaption{69}\end{minipage}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Xenon hexafluoride uses d-{}electrons to form more than an octet.  This compound shows another exception:  a noble gas compound. 
\end{longtable}


\end{center}

\subsection{Odd Numbers}
\label{109}
Some elements, notably nitrogen, have an odd number of electrons and will form somewhat stable compounds.  Nitric oxide has the formula NO.  No matter how electrons are shared between the nitrogen and oxygen atoms, there is no way for nitrogen to have an octet.  It will have seven electrons instead.  An atom with an unpaired electron is called a {\itshape free radical} and is highly reactive.


\begin{center}
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\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{minipage}{1.0\linewidth}\begin{center}\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/70.\SVGExtension}\end{center}\myfigurewithoutcaption{70}\end{minipage}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Nitrogen dioxide has an unpaired electron.  (Note the positive charge above the N). 
\end{longtable}
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\section{Introduction to Bonding}
\label{111}
Put simply, {\bfseries chemical bonds} join atoms together to form more complex structures (like molecules or crystals). Bonds can form between atoms of the same element, or between atoms of different elements. There are several types of chemical bonds which have different properties and give rise to different structures.

In general, atoms try to react to form valence shells containing eight electrons. The {\itshape octet rule} describes this.

\LaTeXZeroBoxOpenTemplate{
\begin{myitemize}
\item{} {\bfseries \mylref{116}{Ionic bonds}} form between positive ions (cations) and negative ions (anions). In an ionic solid, the ions arrange themselves into a rigid crystal lattice. NaCl (common salt) is an example of an ionic substance.  When ionic bonds form, there is an attractive force established between the positive cation and the negative anion.  This attraction between oppositely-{}charged ions is the ionic bond.

\item{} {\bfseries \mylref{122}{Covalent bonds}} are formed when the orbitals of two non-{}metal atoms physically overlap and share electrons with each other. There are two types of structures to which this can give rise: molecules and covalent network solids. Methane (CH\textsubscript{4}) and water (H\textsubscript{2}O) are examples of covalently bonded molecules, and glass is a covalent network solid.

\item{} {\bfseries \mylref{130}{Metallic bonds}} occur between metal atoms. In a metallically bonded substance, the atoms\textquotesingle{} outer electrons are able to freely move around -{} they are delocalised to form an \textquotesingle{}electron pool\textquotesingle{}. Iron is a metallically bonded substance.
\end{myitemize}
}

Chemical bonding is one of the most crucial concepts in the study of chemistry. In fact, the properties of materials are basically defined by the type and number of atoms they contain and how they are bonded together.

So far, you have seen examples of {\bfseries intramolecular bonds}.  These bonds connect atoms into molecules.  There are also {\bfseries \mylref{141}{intermolecular bonds}} that connect molecules into large substances.  Sometimes, there is no difference between intramolecular and intermolecular bonds.  In the case of ionic crystals (like salt) or covalent networks (like diamond), the same bonding forces connect all of the atoms together.  In the case of metallic bonding, the atoms are all interconnected into one large piece of metal.

On the other hand, there may be intermolecular bonds different from those that join atoms into molecules.  Intermolecular bonds hold individual molecules of water into a puddle, and they are broken when the water boils into a gas.
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What determines the type of bond formed between two elements? There are two ways of classifying elements to determine the bond formed:  by electronegativity, or by metallic/non-{}metallic character.  
\section{Electronegativity}
\label{113}
Electronegativity is a property of atoms which is reflected in the layout of the periodic table of the elements.  Electronegativity is greatest in the elements in the upper right of the table (e.g., fluorine), and lowest in the lower left (e.g., francium).

\myhref{http://en.wikipedia.org/wiki/Electronegativity}{w:Electronegativity}
{\itshape Electronegativity} is a relative measure of how strongly an atom will attract the electrons in a bond.  Although bonds are the result of atoms sharing their electrons, the electrons can be shared unequally.  The more electronegative atom in a bond will have a slight negative charge, and the less electronegative atom will have a slight positive charge.  Overall, the molecule may have no charge, but the individual atoms will.  This is a result of the electronegativity—by attracting the electrons in a bond, an atom gains a slight negative charge.  Of course, if two elements have equal electronegativity, they will share the electrons equally.
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\raggedright{}\myfigurewithcaption{71}{Linus Pauling created a commonly-{}used measure of electronegativity.}
\end{minipage}\vspace{0.75cm}



Metallic elements have low electronegativity, and non-{}metallic elements have high electronegativity.  If two elements are close to each other on the \myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FPeriodic\%20Table}{periodic table}, they will have similar electronegativities. 

Electronegativity is measured on a variety of scales, the most common being the {\itshape Pauling scale}.  Created by chemist Linus Pauling, it assigns 4.0 to fluorine (the highest) and 0.7 to francium (the lowest).
\section{Bonds}
\label{114}
{\bfseries Non-{}polar covalent} bonds occur when there is equal or near-{}equal sharing of electrons between the two bonded atoms.  This should make sense because covalent bonds are the sharing of electrons between two atoms.  Molecules such as Cl\textsubscript{2}, H\textsubscript{2} and F\textsubscript{2} are good examples. Typically, a difference in electronegativity between 0.0 and 0.4 indicates a non-{}polar covalent bond.

{\bfseries Polar covalent} bonds occur when there is unequal sharing of the electrons between the atoms. Molecules such as NH\textsubscript{3} and H\textsubscript{2}O are examples of this. The typical rule is that bonds with an electronegativity difference between 0.5 and 1.7 are considered polar.  The electrons are still being shared between two atoms, but one atom attracts the electrons more than the other.

{\bfseries Ionic} bonds occur when there is complete transfer of the electrons in the bond. This bond does not contain atoms at all, but rather consists of two ions. Substances such as NaCl and MgCl\textsubscript{2} are examples. Generally, electronegativity differences of 1.8 or greater create ionic bonds.  The electronegativity difference is so great that one atom can attract the electrons enough to \symbol{34}take\symbol{34} them from the other atom.
\section{Notation}
\label{115}
When drawing diagrams of bonds, we indicate covalent bonds with a line.  We may write the electronegativity using the symbols {$\delta +$} and {$\delta -$}.  Look at this example.


\begin{center}
Hydrogen fluoride (HF): \begin{equation*}\begin{matrix}\delta + & & \delta - \\ H & - & F \end{matrix}\end{equation*}
\end{center}


The plus goes over the less electronegative atom.  From the above diagram, we can see that the fluorine attracts the electrons in the covalent bond more than the hydrogen does.  Fluorine will have a slight negative charge because of this, and hydrogen will have a slight positive charge.  Overall, hydrogen fluoride is neutral.
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\section{What are ions?}
\label{117}
{\bfseries Ions} are atoms or molecules which are electrically charged. {\bfseries Cations} are positively charged and {\bfseries anions} carry a negative charge. Ions form when atoms gain or lose electrons. Since electrons are negatively charged, an atom that loses one or more electrons will become positively charged; an atom that gains one or more electrons becomes negatively charged.
\section{Description of Ionic Bonds}
\label{118}
Ionic bonding is the attraction between positively-{} and negatively-{}charged {\bfseries ions}. These oppositely charged ions attract each other to form ionic networks (or lattices). Electrostatics explains why this happens: opposite charges attract and like charges repel. When many ions attract each other, they form large, ordered, crystal lattices in which each ion is surrounded by ions of the opposite charge. Generally, when metals react with non-{}metals, electrons are transferred from the metals to the non-{}metals. The metals form positively-{}charged ions and the non-{}metals form negatively-{}charged ions. The smallest unit of an ionic compound is the {\bfseries formula unit}.
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\raggedright{}\myfigurewithcaption{72}{The ions arrange themselves into a lattice where each ion is surrounded by ions of the opposite type.}
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\section{Characteristics}
\label{119}
Example ionic compounds: Sodium chloride ({$NaCl$}), potassium nitrate ({$KNO_3$}).

Ionically bonded substances typically have the following characteristics.

\begin{myitemize}
\item{} High melting point (solid at room temperature)
\item{} Hard but brittle (can shatter)
\item{} Many dissolve in water
\item{} Conductors of electricity when dissolved or melted
\end{myitemize}

\section{Formation}
\label{120}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/73.png}
\end{center}
\raggedright{}\myfigurewithcaption{73}{Lewis structure of the ionic bond between sodium and chlorine.}
\end{minipage}\vspace{0.75cm}


Ionic bonds form when metals and non-{}metals chemically react. By definition, a metal is relatively stable if it loses electrons to form a complete valence shell and becomes positively charged. Likewise, a non-{}metal becomes stable by gaining electrons to complete its valence shell and become negatively charged. When metals and non-{}metals react, the metals lose electrons by transferring them to the non-{}metals, which gain them. Consequently, ions are formed, which instantly attract each other—ionic bonding.

For instance, in the reaction of Na (sodium) and Cl (chlorine), each Cl atom takes one electron from a Na atom. Therefore each Na becomes a Na\textsuperscript{+} cation and each Cl atom becomes a Cl\textsuperscript{-{}} anion. Due to their opposite charges, they attract each other to form an ionic lattice. The formula (ratio of positive to negative ions) in the lattice is {\bfseries NaCl}.

The charges must balance because the overall compound is neutral.  In the case of magnesium chloride, the magnesium atom gives up two electrons to become stable.  Note that it is in the second group, so it has two valence electrons.  The chlorine atom can only accept one electron, so there must be two chlorine ions for each magnesium ion.  Therefore, the formula for magnesium chloride is {\bfseries MgCl\textsubscript{2}}.  If magnesium oxide were forming, the formula would be {\bfseries MgO} because oxygen can accept both of magnesium\textquotesingle{}s electrons.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Exercise for the reader
Try figuring out what the formula for \myhref{http://en.wikipedia.org/wiki/Magnesium_nitride}{magnesium nitride} would be.  Use the \myhref{http://en.wikibooks.org/wiki/General_Chemistry\%2FPeriodic_Table}{periodic table} to help.
\end{mydescription}
}
}

It should also be noted that some atoms can form more than one ion. This usually happens with the transition metals.  For instance Fe (iron) can become Fe\textsuperscript{2+} (called iron({\ttfamily II}) or ferrous). Fe can {\itshape also} become Fe\textsuperscript{3+} (called iron({\ttfamily III}) or ferric).
\section{Common Ions}
\label{121}
Ionic bonding occurs almost exclusively between a metal and non-{}metal.  There are also certain molecules called {\itshape polyatomic ions} that undergo ionic bonding.  Within the polyatomic ions, there is covalent bonding, but as a unit it undergoes ionic bonding.  There are countless polyatomic ions, but you should be familiar with the most common ones.  You would be well advised to memorize these ions.


\begin{center}
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{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Name}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Formula}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Name}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Formula}\endhead  \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ammonium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}NH\textsubscript{4}\textsuperscript{+}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hydronium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}H\textsubscript{3}O\textsuperscript{+}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Peroxide&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}O\textsubscript{2}\textsuperscript{2-{}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hydroxide&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}OH\textsuperscript{-{}}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Nitrite&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}NO\textsubscript{2}\textsuperscript{-{}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Nitrate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}NO\textsubscript{3}\textsuperscript{-{}}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Sulfite&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}SO\textsubscript{3}\textsuperscript{2-{}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Sulfate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}SO\textsubscript{4}\textsuperscript{2-{}}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hydrogen sulfite&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}HSO\textsubscript{3}\textsuperscript{-{}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Phosphate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}PO\textsubscript{4}\textsuperscript{3-{}}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hypochlorite&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}ClO\textsuperscript{-{}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Chlorite&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}ClO\textsubscript{2}\textsuperscript{-{}}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Chlorate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}ClO\textsubscript{3}\textsuperscript{-{}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Perchlorate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}ClO\textsubscript{4}\textsuperscript{-{}}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Carbonate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}CO\textsubscript{3}\textsuperscript{2-{}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hydrogen carbonate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}HCO\textsubscript{3}\textsuperscript{-{}} 
\end{longtable}


\end{center}
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\chapter{Covalent Bonds}
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Covalent bonds create {\bfseries molecules}, which can be represented by a {\bfseries molecular formula}. For chemicals such as a basic sugar (C\textsubscript{6}H\textsubscript{12}O\textsubscript{6}), the ratios of atoms have a common multiple, and thus the {\bfseries empirical formula} is CH\textsubscript{2}O. Note that a molecule with a certain empirical formula is not necessarily the same as one with the same molecular formula.
\section{Formation of Covalent Bonds}
\label{123}
Covalent bonds form between two atoms which have incomplete octets — that is, their outermost shells have fewer than eight electrons.  They can share their electrons in a {\itshape covalent bond}.  The simplest example is water (H\textsubscript{2}O).  Oxygen has six valence electrons (and needs eight) and the hydrogens have one electron each (and need two).  The oxygen shares two of its electrons with the hydrogens, and the hydrogens share their electrons with the oxygen.  The result is a covalent bond between the oxygen and each hydrogen.  The oxygen has a complete octet and the hydrogens have the two electrons they each need.

When atoms move closer, their orbitals change shape, letting off energy. However, there is a limit to how close the atoms get to each other—too close, and the nuclei repel each other.
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One way to think of this is a ball rolling down into a valley.  It will settle at the lowest point.  As a result of this potential energy \symbol{34}valley\symbol{34}, there is a specific {\bfseries bond length} for each type of bond. Also, there is a specific amount of energy, measured in kilojoules per mole (kJ/mol) that is required to break the bonds in one mole of the substance.  Stronger bonds have a shorter bond length and a greater bond energy.
\section{The Valence Bond Model}
\label{124}
One useful model of covalent bonding is called the {\itshape Valence Bond} model. It states that covalent bonds form when atoms share electrons with each other in order to complete their valence (outer) electron shells. They are mainly formed between non-{}metals. 

An example of a covalently bonded substance is hydrogen gas (H\textsubscript{2}). A hydrogen atom on its own has one electron—it needs two to complete its valence shell. When two hydrogen atoms bond, each one shares its electron with the other so that the electrons move about both atoms instead of just one. Both atoms now have access to two electrons: they become a stable H\textsubscript{2} molecule joined by a {\bfseries single covalent bond}.


\begin{center}
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\raggedright{}\myfigurewithcaption{75}{Diagram of a covalent bond between hydrogen atoms}
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\end{center}

\subsection{Double and Triple Bonds}
\label{125}
Covalent bonds can also form between other non-{}metals, for example chlorine. A chlorine atom has 7 electrons in its valence shell—it needs 8 to complete it. Two chlorine atoms can share 1 electron each to form a single covalent bond. They become a Cl\textsubscript{2} molecule.

Oxygen can also form covalent bonds, however, it needs a further 2 electrons to complete its valence shell (it has 6). Two oxygen atoms must share 2 electrons each to complete each other\textquotesingle{}s shells, making a total of 4 shared electrons. Because twice as many electrons are shared, this is called a {\bfseries double covalent bond}.  Double bonds are much stronger than single bonds, so the bond length is shorter and the bond energy is higher.

Furthermore, nitrogen has 5 valence electrons (it needs a further 3). Two nitrogen atoms can share 3 electrons each to make a N\textsubscript{2} molecule joined by a {\bfseries triple covalent bond}.  Triple bonds are stronger than double bonds.  They have the shortest bond lengths and highest bond energies.
\section{Electron Sharing and Orbitals}
\label{126}
Carbon, contrary to the trend, does not share four electrons to make a quadruple bond. The reason for this is that the fourth pair of electrons in carbon cannot physically move close enough to be shared. The valence bond model explains this by considering the {\bfseries orbitals} involved.

Recall that electrons orbit the nucleus within a cloud of electron density (orbitals). The valence bond model works on the principle that orbitals on different atoms must {\bfseries overlap} to form a bond. There are several different ways that the orbitals can overlap, forming several distinct kinds of covalent bonds.
\subsection{The Sigma Bond}
\label{127}
The first and simplest kind of overlap is when two s orbitals come together. It is called a {\bfseries sigma} bond (sigma, or {\mbox{$\sigma$}}, is the Greek equivalent of \textquotesingle{}s\textquotesingle{}). Sigma bonds can also form between two p orbitals that lie pointing towards each other.  Whenever you see a single covalent bond, it exists as a sigma bond.  When two atoms are joined by a sigma bond, they are held close to each other, but they are free to rotate like beads on a string.
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\raggedright{}\myfigurewithcaption{76}{The electron density is in between the two atoms in an {\mbox{$\sigma$}} bond.}
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\subsection{The Pi Bond}
\label{128}
The second, and equally important kind of overlap is between two parallel p orbitals. Instead of overlapping head-{}to-{}head (as in the sigma bond), they join side-{}to-{}side, forming two areas of electron density above and below the molecule. This type of overlap is referred to as a {\bfseries pi} ({\mbox{$\pi$}}, from the Greek equivalent of p) bond.  Whenever you see a double or triple covalent bond, it exists as one sigma bond and one or two pi bonds.  Due to the side-{}by-{}side overlap of a pi bond, there is no way the atoms can twist around each other as in a sigma bond.  Pi bonds give the molecule a rigid shape.

Pi bonds are weaker than sigma bonds since there is less overlap. Thus, two single bonds are stronger than a double bond, and more energy is needed to break two single bonds than a single double bond.
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\raggedright{}\myfigurewithcaption{77}{The electron density lies above and below the atoms in a {\mbox{$\pi$}} bond.}
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\subsection{Hybridization}
\label{129}
\myhref{http://en.wikipedia.org/wiki/Orbital\%20hybridisation}{w:Orbital hybridisation}
Consider a molecule of methane: a carbon atom attached to four hydrogen atoms.  Each atom is satisfying the octet rule, and each bond is a single covalent bond.

Now look at the electron configuration of carbon: 1s\textsuperscript{2}2s\textsuperscript{2}2p\textsuperscript{2}.  In its valence shell, it has two s electrons and two p electrons.  It would not be possible for the four electrons to make equal bonds with the four hydrogen atoms (each of which has one s electron).  We know, by measuring bond length and bond energy, that the four bonds in methane are equal, yet carbon has electrons in two different orbitals, which should overlap with the hydrogen 1s orbital in different ways.

To solve the problem, {\bfseries hybridization} occurs. Instead of a s orbital and three p orbital, the orbitals mix, to form four orbitals, each with 25\% s character and 75\% p character. These hybrid orbitals are called {\bfseries sp\textsuperscript{3}} orbitals, and they are identical. Observe:


\begin{center}

\begin{equation*}C\quad   \frac{\uparrow\downarrow}{1s}   \frac{\uparrow\downarrow}{2s}   \frac{\uparrow\,}{2p_x}   \frac{\uparrow\,}{2p_y}   \frac{\,\,}{2p_z}\end{equation*}

\begin{equation*}C^{*}\quad \frac{\uparrow\downarrow}{1s}   \frac{\uparrow\,}{sp^3} \frac{\uparrow\,}{sp^3} \frac{\uparrow\,}{sp^3} \frac{\uparrow\,}{sp^3}\end{equation*}
\end{center}


Now these orbitals can overlap with hydrogen 1s orbitals to form four equal bonds.  Hybridization may involve d orbitals in the atoms that have them, allowing up to a {\bfseries sp\textsuperscript{3}d\textsuperscript{2}} hybridization.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Exercise for the reader
Predict the hybridized electron configuration of carbon in {\itshape ethene}.  How many sigma bonds are there?  How many pi bonds?
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{\itshape Hint: Hybridized electrons form only sigma bonds.  Pi bonds form only between p electrons.}
\end{mydescription}
}
}
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Metallic bonds occur among metal atoms.  Whereas ionic bonds join metals to non-{}metals, {\itshape metallic bonding joins a bulk of metal atoms}.  A sheet of aluminum foil and a copper wire are both places where you can see metallic bonding in action.
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\raggedright{}\myfigurewithcaption{79}{The \symbol{34}sea of electrons\symbol{34} is free to flow about the crystal of positive metal ions.}
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When metallic bonds form, the s and p electrons {\bfseries delocalize}.  Instead of orbiting their atoms, they form a \symbol{34}sea of electrons\symbol{34} surrounding the positive metal ions.  The electrons are free to move throughout the resulting network.  The delocalized nature of the electrons explains a number of unique characteristics of metals:
\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Metals are good conductors of electricity}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The sea of electrons is free to flow, allowing electrical currents.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Metals are ductile (able to draw into wires)\newline{}and malleable (able to be hammered into thin sheets)}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} As the metal is deformed, local bonds are broken but quickly reformed in a new position.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Metals are gray and shiny}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Photons (particles of light) cannot penetrate the metal, so they bounce off the sea of electrons.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Gold is yellow and copper is reddish-{}brown}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} There is actually an upper limit to the frequency that is reflected.  It is too high to be visible in most metals, but not gold and copper.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Metals have very high melting and boiling points}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Metallic bonding is very strong, so the atoms are reluctant to break apart into a liquid or gas. 
\end{longtable}


Metallic bonds can occur between different elements.  A mixture of two or more metals is called an {\bfseries alloy}.  Depending on the size of the atoms being mixed, there are two different kinds of alloys that can form:


\begin{center}
\begin{longtable}{>{\RaggedRight}p{0.5\linewidth}}  


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/80.png}
\end{center}
\raggedright{}\myfigurewithcaption{80}{Substitutional alloy}
\end{minipage}\vspace{0.75cm}

\\ 


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/81.png}
\end{center}
\raggedright{}\myfigurewithcaption{81}{Interstitial alloy}
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\end{longtable}
\end{center}


The resulting mixture will have a combination of the properties of both metals involved.
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Covalent molecules are bonded to other atoms by electron pairs. Being mutually negatively charged, the electron pairs repel the other electron pairs and attempt to move as far apart as possible in order to stabilize the molecule. This repulsion causes covalent molecules to have distinctive shapes, known as the molecule\textquotesingle{}s {\bfseries molecular geometry}. There are several different methods of determining molecular geometry. A scientific model, called the VSEPR (valence shell electron pair repulsion) model can be used to qualitatively predict the shapes of molecules. Within this model, the {\bfseries AXE method} is used in determining molecular geometry by counting the numbers of electrons and bonds related to the center atom(s) of the molecule.

\myhref{http://en.wikipedia.org/wiki/VSEPR}{w:VSEPR}
The VSEPR model is by no means a perfect model of molecular shape! It is simply a system which explains the known shapes of molecular geometry as discovered by experiment. This can allow us to predict the geometry of similar molecules, making it a fairly useful model. Modern methods of quantitatively calculating the most stable (lowest energy) shapes of molecules can take several hours of supercomputer time, and is the domain of computational chemistry.
\section{Table of Geometries}
\label{132}


\begin{center}
\begin{landscape}

\begin{longtable}{|>{\RaggedRight}p{0.09073\linewidth}|>{\RaggedRight}p{0.06784\linewidth}|>{\RaggedRight}p{0.12918\linewidth}|>{\RaggedRight}p{0.15566\linewidth}|>{\RaggedRight}p{0.17062\linewidth}|>{\RaggedRight}p{0.14490\linewidth}|} \hline 
\multicolumn{6}{|>{\RaggedRight}p{0.95982\linewidth}|}{{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Orbital Hybridization}}\\ \hline {\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} sp\newline{}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} sp\textsuperscript{2}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} sp\textsuperscript{3}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} sp\textsuperscript{3}d}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} sp\textsuperscript{3}d\textsuperscript{2}}\\ \hline {\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2 Groups}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Linear &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Bent &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Bent &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Linear &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\\ \hline {\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 3 Groups}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Trigonal Planar &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Trigonal Pyramidal&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} T-{}Shaped &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\\ \hline {\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 4 Groups}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}  &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Tetrahedral &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} See-{}saw &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Square Planar\\ \hline {\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 5 Groups}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}  &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Trigonal Bipyramidal &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Square Pyramidal\\ \hline {\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 6 Groups}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}  &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}  &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Octahedral\\ \hline 
\end{longtable}

\end{landscape}

\end{center}


The hybridization is determined by how many \symbol{34}things\symbol{34} are attached to the central atom.  Those \symbol{34}things\symbol{34} can be other atoms or non-{}bonding pairs of electrons.  The number of groups is how many atoms or electron pairs are bonded to the central atom.  For example, methane (CH\textsubscript{4}) is tetrahedral-{}shaped because the carbon is attached to four hydrogens.  Ammonia (NH\textsubscript{3}) is not trigonal planar, however.  It is trigonal pyramidal because it is attached to four \symbol{34}things\symbol{34}: the three hydrogens and a non-{}bonding pair of electrons (to fulfill nitrogen\textquotesingle{}s octet).
\section{Tetrahedral Shape}
\label{133}
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Consider a simple covalent molecule, methane (CH\textsubscript{4}). Four hydrogen atoms surround a carbon atom in three-{}dimensional space. Each CH bond consists of one pair of electrons, and these pairs try to move as far away from each other as possible (due to electrostatic repulsion). You might think this would lead to a flat shape, with each hydrogen atom 90{\mbox{$^\circ$}} apart. However, in three dimensions, there is a more efficient arrangement of the hydrogen atoms. If each hydrogen atom is at a corner of a tetrahedron centered around the carbon atom, they are separated by about cos\textsuperscript{-{}1}(-{}1/3) ≈ {\bfseries 109.5{\mbox{$^\circ$}}}—the maximum possible.
\subsection{Hybridization}
\label{134}
To align four orbitals in this tetrahedral shape requires the reformation of one s and three p orbitals into an sp\textsuperscript{3} orbital.
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\raggedright{}\myfigurewithcaption{83}{CH\textsubscript{4} is a tetrahedral molecule.}
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\subsection{Lone Electron Pairs}
\label{135}
The VSEPR model treats lone electron pairs in a similar way to bonding electrons. In ammonia (NH\textsubscript{3}) for example, there are three hydrogen atoms and one lone pair of electrons surrounding the central nitrogen atom. Because there are four groups, ammonia has a tetrahedral shape but unlike methane, the angle between the hydrogen atoms is slightly smaller, {\bfseries 107.3{\mbox{$^\circ$}}}. This can be explained by theorizing that lone electron pairs take up more space physically than bonding pairs. This is a reasonable theory: in a bond, the electron pair is distributed over two atoms whereas a lone pair is only located on one. Because it is bigger, the lone pair forces the other electron pairs together.
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\raggedright{}\myfigurewithcaption{84}{The lone pair occupies more space than a bonding pair, decreasing the angles.}
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Testing this assumption with water provides further evidence. In water (H\textsubscript{2}O) there are two hydrogen atoms and two lone pairs, again making four groups in total. The electron pairs repel each other into a tetrahedral shape. The angle between the hydrogen atoms is {\bfseries 104.5{\mbox{$^\circ$}}}, which is what we expect from our model. The two lone pairs both push the bonds closer together, giving a smaller angle than in ammonia.

\section{Linear and Planar Shapes}
\label{136}\subsection{Electron-{}Poor Atoms}
\label{137}
In some molecules, there are less than four pairs of valence electrons. This occurs in electron deficient atoms such as boron and beryllium, which don\textquotesingle{}t conform to the octet rule (they can have 6 and 4 valence electrons respectively). In boron trifluoride (BF\textsubscript{3}), there are only three electron pairs which repel each other to form a flat plane. Each fluorine atom is separated by cos\textsuperscript{-{}1}(-{}1/2) = 120{\mbox{$^\circ$}}. A different set of hybrid orbitals is formed in this molecule: the 2s and two 2p orbitals combine to form three {\bfseries sp\textsuperscript{2} hybrid orbitals}. The remaining p orbital is empty and sits above and below the plane of the molecule.

Beryllium, on the other hand, forms only two pairs of valence electrons. These repel each other at cos\textsuperscript{-{}1}(-{}1) = 180{\mbox{$^\circ$}}, forming a {\bfseries linear} molecule. An example is beryllium chloride, which has two chlorine atoms situated on opposite sides of a beryllium atom. This time, one 2s and one 2p orbital combine to form two {\bfseries sp hybrid orbitals}. The two remaining p orbitals sit above and to the side of the beryllium atom (they are empty).
\subsection{Bent vs. Linear}
\label{138}
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\raggedright{}\myfigurewithcaption{85}{The non-{}bonding pair causes sp\textsuperscript{2} hybridization, leading to a bent shape.}
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\raggedright{}\myfigurewithcaption{86}{No non-{}bonding pairs causes sp hybridization, leading to a linear shape.}
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Some elements will have a bent shape, others have a linear shape. Both are attached to two groups, so it depends on how many non-{}bonding pairs the central atom has.

Take a look at sulfur dioxide (SO\textsubscript{2}) and carbon dioxide (CO\textsubscript{2}).  Both have two oxygen atoms attached with double covalent bonds.  Carbon dioxide is linear, and sulfur dioxide is bent.  The difference is in their valence shells.  Carbon has four valence electrons, sulfur has six.  When they bond, carbon has no non-{}bonding pairs, but sulfur has one.
\section{Five and Six Groups}
\label{139}
Recall that some elements, especially sulfur and phosphorus, can bond with five or six groups.  The hybridization is sp\textsuperscript{3}d or sp\textsuperscript{3}d\textsuperscript{2}, with a trigonal bipyramidal or octahedral shape respectively.  When there are non bonding pairs, other shape can arise (see the above chart).
\section{How The Shapes Look}
\label{140}
The yellow groups are non-{}bonding electron pairs.  The white groups are bonded atoms, and the pink is the central atom.  This is referred to as the {\itshape AXE method}; A is the central atom, X\textquotesingle{}s are bonded atoms, and E\textquotesingle{}s are non-{}bonding electron pairs.

\LaTeXPlainBoxTemplate{Molecules are not static; their bonds are continually twisting, stretching and bending.  According to quantum theory, the energies of these bond movements are quantized, and this fact forms the basis of {\bfseries infrared spectroscopy}, an important chemical tool in analyzing organic molecules.}
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\raggedright{}\myfigurewithcaption{93}{trigonal bipyramidal}
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\chapter{Intermolecular Bonds}
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\section{Dipoles}
\label{142}


\begin{minipage}{0.37500\textwidth}
\begin{center}
\includegraphics[width=1.0\textwidth,height=6.5in,keepaspectratio]{../images/99.\SVGExtension}
\end{center}
\raggedright{}\myfigurewithcaption{99}{The polar bonds are symmetric, but they don\textquotesingle{}t point in opposite directions.  The result is a {\itshape dipole} (positive pointing down).}
\end{minipage}\vspace{0.75cm}


Covalent bonds can be polar or non-{}polar, and so can the overall compound depending on its shape. When a bond is polar, it creates a {\bfseries dipole}, a pair of charges (one positive and one negative).  If they are arranged in a symmetrical shape, so that they point in opposite directions, they will cancel each other.  For example, since the four hydrogens in methane (CH\textsubscript{4}) are facing away from each other, there is no overall dipole and the molecule is non-{}polar.  In ammonia (NH\textsubscript{3}), however, there is a negative dipole at the nitrogen, due to the asymmetry caused by the non-{}bonding electron pair.  The polarity of a compound determines its intermolecular bonding abilities.
\subsection{Polar and Non-{}Polar Shapes}
\label{143}

When a molecule has a linear, trigonal planar, tetrahedral, trigonal bipyramidal, or octahedral shape, it will be non-{}polar.  These are the shapes that do not have non-{}bonding lone pairs. (e.g. Methane, CH\textsubscript{4}) But if some bonds are polar while others are not, there will be an overall dipole, and the molecule will be polar (e.g. Chloroform, CHCl\textsubscript{3}).

The other shapes (with non-{}bonding pairs) will be polar. (e.g. Water, H\textsubscript{2}O) Unless, of course, all the covalent bonds are non-{}polar, in which case there would be no dipoles to begin with.
\subsection{Dipole-{}Dipole Bonds}
\label{144}

When two polar molecules are near each other, they will arrange themselves so that the negative and positive sides line up.  There will be an attractive force holding the two molecules together, but it is not nearly as strong a force as the intramolecular bonds.  This is how many types of molecules bond together to form large solids or liquids.


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/100.png}
\end{center}
\raggedright{}\myfigurewithcaption{100}{Dipole-{}dipole forces hold these two HCl molecules together.}
\end{minipage}\vspace{0.75cm}


\subsection{Hydrogen Bonding}
\label{145}
Certain chemicals with hydrogen in their chemical formula have a special type of intermolecular bond, called {\bfseries hydrogen bonds}. Hydrogen bonds will occur when a hydrogen atom is attached to an oxygen, nitrogen, or fluorine atom. This is because there is a large \myhref{http://en.wikipedia.org/wiki/Electronegativity}{electronegativity} difference between hydrogen and fluorine, oxygen, and nitrogen. Thus, molecules such as {$HF$}, {$H_2O$}, {$NH_3$} are extremely polar molecules with very strong dipole-{}dipole forces. As a result of the high electronegativities of fluorine, oxygen, and nitrogen, these elements will pull the electrons almost completely away from the hydrogen. The hydrogen becomes a bare proton sticking out from the molecule, and it will be strongly attracted to the negative side of any other polar molecules. Hydrogen bonding is an extreme type of dipole-{}dipole bonding. These forces are weaker than intramolecular bonds, but are much stronger than other intermolecular forces, causing these compounds to have high boiling points.


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/101.png}
\end{center}
\raggedright{}\myfigurewithcaption{101}{The dotted line represents a hydrogen bond.}
\end{minipage}\vspace{0.75cm}


\section{Covalent Networks}
\label{146}


\begin{minipage}{0.37500\textwidth}
\begin{center}
\includegraphics[width=1.0\textwidth,height=6.5in,keepaspectratio]{../images/102.png}
\end{center}
\raggedright{}\myfigurewithcaption{102}{A covalent network}
\end{minipage}\vspace{0.75cm}


Silicon dioxide forms a covalent network.  Unlike carbon dioxide (with double bonds), silicon dioxide forms only single covalent bonds.  As a result, the individual molecules covalently bond into a large network.  These bonds are very strong (being covalent) and there is no distinction between individual molecules and the overall network.  Covalent networks hold diamonds together.  Diamonds are made of nothing but carbon, and so is soot.  Unlike soot, diamonds have covalent networks, making them very hard and crystalline.
\section{Van der Waals forces}
\label{147}
{\bfseries Van der Waals}, or {\itshape London dispersion} forces are caused by temporary dipoles created when electron locations are lopsided.  The electrons are constantly orbiting the nucleus, and by chance they could end up close together.  The uneven concentration of electrons could make one side of the atom more negatively-{}charged than the other, creating a temporary dipole.  As there are more electrons in an atom, and the shells are further away from the nucleus, these forces become stronger.

Van der Waals forces explain how nitrogen can be liquified.  Nitrogen gas is diatomic; its equation is N\textsubscript{2}.  Since both atoms have the same electronegativity, there is no dipole and the molecule is non-{}polar.  If there are no dipoles, what would make the nitrogen atoms stick together to form a liquid?  Van der Waals forces are the answer.  They allow otherwise non-{}polar molecules to have attractive forces.  These are by far the weakest forces that hold molecules together.
\section{Melting and Boiling Points}
\label{148}
When comparing two substances, their melting and boiling points may be questioned.  To determine which substance has the higher melting or boiling point, you must decide which one has the strongest intermolecular force.  Metallic bonds, ionic bonds, and covalent networks are very strong, as they are actually intramolecular forces.  These substances have the highest melting and boiling points because they only separate into individual molecules when the powerful bonds have been broken.  Breaking these intramolecular forces requires great amounts of heat energy.

Substances with hydrogen bonding will have much higher melting and boiling points than those that have ordinary dipole-{}dipole forces.  Non-{}polar molecules have the lowest melting and boiling points, because they are held together by the weak van der Waals forces.

If you need to compare the boiling points of two metals, the metal with the larger atomic radius will have weaker bonding, due to the lower concentration of charge.  When comparing boiling points of the non-{}polar gases, like the noble gases, the gas with the largest radius will have the highest points because it has the most potential for van der Waals forces.

Ionic compounds can be compared using Coulomb\textquotesingle{}s Law.  Look for substances with high ionic charges and low ionic radii.

\LaTeXNullTemplate{}
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\label{149}
\LaTeXNullTemplate{}

\LaTeXPlainBoxTemplate{Substances with carbon and hydrogen are {\itshape organic compounds}.  They have special names that are beyond the scope of this book.  For more information, see the \myhref{http://en.wikibooks.org/wiki/Organic\%20Chemistry}{Organic Chemistry} Wikibook.}
Some compounds have common names, like {\itshape water} for H\textsubscript{2}O.  However, there are thousands of other compounds that are uncommon or have multiple names. Also, the common name is usually not recognized internationally.  What looks like {\itshape water} to you might look like {\itshape agua} or {\itshape vatten} to someone else.  To allow chemists to communicate without confusion, there are naming conventions to determine the {\bfseries systematic name} of a chemical.
\section{Naming Ions and Ionic Compounds}
\label{150}
Ions are atoms that have lost or gained electrons. Note that in a {\bfseries polyatomic ion}, the ion itself is held together by covalent bonds. Monoatomic cations (positive) are named the same way as their element, and they come first when naming a compound. Monoatomic anions (negative) have the suffix -{}{\itshape ide} and come at the end of the compound\textquotesingle{}s name.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription} Examples of ionic compounds
\end{mydescription}
}

\begin{myitemize}
\item{}  NaCl -{} {\itshape Sodium chloride}
\item{}  MgCl\textsubscript{2} -{} {\itshape Magnesium chloride}
\item{}  Ca\textsubscript{3}N\textsubscript{2} -{} {\itshape Calcium nitride}

\end{myitemize}
}

Notice that there is no need to write how many ions there are.  Between the \myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FPeriodic\%20Table}{periodic table} and our knowledge of \mylref{116}{ionic bonding}, we can determine the number of ions based on which elements are used.
\subsection{Polyatomic Ions}
\label{151}
\myhref{http://en.wikipedia.org/wiki/Polyatomic\%20ion}{w:Polyatomic ion}
Polyatomic ions have special names. Many of them contain oxygen and are called {\bfseries oxyanions}. When different oxyanions are made of the same element but have a different number of oxygen atoms, prefixes and suffixes are used to tell them apart.  The chlorine family of ions is an excellent example.


\begin{center}

\begin{longtable}{|>{\RaggedRight}p{0.52453\linewidth}|>{\RaggedRight}p{0.39511\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Name}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Formula}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Chloride&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Cl\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hypochlorite&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}ClO\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Chlorite&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}ClO\textsubscript{2}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Chlorate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}ClO\textsubscript{3}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Perchlorate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}ClO\textsubscript{4}\textsuperscript{-{}}\\ \hline 
\end{longtable}


\end{center}


The -{}{\itshape ate} suffix is used on the most common oxyanion (like sulfate SO\textsubscript{4}\textsuperscript{2-{} or nitrate NO\textsubscript{3}}-{}).  The -{}{\itshape ite} suffix is used on the oxyanion with one less oxygen (like sulfite SO\textsubscript{3}\textsuperscript{2-{}} or nitrite NO\textsubscript{2}\textsuperscript{-{}}).  Sometimes there can be a {\itshape hypo}-{} prefix, meaning one less oxygen than the -{}{\itshape ite}. There is also a {\itshape per}-{} prefix, meaning one more oxygen than the -{}{\itshape ate}.

\LaTexInfoTemplateOne{Occasionally, you will see a {\itshape bi}-{} prefix.  This is an older prefix, and is usually replaced with the word {\itshape hydrogen}.  In either case, the oxyanion will have a hydrogen in it, decreasing its charge by one.  For instance, there is carbonate (CO\textsubscript{3}\textsuperscript{2-{}}) and bicarbonate or hydrogen carbonate (HCO\textsubscript{3}\textsuperscript{-{}}).}

One last prefix you may find is {\itshape thio}-{}.  It means an oxygen has been replaced with a sulfur within the oxyanion.  Cyanate is OCN\textsuperscript{-{}}, and thiocyanate is SCN\textsuperscript{-{}}.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription} Examples of polyatomic ions
\end{mydescription}
}

\begin{myitemize}
\item{}  NH\textsubscript{4}Cl -{} {\itshape Ammonium chloride}
\item{}  K(HCO\textsubscript{3}) -{} {\itshape Potassium hydrogen carbonate}
\item{}  AgNO\textsubscript{3} -{} {\itshape Silver nitrate}
\item{}  CuSO\textsubscript{3} -{} {\itshape Copper ({\ttfamily II}) sulfite}

\end{myitemize}
}

In the last example, copper had a roman numeral 2 after its name because the transition metals can have more than one charge.  The charge on the ion must be known, so it is written out for ions that have more than one common charge.  Silver always has a charge of 1+, so it isn\textquotesingle{}t necessary (but not wrong) to name its charge.  Zinc always has a charge of 2+, so you don\textquotesingle{}t have to name its charge either.  Aluminum will always have a charge of +3.  All other metals (except the Group 1 and 2 elements) must have roman numerals to show their charge.

Common polyatomic ions that you should know are listed in the following table


\begin{center}

\begin{longtable}{|>{\RaggedRight}p{0.53757\linewidth}|>{\RaggedRight}p{0.38207\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Name}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Formula}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Acetate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}C\textsubscript{2}H\textsubscript{3}O\textsubscript{2}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ammonium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}NH\textsubscript{4}\textsuperscript{+}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cyanide&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}CN\textsubscript{}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cyanate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}CNO\textsubscript{}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Thiocyanate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}CNS\textsubscript{}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hypochlorite&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}ClO\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Chlorite&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}ClO\textsubscript{2}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Chlorate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}ClO\textsubscript{3}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Perchlorate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}ClO\textsubscript{4}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hypobromite&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}BrO\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Bromite&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}BrO\textsubscript{2}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Bromate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}BrO\textsubscript{3}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Perbromate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}BrO\textsubscript{4}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hypoiodite&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}IO\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Iodite&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}IO\textsubscript{2}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Iodate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}IO\textsubscript{3}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Periodate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}IO\textsubscript{4}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Nitrite&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}NO\textsubscript{2}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Nitrate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}NO\textsubscript{3}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Peroxide&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}O\textsubscript{2}\textsuperscript{2-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Permanganate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}MnO\textsubscript{4}\textsuperscript{-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Sulfite&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}SO\textsubscript{3}\textsuperscript{2-{}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Sulfate&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}SO\textsubscript{4}\textsuperscript{2-{}}\\ \hline 
\end{longtable}


\end{center}

\subsection{Stock System}
\label{152}

\LaTeXPlainBoxTemplate{In older texts, ions were assigned names based on their Latin root and a suffix.  Common ions with this naming system include \symbol{34}plumbous/plumbic\symbol{34} for lead(II)/lead(IV) and \symbol{34}ferrous/ferric\symbol{34} for iron(II)/iron(III).  These Latin-{}based names are outdated, so it\textquotesingle{}s not important to learn them.  We now use the {\itshape Stock system} instead.}
Further explanation of the roman numerals is in order.  Many atoms (especially the transition metals) are capable of ionizing in more than one way.  The name of an ionic compound must make it very clear what the exact chemical formula is.  If you wrote \symbol{34}copper chloride\symbol{34}, it could be CuCl or CuCl\textsubscript{2} because copper can lose one or two electrons when it forms an ion.  The charge must be balanced, so there would be one or two chloride ions to accept the electrons.  To be correct, you must write \symbol{34}copper({\ttfamily II}) chloride\symbol{34} if you want CuCl\textsubscript{2} and \symbol{34}copper ({\ttfamily I}) chloride\symbol{34} if you want CuCl.  Keep in mind that the roman numerals refer to the charge of the cation, not how many anions are attached.

Common metal ions are listed below and should be learned:

\begin{center}

\begin{longtable}{|>{\RaggedRight}p{0.75333\linewidth}|>{\RaggedRight}p{0.16632\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Name}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Formula}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Iron(II)/Ferrous&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Fe\textsuperscript{2+}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Iron(III)/Ferric&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Fe\textsuperscript{3+}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Copper(I)/Cuprous&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Cu\textsuperscript{+}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Copper(II)/Cupric&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Cu\textsuperscript{2+}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Tin (II)/Stannous&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Sn\textsuperscript{2+}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Tin (IV)/Stannic&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Sn\textsuperscript{4+}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Lead (II)/Plumbous (most common)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Pb\textsuperscript{2+}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Lead (IV)/Plumbic&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Pb\textsuperscript{4+}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Mercury (I) (Note: Mercury (I) is a polyatomic ion)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hg\textsubscript{2}\textsuperscript{2+}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Mercury (II)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hg\textsuperscript{2+}\\ \hline 
\end{longtable}


\end{center}

\section{Naming Molecules}
\label{153}
There are two systems of naming molecular compounds. The first uses prefixes to indicate the number of atoms of an element that are in the compound. If the substance is binary (containing only two elements), the suffix -{}{\itshape ide} is added to the second element.  Thus water is {\itshape dihydrogen monoxide}.  A prefix is not necessary for the first element if there is only one, so SF\textsubscript{6} is {\itshape sulfur hexafluoride}.  The prefix system is used when both elements are non-{}metallic.


\begin{center}

\begin{longtable}{|>{\RaggedRight}p{0.50473\linewidth}|>{\RaggedRight}p{0.41492\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Number}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Prefix}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}1&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Mono-{}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}2&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Di-{}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}3&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Tri-{}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}4&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Tetra-{}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}5&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Penta-{}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}6&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hexa-{}\\ \hline 
\end{longtable}


\end{center}


\LaTexInfoTemplateOne{If the last letter of the prefix is an {\itshape a} and the first letter of the element is a vowel, the {\itshape a} is dropped.  That makes V\textsubscript{2}O\textsubscript{5} divanadium pentoxide (instead of pentaoxide).  Similar dropping occurs with {\itshape mono}-{} and elements beginning with {\itshape o}, as in the case of {\itshape monoxide}.  This does not, however, happen with {\itshape di}-{} and {\itshape tri}-{}.  A molecule containing three iodine atoms would be named {\itshape triiodide}.}

The second system, the {\bfseries stock system}, uses {\itshape oxidation numbers} to represent how the electrons are distributed through the compound. This is essentially the roman numeral system that has already been explained, but it applies to non-{}ionic compounds as well.  The most electronegative component of the molecule has a negative oxidation number that depends on the number of pairs of electrons it shares. The less electronegative part is assigned a positive number. In the stock system, only the cation\textquotesingle{}s number is written, and in Roman numerals.  The stock system is used when there is a metallic element in the compound.  In the case of V\textsubscript{2}O\textsubscript{5}, it could also be called vanadium({\ttfamily V}) oxide.  Knowing that oxygen\textquotesingle{}s charge is always -{}2, we can determine that there are five oxygens and two vanadiums if we were given the name without the formula.
\section{Naming acids}
\label{154}
If an acid is a binary compound, it is named as hydro{$\text{[}$}element{$\text{]}$}ic acid. If it contains a polyatomic ion, then it is named {$\text{[}$}ion name{$\text{]}$}ic acid if the ion ends in -{}{\itshape ate}.  If the ion ends in -{}{\itshape ite} then the acid will end in -{}{\itshape ous}.  These examples should help.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription} Examples of acid names
\end{mydescription}
}

\begin{myitemize}
\item{}  HCl -{} {\itshape Hydrochloric acid}
\item{}  HClO -{} {\itshape Hypochlorous acid}
\item{}  HClO\textsubscript{2} -{} {\itshape Chlorous acid}
\item{}  HClO\textsubscript{3} -{} {\itshape Chloric acid}
\item{}  HClO\textsubscript{4} -{} {\itshape Perchloric acid}

\end{myitemize}
}
\LaTeXNullTemplate{}
\chapter{Formulas and Numbers}





\label{155}
\LaTeXNullTemplate{}
\section{Calculating Formula Masses}
\label{156}
\LaTeXPlainBoxTemplate{In molecules but not ionic compounds, the formula mass is also known as the {\bfseries molecular mass}.}
The calculation of a compound\textquotesingle{}s formula mass (the mass of its molecule or formula unit) is straightforward. Simply add the individual mass of each atom in the compound (found on the \myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FPeriodic\%20Table}{periodic table}).   For example, the formula mass of glucose (C\textsubscript{6}H\textsubscript{12}O\textsubscript{6}) is 180 amu.

Molar masses are just as easy to calculate.  The molar mass is equal to the formula mass, except that the unit is grams per mole instead of amu.
\section{Calculating Percentage Composition}
\label{157}
Percentage composition is the relative mass of one substance in a compound compared to the whole. For example, in methane (CH\textsubscript{4}), the percentage mass of hydrogen is 25\% because hydrogen makes up a total of 4 amu out of 16 amu overall.
\subsection{Using Percentage Composition}
\label{158}
Percentage composition can be used to find the {\bfseries empirical formula} of a compound, which shows the ratios of elements in the compound. However, this is not the same as the molecular formula. For example, many sugars have the empirical formula CH\textsubscript{2}O, which could correspond to a molecular formula of CH\textsubscript{2}O, C\textsubscript{2}H\textsubscript{4}O\textsubscript{2}, C\textsubscript{6}H\textsubscript{12}O\textsubscript{6}, etc.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}To find the empirical formula from percentage composition, follow these procedures for each element.
\end{mydescription}
}

\begin{myenumerate}
\item{} Convert from percentage to grams (for simplicity, assume a 100 g sample).
\item{} Divide by the element\textquotesingle{}s molar mass to find moles.
\item{} Simplify to lowest whole-{}number ratio.
\end{myenumerate}
}

For example, a compound is composed of 75\% carbon and 25\% hydrogen by mass. Find the empirical formula.
\begin{myitemize}
\item{} 75g C / (12 g/mol C) = 6.25 mol C
\item{} 25g H / (1 g/mol H) = 25 mol H
\item{} 6.25 mol C / 6.25 = 1 mol C
\item{} 25 mol H / 6.25 = 4 mol H
\end{myitemize}


Thus the empirical formula is CH\textsubscript{4}.
\subsection{Calculating Molecular Formula}
\label{159}
If you find the empirical formula of a compound and its molar/molecular mass, then you can find its exact molecular formula.  Remember that the molecular formula is always a whole-{}number multiple of the empirical formula. For example, a compound with the empirical formula HO has a molecular mass of 34.0 amu. Since HO would only be 17.0 amu, which is half of 34.0, the molecular formula must be H\textsubscript{2}O\textsubscript{2}.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription} Exercise for the reader
An unknown substance must be identified.  Lab analysis has found that the substance is composed of 80\% Fluorine and 20\% Nitrogen with a molocular mass of 71 amu.  What is the empirical formula?  What is the molecular formula?
\end{mydescription}
}
}

\LaTeXNullTemplate{}
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\label{160}
\LaTeXNullTemplate{}

The word {\itshape stoichiometry} derives from two Greek words: {\itshape stoicheion} (meaning \symbol{34}element\symbol{34}) and {\itshape metron} (meaning \symbol{34}measure\symbol{34}). Stoichiometry deals with calculations about the masses (sometimes volumes) of reactants and products involved in a chemical reaction. It is a very mathematical part of chemistry, so be prepared for lots of calculator use.

\myhref{http://en.wikipedia.org/wiki/Stoichiometry}{w:Stoichiometry}
Jeremias Benjaim Richter (1762-{}1807) was the first to lay down the principles of stoichiometry. In 1792 he wrote: 
\symbol{34}{\itshape Die stöchyometrie (Stöchyometria) ist die Wissenschaft die quantitativen oder Massenverhältnisse zu messen, in welchen die chymischen Elemente gegen einander stehen.}\symbol{34} {$\text{[}$}Stoichiometry is the science of measuring the quantitative proportions or mass ratios in which chemical elements stand to one another.{$\text{]}$}
\section{Molar Calculations}
\label{161}\subsection{Your Tool: Dimensional Analysis}
\label{162}
Luckily, almost all of stoichiometry can be solved relatively easily using dimensional analysis.  Dimensional analysis is just using units, instead of numbers or variables, to do math, usually to see how they cancel out.  For instance, it is easy to see that:


\begin{center}
\begin{equation*}grams \times \dfrac{moles}{grams} \times \dfrac{atoms}{moles} = atoms\end{equation*}
\end{center}


It is this principle that will guide you through solving most of the stoichiometry problems (chemical reaction problems) you will see in General Chemistry.  Before you attempt to solve a problem, ask yourself: what do I have now? where am I going?  As long as you know how many (units) per (other units), this will make stoichiometry significantly easier.
\subsection{Moles to Mass}
\label{163}
\LaTeXPlainBoxTemplate{Where can you find the molar mass of these elements? \myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FPeriodic\%20Table}{The periodic table.} You should always have one on hand—don\textquotesingle{}t expect to get very far without one!}

{\itshape How heavy is 1.5 mol of lead? How many moles in 22.34g of water?} Calculating the mass of a sample from the number of moles it contains is quite simple. We use the {\bfseries molar mass} (mass of one mole) of the substance to convert between mass and moles. When writing calculations, we denote the molar mass of a substance by an upper case \symbol{34}M\symbol{34} (e.g. M(Ne) means \symbol{34}the molar mass of neon\symbol{34}). As always, \symbol{34}n\symbol{34} stands for the number of moles and \symbol{34}m\symbol{34} indicates the mass of a substance.  To find the solutions to the two questions we just asked, let\textquotesingle{}s apply some dimensional analysis:


\begin{center}
\begin{equation*}1.5  mol  Pb  \times \dfrac{207.2  g  Pb}{1  mol  Pb} = 310.8  g  Pb\end{equation*}
\end{center}


Can you see how the units cancel to give you the answer you want?  All you needed to know was that you had 1.5 mol Pb (lead), and that 1 mol Pb weighs 207.2 grams.  Thus, multiplying 1.5 mol Pb by 207.2 g Pb and dividing by 1 mol Pb gives you 310.8 g Pb, your answer.
\subsection{Mass to Moles}
\label{164}
But we had one more question: \symbol{34}How many moles in 22.34g of water?\symbol{34}  This is just as easy:


\begin{center}
\begin{equation*}22.34  g  H_2 O  \times \dfrac{1  mol  H_2 O}{18  g  H_2 O} = 1.24  mol  H_2 O\end{equation*}
\end{center}


Where did the 18 g H\textsubscript{2}O come from?  We looked at the periodic table and simply added up the atomic masses of two hydrogens and an oxygen to get the molecular weight of water.  This turned out to be 18, and since all the masses on the periodic table are given with respect to 1 mole, we knew that 1 mol of water weighed 18 grams.  This gave us the relationship above, which is really just (again) watching units cancel out!
\subsection{Calculating Molar Masses}
\label{165}
Before we can do these types of calculations, we first have to know the molar mass. Fortunately, this is not difficult, as the molar mass is exactly the same as the {\bfseries atomic weight} of an element. A table of atomic weights can be used to find the molar mass of elements (this information is often included in the periodic table). For example, the atomic weight of oxygen is 16.00 amu, so its molar mass is 16.00 g/mol.

For species with more than one element, we simply add up the atomic weights of each element to obtain the molar mass of the compound. For example, sulfur trioxide gas is made up of sulfur and oxygen, whose atomic weights are 32.06 and 16.00 respectively.


\begin{center}
\begin{equation*}\begin{matrix} \hbox{M(SO}_3\hbox{)} &=& 32.06 + 3 \times 16.00 \\ \ &=& 80.06 \hbox{g}/\hbox{mol} \\ \end{matrix}\end{equation*}
\end{center}


The procedure for more complex compounds is essentially the same. Aluminium carbonate, for example, contains aluminium, carbon, and oxygen. To find the molar mass, we have to be careful to find the {\itshape total} number of atoms of each element. Three carbonate ions each containing three oxygen atoms gives a total of nine oxygens. The atomic weights of aluminium and carbon are 26.98 and 12.01 respectively.


\begin{center}
\begin{equation*}\begin{matrix} \hbox{M}(\hbox{Al}_2(\hbox{CO}_3)_3) &=& 2 \times 26.98 + 3 \times 12.01 + 9 \times 16.00 \\ \ &=& 233.99 \hbox{g}/\hbox{mol} \\ \end{matrix}\end{equation*}
\end{center}

\section{Empirical Formulae}
\label{166}
The empirical formula of a substance is {\itshape the simplest ratio of the number of moles of each element in a compound}. The empirical formula is ambiguous, e.g. the formula CH could represent CH, C\textsubscript{2}H\textsubscript{2}, C\textsubscript{3}H\textsubscript{3} etc. These latter formulae are called {\bfseries molecular formulae}. It follows that the molecular formula is always a {\itshape whole number multiple} of the empirical formula for a compound.

Calculating the empirical formula is easy if the relative amounts of each element in the compound are known. For example, if a sample contains 1.37 mol oxygen and 2.74 mol hydrogen, we can calculate the empirical formula. A good strategy to use is to divide all amounts given by the smallest {\bfseries non-{}integer} amount, then multiply by whole numbers until the simplest ratio is found. We can make a table showing the successive ratios.

\begin{longtable}{|>{\RaggedRight}p{0.28501\linewidth}|>{\RaggedRight}p{0.23536\linewidth}|>{\RaggedRight}p{0.35909\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Hydrogen}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Oxygen}&\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2.74 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1.37 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} divide by 1.37\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} ANSWER\\ \hline 
\end{longtable}


The empirical formula of the compound is H\textsubscript{2}O.

Here\textquotesingle{}s another example.  A sample of piperonal contains 1.384 mol carbon, 1.033 mol hydrogen and 0.519 mol oxygen.

\begin{longtable}{|>{\RaggedRight}p{0.17326\linewidth}|>{\RaggedRight}p{0.20981\linewidth}|>{\RaggedRight}p{0.17326\linewidth}|>{\RaggedRight}p{0.28296\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Carbon}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Hydrogen}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Oxygen}&\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1.384 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1.033 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0.519 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} divide by 0.519\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2.666 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} multiply by 3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 8 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 6 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 3 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} ANSWER\\ \hline 
\end{longtable}


The empirical formula of piperonal is C\textsubscript{8}H\textsubscript{6}O\textsubscript{3}.
\subsection{Converting from Masses}
\label{167}
Often, we are given the relative composition by mass of a substance and asked to find the empirical formula. These masses must first be converted to moles using the techniques outlined above. For example, a sample of ethanol contains 52.1\% carbon, 13.2\% hydrogen, and 34.7\% oxygen by mass. Hypothetically, 100g of this substance will contain 52.1 g carbon, 13.2 g hydrogen and 34.7 g oxygen. Dividing these by their respective molar masses gives the amount in moles of each element (as we learned above). These are 4.34 mol, 13.1 mol, and 2.17 mol respectively.

\begin{longtable}{|>{\RaggedRight}p{0.17719\linewidth}|>{\RaggedRight}p{0.21457\linewidth}|>{\RaggedRight}p{0.17719\linewidth}|>{\RaggedRight}p{0.27034\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Carbon}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Hydrogen}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Oxygen}&\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 4.34 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 13.1 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2.17 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} divide by 2.17\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 6 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} ANSWER\\ \hline 
\end{longtable}


The empirical formula of ethanol is C\textsubscript{2}H\textsubscript{6}O.
\subsection{Molecular Formula}
\label{168}
\LaTeXPlainBoxTemplate{
{\bfseries Beware:}
In the case of H\textsubscript{2}O, the whole number multiple is 1, so its empirical formula is the same as its molecular formula.  This is not always the case!}
As mentioned above, the molecular formula for a substance equals the count of atoms of each type in a molecule.  This is always a {\itshape whole number multiple} of the empirical formula.  To calculate the molecular formula from the empirical formula, we need to know the {\bfseries molar mass} of the substance. For example, the empirical formula for {\bfseries benzene} is CH, and its molar mass is 78.12 g/mol. Divide the actual molar mass by the mass of the empirical formula, 13.02 g/mol, to determine the multiple of the empirical formula, \symbol{34}n\symbol{34}. The molecular formula equals the empirical formula multiplied by \symbol{34}n\symbol{34}.


\begin{center}
\begin{equation*}\begin{matrix} \hbox{M(CH)} &=& 13.02 \hbox{ g/mol} \\ \hbox{M(benzene)} &=& 78.12 \hbox{ g/mol}\\ \hbox{M(benzene)} / \hbox{M(CH)} &= (78.12\ g/mol)/(13.02\ g/mol)&= 6 \\ \end{matrix}\end{equation*}
\end{center}


This shows that the molecular formula for benzene is 6 times the empirical formula of CH. The molecular formula for benzene is C\textsubscript{6}H\textsubscript{6}.
\section{Solving Mass-{}Mass Equations}
\label{169}
A typical mass-{}mass equation will give you an amount in grams and ask for another answer in grams.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}To solve a mass-{}mass equation, follow these rules
\end{mydescription}
}

\begin{myenumerate}
\item{} \mylref{177}{Balance the equation} if it is not already.
\item{} Convert the given quantity to moles.
\item{} Multiply by the molar ratio of the demanded substance over the given substance.
\item{} Convert the demanded substance into grams.

\end{myenumerate}
}

For example, given the equation {$Cu^{2+} + 2 AgNO_3 \to Cu(NO_3)_2 + 2 Ag^+$}, find out how many grams of silver (Ag) will result from 43.0 grams of copper (Cu) reacting.

\begin{myitemize}
\item{} Convert the given quantity to moles.
\end{myitemize}


\begin{center}
\begin{equation*}43.0g~Cu \times \frac{1~mol~Cu}{63.55g~Cu}\end{equation*}
\end{center}

\begin{myitemize}
\item{} Multiply by the molar ratio of the demanded substance and the given substance.
\end{myitemize}


\begin{center}
\begin{equation*}43.0g~Cu \times \frac{1~mol~Cu}{63.55g~Cu} \times \frac{2~mol~Ag}{1~mol~Cu}\end{equation*}
\end{center}

\begin{myitemize}
\item{} Convert the demanded substance to grams.
\end{myitemize}


\begin{center}
\begin{equation*}43.0g~Cu \times \frac{1~mol~Cu}{63.55g~Cu} \times \frac{2~mol~Ag}{1~mol~Cu} \times \frac{107.86g~Ag}{1~mol~Ag} = 1.46 \times 10^2~g~Ag\end{equation*}
\end{center}


\LaTexInfoTemplateOne{Notice how dimensional analysis applies to this technique. All units will cancel except for the desired one (grams of silver, in this case).}
\section{Summary}
\label{170}

To solve a stoichiometric problem, you need to know what you already have and what you want to find.  Everything in between is basic algebra.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription} Key Terms
\end{mydescription}
}

\begin{myitemize}
\item{} {\itshape Molar mass:} mass (in grams) of one mole of a substance.
\item{} {\itshape Empirical formula:} the simplest ratio of the number of moles of each element in a compound
\item{} {\itshape Molecular formula:} the actual ratio of the number of moles of each element in a compound

\end{myitemize}
}

In general, all you have to do is keep track of the units and how they cancel, and you will be on your way!

\LaTeXNullTemplate{}
\chapter{Chemical Equations}





\label{171}
\LaTeXNullTemplate{}

Chemical equations are a convenient, standardized system for describing \myhref{http://en.wikibooks.org/wiki/..\%2FChemical\%20reactions}{chemical reactions}. They contain the following information.

\begin{myitemize}
\item{} The type of {\bfseries reactants} consumed and {\bfseries products} formed
\item{} The relative amounts of reactants and products
\item{} The electrical charges on \mylref{116}{ions}
\item{} The physical state of each species (e.g. solid, liquid)
\item{} The reaction conditions (e.g. temperature, catalysts)
\end{myitemize}


The final two points are optional and sometimes omitted.
\section{Anatomy of an Equation}
\label{172}

\begin{center}
\begin{equation*}\hbox{H}_{2 (g)} + \hbox{Cl}_{2 (g)} \to 2\hbox{HCl}_{(g)}\end{equation*}
\end{center}


Hydrogen gas and chlorine gas will react vigorously to produce hydrogen chloride gas. The equation above illustrates this reaction. The reactants, hydrogen and chlorine, are written on the left and the products (hydrogen chloride) on the right. The large number 2 in front of HCl indicates that two molecules of HCl are produced for each 1 molecule of hydrogen and chlorine gas consumed. The 2 in subscript below H indicates that there are two hydrogen atoms in each molecule of hydrogen gas. Finally, the (g) symbols subscript to each species indicates that they are gases.
\subsection{Reacting Species}
\label{173}
{\bfseries Species} in a chemical reaction is a general term used to mean atoms, molecules or ions. A species can contain more than one chemical element (HCl, for example, contains hydrogen and chlorine). Each species in a chemical equation is written:


\begin{center}
\begin{equation*}\hbox{E}_{x(s)}^y\end{equation*}
\end{center}


{\bfseries E} is the chemical symbol for the element, {\bfseries x} is the number of atoms of that element in the species, {\bfseries y} is the charge (if it is an ion) and {\bfseries (s)} is the physical state.

\LaTeXZeroBoxOpenTemplate{
The symbols in parentheses (in subscript below each species) indicate the physical state of each reactant or product.

\begin{myitemize}
\item{} {\bfseries (s)} means solid
\item{} {\bfseries (l)} means liquid
\item{} {\bfseries (g)} means gas
\item{} {\bfseries (aq)} means aqueous solution (i.e. dissolved in water)

\end{myitemize}
}

For example, ethyl alcohol would be written {$\hbox{C}_2\hbox{H}_6\hbox{O}_{(l)}$} because each molecule contains 2 carbon, 6 hydrogen and 1 oxygen atom. A magnesium ion would be written {$\hbox{Mg}^{2+}$} because it has a double positive (\symbol{34}two plus\symbol{34}) charge. Finally, an ammonium ion would be written {$\hbox{NH}_4^+$} because each molecule contains 1 nitrogen and 4 hydrogen atoms and has a charge of 1+.
\subsection{Coefficients}
\label{174}
The numbers in front of each species have a very important meaning—they indicate the relative amounts of the atoms that react. The number in front of each species is called a {\bfseries coefficient}. In the above equation, for example, one H\textsubscript{2} molecule reacts with one Cl\textsubscript{2} molecule to produce two molecules of HCl. This can also be interpreted as {\itshape moles} (i.e. 1 mol H\textsubscript{2} and 1 mol Cl\textsubscript{2} produces 2 mol HCl).

It is important that the {\itshape Law of Conservation of Mass} is not violated.  There must be the same number of each type of atoms on either side of the equation.  Coefficients are useful for keeping the same number of atoms on both sides:


\begin{center}
\begin{equation*}2\hbox{H}_2 + \hbox{O}_2 \to 2\hbox{H}_2\hbox{O}\end{equation*}
\end{center}


If you count the atoms, there are four hydrogens and two oxygens on each side.  The coefficients allow us to {\bfseries balance the equation}; without them the equation would have the wrong number of atoms.  Balancing equations is the topic of the next chapter.
\subsection{Other Information}
\label{175}
Occasionally, other information about a chemical reaction will be supplied in an equation (such as temperature or other reaction conditions). This information is often written to the right of the equation or above the reaction arrow.  A simple example would be the melting of ice.


\begin{center}
\begin{equation*}\hbox{H}_2\hbox{O}_{(s)} + heat \to \hbox{H}_2\hbox{O}_{(l)}\end{equation*}, which could be written as \begin{equation*}\hbox{H}_2\hbox{O}_{(s)} \xrightarrow{heat} \hbox{H}_2\hbox{O}_{(l)}\end{equation*}
\end{center}


Reactions commonly involve {\bfseries catalysts}, which are substances that speed up a reaction without being consumed.  Catalysts are often written over the arrow.  A perfect example of a catalyzed reaction is photosynthesis.  Inside plant cells, a substance called {\itshape chlorophyll} converts sunlight into food.  The reaction is written:


\begin{center}
\begin{equation*}6\hbox{CO}_2 + 6\hbox{H}_2\hbox{O} + sunlight \xrightarrow{chlorophyll} \hbox{C}_6\hbox{H}_{12}\hbox{O}_6  +  6\hbox{O}_2\end{equation*}
\end{center}

\section{Examples}
\label{176}
\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{CH}_{4(g)} + 2\hbox{O}_{2(g)} \to \hbox{CO}_{2(g)} + 2\hbox{H}_2\hbox{O}_{(l)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This is the equation for burning methane gas (CH\textsubscript{4}) in the presence of oxygen (O\textsubscript{2}) to form carbon dioxide and water: CO\textsubscript{2} and H\textsubscript{2}O respectively.  Notice the use of coefficients to obey the Law of Conservation of Matter.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{Pb}_{(aq)}^{2+} + 2\hbox{I}_{(aq)}^- \to \hbox{PbI}_{2(s)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This is a {\itshape precipitation} reaction in which dissolved lead cations and iodide anions combine to form a solid yellow precipitate of lead iodide (an \mylref{116}{ionic} solid).\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$2\hbox{SO}_{2(g)} + 2\hbox{V}_2\hbox{O}_{5(s)} \to 2\hbox{SO}_{3(g)} + 4\hbox{V}_2\hbox{O}_{(s)}$}\newline{}{$4\hbox{V}_2\hbox{O}_{(s)} + \hbox{O}_{2(g)} \to 2\hbox{V}_2\hbox{O}_{5(s)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}These two equations involve a catalyst.  They occur one after another, using divanadium pentoxide to convert sulfur dioxide into sulfur trioxide.  If you look closely, you can see that the vanadium catalyst is involved in the reaction, but it does not get consumed.  It is both a reactant and a product, but it is necessary for the reaction to occur, making it a catalyst.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$2\hbox{SO}_{2(g)} + \hbox{O}_{2(g)} \xrightarrow{V_2O_5} 2\hbox{SO}_{3(g)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} If we add both equations together, we can cancel out terms that appear on both sides.  The resulting equation is much simpler and self-{}explanatory (although the original pair of equations is more accurate in describing how the reaction proceeds). 
\end{longtable}


\LaTexInfoTemplateOne{The last example demonstrates another important principle of chemical equations:  they can be added together.  Simply list {\itshape all} reactants from the equations you are adding, then list {\itshape all} products.  If the same term appears on both sides, it is either a catalyst, an {\itshape intermediate product}, or it is not involved in the reaction.  Either way, it can be canceled out from both sides (if the coefficients are equal).  Try adding the first two vanadium equations together and see if you can cancel out terms to get the final equation.}

\LaTeXNullTemplate{}
\chapter{Balancing Equations}





\label{177}
\LaTeXNullTemplate{}
\section{Balancing Equations}
\label{178}

Chemical equations are useful because they give the relative amounts of the substances that react in a chemical equation.  For example, from the chemical equation for the formation of ammonia, we can see that one mole of nitrogen gas will combine with three moles of hydrogen gas to form two moles of ammonia gas.  


\begin{center}
\begin{equation*}\hbox{N}_{2} + 3{\hbox{H}_{2}} \to 2\hbox{NH}_{3}\end{equation*}
\end{center}



In some cases, however, we may not know the relative amounts of each substance that reacts. Fortunately, we can always find the correct {\bfseries coefficients} of an equation (the relative amounts of each reactant and product).  The process of finding the coefficients is known as {\itshape balancing the equation}.

During a chemical reaction, atoms are neither created or destroyed.  The same atoms are present before and after a reaction takes place; they are just rearranged.  This is called the {\bfseries Law of Conservation of Matter}, and we can use this law to help us find the right coefficients to balance an equation.

For example, assume in the above equation that we do not know how many moles of ammonia gas will be produced:


\begin{center}
\begin{equation*}\hbox{N}_{2} + 3{\hbox{H}_{2}} \to {\color{Red}?}\hbox{NH}_{3}\end{equation*}
\end{center}



From the left side of this equation, we see that there are 2 atoms of nitrogen gas in the molecule N\textsubscript{2} (2 atoms per molecule x 1 molecule), and 6 atoms of hydrogen gas in the 3 H\textsubscript{2} molecules (2 atoms per molecule x 3 molecules). Because of the Law of Conservation of Matter, there must also be 2 atoms nitrogen gas and 6 atoms of hydrogen gas on the right side. Since each molecule of the resultant ammonia gas (NH\textsubscript{3}) contains 1 atom of nitrogen and 3 atoms of hydrogen, 2 molecules are needed to obtain 2 atoms of nitrogen and 6 atoms of hydrogen.
\subsection{An Example}
\label{179}

\begin{longtable}{>{\RaggedRight}p{0.23949\linewidth}>{\RaggedRight}p{0.68015\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{center}\begin{equation*}\hbox{O}_2 + {\hbox{H}_{2}} \to \hbox{H}_{2}\hbox{O}\end{equation*}\end{center}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This chemical equation shows the compounds being consumed and produced; however, it does not appropriately deal with the quantities of the compounds. There appear to be two oxygen atoms on the left and only one on the right.  But we know that there should be the same number of atoms on both sides. This equation is said to be {\bfseries unbalanced}, because the number of atoms are different.  \\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}\begin{center}\begin{equation*}\hbox{O}_{{\color{Blue}2}} + {\color{Blue}2}{\hbox{H}_{2}} \to {\color{Blue}2}\hbox{H}_{2}\hbox{O}\end{equation*}\end{center}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} To make the equation balanced, add coefficients in front of each molecule as needed.  The 2 in front of hydrogen on the left indicates that twice as many atoms of hydrogen are needed to react with a certain number of oxygen atoms.  The coefficient 1 is not written, since it assumed in the absence of any coefficient.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{center}\begin{equation*}\hbox{N}_{2} + {\hbox{H}_{2}} \to \hbox{NH}_{3}\end{equation*}\end{center}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Now, let\textquotesingle{}s consider a similar reaction between hydrogen and nitrogen.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}\begin{center}\begin{equation*}\hbox{N}_{{\color{Blue}2}} + {\hbox{H}_{2}} \to {\color{Blue}2}\hbox{NH}_{3}\end{equation*}\end{center}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Typically, it is easiest to balance all pure elements last, especially hydrogen. First, by placing a two in front of ammonia, the nitrogens are balanced.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}\begin{center}\begin{equation*}\hbox{N}_{{\color{Blue}2}} + {\color{Red}3}{\hbox{H}_{\color{Blue}2}} \to {\color{Blue}2}\hbox{NH}_{\color{Red}3}\end{equation*}\end{center}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This leaves 6 moles of atomic hydrogen in the products and only two moles in the reactants. A coefficient of 3 is then placed in front of the hydrogen to give a fully balanced reaction. 
\end{longtable}



\WaningTemplate{When balancing a reaction, only coefficients can be changed because changing a subscript would give a different reaction.}

\section{Tricks in balancing certain reactions}
\label{180}
\subsection{Combustion}
\label{181}
A combustion reaction is a reaction between a carbon chain (basically, a molecule consisting of carbons, hydrogen, and perhaps oxygen) with oxygen to form carbon dioxide and water, plus heat. Combustion reactions could get very complex:

\begin{center}
\begin{equation*}2\hbox{C}_6\hbox{H}_6 + 15\hbox{O}_2 \to 12 \hbox{CO}_2 + 6\hbox{H}_2\hbox{O}\end{equation*}
\end{center}


Fortunately, there is an easy way to balance these reactions.

First, note that the carbon in C\textsubscript{6}H\textsubscript{6} can only appear on the product side in CO\textsubscript{2}. Thus, we can write a coefficient of 6 in front of CO\textsubscript{2}.

Next, note that the hydrogen in C\textsubscript{6}H\textsubscript{6} can only go to H\textsubscript{2}O. Thus, we put a 3 in front of H\textsubscript{2}O.

We have 15 oxygen atoms on the product side, so there are {$\frac{15}{2}$} O\textsubscript{2} molecules on the reactant side. To make this an integer, we multiply all coefficients by 2.
\subsection{Another Example}
\label{182}
\LaTexHelpFulHintTemplate{{\bfseries Note:} Fractions are technically allowed as coefficients, but they are generally avoided.  Multiply all coefficients by the denominator to remove a fraction.}

\begin{longtable}{>{\RaggedRight}p{0.40831\linewidth}>{\RaggedRight}p{0.51134\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{center}\begin{equation*}\hbox{C}_{4}\hbox{H}_{10} + {\hbox{O}_{2}} \to \hbox{CO}_{2} + \hbox{H}_{2}\hbox{O}\end{equation*}\end{center}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} As reactions become more complex, they become more difficult to balance. For example, the combustion of \myhref{http://en.wikipedia.org/wiki/butane}{butane} (lighter fluid).\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{center}\begin{equation*}\hbox{C}_{\color{Red}4}\hbox{H}_{\color{Blue}10} + {\hbox{O}_{2}} \to {\color{Red}4}\hbox{CO}_{2} + {\color{Blue}5}\hbox{H}_{\color{Blue}2}\hbox{O}\end{equation*}\end{center}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Once again, it is better to leave pure elements until the end, so first we\textquotesingle{}ll balance carbon and hydrogen. Oxygen can then be balanced after. It is easy to see that one mole of butane will produce four moles of carbon dioxide and five moles of water.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{center}\begin{equation*}{\color{OliveGreen}2}\hbox{C}_{4}\hbox{H}_{10} + {\hbox{O}_{\color{OliveGreen}2}} \to {\color{OliveGreen}8}\hbox{CO}_{2} + {\color{OliveGreen}10}\hbox{H}_{2}\hbox{O}\end{equation*}\end{center}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Now there are 13 oxygen atoms on the right and two on the left. The odd number of oxygens prevents balancing with elemental oxygen. Because elemental oxygen is diatomic, this problem comes up in nearly every combustion reaction. Simply double every species except for oxygen to get an even number of oxygen atoms in the product.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}\begin{center}\begin{equation*}2\hbox{C}_{4}\hbox{H}_{10} + {\color{Blue}13}{\hbox{O}_{\color{Blue}2}} \to {\color{Blue}8}\hbox{CO}_{\color{Blue}2} + {\color{Blue}10}\hbox{H}_{2}\hbox{O}\end{equation*}\end{center}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}The carbon and hydrogens are still balanced, and now there are an even number of oxygens in the product. Finally, the reaction can be balanced. 
\end{longtable}


\LaTexInfoTemplateOne{Keep in mind that every equation must {\itshape always} be balanced.  If it\textquotesingle{}s not balanced, it is incorrect.}

\LaTeXNullTemplate{}
\chapter{Limiting Reactants and Percent Yield}





\label{183}
\LaTeXNullTemplate{}
\section{Limiting Reactant}
\label{184}

When chemical reactions occur, the reactants undergo change to create the products.  The {\itshape coefficients} of the chemical equation show the relative amounts of substance needed for the reaction to occur.  Consider the combustion of propane:


\begin{center}
\begin{equation*}\hbox{C}_3\hbox{H}_8 + 5\hbox{O}_2 \to 3\hbox{CO}_2 + 4\hbox{H}_2\hbox{O}\end{equation*}
\end{center}


For every one mole of propane, there must be five moles of oxygen.  For every one mole of propane combusted, there will be three moles of carbon dioxide and four moles of water produced (along with much heat).  If a propane grill is burning, there will be a very large amount of oxygen available to react with the propane gas.  In this case, oxygen is the {\bfseries excess reactant}.  There is so much oxygen that the exact amount doesn\textquotesingle{}t matter—it will not run out.

On the other hand, there is not an unlimited amount of propane.  It will run out far before the oxygen runs out, making it a {\bfseries limiting reactant}.  The amount of propane available will decide how far the reaction will go.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription} Example

\begin{center}
2H\textsubscript{2} + O\textsubscript{2} → 2H\textsubscript{2}O
\end{center}


{\itshape If there are three moles of hydrogen, and one mole of oxygen, which is the limiting reactant? How much product is created?}

Twice as much hydrogen than oxygen is required. However, there is more than twice as much hydrogen. Thus hydrogen is the excess reactant and oxygen is the limiting reactant.  If the reaction proceeds to completion, all of the oxygen will be used up, and one mole of hydrogen will remain.  You can imagine this situation like this
\end{mydescription}
}
\begin{myquote}\item{}


\begin{center}
3H\textsubscript{2} + O\textsubscript{2} → 2H\textsubscript{2}O + H\textsubscript{2}
\end{center}


\end{myquote}
}
The reactant that is left over after the reaction is complete is called the \symbol{34}excess reactant\symbol{34}. Often, you will want to figure out how much of the excess reactant is left after the reaction is complete. to do this, first use mole ratios to determine how much excess reactant is used up in the reaction. 

Here are the ratios that need to be used:

{$\left ( \frac{moles  of  limiting  reactant}{1} \right )	*\left ( \frac{coefficient  of  product}{coefficient of limiting reactant} \right )	=  moles of excess remaining$}
\section{Percent Yield}
\label{185}
Usually, less product is made than theoretically possible. The {\bfseries actual yield} is lower than the {\bfseries theoretical yield}. To compare the two, one can calculate {\bfseries percent yield}, which is {$ \frac{actual~yield}{theoretical~yield} \times 100$}.

The percent yield tells us how far the reaction actually went.

\LaTeXNullTemplate{}
\chapter{Types of Chemical Reactions}





\label{186}
\LaTeXNullTemplate{}

Chemical reactions can be divided into several classes each having similar characteristics. These different types of reactions will be discussed in greater detail throughout the book.  You will find that almost every reaction you see can fall into one of these categories, so make sure that you understand them.
\section{Synthesis Reactions}
\label{187}
\LaTexHelpFulHintTemplate{Synthesis reactions always yield one product.  Reversing a synthesis reaction will give you a {\itshape decomposition reaction}.}
The general form of a synthesis reaction is A + B → AB.  Synthesis reactions \symbol{34}put things together\symbol{34}.  

\begin{longtable}{>{\RaggedRight}p{0.29413\linewidth}>{\RaggedRight}p{0.62551\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2\hbox{H}_{2(g)} + \hbox{O}_{2(g)} \to 2\hbox{H}_2\hbox{O}_{(l)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This is the most well-{}known example of a synthesis reaction—the formation of water via the fusion of hydrogen gas and oxygen gas.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2\hbox{Na}_{(s)} + \hbox{Cl}_{2(g)} \to 2\hbox{NaCl}_{(s)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Another example of a synthesis reaction is the formation of sodium chloride (table salt). 
\end{longtable}


Because of the very high reactivities of sodium metal and chlorine gas, this reaction releases a tremendous amount of heat and light energy.  Recall that atoms release energy as they become stable, and consider the octet rule when determining why this reaction is so favorable.
\section{Decomposition Reactions}
\label{188}
These are the opposite of synthesis reactions, with the format AB → A + B.  Decomposition reactions \symbol{34}take things apart\symbol{34}. Just as synthesis reactions can only form one product, decomposition reactions can only start with one reactant.  Compounds that are unstable will decompose quickly without outside assistance.

\begin{longtable}{>{\RaggedRight}p{0.33828\linewidth}>{\RaggedRight}p{0.58136\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$2\hbox{H}_2\hbox{O}_{(l)} \xrightarrow{electricity} 2\hbox{H}_{2(g)} + \hbox{O}_{2(g)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}One example is the electrolysis of water (passing water through electrical current) to form hydrogen gas and oxygen gas.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$2\hbox{H}_2\hbox{O}_{2(l)} \to 2\hbox{H}_{2}\hbox{O}_{(l)} + \hbox{O}_{2(g)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Hydrogen peroxide slowly decomposes into water and oxygen because it is somewhat unstable.  The process is sped up by the energy from light, so hydrogen peroxide is stored in dark containers to slow down the decomposition.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{H}_2\hbox{CO}_{3(aq)} \to \hbox{H}_{2}\hbox{O}_{(l)} + \hbox{C}\hbox{O}_{2(g)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Carbonic acid is the carbonation that is dissolved in soda.  It decomposes into carbon dioxide and water, which is why an opened drink will not lose its fizz. 
\end{longtable}


\LaTexInfoTemplateOne{Decomposition, aside from happening spontaneously in unstable compounds, occurs under three conditions:  thermal, electrolytic, and catalytic.  {\itshape Thermal decomposition} occurs when a substance is heated.  {\itshape Electrolytic decomposition}, as shown above, is the result of an electric current.  {\itshape Catalytic decomposition} happens because a catalyst breaks apart a substance.}
\section{Single Replacement Reactions}
\label{189}
Single replacement reactions, also called single displacement, swap one component with another, in the format AB + C → AC + B.

Adding hydrochloric acid to zinc will cause a gas to bubble out:


\begin{center}
\begin{equation*}\hbox{Zn}_{(s)} + 2\hbox{HCl}_{(aq)} \to \hbox{ZnCl}_{2(aq)} + \hbox{H}_{2(g)}\end{equation*}
\end{center}

\section{Double Replacement Reactions}
\label{190}
In these reactions, also known as \symbol{34}double displacement reactions\symbol{34}, two compounds swap components, in the format AB + CD → AD + CB
\section{Double decomposition}
\label{191}
this is also called an \symbol{34}exchange\symbol{34}. here are the examples below:

1.)  HCl + NaOH >{} NaCl + H2O
\subsection{Precipitation}
\label{192}
\myhref{http://en.wikipedia.org/wiki/Precipitation\%20\%28chemistry\%29}{w:Precipitation (chemistry)}
A precipitation reaction occurs when an {\bfseries ionic} substance comes out of solution and forms an insoluble (or slightly soluble) solid. The solid which comes out of solution is called a {\bfseries precipitate}. This can occur when two soluble salts (ionic compounds) are mixed and form an insoluble one—the precipitate. 

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{2Pb}(\hbox{NO}_3)_{2(aq)} + heat_{(aq)} \to \hbox{2PbO}_{(s)} + 4\hbox{NO}_{2(aq)}+{2O}_2$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}An example is lead nitrate mixed with potassium iodide, which forms a bright yellow precipitate of lead iodide.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{Pb}_{(aq)}^{2+} + 2\hbox{NO}_{3(aq)}^- + 2\hbox{K}_{(aq)}^+ + 2\hbox{I}_{(aq)}^- \to \hbox{PbI}_{2(s)} + 2\hbox{K}_{(aq)}^+ + 2\hbox{NO}_{3(aq)}^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Note that the lead iodide is formed as a solid. The previous equation is written in molecular form, which is not the best way of describing the reaction. Each of the elements really exist in solution as individual ions, not bonded to each other (as in potassium iodide crystals). If we write the above as an {\bfseries ionic equation}, we get a much better idea of what is actually happening.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{Pb}_{(aq)}^{2+} + 2\hbox{I}_{(aq)}^- \to \hbox{PbI}_{2(s)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Notice the like terms on both sides of the equation.  These are called {\itshape spectator ions} because they do not participate in the reaction.  They can be ignored, and the {\bfseries net ionic equation} is written. 
\end{longtable}


In the solution, there exists both lead and iodide ions. Because lead iodide is insoluble, they spontaneously crystallise and form the precipitate.
\subsection{Acid-{}Base Neutralization}
\label{193}
In simple terms, an acid is a substance which can lose a H\textsuperscript{+} ion (i.e. a proton) and a base is a substance which can accept a proton. When equal amounts of an acid and base react, they {\bfseries neutralize} each other, forming species which aren\textquotesingle{}t as acidic or basic.

\begin{longtable}{>{\RaggedRight}p{0.42808\linewidth}>{\RaggedRight}p{0.49156\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{HCl}_{(aq)} + \hbox{NaOH}_{(aq)} \to \hbox{H}_2\hbox{O}_{(l)} + \hbox{NaCl}_{(aq)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} For example, when hydrochloric acid and sodium hydroxide react, they form water and sodium chloride (table salt).\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{H}^+_{(aq)} + \hbox{OH}^-_{(aq)} \to \hbox{H}_2\hbox{O}_{(l)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Again, we get a clearer picture of what\textquotesingle{}s happening if we write a net ionic equation. 
\end{longtable}


Acid base reactions often happen in aqueous solution, but they can also occur in the gaseous state. Acids and bases will be discussed in much greater detail in the \mylref{250}{acids and bases} section.
\section{Combustion}
\label{194}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/103.png}
\end{center}
\raggedright{}\myfigurewithcaption{103}{The combustion of methane (releasing heat and light)}
\end{minipage}\vspace{0.75cm}


Combustion, better known as burning, is the combination of a substance with oxygen.  The products are carbon dioxide, water, and possible other waste products.  Combustion reactions release large amounts of heat.  C\textsubscript{3}H\textsubscript{8}, better known as propane, undergoes combustion.  The balanced equation is:


\begin{center}
\begin{equation*}\hbox{C}_3\hbox{H}_8 + 5\hbox{O}_2 \to 3\hbox{CO}_2 + 4\hbox{H}_2\hbox{O}\end{equation*}
\end{center}


Combustion is similar to a decomposition reaction, except that oxygen and heat are required for it to occur.  If there is not enough oxygen, the reaction may not occur.  Sometimes, with limited oxygen, the reaction will occur, but it produces carbon monoxide (CO) or even soot.  In that case, it is called {\itshape incomplete combustion}.  If the substances being burned contain atoms other than hydrogen and oxygen, then waste products will also form.  Coal is burned for heating and energy purposes, and it contains sulfur.  As a result, sulfur dioxide is released, which is a pollutant.  Coal with lower sulfur content is more desirable, but more expensive, because it will release less of the sulfur-{}based pollutants.
\section{Organic Reactions}
\label{195}


\begin{minipage}{0.42500\textwidth}
\begin{center}
\includegraphics[width=1.0\textwidth,height=6.5in,keepaspectratio]{../images/104.png}
\end{center}
\raggedright{}\myfigurewithcaption{104}{This is {\itshape carboxylic acid}.  All functional groups end with an \symbol{34}R\symbol{34}—a placeholder for the rest of the molecule.}
\end{minipage}\vspace{0.75cm}


Organic reactions occur between organic molecules (molecules containing carbon and hydrogen). Since there is a virtually unlimited number of organic molecules, the scope of organic reactions is very large. However, many of the characteristics of organic molecules are determined by {\bfseries functional groups}—small groups of atoms that react in predictable ways.

Another key concept in organic reactions is Lewis basicity. Parts of organic molecules can be electrophillic (electron-{}loving) or nucleophillic (nucleus, or positive loving). Nucleophillic regions have an {\itshape excess} of electrons—they act as Lewis bases—whereas electrophillic areas are electron deficient and act as Lewis acids. The nucleophillic and electrophillic regions attract and react with each other (needless to say, this has inspired many terrible organic chemistry jokes).

Organic reactions are beyond the scope of this book, and are covered in more detail in \myhref{http://en.wikibooks.org/wiki/Organic\%20Chemistry}{Organic Chemistry}.  However, most organic substances can undergo replacement reactions and combustion reactions, as you have already learned.
\section{Redox}
\label{196}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/105.png}
\end{center}
\raggedright{}\myfigurewithcaption{105}{The formation of hydrogen fluoride causes fluoride to oxidize and hydrogen to reduce.}
\end{minipage}\vspace{0.75cm}


Redox is an abbreviation of {\bfseries reduction/oxidation} reactions. This is exactly what happens in a redox reaction, one species is {\bfseries reduced} and another is {\bfseries oxidized}. Reduction involves a gain of electrons and oxidation involves a loss, so a redox reaction is one in which electrons are {\itshape transferred} between species. Reactions where something is \symbol{34}burnt\symbol{34} (burning means being oxidised) are examples of redox reactions, however, oxidation reactions also occur in solution, which is very useful and forms the basis of electrochemistry.

Redox reactions are often written as two {\bfseries half-{}reactions} showing the reduction and oxidation processes separately. These half-{}reactions are balanced (by multiplying each by a coefficient) and added together to form the full equation. When magnesium is burnt in oxygen, it loses electrons (it is oxidised). Conversely, the oxygen gains electrons from the magnesium (it is reduced).


\begin{center}
\begin{equation*}\begin{matrix} \hbox{Mg} &\to& \hbox{Mg}^{2+} + 2e^- & \times 2 \\ \hbox{O}_2 + 4e^- &\to& 2\hbox{O}^{2-} & \times 1 \\ 2\hbox{Mg} + \hbox{O}_2 + 4e^- &\to& 2\hbox{MgO} + 4e^- & \ \\ \end{matrix}\end{equation*}
\end{center}


Redox reactions will be discussed in greater detail in the \mylref{211}{redox} section.

\LaTeXNullTemplate{}
\chapter{Energy Changes in Chemical Reactions}





\label{197}
\LaTeXNullTemplate{}
\section{Exothermic and Endothermic Reactions}
\label{198}
The release of energy in chemical reactions occurs when the reactants have higher chemical energy than the products. The chemical energy in a substance is a type of potential energy stored within the substance. This stored chemical potential energy is the {\itshape heat content} or {\bfseries enthalpy} of the substance.

The collection of substances that is involved in a chemical reaction is referred to as a {\itshape system} and anything else around it is called the {\itshape surroundings}.

If the enthalpy decreases during a chemical reaction, a corresponding amount of energy must be released to the surroundings.  Conversely, if the enthalpy increases during a reaction, a corresponding amount of energy must be absorbed from the surroundings.  This is simply the {\bfseries Law of Conservation of Energy}.

{\bfseries Endothermic} reactions increase their enthalpy by absorbing heat.  They feel cold to the touch after they have occurred.  

{\bfseries Exothermic} reactions decrease their enthalpy by releasing heat.  They will get warm, and may even burn or explode if they release enough heat.

You are already familiar with enthalpy:  melting ice is endothermic and freezing water is exothermic.

\begin{longtable}{|>{\RaggedRight}p{0.45982\linewidth}|>{\RaggedRight}p{0.45982\linewidth}|} \hline 
\multicolumn{2}{|>{\RaggedRight}p{0.95982\linewidth}|}{{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries Examples}}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} When methane burns in air the heat given off equals the decrease in enthalpy that occurs as the reactants are converted to products.\newline{}\begin{center}\begin{equation*}\hbox{CH}_{4(g)} + 2\hbox{O}_{2(g)} \to \hbox{CO}_{2(g)} + 2\hbox{H}_2\hbox{O}_{(g)} + energy\end{equation*}\end{center}\newline{}The enthalpy difference between the reactants and the products is equal to the amount of energy released to the surroundings. A reaction in which energy is released to the surroundings is called an {\itshape exothermic} reaction. In this type of reaction the enthalpy, or stored chemical energy, is lower for the products than the reactants.&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} When ammonium nitrate is dissolved in water, energy is absorbed and the water cools.  This concept is used in \symbol{34}cold packs\symbol{34}.\newline{}\begin{center}\begin{equation*}\hbox{NH}_{4}\hbox{NO}_{3(s)} + water + energy \to \hbox{NH}^+_{4(aq)} + \hbox{NO}^-_{3(aq)}\end{equation*}\end{center}\newline{}The enthalpy difference between the reactants and the products is equal to the amount of energy absorbed from the surroundings. A reaction in which energy is absorbed from the surroundings is called an {\itshape endothermic} reaction. In endothermic reactions the enthalpy of the products is greater than the enthalpy of the reactants.\\ \hline 
\end{longtable}


Because reactions release or absorb energy, they affect the temperature of their surroundings. Exothermic reactions heat up their surroundings while endothermic reactions cool them down.  The study of enthalpy, along with many other energy-{}related topics, is covered in the \myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FThermodynamics}{Thermodynamics} Unit.
\section{Activation Energy}
\label{199}
Think about the combustion of methane.  It releases enough heat energy to cause a fire.  However, the reaction does not occur automatically.  When methane and oxygen are mixed, an explosion does not instantly occur.  First, the methane must be ignited, usually with a lighter or matchstick.  This reveals something about reactions:  they will not occur unless a certain amount of {\bfseries activation energy} is added first.  In this sense, all reactions absorb energy before they begin, but the exothermic reactions release even more energy.  This can be explained with a graph of potential energy:


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/106.\SVGExtension}
\end{center}
\raggedright{}\myfigurewithoutcaption{106}
\end{minipage}\vspace{0.75cm}


This graph shows an exothermic reaction because the products are at a lower energy than the reactants (so heat has been released).  Before that can happen, the energy must actually {\itshape increase}.  The amount of energy added before the reaction can complete is the activation energy, symbolized {\bfseries E\textsubscript{a}}.

\LaTeXNullTemplate{}
\chapter{Predicting Chemical Reactions}





\label{200}
\LaTeXNullTemplate{}
\section{Types of Reactions}
\label{201}

There are several guidelines that can help you predict what kind of chemical reaction will occur between a mixture of chemicals:

\LaTeXZeroBoxOpenTemplate{
\begin{myitemize}
\item{}  Several pure elements mixed together may undergo a \mylref{187}{synthesis reaction}.
\item{}  A single compound may undergo a \mylref{188}{decomposition reaction}.  It often forms water or hydrogen gas.
\item{}  A pure element mixed with an ionic compound may undergo a \mylref{189}{single replacement reaction}.
\item{}  Two different ionic compounds are very likely to undergo a \mylref{190}{double replacement reaction}.
\item{}  An organic compound (containing carbon and hydrogen) can usually react with oxygen in a \mylref{194}{combustion reaction}.

\end{myitemize}
}

However, not all elements will react with each other.  To better predict a chemical reaction, knowledge of the {\itshape reactivity series} is needed.
\section{Reactivity}
\label{202}

When combining two chemicals, a single-{} or double-{}replacement reaction doesn\textquotesingle{}t always happen. This can be explained by a list known as the {\bfseries reactivity series}, which lists elements in order of reactivity. The higher on the list an element is, the more elements it can replace in a single-{} or double-{}replacement reaction.  When deciding if a replacement reaction will occur, look up the two elements in question.  The higher one will replace the lower one.

Elements at the very top of the series are so reactive that they can replace hydrogen from water.  This explains the explosive reaction between sodium and water:


\begin{center}
\begin{equation*}2\hbox{Na}_{(s)} + 2\hbox{H}_2\hbox{O}_{(l)} \to 2\hbox{NaOH}_{(aq)} + \hbox{H}_{2(g)}\end{equation*}
\end{center}


Elements in the middle of the list will react with acids (but not water) to produce a salt and hydrogen gas.  Elements at the bottom of the list are mostly nonreactive.

Elements near the top of the list will corrode (rust, tarnish, etc.) in oxygen much faster than those at the bottom of the list.
\subsection{The Reactivity Series}
\label{203}
\myhref{http://en.wikipedia.org/wiki/Reactivity\%20series}{w:Reactivity series}
\LaTeXZeroBoxTemplate{
\begin{myitemize}
\item{}  Red: elements that react with water and acids to form hydrogen gas, and with oxygen.
\item{}  Orange: elements that react very slowly with water but strongly with acids.
\item{}  Yellow: elements that react with acid to form hydrogen gas, and with oxygen.
\item{}  Grey: elements that react with oxygen (tarnish).
\item{}  White: elements that are often found pure; relatively nonreactive.
\end{myitemize}
}

\begin{center}

{\bfseries Most Reactive}
\begin{longtable}{|>{\RaggedRight}p{0.95982\linewidth}|} \hline 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cs \\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} K \\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Na\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Li\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Sr\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ca\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Rb\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ba\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Mg\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Al\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape (C)}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Mn\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Zn\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cr\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Fe\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cd\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Co\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ni\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Sn\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Pb\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape (H\textsubscript{2})}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Sb\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Bi\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cu\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Hg\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ag\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Pt\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Au\\ \hline 
\end{longtable}
 
{\bfseries Least Reactive}

\end{center}


\LaTeXNullTemplate{}
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\label{204}
\LaTeXNullTemplate{}

\myhref{http://en.wikipedia.org/wiki/Oxidation\%20state}{w:Oxidation state}
{\bfseries Oxidation states} are used to determine the degree of {\itshape oxidation} or {\itshape reduction} that an element has undergone when bonding.  The oxidation state of a compound is the sum of the oxidation states of all atoms within the compound, which equals zero unless the compound is ionic.

\LaTexInfoTemplateOne{
\begin{myitemize}
\item{} {\itshape Gaining} electrons is {\bfseries reduction}.
\item{} {\itshape Losing} electrons is {\bfseries oxidation}.
\end{myitemize}
}

The oxidation state of an atom within a molecule is the charge it {\itshape would} have {\itshape if} the bonding were completely ionic, even though covalent bonds do not actually result in charged ions.
\section{Method of notation}
\label{205}

Oxidation states are written above the element or group of elements that they belong to (when drawing the molecule), or written with roman numerals in parenthesis when naming the elements.


\begin{center}

\begin{longtable}{|>{\RaggedRight}p{0.15901\linewidth}|>{\RaggedRight}p{0.76063\linewidth}|} \hline 
\multicolumn{2}{|>{\RaggedRight}p{0.95982\linewidth}|}{{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries Examples}}}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\begin{matrix} _0 \\ Al \end{matrix}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} aluminum\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\begin{matrix} _{+3} \\ Al \end{matrix}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} aluminum(III), an ion\\ \hline 
\end{longtable}


\end{center}

\section{Determining oxidation state}
\label{206}
\subsection{For single atoms or ions}
\label{207}

Because oxidation numbers are just the sum of the electrons gained or lost, calculating them for single elements is easy.

\LaTexInfoTemplateOne{The oxidation state of a single element is the same as its charge.  Pure elements always have an oxidation states of zero.}


\begin{center}

\begin{longtable}{|>{\RaggedRight}p{0.95982\linewidth}|} \hline 
\multicolumn{1}{|>{\RaggedRight}p{0.95982\linewidth}|}{{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries Examples}}}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\begin{matrix} _1 \\ K^+ \end{matrix}$}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\begin{matrix} _0 \\ Br \end{matrix}$}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\begin{matrix} _1 & _{-1} \\ Na & Cl \end{matrix}$}\\ \hline 
\end{longtable}


\end{center}


Notice that the oxidation states of ionic compounds are simple to determine.
\subsection{For larger molecules}
\label{208}

\LaTexHelpFulHintTemplate{Remember that all the individual oxidation states must add up to the charge on the whole substance.}

Although covalent bonds do not result in charges, oxidation states are still useful.  They label the hypothetical transfer of electrons {\itshape if} the substance were ionic.  Determining the oxidation states of atoms in a covalent molecule is very important when analyzing \symbol{34}redox\symbol{34} reactions.  When substances react, they may transfer electrons when they form the products, so comparing the oxidation states of the products and reactants allows us to keep track of the electrons.


\begin{center}

\begin{longtable}{|>{\RaggedRight}p{0.18691\linewidth}|>{\RaggedRight}p{0.73273\linewidth}|} \hline 
\multicolumn{2}{|>{\RaggedRight}p{0.95982\linewidth}|}{{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries Examples}}}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\begin{matrix} _{+1} & _{-1} \\ H & Cl \end{matrix}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} for hydrogen chloride\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\begin{matrix} _{2(+1)} & _{-2} \\ H_2 & O \end{matrix}$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} for water\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\begin{matrix} _{+3} & _{2(-2)} \\ Cl & O_2 \end{matrix}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} for the chlorite ion\newline{}(notice the overall charge)\\ \hline 
\end{longtable}


\end{center}


\WaningTemplate{Oxidation states do not necessarily represent the actual charges on an atom in a molecule. They are simply numbers that indicate what the charges would be if that atom had gained or lost the electrons involved in the bonding.  For example, {$CH_4$} is a covalent molecule—the C has no charge nor does the H, however the molecule can be assigned a -{}4 oxidation state for the C and a +1 oxidation state for the H\textquotesingle{}s.}
\section{Guidelines}
\label{209}

Determining oxidation states is not always easy, but there are many guidelines that can help.  This guidelines in this table are listed in order of importance.  The highest oxidation state that any element can reach is +8 in XeO\textsubscript{4}.

\begin{longtable}{|>{\RaggedRight}p{0.16464\linewidth}|>{\RaggedRight}p{0.75500\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Element}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Usual Oxidation State}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Fluorine&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Fluorine, being the most electronegative element, will always have an oxidation of -{}1 (except when it is bonded to itself in F\textsubscript{2}, when its oxidation state is 0).\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Hydrogen&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Hydrogen always has an oxidation of +1, -{}1, or 0.  It is +1 when it is bonded to a non-{}metal (e.g. HCl, hydrochloric acid).  It is -{}1 when it is bonded to metal (e.g. NaH, sodium hydride).  It is 0 when it is bonded to itself in H\textsubscript{2}.\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Oxygen&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Oxygen is usually given an oxidation number of -{}2 in its compounds, such as H\textsubscript{2}O. The exception is in peroxides (O\textsubscript{2}\textsuperscript{-{}2}) where it is given an oxidation of -{}1. Also, in F\textsubscript{2}O oxygen is given an oxidation of +2 (because fluorine must have -{}1), and in O\textsubscript{2}, where it is bonded only to itself, the oxidation is 0.\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Alkali Metals&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The Group 1A metals always have an oxidation of +1, as in NaCl.  The Group 2A metals always have an oxidation of +2, as in CaF\textsubscript{2}.  There are some rare exceptions that don\textquotesingle{}t need consideration.\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Halogens&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The other halogens (Cl, Br, I, As) usually have an oxidation of -{}1.  When bonded to another halogen, its oxidation will be 0.  However, they can also have +1, +3, +5, or +7.  Looking at the family of chlorides, you can see each oxidation state (Cl\textsubscript{2} (0), Cl\textsuperscript{-{}} (-{}1), ClO\textsuperscript{-{}} (+1), ClO\textsubscript{2}\textsuperscript{-{}} (+3), ClO\textsubscript{3}\textsuperscript{-{}} (+5), ClO\textsubscript{4}\textsuperscript{-{}} (+7)).\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Nitrogen&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Nitrogen (and the other Group 5A elements, such as phosphorus, P) often have -{}3 (as in ammonia, NH\textsubscript{3}), but may have +3 (as in NI\textsubscript{3}) or +5 (as in phosphate, PO\textsubscript{4}\textsuperscript{3-{}}).\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Carbon&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Carbon can literally have any oxidation state (from -{}4, as in CH\textsubscript{4}, to +4, as in CF\textsubscript{4}).  It is best to find the oxidation of other elements first.\\ \hline 
\end{longtable}


In general, {\itshape the more electronegative element has the negative number}.  Using a chart of electronegativities, you can determine the oxidation state of any atom within a compound.
\section{Periodicity}
\label{210}

Oxidation states are another periodic trend.  They seem to repeat a pattern across each period.



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/107.png}
\end{center}
\raggedright{}\myfigurewithoutcaption{107}
\end{minipage}\vspace{0.75cm}
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\label{211}
\LaTeXNullTemplate{}
\section{Redox}
\label{212}

Redox reactions are chemical reactions in which elements are oxidized and reduced.

\LaTexInfoTemplateOne{
\begin{myitemize}
\item{} {\itshape Losing} electrons is {\bfseries oxidation}.
\item{} {\itshape Gaining} electrons is {\bfseries reduction}.
\end{myitemize}
}

Specifically, at the most basic level one element gets {\itshape oxidized} by losing, or donating, electrons to the {\itshape oxidizing agent}. In doing so, the oxidizing agent gets {\itshape reduced} by accepting the electrons lost, or donated, by the {\itshape reducing agent} (i.e. the element getting oxidized).

If it seems as though there are two separate things going on here, you are correct: redox reactions can be split into two {\bfseries half-{}reactions}, one dealing with oxidation, the other, reduction.
\subsection{Mnemonic}
\label{213}
Oil Rig

{\bfseries O}xidation {\bfseries I}s {\bfseries L}oss. {\bfseries R}eduction {\bfseries I}s {\bfseries G}ain

Alternatively:

LEO GER

{\bfseries L}oose {\bfseries E}lectrons {\bfseries O}xidation. {\bfseries G}ain {\bfseries E}lectrons {\bfseries R}eduction
\subsection{Example}
\label{214}

\begin{longtable}{>{\RaggedRight}p{0.26377\linewidth}>{\RaggedRight}p{0.65587\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{Fe} + \hbox{Cu}^{2+} \to \hbox{Fe}^{2+} + \hbox{Cu}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This is the complete reaction.  Iron is oxidized, thus it is the reducing agent.  Copper is reduced, making it the oxidizing agent.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{Fe} \to \hbox{Fe}^{2+} + 2e^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}This is the oxidation half-{}reaction.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{Cu}^{2+} + 2e^-\to \hbox{Cu}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}This is the reduction half-{}reaction. 
\end{longtable}


When the two half-{}reactions are summed, the result is:

\LaTexHelpFulHintTemplate{If you cancel out the electrons on both sides, you get the original equation.}


\begin{center}
\begin{equation*}\begin{aligned} \hbox{Fe} & \to \hbox{Fe}^{2+} + 2e^- \\ \hbox{Cu}^{2+} + 2e^- & \to \hbox{Cu} \\ \hline \hbox{Fe} + \hbox{Cu}^{2+} + 2e^- & \to \hbox{Cu} + \hbox{Fe}^{2+} + 2e^- \\ \end{aligned} \end{equation*}
\end{center}

\section{Balancing Redox Equations}
\label{215}

In a redox reaction, {\itshape all electrons must cancel out}.  If you are adding two half-{}reactions with unequal numbers of electrons, then the equations must be multiplied by a common denominator.  This process is similar to balancing regular equations, but now you are trying to balance the electrons between two half-{}reactions.
\subsection{Example}
\label{216}


\begin{center}
\begin{equation*}\begin{aligned} \hbox{Fe}^{2+} & \to \hbox{Fe}^{3+} + e^- \\ \hbox{H}_2\hbox{O}_2 + 2e^- & \to 2 \hbox{OH}^- \\ \hline \hbox{Fe}^{2+} + \hbox{H}_2\hbox{O}_2 + 2e^- & \to 2 \hbox{OH}^- + \hbox{Fe}^{3+} + e^- \\ \end{aligned} \end{equation*}
\end{center}


The electrons don\textquotesingle{}t completely cancel out.  There is one electron more on the left.  However, if you double {\itshape all} terms in the first half-{}reaction, then add it to the second half-{}reaction, the electrons will cancel out completely.  That means the half-{}reactions for this redox reaction are actually:


\begin{center}
\begin{equation*}\begin{aligned} 2\hbox{Fe}^{2+} & \to 2\hbox{Fe}^{3+} + 2e^- \\ \hbox{H}_2\hbox{O}_2 + 2e^- & \to 2 \hbox{OH}^- \\ \hline 2\hbox{Fe}^{2+} + \hbox{H}_2\hbox{O}_2 & \to 2 \hbox{OH}^- + 2\hbox{Fe}^{3+} \\ \end{aligned} \end{equation*}
\end{center}


\section{Balancing Redox Equations in an Acidic or Basic Solution}
\label{217}
If a reaction occurs in an \mylref{250}{acidic or basic} environment, the redox equation is balanced as follows:

\LaTeXZeroBoxOpenTemplate{
\begin{myenumerate}
\item{}  Write the oxidation and reduction half reactions, but with the whole compound, not just the element that is reduced/oxidized.
\item{}  Balance both reactions for all elements {\itshape except} oxygen and hydrogen.
\item{}  If the oxygen atoms are not balanced in either reaction, add water molecules to the side missing the oxygen.
\item{}  If the hydrogen atoms are not balanced, add hydrogen ions until the hydrogen atoms are balanced.
\item{}  Multiply the half reactions by the appropriate number (so that they have equal numbers of electrons).
\item{}  Add the two equations to cancel out the electrons, as in the previous method, and the equation is balanced!
\end{myenumerate}
}

If the reaction occurs in a basic environment, proceed as if it is in an acid environment, but, after step 4, for each hydrogen ion added, add a hydroxide ion to both sides of the equation. Then, combine the hydroxide ions and hydrogen ions to form water. Then, cancel all the water molecules that appear on both sides.

\LaTeXNullTemplate{}
\chapter{Electrochemistry}





\label{218}
\LaTeXNullTemplate{}
\section{Redox Reactions (review)}
\label{219}

Redox (shorthand for reduction/oxidation reaction) describes all chemical reactions in which atoms have their oxidation number (oxidation state) changed.

This can be either a simple redox process such as the oxidation of carbon to yield carbon dioxide, or the reduction of carbon by hydrogen to yield methane (CH4), or it can be a complex process such as the oxidation of sugar in the human body through a series of very complex electron transfer processes.

The term redox comes from the two concepts of reduction and oxidation. It can be explained in simple terms:

\LaTeXPlainBoxTemplate{Non-{}redox reactions, which do not involve changes in formal charge, are known as {\itshape metathesis reactions}.}

\begin{myitemize}
\item{}  {\itshape Oxidation} describes the loss of electrons by a molecule, atom, or ion
\item{}  {\itshape Reduction} describes the gain of electrons by a molecule, atom, or ion
\end{myitemize}


However, these descriptions (though sufficient for many purposes) are not truly correct. Oxidation and reduction properly refer to a change in oxidation number—the actual transfer of electrons may never occur. Thus, oxidation is better defined as an increase in oxidation number, and reduction as a decrease in oxidation number. In practice, the transfer of electrons will always cause a change in oxidation number, but there are many reactions which are classed as \symbol{34}redox\symbol{34} even though no electron transfer occurs (such as those involving covalent bonds).
\section{Electrochemistry}
\label{220}

{\bfseries Electrochemistry} is a branch of chemistry that deals with the flow of electricity by chemical reactions. The electrons in a balanced half-{}reaction show the direct relationship between electricity and the specific redox reaction. Electrochemical reactions are either spontaneous, or nonspontaneous. A spontaneous redox reaction generates a voltage itself. A nonspontaneous redox reaction occurs when an external voltage is applied. The reactions that occur in an electric battery are electrochemical reactions.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Three components of an electrochemical reaction
\end{mydescription}
}

\begin{myitemize}
\item{} A solution where redox reactions may occur (solutions are substances dissolved in liquid, usually water)
\item{} A conductor for electrons to be transferred (such as a metal wire)
\item{} A conductor for ions to be transferred (usually a {\itshape salt bridge})
\end{myitemize}
}e.g. filter paper dipped in a salt solution.
\subsection{Electrolysis}
\label{221}
An {\bfseries electrolysis} experiment forces a nonspontaneous chemical reaction to occur. This is achieved when two \myhref{http://en.wikipedia.org/wiki/Electrode}{electrodes} are submersed in an electrically conductive solution, and the electrical voltage applied to the two electrodes is increased until electrons flow. The electrode receiving the electrons, or where the reduction reactions occur, is called the \myhref{http://en.wikipedia.org/wiki/Cathode}{cathode}. The electrode which supplies the electrons, or where the oxidation reactions occur, is called the \myhref{http://en.wikipedia.org/wiki/Anode}{anode}. 

A molten salt is an example of something that may be electrolyzed because salts are composed of ions. When the salt is in its solid state, the ions are not able to freely move. However, when the salt is heated enough until it melts (making it a molten salt), the ions are free to move. This mobility of the ions in the molten salt makes the salt electrically conductive. In the electrolysis of a molten salt, for example melted {$NaCl$}, the cation of the salt (in this case {$Na^+$}) will be reduced at the cathode, and the anion of the salt (in this case {$Cl^-$}) will be oxidized at the anode:
\begin{myquote}
\item{} Cathode reaction: \ChemTemplate{Na}{+}{}{}{}{}{}{}{} + \ChemTemplate{e}{-{}}{}{}{}{}{}{}{} → \ChemTemplate{Na}{}{}{}{}{}{}{}{}
\item{} Anode reaction: \ChemTemplate{2Cl}{}{}{}{}{}{}{}{} → \ChemTemplate{Cl}{2}{}{}{}{}{}{}{} + 2\ChemTemplate{e}{-{}}{}{}{}{}{}{}{}
\end{myquote}


Aqueous solutions of salts can be electrolyzed as well because they are also electrically conductive. In aqueous solutions, there is an additional reaction possible at each the cathode and the anode:
\begin{myquote}
\item{} Cathode: 2\ChemTemplate{H}{2}{O}{}{}{}{}{}{} + 2\ChemTemplate{e}{-{}}{}{}{}{}{}{}{} → \ChemTemplate{H}{2}{}{}{}{}{}{}{} + 2\ChemTemplate{OH}{-{}}{}{}{}{}{}{}{} (reduction of water)
\item{} Anode: 2\ChemTemplate{H}{2}{O}{}{}{}{}{}{} → 4\ChemTemplate{H}{+}{}{}{}{}{}{}{} + \ChemTemplate{O}{2}{}{}{}{}{}{}{} + 4\ChemTemplate{e}{-{}}{}{}{}{}{}{}{} (oxidation of water)
\end{myquote}

With the addition of these two reactions, there are now two possible reactions at each electrode. At the cathode, either the reduction of the cation or the reduction of water will occur. At the anode, either the oxidation of the anion or the oxidation of water will occur. The following rules determine which reaction takes place at each electrode:
\begin{myitemize}
\item{} Cathode: If the cation is a very active metal, water will be reduced. Very active metals include \ChemTemplate{Li}{}{}{}{}{}{}{}{}, \ChemTemplate{Na}{}{}{}{}{}{}{}{}, \ChemTemplate{K}{}{}{}{}{}{}{}{}, \ChemTemplate{Rb}{}{}{}{}{}{}{}{}, \ChemTemplate{Cs}{}{}{}{}{}{}{}{}, \ChemTemplate{Ca}{}{}{}{}{}{}{}{}, \ChemTemplate{Sr}{}{}{}{}{}{}{}{}, and \ChemTemplate{Ba}{}{}{}{}{}{}{}{}. If the cation is an active or inactive metal, the cation will be reduced.
\item{} Anode: If the anion is a polyatomic ion, water will generally be oxidized. Specifically, sulfate, perchlorate, and nitrate ions are not oxidized; water will oxidize instead. Chloride, bromide, and iodide ions will be oxidized. If the anion in one salt is oxidized in an aqueous electrolysis, that same anion will also be oxidized in any other salt.
\end{myitemize}

\subsection{Galvanic Cells}
\label{222}
The energy of a spontaneous redox reaction is captured using a {\bfseries galvanic cell}. The following parts are necessary to make a galvanic cell:


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/108.png}
\end{center}
\raggedright{}\myfigurewithcaption{108}{The \symbol{34}ammeter\symbol{34} at the top measures the electrical current flowing through the wire.  Electrons are flowing from copper to zinc, making zinc the oxidizing agent.}
\end{minipage}\vspace{0.75cm}


\begin{myenumerate}
\item{}  Two \myhref{http://en.wikipedia.org/wiki/Half\%20cell}{half cells}
\item{}  Two \myhref{http://en.wikipedia.org/wiki/Electrode}{electrodes}
\item{}  One electrically conductive wire
\item{}  One \myhref{http://en.wikipedia.org/wiki/Salt\%20bridge}{salt bridge}
\item{}  One device, usually an \myhref{http://en.wikipedia.org/wiki/Ammeter}{ammeter} or a \myhref{http://en.wikipedia.org/wiki/Voltmeter}{voltmeter}
\end{myenumerate}

A galvanic cell is constructed as shown in the image to the right. The two half-{}reactions are separated into two half cells. All of the reactants in the oxidation half-{}reaction are placed in one half cell (the anode), and all the reactants of the reduction half-{}reaction are placed in the other half cell (the cathode). If the half-{}reaction contains a metal, the metal serves as the electrode for that half cell. Otherwise, an inert electrode made of platinum, silver, or gold is used. The electrodes are connected with a wire which allows the flow of electrons. The electrons always flow from the anode to the cathode. The half cells are connected by a salt bridge which allows the ions in the solution to move from one half cell to the other, so that the reaction can continue.  Since the overall reaction is spontaneous, the flow of electrons will move spontaneously through the outer circuitry from which the energy can be extirpated. The energy harnessed is useful because it can be used to do work. For example, if an electrical component such as a light bulb is attached to the wire, it will receive power from the flowing electrons.

Consistent results from a galvanic cell are dependent on three variables: pressure, temperature, and concentration. Thus, chemists defined a standard state for galvanic cells. The standard state for the galvanic cell is a pressure of 1.00 \myhref{http://en.wikipedia.org/wiki/Atmospheric\%20pressure}{atmospheric pressure} ({\itshape atm}) for all gases, a temperature of 298 \myhref{http://en.wikipedia.org/wiki/Kelvin}{kelvin} ({\itshape K}) and concentrations of 1.00 \myhref{http://en.wikipedia.org/wiki/Molarity}{molarity} ({\itshape M}) for all soluble compounds, liquids, and solids.
\section{Voltage}
\label{223}
Voltage is a measure of spontaneity of redox reactions, and it can be measured by a voltmeter. If the voltage of a reaction is positive, the reaction occurs spontaneously, but when negative, it does not occur spontaneously.

To compute the voltage of a redox equation, split the equation into its oxidation component and reduction component. Then, look up the voltages of each component on a \mylref{509}{standard electrode potential table}. This table will list the voltage for the reduction equation. The oxidation reaction\textquotesingle{}s voltage is negative of the corresponding reduction equation\textquotesingle{}s voltage. To find the equation\textquotesingle{}s voltage, add the standard voltages for each half reaction.

\myhref{http://it.wikibooks.org/wiki/Chimica\%20generale\%2FElettrochimica}{it:Chimica generale/Elettrochimica}
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\label{224}
\LaTeXNullTemplate{}
\section{Types of Solutions}
\label{225}

A {\bfseries solution} is a homogenous mixture, composed of solvent(s) and solute(s). A {\bfseries solvent} is any substance which allows other substances to dissolve in it. Therefore, it is usually present in the greater amount. {\bfseries Solutes} are substances present in a solution. Note that when a solute dissolves in a solvent, no chemical bonds form between the solvent and solute.

Solutions have variable composition, unlike pure compounds whose composition is fixed. For example, a 500 mL solution of lemonade can consist of 70\% water, 20\% lemon juice, and 10\% sugar. There can also be a 500 mL solution of lemonade consisting of 60\% water, 25\% lemon juice, and 15\% sugar.

\LaTexInfoTemplateOne{The most common type of solution is an {\bfseries aqueous} solution, which is a solution where water is the solvent. Aqueous solutions are quite important. For example, acids and bases exist typically as aqueous solutions.}

When two liquids can be readily combined in any proportions, they are said to be {\bfseries miscible}. An example would be alcohol and water. Either of the two can totally dissolve each other in any proportion.  Two liquids are defined as {\bfseries immiscible} if they will not form a solution, such as oil and water. Solid solutes in a metallic solvent are known as {\bfseries alloys}.  Gold is an example of an alloy.  It is too soft in its pure form, so other metals are dissolved in it.  Jewelers may use 14-{}karat gold, which contains two-{}thirds gold and one-{}third other metals.
\section{Variables Affecting Solubility}
\label{226}

\begin{longtable}{|>{\RaggedRight}p{0.15573\linewidth}|>{\RaggedRight}p{0.36187\linewidth}|>{\RaggedRight}p{0.36187\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Factor}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Concept}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Example}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Surface area}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} More surface area gives more opportunity for solute-{}solvent contact&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Powdered sugar will dissolve in water faster than rock candy.\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Temperature}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Solids are more soluble in hot solvents, gases are more soluble in cold solvents&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Sugar dissolves more readily in hot water, but CO\textsubscript{2} dissolves better in cold soda than warm soda.\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Polarity}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Non-{}polar compounds dissolve in non-{}polar solvents, and polar compounds dissolve in polar solvents. If one liquid is polar, and the other isn\textquotesingle{}t, they are immiscible.&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Alcohol and water are both polar, and they are miscible.  Oil is non-{}polar and is immiscible in water.\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Pressure}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Gases dissolve better under higher pressure, due to greater forces pushing the gas molecules into the solvent.&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Leaving the cap off a soda bottle will let the carbonation out.\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Agitation}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} If a solution is agitated by stirring or shaking, there is an increase in kinetic motion and contact of particles. Therefore, the rate of solubility increases.&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Everyone knows to stir their coffee after adding sugar.\\ \hline 
\end{longtable}


\LaTexInfoTemplateOne{In general, the rate of solubility is dependent on the intermolecular forces between substances. The maxim {\bfseries \symbol{34}like dissolves like\symbol{34}} will help you remember that substances must both be polar or non-{}polar to dissolve.}
\section{Dissolving at the Molecular Level}
\label{227}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/109.\SVGExtension}
\end{center}
\raggedright{}\myfigurewithcaption{109}{A sodium ion in {\itshape solvation} with water.}
\end{minipage}\vspace{0.75cm}



\begin{myenumerate}
\item{}  The forces between the particles in the solid must be broken. This is an endothermic process called {\itshape dissociation}.
\item{}  Some of the intermolecular forces between the particles in the liquid must also be broken. This is endothermic.
\item{}  The particles of the solid and the particles in a liquid become attracted. This is an exothermic process called {\itshape solvation}.
\end{myenumerate}

\subsection{Example: Dissolving NaCl}
\label{228}

When sodium chloride is added to water, it will dissolve.  Water molecules are polar, and sodium chloride is ionic (which is very polar).  The positive ends of the water molecules (the hydrogens) will be attracted to the negative chloride ions, and the negative ends of the water molecules (the oxygens) will be attracted to the positive sodium ions.  The attractions are strong enough to separate sodium from chloride, so the solute {\itshape dissociates}, or breaks apart.  The solute is then spread throughout the solvent.  The polar water molecules prevent the ions from reattaching to each other, so the salt stays in solution.
\section{Important Concepts}
\label{229}\subsection{Saturation}
\label{230}
\begin{myitemize}
\item{} When a solution can hold no more solute, it is said to be {\bfseries saturated}.  This occurs when there is an {\itshape equilibrium} between the dissolved and undissolved solute.
\item{} If more solute can be added, the solution is {\bfseries unsaturated}.
\item{} If a solution has more solute than is normally possible, due to the lowering or heightening of temperature, it is said to be {\bfseries supersaturated}. If disturbed, the solution will rapidly form solid crystals.
\item{}  {\bfseries Solubility} is the measure of how many grams of solute can dissolve in 100 grams of solvent (or in the case of water, solute per 100 milliliters.)
\end{myitemize}

\subsection{Hydration}
\label{231}
Sometimes, compounds form crystals with a specific amount of water in them. For example, copper(II) sulfate is written as CuSO\textsubscript{4} • 5H\textsubscript{2}O.  For every mole of copper(II) sulfate, there are five moles of water attached.  The atoms are arranged in a crystal lattice.  Even if dried, the compound will still be hydrated.  It will not feel moist, but there are water molecules within the crystal structure of the solid.

Intense heat will release the water from the compound.  Its color may change, indicating a chemical change.  When the {\bfseries anhydrous} compound is dissolved in water, it will become hydrated again.
\subsection{Heats of Solution}
\label{232}
Some chemicals change temperature when dissolved. This is due to a release or absorption of heat.  The specific change is known as the {\bfseries heat of solution}, measured in kJ/mol.
\subsection{Electrolytes}
\label{233}
Some substances break up into ions and conduct electricity when dissolved. These are called {\bfseries electrolytes}. All ionic compounds are electrolytes. Nonelectrolytes, on the other hand, do not conduct electricity when dissolved. Electrolytes are the reason that tap water conducts electricity. Tap water contains salts and other ions.  If you have purified water, you will find that it does not conduct electricity at all.  Upon dissolving some salt, it conducts electricity very well.  The presence of ions allows electrons to move through the solution, and electricity will be conducted.
\section{Solubility Practice Questions}
\label{234}

1. In a mixture of 50 mL of benzene and 48 mL of octane, 
\begin{myquote}
\item{} a) which substance is the solute?
\item{} b) would these two substances form a solution?
\end{myquote}


2. Solutions are formed as physical reactions. Using this principle, name two ways in which solutes can be separated from solvents.

3. Three different clear, colourless liquids were gently heated in an evaporating dish. Liquid A left a white residue, liquid B left no residue, and liquid C left water. Identify each liquid solution as a pure substance or a solution.

4. Compare three bottles of soda. Bottle A was stored at room temperature (25°C), bottle B was stored at 10°C, and bottle C was stored at 30°C.
\begin{myquote}
\item{} a) If you wanted a fizzy drink, which bottle would you choose?
\item{} b) If you wanted to change the gas pressure of bottle C to that of bottle B, what could you do?
\end{myquote}


\myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FSolubility\%2FAnswers}{Answers to Solubility Practice Questions}

\LaTeXNullTemplate{}
\chapter{Properties of Solutions}





\label{235}
\LaTeXNullTemplate{}
\section{Concentration}
\label{236}
The {\bfseries concentration} of a solution is the measure of how much solute and solvent there is.  A solution is {\itshape concentrated} if it contains a large amount of solute, or {\itshape dilute} if contains a small amount.
\subsection{Molarity}
\label{237}
Molarity is the number of moles of solute per liter of solution.  It is abbreviated with the symbol M, and is sometimes used as a unit of measurement, e.g. a 0.3 molar solution of HCl.  In that example, there would be 3 moles of HCl for every 10 liters of water (or whatever the solvent was).

\LaTexInfoTemplateOne{Molarity is by far the most commonly used measurement of concentration.}
\subsection{Molality}
\label{238}
Molality is the number of moles of solute per kilogram of solvent.  It is abbreviated with the symbol m (lowercase), and is sometimes used as a unit of measurement, e.g. a 0.3 molal solution of HBr.  In that example, there would be 3 moles of HBr for every 10 kilograms of water (or whatever the solvent was).

\WaningTemplate{One kilogram of water is one liter of water (near room temperature), but the molality is {\itshape not} the same as the molarity.  The molarity is the ratio of solute to solution, whereas the molality is the ratio of solute to solvent.}
\subsection{Mole Fraction}
\label{239}
The mole fraction is simply the moles of solute per moles of solution.  As an example, you dissolve one mole of NaCl into three moles of water.  Remember that the NaCl will dissociate into its ions, so there are now five moles of particles: one mole Na\textsuperscript{+}, one mole Cl\textsuperscript{-{}}, and three moles water.  The mole fraction of sodium is 0.2, the mole fraction of chloride is 0.2, and the mole fraction of water is 0.6.

The mole fraction is symbolized with the Greek letter {$\chi$} (chi), which is often written simply as an X.

\LaTexInfoTemplateOne{The sum of all mole fractions for a solution must equal 1.}
\section{Dilution}
\label{240}
{\itshape Dilution} is adding solvent to a solution to obtain a less concentrated solution.  Perhaps you have used dilution when running a lemonade stand.  To cut costs, you could take a half-{}full jug of rich, concentrated lemonade and fill it up with water.  The resulting solution would have the same total amount of sugar and lemon juice, but double the total volume.  Its flavor would be weaker due to the added water.

\LaTeXPlainBoxTemplate{Chemists often keep highly concentrated solutions of useful chemicals.  They can quickly obtain more dilute solutions of known concentration by this method.}
The key concept is that the amount of solute is constant before and after the dilution process.  The concentration is decreased (and volume increased) only by adding solvent.

\begin{center}

\begin{longtable}{>{\RaggedRight}p{0.21611\linewidth}>{\RaggedRight}p{0.70353\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$moles_1 = moles_2$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Thus, the number of moles of solute before and after dilution are equal.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$M \times V = moles$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} By definition of molarity, you can find the moles of solvent.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$M_1 \times V_1 = M_2 \times V_2$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}  Substituting the second equation into the first gives the {\bfseries dilution equation}. 
\end{longtable}


\end{center}


To determine the amount of solvent (usually water) that must be added, you must know the initial volume and concentration, and the desired concentration.  Solving for {$V_2$} in the above equation will give you the {\itshape total} volume of the diluted solution.  Subtracting the initial volume from the total volume will determine the amount of pure solvent that must be added.
\section{Ionic Solutes}
\label{241}
When ionic compounds dissolve in water, they separate into ions. This process is called {\bfseries dissociation}. Note that because of dissociation, there are more moles of particles in the solution containing ions than there would be with the solute and solvent separated.

If you have two glasses of water, and you dissolve salt into one and sugar into the other, there will be a big difference in concentration.  The salt will dissociate into its ions, but sugar (a molecule) will not dissociate.  If the salt were NaCl, the concentration would be double that of the sugar.  If the salt were MgCl\textsubscript{2}, the concentration would be triple (there are three ions).
\subsection{Solubility Rules}
\label{242}
Not all ionic compounds are soluble.  Some ionic compounds have so much attractive force between their anions and cations that they will not dissociate.  These substances are {\itshape insoluble} and will not dissolve.  Instead, they clump together as a solid in the bottom of solution.  Many ionic compounds, however, will dissociate in water and dissolve.  In these cases, the attractive force between ion and water is greater than that between cation and anion.  There are several rules to help you determine which compounds will dissolve and which will not.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Solubility Rules
\end{mydescription}
}

\begin{myenumerate}
\item{}  All compounds with Group 1 ions or ammonium ions are soluble.
\item{}  Nitrates, acetates, and chlorates are soluble.
\item{}  Compounds containing a halogen are soluble, except those with fluorine, silver, or mercury. If they have lead, they are soluble only in hot water.
\item{}  Sulfates are soluble, except when combined with silver, lead, calcium, barium, or strontium.
\item{}  Carbonates, sulfides, oxides, silicates, and phosphates are insoluble, except for rule \#1.
\item{}  Hydroxides are insoluble except when combined with calcium, barium, strontium, or rule \#1.
\end{myenumerate}
}

Sometimes, when two different ionic compounds are dissolved, they react, forming a {\bfseries precipitate} that is insoluble. Predicting these reactions requires knowledge of the \mylref{200}{activity series} and solubility rules. These reactions can be written with all ions, or without the {\bfseries spectator ions} (the ion that don\textquotesingle{}t react, present on both sides of the reaction), a format known as the {\bfseries net ionic equation}.

For example, silver nitrate is soluble, but silver chloride is not soluble (see the above rules).  Mixing silver nitrate into sodium chloride would cause a cloudy white precipitate to form.  This happens because of a \mylref{190}{double replacement reaction}.
\section{Electrolytes}
\label{243}
When solutes dissociate (or if a molecule {\itshape ionizes}), the solution can conduct electricity. Compounds that readily form ions, thus being good conductors, are known as {\bfseries strong electrolytes}. If only a small amount of ions are formed, electricity is poorly conducted, meaning the compound is a {\bfseries weak electrolyte}.

\LaTexInfoTemplateOne{A {\itshape strong electrolyte} will dissolve completely.  All ions dissociate.  A {\itshape weak electrolyte}, on the other hand, will partially dissociate, but some ions will remain bonded together.}
\section{Colligative Properties}
\label{244}
Some properties are the same for all solute particles regardless of what kind. These are known as the {\bfseries colligative properties}.  These properties apply to {\bfseries ideal solutions}, so in reality, the properties may not be exactly as calculated.  In an ideal solution, there are no forces acting between the solute particles, which is generally not the case.
\subsection{Vapor Pressure}
\label{245}
All liquids have a tendency for their surface molecules to escape and evaporate, even if the liquid is not at its boiling point. This is because the average energy of the molecules is too small for evaporation, but some molecules could gain above average energy and escape. {\bfseries Vapor pressure} is the measure of the pressure of the evaporated vapor, and it depends on the temperature of the solution and the quantities of solute. More solute will decrease vapor pressure.

\begin{longtable}{>{\RaggedRight}p{0.32864\linewidth}>{\RaggedRight}p{0.59101\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$P_{solution} = P_{pure~solvent} \times \chi_{solvent}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The vapor pressure is given by {\bfseries Rauolt\textquotesingle{}s Law}, where {$\chi$} is the mole fraction of the solvent.  Notice that the vapor pressure equals that of the pure solvent when there is no solute ({$\chi = 1$}).  If {$\chi = 0$}, there would be no vapor pressure at all.  This could only happen if there were no solvent, only solute.  A solid solute has no vapor pressure.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$P_{solution} = P_{1} \times \chi_{1} + P_{2} \times \chi_{2}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} If two {\bfseries volatile} substances (both have vapor pressures) are in solution, Rauolt\textquotesingle{}s Law is still used.  In this case, Rauolt\textquotesingle{}s Law is essentially a linear combination of the vapor pressures of the substances.  Two liquids in solution both have vapor pressures, so this equation must be used. 
\end{longtable}


The second equation shows the relationship between the solvents.  If two liquids were mixed exactly half-{}and-{}half, the vapor pressure of the resulting solution would be exactly halfway between the vapor pressures of the two solvents.

Another relation in {\bfseries Henry\textquotesingle{}s Law}, which shows the relationship between gas and pressure. It is given by C\textsubscript{g} = k P\textsubscript{g} , where C is concentration and P is pressure. As the pressure goes up, the concentration of gas in solution must also increase. This is why soda cans release gas when they are opened -{} The decrease in pressure results in a decrease in concentration of CO\textsubscript{2} in the soda.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Exercise for the reader
At 50 °C the vapor pressure of water is 11 kPa and the vapor pressure of ethanol is 30 kPa.  Determine the resulting vapor pressure if a solution contains 75\% water and 25\% ethanol (by moles, not mass).
\end{mydescription}
}
}
\subsection{Boiling Point Elevation}
\label{246}
A liquid reaches its boiling point when its vapor pressure is equal to the atmosphere around it. Because the presence of solute lowers the vapor pressure, the boiling point is raised. The boiling point increase is given by:

\begin{center}
\begin{equation*}\Delta T_{solution} = K_b \times m_{solute}\end{equation*}
\end{center}


The reduced vapor pressure increases the boiling point of the liquid only if the solute itself is {\bfseries non-{}volatile}, meaning it doesn\textquotesingle{}t have a tendency to evaporate. For every mole of non-{}volatile solute per kilogram of solvent, the boiling point increases by a constant amount, known as the {\bfseries molal boiling-{}point constant} ({$K_b$}).  Because this is a colligative property, {$K_b$} is not affected by the kind of solute.
\subsection{Freezing Point Depression}
\label{247}
\LaTeXPlainBoxTemplate{This explains why roads are salted in the winter.}
A liquid reaches its freezing temperature when its vapor pressure is equal to that of its solid form. Because the presence of the solute lowers the vapor pressure, the freezing point is lowered. The freezing point depression is given by:

\begin{center}
\begin{equation*}\Delta T_{solution} = K_f \times m_{solute}\end{equation*}
\end{center}


Again, this equation works only for non-{}volatile solutes.  The temperature of the freezing point decreases by a constant amount for every one mole of solute added per kilogram solvent.  This constant ({$K_f$}) is known as the {\bfseries molar freezing-{}point constant}.
\subsection{Osmosis}
\label{248}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/110.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{110}{Osmosis results from the tendency for concentration to distribute itself evenly.}
\end{minipage}\vspace{0.75cm}


If you studied biology, you would know that {\bfseries osmosis} is the movement of water through a membrane. If two solutions of different molarity are placed on opposite sides of a {\itshape semipermiable membrane}, then water will travel through the membrane to the side with higher molarity. This happens because the water molecules are \symbol{34}attached\symbol{34} to the solvent molecules, so they cannot travel through the membrane.  As a result, the water on the side with lower molarity can more easily travel through the membrane than the water on the other side.

The pressure of this osmosis is given in the equation

\begin{myquote}
\item{} \begin{equation*}\pi = MRT\end{equation*}
\end{myquote}


Where pi is the pressure, M is molarity, R is the gas constant, and T is temperature in Kelvin.
\subsection{Electrolytes and Colligative Properties}
\label{249}
When one mole of table salt is added to water, the colligative effects are {\itshape double} those that would have occurred if sugar were added instead. This is because the salt dissociates, forming twice as many particles as sugar would. This dissociation, called the {\bfseries Van\textquotesingle{}t Hoff Factor} describes how many particles that are dissociated into the solution and must be multiplied into the Boiling Point Elevation or Vapor Pressure Lowering equations.

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$1~mol~\hbox{C}_6\hbox{H}_{12}\hbox{O}_{2(s)} \to 1~mol~\hbox{C}_6\hbox{H}_{12}\hbox{O}_{2(aq)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Sugar is a covalent molecule.  No dissociation occurs when dissolved.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$1~mol~\hbox{NaCl}_{(s)} \to 1~mol~\hbox{Na}^+_{(aq)} + 1~mol~\hbox{Cl}^-_{(aq)} = 2~mol~particles$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Table salt is an ionic compound and a strong electrolyte.  Total dissociation occurs when dissolved, doubling the effects of colligative properties.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$1~mol~\hbox{MgBr}_{2(s)} \to 1~mol~\hbox{Mg}^{2+}_{(aq)} + 2~mol~\hbox{Br}^-_{(aq)} = 3~mol~particles$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Magnesium bromide is also ionic.  The colligative effects will be tripled. 
\end{longtable}


Though extremely useful for calculating the general Van\textquotesingle{}t Hoff Factor, this system of calculation is slightly inaccurate when considering ions. This is because when ions are in solution, they may interact and clump together, lessing the effect of the Van\textquotesingle{}t Hoff factor. In addition, more strongly charged ions may have a smaller effect. For example, CaO would be less effective as an electrolyte than NaCl.


\LaTeXNullTemplate{}

\chapter{Acids and Bases}





\label{250}
\LaTeXNullTemplate{}
\section{Acid-{}Base Reaction Theories}
\label{251}

Acids and bases are everywhere.  Some foods contain acid, like the citric acid in lemons and the lactic acid in dairy.  Cleaning products like bleach and ammonia are bases.  Chemicals that are acidic or basic are an important part of chemistry.

\LaTexHelpFulHintTemplate{You may need to refresh your memory on \mylref{154}{naming acids}.}
Several different theories explain what composes an {\bfseries acid} and a {\bfseries base}.  The first scientific definition of an acid was proposed by the French chemist Antoine Lavoisier in the eighteenth century. He proposed that acids contained oxygen, although he did not know the dual composition of acids such as hydrochloric acid (HCl).  Over the years, much more accurate definitions of acids and bases have been created.  
\subsection{Arrhenius Theory}
\label{252}
The Swedish chemist Svante Arrhenius published his theory of acids and bases in 1887. It can be simply explained by these two points:

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription} Arrhenius Acids and Bases
\end{mydescription}
}

\begin{myenumerate}
\item{}  An acid is a substance which dissociates in water to produce one or more hydrogen ions (H\textsuperscript{+}).
\item{}  A base is a substance which dissociates in water to produce one or more hydroxide ions (OH\textsuperscript{-{}}).
\end{myenumerate}
}



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/111.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{111}{Svante Arrhenius}
\end{minipage}\vspace{0.75cm}


Based on this definition, you can see that Arrhenius acids must be soluble in water.  Arrhenius acid-{}base reactions can be summarized with three generic equations:

\begin{center}

\begin{longtable}{>{\RaggedRight}p{0.40404\linewidth}>{\RaggedRight}p{0.51560\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{HA} \to \hbox{H}^+ + \hbox{A}^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}An acid will dissociate in water producing hydrogen ions.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{MOH} \to \hbox{M}^+ + \hbox{OH}^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}A base (usually containing a metal) will dissociate in water to product hydroxide ions.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{HA}_{(aq)} + \hbox{MOH}_{(aq)} \to \hbox{H}_2\hbox{O}_{(l)} + \hbox{MA}_{(aq)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Acids and bases will neutralize each other when mixed.  They produce water and an ionic salt, neither of which are acidic or basic. 
\end{longtable}


\end{center}


The Arrhenius theory is simple and useful.  It explains many properties and reactions of acids and bases.  For instance, mixing hydrochloric acid (HCl) with sodium hydroxide (NaOH) results in a neutral solution containing table salt (NaCl).

However, the Arrhenius theory is not without flaws.  There are many well known bases, such as ammonia (NH\textsubscript{3}) that do not contain the hydroxide ion.  Furthermore, acid-{}base reactions are observed in solutions that do not contain water.  To resolve these problems, there is a more advanced acid-{}base theory.
\subsection{Brønsted-{}Lowry Theory}
\label{253}

The Brønsted-{}Lowry theory was proposed in 1923.  It is more general than the Arrhenius theory—all Arrhenius acids/bases are also Brønsted-{}Lowry acids/bases (but not necessarily vice versa).

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Brønsted-{}Lowry Acids and Bases
\end{mydescription}
}

\begin{myenumerate}
\item{}  An acid is a substance from which a proton (H\textsuperscript{+} ion) can be removed. Essentially, an acid {\itshape donates} protons to bases.
\item{}  A base is a substance to which a proton (H\textsuperscript{+}) can be added. Essentially, a base {\itshape accepts} protons from acids.
\end{myenumerate}
}

\myhref{http://en.wikipedia.org/wiki/Acid\%20\%13base\%20reaction}{w:Acid–base reaction}
Acids that can donate only one proton are {\bfseries monoprotic}, and acids that can donate more than one proton are {\bfseries polyprotic}.

These reactions demonstrate the behavior of Brønsted-{}Lowry acids and bases:

\begin{center}

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{HCl} + \hbox{H}_2\hbox{O} \to \hbox{Cl}^- + \hbox{H}_3\hbox{O}^+$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}An acid (in this case, hydrochloric acid) will donate a proton to a base (in this case, water is the base).  The acid loses its proton and the base gains it.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{HCl} + \hbox{N}\hbox{H}_3 \to \hbox{Cl}^- + \hbox{N}\hbox{H}_4^+$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Water is not necessary.  In this case, hydrochloric acid is still the acid, but ammonia acts as the base.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{Cl}^- + \hbox{N}\hbox{H}_4^+ \to \hbox{HCl} + \hbox{N}\hbox{H}_3$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}The same reaction is happening, but now in reverse.  What was once an acid is now a base (HCl → Cl\textsuperscript{-{}}) and what was once a base is now an acid (NH\textsubscript{3} → NH\textsubscript{4}\textsuperscript{+}).  This concept is called {\itshape conjugates}, and it will be explained in more detail later.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{HCl} + \hbox{NaOH} \to \hbox{NaCl} + \hbox{H}_2\hbox{O}$}\newline{}{$\hbox{H}_3\hbox{O}^+ + \hbox{OH}^- \to 2 \hbox{H}_2\hbox{O}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Two examples of acids (HCl and H\textsubscript{3}O\textsuperscript{+}) mixing with bases (NaOH and OH\textsuperscript{-{}}) to form neutral substances (NaCl and H\textsubscript{2}O).\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{NaOH} + \hbox{N}\hbox{H}_3 \to \hbox{Na}^+ + \hbox{H}_2\hbox{O} + \hbox{N}\hbox{H}_2^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}A base (sodium hydroxide) will accept a proton from an acid (ammonia).  A neutral substance is produced (water), which is not necessarily a part of every reaction.  Compare this reaction to the second one.  Ammonia was a base, and now it is an acid.  This concept, called {\itshape amphoterism}, is explained later. 
\end{longtable}


\end{center}


The Brønsted-{}Lowry theory is by far the most useful and commonly-{}used definition.  For the remainder of General Chemistry, you can assume that any acids/bases use the Brønsted-{}Lowry definition, unless stated otherwise.



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/112.png}
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\raggedright{}\myfigurewithcaption{112}{This Brønsted-{}Lowry acid donates a proton (in green) to water (the base).}
\end{minipage}\vspace{0.75cm}


\subsection{Lewis Theory}
\label{254}

The Lewis definition is the most general theory, having no requirements for solubility or protons.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription} Lewis Acids and Bases
\end{mydescription}
}

\begin{myenumerate}
\item{}  An acid is a substance that accepts a lone pair of electrons.
\item{}  A base is a substance that donates a lone pair electrons.
\end{myenumerate}
}

Lewis acids and bases react to create an {\bfseries adduct}, a compound in which the acid and base have bonded by sharing the electron pair.  Lewis acid/base reactions are different from redox reactions because there is no change in oxidation state.



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/113.\SVGExtension}
\end{center}
\raggedright{}\myfigurewithcaption{113}{This reaction shows a Lewis base (NH\textsubscript{3}) donating an electron pair to a Lewis acid (H\textsuperscript{+}) to form an adduct (NH\textsubscript{4}\textsuperscript{+}).}
\end{minipage}\vspace{0.75cm}


\section{Amphoterism and Water}
\label{255}

Substances capable of acting as either an acid or a base are {\bfseries amphoteric}.  Water is the most important amphoteric substance.  It can ionize into hydroxide (OH\textsuperscript{-{}}, a base) or hydronium (H\textsubscript{3}O\textsuperscript{+}, an acid).  By doing so, water is
\begin{myenumerate}
\item{}  Increasing the H\textsuperscript{+} or OH\textsuperscript{-{}} concentration (Arrhenius),
\item{}  Donating or accepting a proton (Brønsted-{}Lowry), and
\item{}  Accepting or donating an electron pair (Lewis).
\end{myenumerate}


\LaTexInfoTemplateOne{{\bfseries
\begin{mydescription}Important
A bare proton (H\textsuperscript{+} ion) cannot exist in water.  It will form a hydrogen bond to the nearest water molecule, creating the {\bfseries hydronium ion} (H\textsubscript{3}O\textsuperscript{+}).  Although many equations and definitions may refer to the \symbol{34}concentration of H\textsuperscript{+} ions\symbol{34}, that is a misleading abbreviation.  Technically, there are no H\textsuperscript{+} ions, only hydronium (H\textsubscript{3}O\textsuperscript{+}) ions.  Fortunately, the number of hydronium ions formed is exactly equal to the number of hydrogen ions, so the two can be used interchangeably.
\end{mydescription}
}
}



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/114.png}
\end{center}
\raggedright{}\myfigurewithcaption{114}{H\textsuperscript{+} ions actually exist as hydronium, H\textsubscript{3}O\textsuperscript{+}.}
\end{minipage}\vspace{0.75cm}


Water will dissociate very slightly (which further explains its amphoteric properties).
\begin{longtable}{>{\RaggedRight}p{0.25259\linewidth}>{\RaggedRight}p{0.66706\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{H}_2\hbox{O} \leftrightarrow \hbox{H}^+ + \hbox{OH}^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}The presence of hydrogen ions indicates an acid, whereas the presence of hydroxide ions indicates a base.  Being neutral, water dissociates into both equally.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$2 \hbox{H}_2\hbox{O} \leftrightarrow \hbox{H}_3\hbox{O}^+ + \hbox{OH}^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}This equation is more accurate—hydrogen ions do not exist in water because they bond to form hydronium. 
\end{longtable}

\subsection{Ammonia}
\label{256}

Another common example of an amphoteric substance is ammonia.  Ammonia is normally a base, but in some reactions it can act like an acid.

\begin{longtable}{>{\RaggedRight}p{0.32737\linewidth}>{\RaggedRight}p{0.59227\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{NH}_3 + \hbox{HCl} \to \hbox{NH}_4^+ + \hbox{Cl}^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ammonia acts as a base.  It accepts a proton to form {\itshape ammonium}.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{Li}_3\hbox{N} + 2 \hbox{NH}_3 \to 3\hbox{Li}^+ + 3\hbox{NH}_2^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ammonia also acts as an acid.  Here, it donates a proton to form {\itshape amide}. 
\end{longtable}


Ammonia\textquotesingle{}s amphoteric properties are not often seen because ammonia typically acts like a base.  Water, on the other hand, is completely neutral, so its acid and base behaviors are both observed commonly.
\section{Conjugate Acids and Bases}
\label{257}

In all the theories, the products of an acid-{}base reaction are related to the initial reactants of the reaction. For example, in the Brønsted-{}Lowry theory, this relationship is the difference of a proton between a reactant and product. Two substances which exhibit this relationship form a {\bfseries conjugate acid-{}base pair}. 

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription} Brønsted-{}Lowry Conjugate Pairs
\end{mydescription}
}

\begin{myitemize}
\item{}  An acid that has donated its proton becomes a {\itshape conjugate base}.
\item{}  A base that has accepted a proton becomes a {\itshape conjugate acid}.
\end{myitemize}
}

\begin{longtable}{>{\RaggedRight}p{0.45324\linewidth}>{\RaggedRight}p{0.46640\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{${\color{Red}\mathcal{HI}_{(aq)}} + {\color{Blue}\mathbf{H}_2\mathbf{O}_{(l)}} \to {\color{Blue}\mathcal{I}^-_{(aq)}} + {\color{Red}\mathbf{H}_3\mathbf{O}^+_{(aq)}}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hydroiodic acid reacts with water (which serves as a base).  The conjugate base is the iodide ion and the conjugate acid is the hydronium ion.  The acids are written in red, and the bases are written in blue.  One conjugate pair is written bold and the other conjugate pair is in cursive.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{${\color{Blue}\mathcal{NH}_{3(aq)}} + {\color{Red}\mathbf{H}_2\mathbf{O}_{(l)}} \to {\color{Red}\mathcal{NH}^+_{4(aq)}} + {\color{Blue}\mathbf{OH}^-_{(aq)}}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ammonia (basic) reacts with water (the acid).  The conjugate acid is ammonium and the conjugate base is hydroxide.  Again, acids are written in red, and the bases are written in blue.  The conjugate pairs are distinguished with matching fonts. 
\end{longtable}

\section{Strong and Weak Acids/Bases}
\label{258}

A {\bfseries strong acid} is an acid which dissociates completely in water. That is, {\itshape all} the acid molecules break up into ions and solvate (attach) to water molecules. Therefore, the concentration of hydronium ions in a strong acid solution is equal to the concentration of the acid.

The majority of acids exist as {\bfseries weak acids}, an acid which dissociates only partially.  On average, only about 1\% of a weak acid solution dissociates in water in a 0.1 mol/L solution. Therefore, the concentration of hydronium ions in a weak acid solution is always less than the concentration of the dissolved acid.

{\bfseries Strong bases} and {\bfseries weak bases} do not require additional explanation; the concept is the same.

\LaTexInfoTemplateOne{The conjugate of a strong acid/base is very weak. The conjugate of a weak acid/base is not necessarily strong.}
This explains why, in all of the above example reactions, the reverse chemical reaction does not occur.  The stronger acid/base will prevail, and the weaker one will not contribute to the overall acidity/basicity.  For example, hydrochloric acid is strong, and upon dissociation chloride ions are formed.  Chloride ions are a weak base, but the solution is not basic because the acidity of HCl is overwhelmingly stronger than basicity of Cl\textsuperscript{-{}}.

\LaTexHelpFulHintTemplate{Although the other halogens make strong acids, {\bfseries hydrofluoric acid} (HF) is a weak acid.  Despite being weak, it is incredibly corrosive—hydrofluoric acid dissolves glass and metal!}
Most acids and bases are weak.  You should be familiar with the most common strong acids and assume that any other acids are weak.

\begin{center}

\begin{longtable}{|>{\RaggedRight}p{0.41679\linewidth}|>{\RaggedRight}p{0.50285\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Formula}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Strong Acid}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} HClO\textsubscript{4} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Perchloric acid\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} HNO\textsubscript{3} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Nitric acid\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} H\textsubscript{2}SO\textsubscript{4} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Sulfuric acid\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} HCl, HBr, HI &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Hydrohalic acids\\ \hline 
\end{longtable}


\end{center}


Within a series of {\itshape oxyacids}, the ions with the greatest number of oxygen molecules are the strongest.  For example, nitric acid (HNO\textsubscript{{\bfseries 3}}) is strong, but nitrous acid (HNO\textsubscript{{\bfseries 2}}) is weak.  Perchloric acid (HClO\textsubscript{4}) is stronger than chloric acid (HClO\textsubscript{3}), which is stronger than the weak chlorous acid (HClO\textsubscript{2}).  Hypochlorous acid (HClO) is the weakest of the four.

Common strong bases are the hydroxides of Group 1 and most Group 2 metals.  For example, potassium hydroxide and calcium hydroxide are some of the strongest bases.  You can assume that any other bases (including ammonia and ammonium hydroxide) are weak.


\begin{center}

\begin{longtable}{|>{\RaggedRight}p{0.31394\linewidth}|>{\RaggedRight}p{0.60570\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Formula}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Strong Base}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} LiOH &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Lithium hydroxide\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} NaOH &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Sodium hydroxide\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} KOH &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Potassium hydroxide\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} RbOH &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Rubidium hydroxide\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} CsOH &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cesium hydroxide\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ca(OH)\textsubscript{2} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Calcium hydroxide\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Sr(OH)\textsubscript{2} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Strontium hydroxide\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ba(OH)\textsubscript{2} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Barium hydroxide\\ \hline 
\end{longtable}

\RefTemplate{Brown_2009}

\end{center}


\WaningTemplate{Acids and bases that are strong are not necessarily concentrated, and weak acids/bases are not necessarily dilute.  Concentration has nothing to do with the ability of a substance to dissociate.  Furthermore, {\itshape polyprotic} acids are not necessarily stronger than {\itshape monoprotic} acids.}
\section{Properties of Acids and Bases}
\label{259}

Now that you are aware of the acid-{}base theories, you can learn about the physical and chemical properties of acids and bases.  Acids and bases have very different properties, allowing them to be distinguished by observation.
\subsection{Indicators}
\label{260}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/115.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{115}{{\bfseries Bromothymol blue} is an indicator that turns blue in a base, or yellow in acid.}
\end{minipage}\vspace{0.75cm}


Made with special chemical compounds that react slightly with an acid or base, {\bfseries indicators} will change color in the presence of an acid or base. A common indicator is {\bfseries litmus paper}. Litmus paper turns red in acidic conditions and blue in basic conditions.  {\bfseries Phenolphthalein purple} is colorless in acidic and neutral solutions, but it turns purple once the solution becomes basic.  It is useful when attempting to neutralize an acidic solution; once the indicator turns purple, enough base has been added.
\subsection{Conductivity}
\label{261}

A less informative method is to test for conductivity. Acids and bases in aqueous solutions will conduct electricity because they contain dissolved ions.  Therefore, acids and bases are {\itshape electrolytes}.  Strong acids and bases will be strong electrolytes.  Weak acids and bases will be weak electrolytes.  This affects the amount of conductivity.

However, acids will react with metal, so testing conductivity may not be plausible.
\subsection{Physical properties}
\label{262}

\begin{TemplateInfo}{\danger}{Warning}The following is for informative purposes only. {\bfseries Do not sniff, touch, or taste any acids or bases} as they may result in injury or death.\end{TemplateInfo}

The physical properties of acids and bases are opposites.

\begin{longtable}{|>{\RaggedRight}p{0.24515\linewidth}|>{\RaggedRight}p{0.31320\linewidth}|>{\RaggedRight}p{0.32112\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Acids}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Bases}\\ \hline {\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Taste}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}sour&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}bitter\\ \hline {\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Feel}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}stinging&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}slippery\\ \hline {\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Odor}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}sharp&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}odorless\\ \hline 
\end{longtable}


These properties are very general; they may not be true for every single acid or base.

Another warning:  if an acid or base is spilled, it must be cleaned up immediately and properly (according to the procedures of the lab you are working in).  If, for example, sodium hydroxide is spilled, the water will begin to evaporate.  Sodium hydroxide does not evaporate, so the concentration of the base steadily increases until it becomes damaging to its surrounding surfaces.
\subsection{Chemical Reactions}
\label{263}
\subsubsection{Neutralization}
\label{264}
Acids will react with bases to form a salt and water.  This is a {\bfseries neutralization} reaction.  The products of a neutralization reaction are much less acidic or basic than the reactants were.  For example, sodium hydroxide (a base) is added to hydrochloric acid.


\begin{center}
\begin{equation*}\hbox{NaOH}_{(aq)} + \hbox{HCl}_{(aq)} \to \hbox{NaCl}_{(aq)} + \hbox{H}_2\hbox{O}_{(l)}\end{equation*}
\end{center}


This is a \mylref{187}{double replacement} reaction.
\subsubsection{Acids}
\label{265}
\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2 \hbox{HCl}_{(aq)} + \hbox{Zn}_{(s)} \to \hbox{ZnCl}_{2(aq)} + \hbox{H}_{2(g)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Acids react with metal to produce a metal salt and hydrogen gas bubbles.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{H}_2\hbox{SO}_{4(aq)} + \hbox{CaCO}_{3(s)} \to \hbox{CaSO}_{4(s)} + \hbox{H}_2\hbox{O}_{(l)} + \hbox{CO}_{2(g)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Acids react with metal carbonates to produce water, CO\textsubscript{2} gas bubbles, and a salt.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2 \hbox{HNO}_{3(aq)} + \hbox{Na}_2\hbox{O}_{(s)} \to 2 \hbox{NaNO}_{3(aq)} + \hbox{H}_2\hbox{O}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Acids react with metal oxides to produce water and a salt. 
\end{longtable}

\subsubsection{Bases}
\label{266}
Bases are typically less reactive and violent than acids.  They do still undergo many chemical reactions, especially with organic compounds.  A common reactions is {\itshape saponificiation}: the reaction of a base with fat or oil to create soap.



\begin{minipage}{0.62500\textwidth}
\begin{center}
\includegraphics[width=1.0\textwidth,height=6.5in,keepaspectratio]{../images/116.png}
\end{center}
\raggedright{}\myfigurewithcaption{116}{Saponification converts an \symbol{34}ester\symbol{34} into an \symbol{34}alcohol\symbol{34} and salt.  This is an \myhref{http://en.wikibooks.org/wiki/Organic\%20Chemistry}{organic reaction} outside the scope of General Chemistry.}
\end{minipage}\vspace{0.75cm}


\section{Practice Questions}
\label{267}

1. Name the following compounds that will form, and identify as an acid or base:

\begin{myquote}
\item{} a) Ba + OH
\item{} b) 2H + SO\textsubscript{4}
\item{} c) K + OH
\item{} d) 2H + SO\textsubscript{3}
\item{} e) 3H + PO\textsubscript{4}
\item{} f) H + BrO\textsubscript{2}
\item{} g) Na + Cl
\end{myquote}



2. Determine the conjugate acid and conjugate base of each substance, if possible:

\begin{myquote}
\item{} a) water
\item{} b) ammonia
\item{} c) bisulfate ion
\item{} d) zinc hydroxide
\item{} e) hydrobromic acid
\item{} f) nitrite ion
\item{} g) dihydrogen phosphate ion
\end{myquote}



3. In a conductivity test, 5 different solutions were set up with light bulbs. The following observations were recorded:

\begin{myquote}
\item{} 
\begin{myquote}
\item{} Solution A glowed brightly.
\item{} Solution B glowed dimly.
\item{} Solution C glowed dimly.
\item{} Solution D did not glow.
\item{} Solution E glowed brightly.
\end{myquote}

\end{myquote}


\begin{myquote}
\item{} a) Which solution(s) could contain strong bases?
\item{} b) Which solution(s) could contain weak acids?
\item{} c) Which solution(s) could contain ions?
\item{} d) Which solution(s) could contain pure water?
\item{} e) Based solely on these observations, would it be possible to distinguish between acidic and basic solutions? 
\end{myquote}



4. Identity the conjugate base and conjugate acid in these following equations:

\begin{myquote}
\item{} a) HCl + H\textsubscript{2}O → H\textsubscript{3}O\textsuperscript{+} + Cl\textsuperscript{-{}}
\item{} b) HClO + H\textsubscript{2}O → ClO\textsuperscript{-{}} + H\textsubscript{3}O\textsuperscript{+}
\item{} c) CH\textsubscript{3}CH\textsubscript{2}NH\textsubscript{2} + H\textsubscript{2}O → CH\textsubscript{3}CH\textsubscript{2}NH\textsubscript{3}\textsuperscript{+} + OH\textsuperscript{-{}}
\end{myquote}



5. Identify these bases as Arrhenius, Brønsted-{}Lowry, or both.

\begin{myquote}
\item{} a) strontium hydroxide
\item{} b) \myhref{http://en.wikipedia.org/wiki/butyllithium}{butyllithium} (C\textsubscript{4}H\textsubscript{9}Li)
\item{} c) ammonia
\item{} d) potassium hydroxide
\item{} e) potassium iodide
\end{myquote}



6. Based on the Brønsted-{}Lowry Theory of Acids and Bases, would you expect pure water to have no dissolved ions whatsoever? Explain, using a balanced chemical equation.
\chapter{Notes}

\myminitoc
\label{268}

\begin{myenumerate}
\item{}  \RefTemplate{Brown_2009} Brown, Theodore E.; Lemay, H. Eugene; Bursten, Bruce E.; Murphy, Catherine; Woodward, Patrick (2009), Chemistry: The Central Science (11th ed.), New York: Prentice-{}Hall, ISBN 0136006175.
\end{myenumerate}


\myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FProperties\%20and\%20Theories\%20of\%20Acids\%20and\%20Bases\%2FAnswers}{Answers to Properties of Acids and Bases Practice Questions}

\LaTeXNullTemplate{}

\myhref{http://pt.wikibooks.org/wiki/Introdu\%E7\%E3o\%20\%E0\%20Qu\%EDmica\%2F\%C1cidos\%20e\%20bases}{pt:Introdução à Química/Ácidos e bases}
\chapter{Titration and pH}





\label{269}
\LaTeXNullTemplate{}
\section{Ionization of Water}
\label{270}
Water is a very weak electrolyte.  It will dissociate into hydroxide and hydronium ions, although only in a very small amount.  Because pure water is completely neutral, it always dissociates in equal amounts of both hydroxide and hydronium.  Once acidic or basic substances have been added to pure water, the concentration of the ions will change.  Regardless of which acid-{}base theory is used, acids and bases all have one important thing in common:
\LaTeXZeroBoxOpenTemplate{
\begin{myitemize}
\item{}  All acids increase the H\textsuperscript{+} concentration of water.
\item{}  All bases increase the OH\textsuperscript{-{}} concentration of water.
\end{myitemize}
}

Furthermore, the concentration of hydrogen ions multiplied by the concentration of hydroxide ions is a constant.  This constant is known as the {\itshape ionization constant of water}, or {\bfseries K\textsubscript{w}}.  At room temperature it equals 10\textsuperscript{-{}14} mol\textsuperscript{2}/L\textsuperscript{2}.  Thus:


\begin{center}
\begin{equation*}K_w = [\hbox{H}^+] \times [\hbox{OH}^-] = 1.00 \times 10^{-14} mol^{2}/L^{2}\end{equation*}
\end{center}


In a neutral solution, the concentrations of H\textsuperscript{+} and OH\textsuperscript{-{}} are both equal to 10\textsuperscript{-{}7}.  Using the above equation, the concentration of one ion can be determined if the concentration of the other ion is known.  This equation further demonstrates the relationship between acids and bases: as the acidity (H\textsuperscript{+}) increases, the basicity (OH\textsuperscript{-{}}) must decrease.
\section{The pH Scale}
\label{271}

To measure the acidity or basicity of a substance, the pH scale is employed.
\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}The pH Scale
\end{mydescription}
}

\begin{myitemize}
\item{}  A completely neutral substance has a pH of 7.
\item{}  Acids have a pH below 7
\item{}  Bases have a pH above 7.
\end{myitemize}
}

pH usually ranges between 0 and 14, but it can be any value.  Battery acid, for example, has a negative pH because it is so acidic.



\begin{minipage}{0.75000\textwidth}
\begin{center}
\includegraphics[width=1.0\textwidth,height=6.5in,keepaspectratio]{../images/117.png}
\end{center}
\raggedright{}\myfigurewithcaption{117}{Various pH values.}
\end{minipage}\vspace{0.75cm}


\subsection{Definition of pH}
\label{272}

The pH scale is mathematically defined as:


\begin{center}
\begin{equation*}pH = -\log{[\hbox{H}^+]}\end{equation*}
\end{center}


Substances that release protons or increase the concentration of hydrogen ions (or hydronium ions) will lower the pH value.
\subsection{pOH}
\label{273}

There is also a less common scale, the pOH scale.  It is defined as:


\begin{center}
\begin{equation*}pOH = -\log{[\hbox{OH}^-]}\end{equation*}
\end{center}


Substances that absorb protons or increase the concentration of hydroxide ions will lower the pOH value.

The sum of pH and pOH is always 14 at room temperature:


\begin{center}
\begin{equation*}pH + pOH = 14\end{equation*}
\end{center}

\subsection{Calculating pH}
\label{274}

A strong acid or strong base will completely dissociate in water, so the concentration of the acid/base is equal to the concentration of H\textsuperscript{+} or OH\textsuperscript{-{}}.  If you know the concentration of the acid or base, then you can simply plug that number into the pH or pOH formula.  The sum of pH and pOH will always equal 14 at room temperature, so you can interconvert these two values.

If you know the H\textsuperscript{+} concentration and need to know the OH\textsuperscript{-{}} concentration (or vice versa), use the definition of K\textsubscript{w} above.  The product of the two ion concentrations will always equal 10\textsuperscript{-{}14} at room temperature.
\section{Titration}
\label{275}
{\itshape Titration} is the controlled mixing of a solution with known concentration (the {\bfseries standard solution}) to another solution to determine its concentration.  One solution is acidic and the other is basic. An {\itshape indicator} is added to the mixture.  An indicator must be selected so that it changes color when equal amounts of acid and base have been added.  This is known as the {\bfseries equivalence point}. This does not necessarily mean that the pH is 7.0. \LaTeXPlainBoxTemplate{Polyprotic acids have multiple equivalence points.}

Once the equivalence point has been reached, the unknown concentration can be determined mathematically.
\section{Practice Questions}
\label{276}

1) 5.00g of NaOH are dissolved to make 1.00L of solution.
\begin{myquote}
\item{} a What is the concentration of H\textsuperscript{+}?
\item{} b What is the pH?
\end{myquote}


\myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FTitration\%20and\%20pH\%2FAnswers}{Answers for Titration and pH}

\LaTeXNullTemplate{}
\chapter{Buffer Systems}





\label{277}
\LaTeXNullTemplate{}
\section{Introduction}
\label{278}
Buffer systems are systems in which there is a significant (and nearly equivalent) amount of a weak acid and its conjugate base—or a weak base and its conjugate acid—present in solution.  This coupling provides a resistance to change in the solution\textquotesingle{}s pH.  When strong acid is added, it is neutralized by the conjugate base.  When strong base is added, it is neutralized by the weak acid.  However, too much acid or base will exceed the buffer\textquotesingle{}s {\itshape capacity}, resulting in significant pH changes.

\begin{longtable}{>{\RaggedRight}p{0.28328\linewidth}>{\RaggedRight}p{0.63636\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{HA} + \hbox{H}_2\hbox{O} \leftrightarrow \hbox{H}_3\hbox{O}^+ + \hbox{A}^- $}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Consider an arbitrary weak acid, HA, and its conjugate base, A\textsuperscript{-{}}, in equilibrium.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{A}^- + \hbox{H}^+ \rightarrow \hbox{HA}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}The addition of a strong acid will cause only a slight change in pH due to neutralization.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{HA} + \hbox{OH}^- \rightarrow \hbox{H}_2\hbox{O} + \hbox{A}^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Likewise, the addition of a strong base will cause only a slight change in pH. 
\end{longtable}


Buffers are useful when a solution must maintain a specific pH.  For example, blood is a buffer system because the life processes in a human only function within a specific pH range of 7.35 to 7.45.  When, for example, lactic acid is released by the muscles during exercise, buffers within the blood neutralize it to maintain a healthy pH.
\section{Making a Buffer}
\label{279}
Once again, let\textquotesingle{}s consider an arbitrary weak acid, HA, which is present in a solution.  If we introduce a salt of the acid\textquotesingle{}s conjugate base, say NaA (which will provide the A\textsuperscript{-{}} ion), we now have a buffer solution.  Ideally, the buffer would contain equal amounts of the weak acid and conjugate base.

Instead of adding NaA, what if a strong base were added, such as NaOH?  In that case, the hydroxide ions would neutralize the weak acid and create water and A\textsuperscript{-{}} ions.  If the solution contained only A\textsuperscript{-{}} ions, then a strong acid like HCl were added, they would neutralize and create HA.

As you can see, there are three ways to create a buffer:


\begin{center}

\begin{longtable}{|>{\RaggedRight}p{0.45829\linewidth}|>{\RaggedRight}p{0.46135\linewidth}|} \hline 
\multicolumn{2}{|>{\RaggedRight}p{0.95982\linewidth}|}{{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries Buffers}}}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}\begin{myitemize}\item{} 1 HA + 1 A\textsuperscript{-{}}\item{} 1 HA + ½ OH\textsuperscript{-{}}\item{} 1 A\textsuperscript{-{}} + ½ H\textsuperscript{+}\end{myitemize}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\begin{myitemize}\item{} 1 B + 1 HB\textsuperscript{+}\item{} 1 B + ½ H\textsuperscript{+}\item{} 1 HB\textsuperscript{+} + ½ OH\textsuperscript{-{}}\end{myitemize}\\ \hline 
\end{longtable}


\end{center}


All six of the combinations will create equal amounts of a weak acid and its conjugate base, or a weak base and its conjugate acid.
\section{Buffers and pH}
\label{280}

To determine the pH of a buffer system, you must know the acid\textquotesingle{}s {\bfseries dissociation constant}.  This value, {$K_a$} (or {$K_b$} for a base) determines the strength of an acid (or base).  It is explored more thoroughly in the \myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FChemical\%20Equilibria}{Equilibrium} unit, but for now it suffices to say that this value is simply a measure of strength for acids and bases.  The dissociation constants for acids and bases are determined experimentally.

\LaTexInfoTemplateOne{The pK\textsubscript{a} of an acid is the negative logarithm of its acid dissociation constant. This is analogous to pH (the negative logarithm of the H\textsuperscript{+} concentration).}

The {\bfseries Henderson-{}Hasselbalch equation} allows the calculation of a buffer\textquotesingle{}s pH.  It is:


\begin{center}
\begin{equation*}\hbox{pH} = \hbox{pK}_a + \log \frac{[\hbox{A}^-]}{[\hbox{HA}]}\end{equation*}
\end{center}


For a buffer created from a base, the equation is:


\begin{center}
\begin{equation*}\hbox{pH} = \hbox{pK}_b + \log \frac{[\hbox{B}]}{[\hbox{HB}^+]}\end{equation*}
\end{center}


Using these equations requires determining the ratio of base to acid in the solution.

\LaTeXNullTemplate{}
\chapter{Reactions of Acids and Bases}





\label{281}
\LaTeXNullTemplate{}
\section{Overview}
\label{282}
To summarize the properties and behaviors of acids and bases, this chapter lists and explains the various chemical reactions that they undergo.  You may wish to review \mylref{171}{chemical equations} and \mylref{186}{types of reactions} before attempting this chapter.

The following reactions are {\bfseries net ionic equations}.  In other words, {\itshape spectator ions} are not written.  If an ion does not partake in the reaction, it is simply excluded.  The spectator ions can be found because they occur on both the reactant and the product side of the equation.  Cross them out and rewrite the equation without them.  Of course, the coefficients must be equal.

Canceling out the spectator ions explains the {\itshape net} of net ionic equations.  The {\itshape ionic} part means that dissolved compounds are written as ions instead of compounds.  Acids, bases, and salts are all ionic, so they are written as separate ions if they have dissociated.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Net Ionic Equations
\end{mydescription}
}

\begin{myitemize}
\item{}  Soluble salts are written as ions.
\end{myitemize}

\begin{myquote}
\item{} 
\begin{myquote}
\item{}  e.g.: Na\textsuperscript{+} + Cl\textsuperscript{-{}}
\end{myquote}

\end{myquote}

\begin{myitemize}
\item{}  Solids, liquids, and gases are written as compounds.
\end{myitemize}

\begin{myquote}
\item{} 
\begin{myquote}
\item{}  e.g.: NaCl\textsubscript{(s)}, H\textsubscript{2}O\textsubscript{(l)}, HCl\textsubscript{(g)}
\end{myquote}

\end{myquote}

\begin{myitemize}
\item{}  Strong acids and strong bases are written as ions (because they dissociate almost completely).
\end{myitemize}

\begin{myquote}
\item{} 
\begin{myquote}
\item{}  e.g.: H\textsuperscript{+} + NO\textsubscript{3}\textsuperscript{-{}}
\end{myquote}

\end{myquote}

\begin{myitemize}
\item{}  Weak acids and weak bases are written as compounds (because they barely dissociate).
\end{myitemize}

\begin{myquote}
\item{} 
\begin{myquote}
\item{}  e.g.: HNO\textsubscript{2}

\end{myquote}

\end{myquote}
}

As an example, sodium bicarbonate (NaHCO\textsubscript{3}) would be written as Na\textsuperscript{+} and HCO\textsubscript{3}\textsuperscript{-{}} because the salt will dissociate, but the bicarbonate will not dissociate (it\textquotesingle{}s a {\itshape weak} acid).
\section{Neutralization}
\label{283}

When an acid and a base react, they form a neutral substance, often water and a salt.

First, let\textquotesingle{}s examine the neutralization of a strong acid with a strong base.

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{KOH} + \hbox{H}^+ + \hbox{Cl}^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Solid potassium hydroxide is added to an aqueous solution of hydrochloric acid.  Notice how the solid is written as a compound, but the acid is written as ions because it dissociates.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{K}^+ + \hbox{OH}^- + \hbox{H}^+ + \hbox{Cl}^- \to \hbox{K}^+ + \hbox{Cl}^- + \hbox{H}_2\hbox{O}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The hydrogen ions will react with hydroxide ions to form water.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{H}^+ + \hbox{OH}^- \to \hbox{H}_2\hbox{O}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ignoring spectator ions, this is the {\itshape net ionic equation}. 
\end{longtable}


\LaTexInfoTemplateOne{Whenever a strong acid neutralizes a strong base, the net ionic equation is always H\textsuperscript{+} + OH\textsuperscript{-{}} → H\textsubscript{2}O}

Now, let\textquotesingle{}s see some examples involving weak acids and weak bases.

\begin{longtable}{>{\RaggedRight}p{0.33501\linewidth}>{\RaggedRight}p{0.58463\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{PO}_4^{3-} + 3\hbox{H}^+ \to \hbox{H}_3\hbox{PO}_4$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Excess hydrochloric acid is added to a solution of sodium phosphate.  Phosphoric acid is weak, so the phosphate ions will react with hydrogen ions.  The result is a solution with some, but much less, hydrogen ions, so it is much closer to neutral than either of the original reactants.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{PO}_4^{3-} + \hbox{H}^+ \to \hbox{H}\hbox{PO}_4^{-2}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Equimolar} amounts of sodium phosphate and hydrochloric acid are mixed.  Notice the difference between this reaction and the previous one.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{HCO}_3^- + \hbox{OH}^- \to \hbox{H}_2\hbox{O} + \hbox{CO}_3^{-2}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} A strong base is added to a solution of calcium bicarbonate.  (Bicarbonate is a weak acid.)\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{HCO}_3^- + \hbox{H}^+ \to \hbox{H}_2\hbox{O} + \hbox{CO}_2$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} A strong acid is added to a solution of calcium bicarbonate.  Gas bubbles appear. 
\end{longtable}


Many reactions result in the formation of gas bubbles or a solid precipitate that will make the solution cloudy.  The last equation brings up an interesting application.  Many rocks and minerals contain calcium carbonate or calcium bicarbonate.  To identify these rocks, geologists can perform the \symbol{34}acid test\symbol{34}.  A drop of acid is applied, and the presence of gas bubbles indicates carbonate.

\LaTexInfoTemplateOne{Many ions and compounds are {\bfseries amphoteric}.  They can react with (or behave as) acids {\itshape and} bases.  Bicarbonate is a good example, as you can see by comparing the last two equations above.}

Here are more examples of neutralization reactions.

\begin{longtable}{>{\RaggedRight}p{0.43275\linewidth}>{\RaggedRight}p{0.48690\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{NH}_4\hbox{Cl} + \hbox{OH}^- \to \hbox{H}_2\hbox{O} + \hbox{NH}_3 + \hbox{Cl}^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Solid ammonium chloride crystals are dissolved into a solution of sodium hydroxide.  The smell of ammonia is detected.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{NH}_3 + \hbox{H}^+ \to \hbox{NH}_4^+$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ammonia gas is bubbled through a solution of hydrochloric acid.  This reaction is essentially the opposite of the previous.  In that reaction, ammonium ions react with base to form ammonia gas.  In this reaction, ammonia gas reacts with acid to form ammonium ions.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{NH}_3 + \hbox{CH}_3\hbox{COOH} \to \hbox{NH}_4^+ + \hbox{CH}_3\hbox{COO}^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ammonia (a weak base) reacts with acetic acid (also weak).  The resulting solution is nearly neutral, but it will be slightly basic because ammonia is stronger than acetic acid.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{H}_2\hbox{S} + 2\hbox{OH}^- \to 2\hbox{H}_2\hbox{O} + \hbox{S}^{2-}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Hydrogen sulfide gas is bubbled into a strong base.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2\hbox{H}^+ + \hbox{S}^{2-} \to \hbox{H}_2\hbox{S}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} A strong acid is added to the above result, and hydrogen sulfide gas is released. 
\end{longtable}

\section{Anhydrides}
\label{284}

An {\itshape anhydride} is a substance that does not contain water.  More specifically, it is a substance that reacts with water to form an acid or base.  Anhydrides are usually in the form of a gas that dissolves into water and reacts to form an acid or base.  They can also be solids that will react with water.

\begin{longtable}{>{\RaggedRight}p{0.32321\linewidth}>{\RaggedRight}p{0.59643\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{N}_2\hbox{O}_5 + \hbox{H}_2\hbox{O} \to 2\hbox{H}^+ + 2\hbox{NO}_3^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Gaseous dinitrogen pentoxide is bubbled through water to form nitric acid.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{N}_2\hbox{O}_3 + \hbox{H}_2\hbox{O} \to 2\hbox{HNO}_2$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Dinitrogen trioxide is mixed with water to form nitrous acid. 
\end{longtable}


The main difference between those two equations is the fact that nitrous acid is weak and thus does not dissociate, whereas nitric acid is strong and dissociates into ions.

Here are a few more examples of anhydride reactions.

\begin{longtable}{>{\RaggedRight}p{0.31333\linewidth}>{\RaggedRight}p{0.60631\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{K}_2\hbox{O} + \hbox{H}_2\hbox{O} \to 2\hbox{K}^+ + 2\hbox{OH}^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Solid potassium oxide is added to water to form a strong base.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{P}_2\hbox{O}_5 + 3\hbox{H}_2\hbox{O} \to 2\hbox{H}_3\hbox{PO}_4$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Phosphorus(V) oxide powder is mixed into water to form a weak acid. 
\end{longtable}


It is important to remember which acids are strong and which are weak.  \mylref{258}{Review this} if necessary.

\LaTexInfoTemplateOne{Anhydrides can also react with acidic or basic solutions.  In that case, you may find it helpful to first determine the anhydride\textquotesingle{}s reaction with water, then determine that reaction with the acid or base.}

For example, sulfur dioxide gas (acidic anhydride) is bubbled through a solution of calcium hydroxide (basic).
\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{SO}_2 + \hbox{H}_2\hbox{O} \to \hbox{H}_2\hbox{SO}_3$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} First, determine the reaction of the anhydride with water.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{H}_2\hbox{SO}_3 + \hbox{Ca}(\hbox{OH})_2 \to \hbox{CaSO}_3 + 2\hbox{H}_2\hbox{O}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Then, determine the reaction of the acid and base.  This is a double replacement reaction.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{SO}_2 + \hbox{H}_2\hbox{O} + \hbox{H}_2\hbox{SO}_3 + \hbox{Ca}(\hbox{OH})_2  \to \hbox{H}_2\hbox{SO}_3 + \hbox{CaSO}_3 + 2\hbox{H}_2\hbox{O}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Add the two reactions together.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{SO}_2 + \hbox{Ca}^{2-} + 2\hbox{OH}^- \to \hbox{CaSO}_3 + \hbox{H}_2\hbox{O}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cancel out spectators.  Also, calcium hydroxide should be ionized (but calcium sulfite is a solid precipitate).  This is the final {\itshape net ionic equation}. 
\end{longtable}


Here are more examples.

\begin{longtable}{>{\RaggedRight}p{0.31069\linewidth}>{\RaggedRight}p{0.60895\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{CaO} + 2\hbox{H}^+ \to \hbox{H}_2\hbox{O} + \hbox{Ca}^{2+}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Calcium oxide crystals (basic anhydrides) are added to a strong acid.  Notice that it does not matter what the acid is (nitric, sulfuric, etc.) because it is strong and this reaction only requires the hydrogen ions.  In other words, the anions of the strong acid are spectators and are not written.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{SO}_2 + \hbox{OH}^- \to \hbox{HSO}_3^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Excess sulfur dioxide gas is bubbled into a dilute solution of strong base.  The base is the limiting reactant.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{SO}_2 + 2\hbox{OH}^- \to \hbox{H}_2\hbox{O} + \hbox{SO}_3^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Sulfur dioxide gas is bubbled into an excess of basic solution. 
\end{longtable}


Remember that water is involved in these reactions, but it not written if it occurs on both sides of the equation.

\LaTexInfoTemplateOne{Anhydrides can undergo neutralization reactions, even without the presence of water.}

\begin{longtable}{>{\RaggedRight}p{0.25050\linewidth}>{\RaggedRight}p{0.66914\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{CaO} + \hbox{CO}_2 \to \hbox{CaCO}_3$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Solid calcium oxide (basic anhydride) is exposed to dry ice gas (acidic anhydride).  The resulting solid is a salt.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{CaO} + \hbox{SO}_3 \to \hbox{CaSO}_4$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Solid calcium oxide is exposed to a stream of sulfur trioxde gas.  The resulting solid is a neutral salt. 
\end{longtable}

\section{Hydrolysis}
\label{285}

A salt of a weak acid and strong base dissociates and reacts in water to form OH\textsuperscript{-{}}.  A salt of a strong acid and weak base dissociates and reacts in water to form H\textsuperscript{+}.  This process is called {\itshape hydrolysis}.

In this first example, aluminum nitrate is dissolved in water.

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{Al}(\hbox{NO}_3)_3 + \hbox{H}_2\hbox{O} \to \hbox{Al}^{3+} + 3\hbox{NO}_3^- + \hbox{H}_2\hbox{O}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} First, the salt dissociates in the water.  It isn\textquotesingle{}t necessary to write H\textsubscript{2}O in this reaction.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{Al}^{3+} + \hbox{H}_2\hbox{O} \to \hbox{Al}(\hbox{OH})^{2+} + \hbox{H}^+$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Now, at least one of the ions will react with water.  You know that nitric acid is strong, so the nitrate ion will not take an H\textsuperscript{+} ion from water.  Instead, the aluminum ion will react with water, releasing a hydrogen ion.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{Al}(\hbox{NO}_3)_3 + \hbox{H}_2\hbox{O} \to \hbox{Al}(\hbox{OH})^{2+} + \hbox{H}^+ + 3\hbox{NO}_3^- $}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This is the {\itshape net ionic equation}.  The resulting solution is acidic. 
\end{longtable}


The solution is acidic not because nitric acid is strong, but because aluminum is a weak base.

Here is an easier example.

\begin{longtable}{>{\RaggedRight}p{0.41531\linewidth}>{\RaggedRight}p{0.50433\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{NaNO}_2 + \hbox{H}_2\hbox{O} \to \hbox{Na}^+ + \hbox{NO}_2^- + \hbox{H}_2\hbox{O}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} First, the salt dissociates.  Again, the H\textsubscript{2}O need not be written.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{NO}_2^- + \hbox{H}_2\hbox{O} \to \hbox{HNO}_2 + \hbox{OH}^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Sodium ions will not react with water.  Even if they did, they would form NaOH, which is a strong base, so it would immediately dissociate.  Instead, the NO\textsubscript{2} reacts with water.  Being the conjugate of a weak acid, the nitrite ions will accept a proton from water to form nitrous acid (weak) and hydroxide ions (basic).\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{NaNO}_2 + \hbox{H}_2\hbox{O} \to \hbox{Na}^+ + \hbox{HNO}_2 + \hbox{OH}^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This is the net ionic equation for the hydrolysis of sodium nitrite.  The resulting solution is basic. 
\end{longtable}


\LaTexInfoTemplateOne{There is no hydrolysis reaction for {\itshape neutral salts}.  Salts like NaCl and K\textsubscript{2}SO\textsubscript{4} (and any other composed of the conjugates of both a strong acid and strong base) will not react with water.  They create neutral solutions when dissolved.}
\section{Lewis Acids/Bases}
\label{286}

Lewis acids accept an electron pair.  Lewis bases donate an electron pair.  Together they react and bond to form an {\itshape adduct}.

Lewis acids/bases do not require the presence of water.  However, H\textsuperscript{+} can be though of as a Lewis acid because it accepts electron pairs.  OH\textsuperscript{-{}} can donate an electron pair, making it a Lewis base.

\begin{longtable}{>{\RaggedRight}p{0.28629\linewidth}>{\RaggedRight}p{0.63335\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{BF}_3 + \ddot{\hbox{N}}\hbox{H}_3 \to \hbox{F}_3\hbox{B}-\hbox{NH}_3$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Boron trifluoride (Lewis acid) is exposed to ammonia (a Lewis base, as shown by the electron pair over the N).  The electron pair is shared between the nitrogen and boron, creating a bond. (The boron trifluoride is written backwards as F\textsubscript{3}B only to demonstrate the B-{}N bond. Its structure has not changed.)\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{B}_2\hbox{H}_6 + 2\hbox{H}^- \to 2\hbox{BH}_4^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Diborane accepts the two electrons from H\textsuperscript{-{}} and forms a Lewis adduct. 
\end{longtable}

\section{Practice Problems}
\label{287}
Write the net ionic equations for the following.  Make note of any solid precipitates or gas bubbles that would form.

\begin{myenumerate}
\item{}  Equimolar solutions of sodium biphosphate and potassium hydroxide are mixed.
\item{}  Equimolar solutions of sodium biphosphate and hydrochloric acid are mixed.
\item{}  Excess sulfur dioxide gas is bubbled into a dilute solution of sodium hydroxide.  Acid is then added.
\item{}  Aluminum chloride is dissolved into water.
\item{}  Sodium fluoride is dissolved into water.  Strong acid is then added.
\item{}  Solid calcium oxide is exposed to a stream of sulfur trioxide gas.  If the resulting compound is dissolved, will the solution be acidic, basic, or neutral?
\item{}  Gaseous hydrogen chloride is bubbled into a solution of silver nitrate.
\item{}  Ammonium chloride crystals are dissolved in water.  Sodium hydroxide is then added.
\item{}  Calcium hydroxide crystals are dissolved into a solution of sodium bicarbonate.
\item{}  Phosphine gas is sprayed onto pebbles of aluminum trichloride. (Hint: these are Lewis acids/bases.)
\end{myenumerate}

\myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FReactions\%20of\%20Acids\%20and\%20Bases\%2FAnswers}{Answers to Practice Problems}

\LaTeXNullTemplate{}
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\chapter{Solids}





\label{288}
\LaTeXNullTemplate{}
\section{Characteristics of Solids}
\label{289}
{\bfseries Shape and volume} are both definite in solids.  Although solids have a rigid shape, a large amount of force can cause deformation to the structure of a solid.  There are three types of deformation:
\LaTeXZeroBoxOpenTemplate{
\begin{myitemize}
\item{}  {\itshape Brittle} deformation causes bonds to break in an irregular way.  Shredding paper and shattering glass are good examples.
\item{}  {\itshape Elastic} deformation is temporary.  The molecules will return to their original positions as soon as the force is removed.  Rubber bands and tires are elastic, as well as steel rods and wooden boards.
\item{}  {\itshape Plastic} deformation is permanent.  Plastic deformation can be observed by bending a metal spoon.
\end{myitemize}
}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/118.\SVGExtension}
\end{center}
\raggedright{}\myfigurewithcaption{118}{(a) Brittle; (b) and (c) shows {\itshape ductility}}
\end{minipage}\vspace{0.75cm}


Most materials are capable of all three types of deformation.  Small amounts of stress cause elastic deformation, but large amounts will cause plastic deformation.  In the event of repeated deformation or tremendous stress, brittle deformation occurs.

Solids are {\bfseries incompressible}.  Solids may break or deform under stress, but they tolerate little compression.  For instance, a wooden plank will break if force is applied, but it will not compress like a sponge.  The only reason sponges compress is because they contain air pockets and undergo elastic deformation.  Otherwise, solids will not compress.  At the molecular level, this happens because the intermolecular bonds do not change size without breaking.

Some solids, usually metals, have properties like {\bfseries ductility} and {\bfseries malleability}.  A ductile material can be stretched into long, thin wires.  A malleable substance can be hammered into very thin sheets.  Gold and copper are some of the most malleable and ductile substances known.  These properties occur as a result of the \mylref{130}{metallic bonding}.
\section{Solids at the Molecular Level}
\label{290}

Solids occur when there is enough intermolecular bonding to hold the molecules of a substance into a relatively rigid structure.  The molecules are close together, and their movement is restricted to vibration.  Solids occur at the lowest temperatures and highest pressures.  As the temperature of a solid increases, so does the kinetic energy of its molecules.  At the {\itshape melting point}, the molecules have enough energy to overcome their bonds and {\bfseries melt} into a liquid.  Likewise, a liquid will {\bfseries freeze} once its molecules are not moving fast enough to avoid strong intermolecular bonds.

Compounds that have ionic bonding or metallic bonding are most likely to be found in the solid phase due to their high melting points.  Also, covalent network substances (like diamond or quartz) are solids because the atoms are secured with covalent bonds, requiring extreme amounts of energy to separate them.
\subsection{Types of Solids}
\label{291}
\myhref{http://en.wikipedia.org/wiki/Crystal\%20structure}{w:Crystal structure}
\begin{myitemize}
\item{}  {\bfseries Crystalline} solids have a molecular structure with a specific geometric shape.  The solid has a specific melting point at which all molecules begin to break free of their bonds. Substances like salt, diamond, and quartz are crystalline solids.  These solids usually form by cooling a liquid slowly, so that the molecules have time to arrange themselves in a crystalline structure as their bonds form.
\item{}  {\bfseries Amorphous} solids have a molecular structure with no specific shape.  The solid melts over a range of temperatures because the amount of energy needed to break the bonds varies from molecule to molecule. Substances like coal and glass are amorphous.  Amorphous solids usually form when a liquid is cooled quickly, so there is no time for the molecules to arrange themselves into a crystal.
\end{myitemize}


Crystalline solids are typically harder and more rigid.  Coal and diamond are both made from elemental carbon, but coal is amorphous and diamond is crystalline.  Because of its crystal structure, diamond is one of the hardest substances known, whereas coal can be scratched away with a fingernail.  The crystal structure also explains diamond\textquotesingle{}s brilliant, transparent appearance.  Coal is black and dull because the disorder of the atoms does not allow light to pass.

\LaTexInfoTemplateOne{Ionic solids and metallic solids are always crystalline.  Covalent network solids can be crystalline or amorphous.  Van der Waals solids are always amorphous.}
\subsection{Packing and Unit Cells}
\label{292}


\begin{minipage}{1.0\linewidth}
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\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/119.png}
\end{center}
\raggedright{}\myfigurewithcaption{119}{The unit cell of sodium chloride}
\end{minipage}\vspace{0.75cm}


In crystalline solids, the atoms are arranged in a specific pattern.  The smallest repeating part of this pattern is called the {\bfseries unit cell}.  The unit cell may have more atoms than the empirical formula of a substance because the geometric shape may require several atoms.  In the case of sodium chloride, the empirical formula contains only two atoms, but the unit cell has 27 atoms.

The molecules of a solid are {\itshape close packed}.  They arrange themselves in the densest shape possible.  Usually, two different patterns occur.
\begin{myitemize}
\item{}  {\itshape Face-{}centered cubic} or {\bfseries FCC}
\item{}  {\itshape Hexagonal close-{}packed} or {\bfseries HCP}
\end{myitemize}




\begin{minipage}{1.0\linewidth}
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\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/120.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{120}{Halite, or rock salt, exhibits FCC packing.}
\end{minipage}\vspace{0.75cm}


FCC crystals have three alternating layers, described as ABCABCABC (every third layer is the same).  The layers are arranged so that each unit cell is half-{}way between the two unit cells above or below it.  HCP crystals have two alternating layers, described as ABABABAB (every other layer is the same).
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\raggedright{}\myfigurewithcaption{121}{FCC lattice}
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\raggedright{}\myfigurewithcaption{122}{HCP lattice}
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\section{Liquids at a Molecular Level}
\label{294}

Liquids have some intermolecular bonding, but it is not nearly as strong as that of a solid.  As a result, the molecules are somewhat close together, but they are not tightly packed.  Instead, they are free to slide past each other.  Liquids occur at temperatures above the {\itshape melting point} of a substance, but below its {\itshape boiling point}.  At the melting point, the molecules are moving slow enough to form rigid bonds and become a solid.  At the boiling point, the molecules are moving so fast that they cannot form any bonds and become a gas.
\section{Characteristics of Liquids}
\label{295}
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\raggedright{}\myfigurewithcaption{123}{Diffusion is the chaotic mixing of fluids.  The jar on the left has warmer water.}
\end{minipage}\vspace{0.75cm}


Liquids have {\bfseries definite volume}, but {\bfseries indefinite shape}.  They are free to form droplets and puddles when they are not inside a container.  When a liquid is inside a container, it will take its shape.  Unlike gases, a liquid will not change its volume to spread out and completely fill a container.  There is enough intermolecular bonding to give liquids a definite volume.

Liquids are {\bfseries fluid}, able to flow and take any shape.  This occurs due to the weak intermolecular bonding that allows the molecules to slide past each other freely.  As a result of being fluid, liquids exhibit many interesting properties that solids do not, including capillary action and diffusion.

Liquids, like gases, undergo {\bfseries diffusion} when mixed.  This can be seen by adding food coloring to water.  Different liquids, when added, will chaotically spread out and mix together.  Diffusion will occur faster when the liquid is warmer because the increased kinetic energy allows the molecules to move faster and collide more frequently.

Liquids are usually considered {\bfseries incompressible}.  The molecules are already close together, so it is difficult to compress them any more.  Under very high pressures, liquids will actually compress, but not very much.

Liquids, unlike gases, have a distinct {\bfseries surface}—they need not take their container\textquotesingle{}s shape.  This allows the formation of droplets and puddles. 
\section{Special Properties}
\label{296}
\subsection{Cohesion and Adhesion}
\label{297}
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\raggedright{}\myfigurewithcaption{124}{Water droplets {\itshape adhere} to a spiderweb.  Their round shape is caused by {\itshape cohesion}.}
\end{minipage}\vspace{0.75cm}


The molecules of a liquid are attracted to each other.  This is called {\bfseries cohesion}.  Molecules like methane are non-{}polar, so they are held together only by van der Waals forces (the weakest).  These molecules will have minimal cohesion.  In contrast, water molecules use hydrogen bonding (very strong), so they display strong cohesion.  A cohesive liquid will form more spherical droplets and have much higher {\itshape surface tension} (explained below).

\myhref{http://en.wikipedia.org/wiki/Adhesion}{w:Adhesion}
Adhesion is the attraction of a liquid molecule to its surroundings.  Adhesive liquids will demonstrate {\itshape capillary action} (explained below).  They are also more \symbol{34}wet\symbol{34}.  Mercury is very cohesive, but not adhesive. As a result, it doesn\textquotesingle{}t leave behind residue as it rolls across a surface.  Water, on the other hand, is much more adhesive.  When water rolls across a surface, it wets that surface because some of the molecules adhere to it.
\subsection{Surface Tension and Capillary Action}
\label{298}
When water drops are on an {\itshape impermeable} (waterproof) surface, they tend to form beads. This is due to its {\bfseries surface tension}. Liquid molecules pull at each other, and as a result they decrease their surface area. The molecules at the boundary of the liquid are pulled in, causing a droplet shape.  When water is on a {\itshape permeable} surface, it spreads out, as can be seen with water on a paper towel. This {\bfseries capillary action} explains how water in the ground reaches the top of trees that are hundreds of feet tall.
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\raggedright{}\myfigurewithcaption{125}{Adhesive liquids (like water but not mercury) will rise up a narrow tube.}
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\raggedright{}\myfigurewithcaption{126}{Cohesive liquids have {\itshape surface tension} to hold themselves into droplets.}
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\end{longtable}
\end{center}

\subsection{Pressure}
\label{299}
Liquids will distribute pressure evenly.  This concept, known as {\itshape Pascal\textquotesingle{}s Law}, is crucial for equipment like hydraulic brakes.  It is a result of their incompressibility.

\LaTexHelpFulHintTemplate{If there is no atmospheric pressure (a vacuum, like outer space), liquids cannot form.}
Liquids will {\bfseries evaporate}.  Although the average kinetic energy of the molecules is too low to overcome bonding and become a gas, individual molecules will occasionally have above-{}average energy and break free from the surface of the liquid.  The molecule then escapes escapes to the gas phase.  At the same time, however, a gas molecule may hit the surface of the liquid and slow down enough to join the liquid.  A glass of water left outside in the sun will eventually become empty.  The sunlight adds energy to the molecules, allowing some to escape as a gas. Eventually, all molecules will escape. The tendency of a liquid to evaporate depends on its intermolecular forces. {\bfseries Volatile} liquids tend to evaporate quickly have relatively weak intermolecular forces keeping the molecules together, making it easier for them to escape the liquid phase. Conversely, non-{}volatile liquids do not evaporate to any visible extent due to the presence very strong intermolecular forces.

The evaporation increases with temperature.  It can be measured by {\bfseries vapor pressure}, the amount of pressure exerted by the evaporated gas above the liquid\textquotesingle{}s surface.  Vapor pressure increases with temperature, and once it reaches the pressure of the surrounding atmosphere, the liquid will boil. Vapor pressure also depends on the intensity of intermolecular forces in the liquid. 
\subsection{Viscosity}
\label{300}
{\bfseries Viscosity} refers to the liquid\textquotesingle{}s resistance to flow. For example, \myhref{http://en.wikipedia.org/wiki/Maple\%20syrup}{maple syrup} has a relatively high viscosity when compared to water because maple syrup flows much slower than water, which flows relatively quickly and easily. The difference in viscosity between these two liquids is due to the attractive forces within the specific liquid. In order to flow, molecules must roll and move over each other. A solution with low attractive forces would allow the molecules to move in a more free and easy manner, decreasing the viscosity.

In most cases, the viscosity of a liquid decreases as the temperature of a liquid is increased. Increasing the temperature of a liquid causes the molecules to have a higher \myhref{http://en.wikipedia.org/wiki/Kinetic\%20energy}{kinetic energy}. This increase in kinetic energy breaks down the intermolecular forces present in the liquid. Since viscosity is dependent on these attractive forces, the viscosity will decrease when the kinetic energy is increased.
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\section{Characteristics of Gases}
\label{302}

Gases have a number of special characteristics that differentiate them from other states of matter. Here is a list of characteristics of gases:

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Characteristics of Gases
\end{mydescription}
}

\begin{myitemize}
\item{}  Gases have neither {\bfseries definite shape} nor {\bfseries definite volume}. They expand to the size of their container.
\item{}  Gases are {\bfseries fluid}, and flow easily.
\item{}  Gases have {\bfseries low density}, unless compressed.  Being made of tiny particles in a large, open space, gases are very compressible.
\item{}  Gases {\bfseries diffuse} (mix and spread out) and {\bfseries effuse} (travel through small holes).

\end{myitemize}
}
\subsection{Standard Temperature and Pressure}
\label{303}

\myhref{http://en.wikipedia.org/wiki/Standard\%20conditions\%20for\%20temperature\%20and\%20pressure}{w:Standard conditions for temperature and pressure}

{\itshape Standard Temperature and Pressure}, or {\bfseries STP}, is 0 °C and 1 atmosphere of pressure.  Expressed in other units, STP is 273 {\bfseries K} and 760 {\bfseries torr}.  The Kelvin and torr are useful units of temperature and pressure respectively that we will discuss later in the following sections.
\newline{}
\subsection{Avogadro\textquotesingle{}s Law}
\label{304}



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/127.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{127}{Amedeo Avogadro, the Italian chemist. Avogadro\textquotesingle{}s Law is named after him and his discoveries about the behavior of gases}
\end{minipage}\vspace{0.75cm}


\myhref{http://en.wikipedia.org/wiki/Avogadro\%27s\%20Law}{w:Avogadro\textquotesingle{}s Law}
{\bfseries Avogadro\textquotesingle{}s Law} states that equal volumes of gases at the same temperature and pressure contain the same number of molecules. So both one mole of Xenon at STP (131.3 grams) and one mole of helium at STP (4.00 grams) take up 22.4 liters. Even 1 mole of air, which is a mixture of several gases, takes up 22.4 liters of volume. 22.4 L is the standard molar volume of a gas.

\EqnTemplate{Avogadro\textquotesingle{}s Law}
\begin{myquote}
\item{} \begin{equation*}\frac{V}{n} = k\,\end{equation*}
\end{myquote}


where:
\begin{myquote}
\item{} {\itshape V} is the volume of the gas.
\item{} {\itshape n} is the number of moles of the gas.
\item{} {\itshape k} is a proportionality constant.
\end{myquote}


The most important consequence of Avogadro\textquotesingle{}s law is that the {\bfseries \textquotesingle{}ideal gas constant} has the same value for all gases. This means that the constant

\begin{myquote}
\item{} \begin{equation*}\frac{p_1\cdot V_1}{T_1\cdot n_1}=\frac{p_2\cdot V_2}{T_2 \cdot n_2} = const\end{equation*}
\end{myquote}

where:
\begin{myquote}
\item{} {\itshape p} is the pressure of the gas
\item{} {\itshape T} is the temperature of the gas
\end{myquote}


has the same value for all gases, independent of the size or mass of the gas molecules.
\newline{}
\subsection{Pressure}
\label{305}

Gases exert pressure on their containers and all other objects.  Pressure is measured as force per unit area.  A barometer is a device that measures pressure. There are a number of different units to measure pressure:
\begin{myitemize}
\item{} {\bfseries torr}, equal to millimeters of mercury (mm Hg): if a glass cylinder with no gas in it is placed in a dish of liquid mercury, the mercury will rise in the cylinder to a certain number of millimeters.
\item{} atmosphere ({\bfseries atm}), the pressure of air at sea level.
\item{} pascal ({\bfseries Pa}), equal to one newton (N) per square meter. A newton is the force necessary to accelerate one kilogram by one meter per second squared.
\end{myitemize}


You should know that {\bfseries 1 atm = 760 torr = 101.3 kPa}.
\section{Ideal Gases}
\label{306}

\myhref{http://en.wikipedia.org/wiki/Ideal\%20gas}{w:Ideal gas}

Gases are complicated things composed a large numbers of tiny particles zipping around at high speeds. There are a number of complex forces governing the interactions between molecules in the gas, which in turn affect the qualities of the gas as a whole. To get around these various complexities and to simplify our study, we will talk about {\bfseries ideal gases}.

An ideal gas is a simplified model of a gas that follows several strict rules and satisfies several limiting assumptions. Ideal gases can be perfectly modeled and predicted with a handful of equations.

Ideal gases follow, among others, these important rules:

\LaTeXZeroBoxOpenTemplate{
{\bfseries Rules of Ideal Gasses}

\begin{myenumerate}
\item{}  The molecules that make up a gas are a point masses, meaning {\bfseries they have no volume}. 
\item{}  Gas particles are spread out with very great distance between each molecule. Thus, {\bfseries intermolecular forces are essentially zero}, meaning that they neither attract nor repel each other.
\item{}  If collisions do occur between gas particles, these {\bfseries collisions are elastic}, meaning there is no loss of kinetic (motion) energy.
\item{}  Gas molecules are in {\bfseries continuous random motion}.
\item{}  Temperature is directly proportionate to kinetic energy.

\end{myenumerate}
}

\LaTexInfoTemplateOne{{\bfseries Note:} Ideal gases never truly exist (because the nature of gases is so complicated), but gases are often close enough to an ideal gas that the equations still hold fairly accurate.}
\subsection{Ideal Gas Law}
\label{307}

Ideal gases can be completely described using the {\bfseries ideal gas law}:

\EqnTemplate{Ideal Gas Law}
\begin{myquote}
\item{} \begin{equation*}\ pV = nRT   \end{equation*}
\end{myquote}


where 
\begin{myquote}
\item{} {$\ p  $} is the absolute pressure of the gas, 
\item{} {$\ V  $} is the volume of the gas,
\item{} {$\ n  $} is the number of moles of gas,
\item{} {$\ R  $} is the ideal gas constant,
\item{} {$\ T  $} is the absolute temperature, in Kelvin.
\end{myquote}

\subsection{Ideal Gas Constant}
\label{308}

\begin{longtable}{|>{\RaggedRight}p{0.42198\linewidth}|>{\RaggedRight}p{0.49766\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Values of {\itshape R}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Units}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 8.314{\mbox{$\,$}}472(15)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}  J{\mbox{$\,$}}K\textsuperscript{{\mbox{$-$}}1}{\mbox{$\,$}}mol\textsuperscript{{\mbox{$-$}}1}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 8.314{\mbox{$\,$}}472(15) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} m\textsuperscript{3}{\mbox{$\,$}}Pa{\mbox{$\,$}}K\textsuperscript{{\mbox{$-$}}1}{\mbox{$\,$}}mol\textsuperscript{{\mbox{$-$}}1}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 8.314{\mbox{$\,$}}472(15)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} cm\textsuperscript{3}{\mbox{$\,$}}MPa{\mbox{$\,$}}K\textsuperscript{{\mbox{$-$}}1}{\mbox{$\,$}}mol\textsuperscript{{\mbox{$-$}}1}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0.082{\mbox{$\,$}}057{\mbox{$\,$}}46(14)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} L{\mbox{$\,$}}atm{\mbox{$\,$}}K\textsuperscript{{\mbox{$-$}}1}{\mbox{$\,$}}mol\textsuperscript{{\mbox{$-$}}1}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 62.363{\mbox{$\,$}}67(11)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} L{\mbox{$\,$}}Torr{\mbox{$\,$}}K\textsuperscript{{\mbox{$-$}}1}{\mbox{$\,$}}mol\textsuperscript{{\mbox{$-$}}1}\\ \hline 
\end{longtable}


The ideal gas constant, {\itshape R},  is a constant from the ideal gas equation, above, that helps to relate the various quantities together. The gas constant represents the same value, but the exact numerical representation of it may be different depending on the units used for each term. The table at right shows some values of {\itshape R} for different units. Here is the value of {\itshape R} using Joules for energy, Kelvin for temperature, and moles for quantity:

\EqnTemplate{Ideal Gas Constant}
\begin{myquote}
\item{} \begin{equation*}R = 8.314472\ \ JK^{-1}mol^{-1}\end{equation*}
\end{myquote}


\newline{}
\subsection{Real Gases}
\label{309}

All {\bfseries real gases} (or {\itshape non-{}ideal} gases) deviate from the ideal gas laws that we discussed above. These deviations can occur for several reasons:

\begin{myitemize}
\item{}  Real molecules have mass and volume. They are too big and no longer behave like ideal point masses
\item{}  Low volumes and high pressures cause molecules to be close enough for intermolecular forces.  Polar molecules exaggerate the problem.
\item{}  Low temperature means low kinetic energy. At lower temperatures, intermolecular forces become significant and cannot be ignored like they are in ideal gasses
\item{}  Other complicated factors may prevent ideal behavior.
\end{myitemize}


When these issues are present, gas molecules attract each other, and may even condense into a liquid.  Gases act most like ideal gases when the molecules have low mass (small volume), are not polar, and are at high temperature and low pressure. Noble gases like Xenon or Argon act the most like ideal gases because they are mostly electrical neutral and non-{}interactive.
\section{Kinetic Molecular Theory}
\label{310}
This theory describes why gases exhibit their properties.  It only applies accurately to ideal gases.  Because there is no such thing as an ideal gas, the {\bfseries Kinetic Molecular Theory} can only approximate gas behavior. It is still very useful to chemists.

\myhref{http://en.wikipedia.org/wiki/Kinetic\%20theory}{w:Kinetic theory}

The Kinetic Molecular Theory explains the pressure, temperature, kinetic energy, and speed of gases and their molecules.  See Wikipedia for the exact equations of the Kinetic Molecular Theory, as well as detailed explanations.  What is most important is understanding the general concepts, not the specific equations.
\subsection{Kinetic Energy and Temperature}
\label{311}
Kinetic energy is the mechanical, or movement, energy.  It is given by the equation:

\begin{myquote}
\item{} \begin{equation*}KE = \frac{1}{2}mv^2_{rms}\end{equation*}
\end{myquote}


where
\begin{myquote}
\item{} {$m$} is mass and
\item{} {$v_{rms}$} is the average velocity
\end{myquote}


Explained with words, kinetic energy is dependent on the product of a particle\textquotesingle{}s mass and its velocity squared.  The more kinetic energy, the faster a particle moves.  Conversely, the faster a particle moves, the more kinetic energy it has.

The Kinetic Molecular Theory states that kinetic energy and temperature are directly proportionate.  Thus, a double in temperature will result in a double in kinetic energy and an increase in velocity by a factor of 1.4 (the square root of 2, see the KE equation). This means that the higher the temperature of a gas, the faster the individual particles in that gas are moving.

A hotter gas has more kinetic energy than a colder gas.  If two gases are at the same temperature, they will have the same kinetic energy.  The lighter-{}massed gas will have a higher average speed for its particles at the same energy level.  It is important to know that gas temperature {\bfseries must be measured in kelvin}.  Zero degrees Celsius is 273 kelvin.  One Celsius degree is equal to one kelvin, but the kelvin scale has water\textquotesingle{}s freezing point at 273 and boiling point at 373.  It is necessary to use kelvin because temperatures must always be positive when using the Kinetic Molecular Theory.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Question for the reader
\end{mydescription}
}
\begin{myquote}\item{}
A gas\textquotesingle{}s temperature is increased from 20 °C to 40° C.  What factor does its kinetic energy increase?  Velocity?

\end{myquote}
}

\LaTexInfoTemplateOne{Keep in mind that gases are all about averages. For a temperature increase, there will be an average increase in the kinetic energy of the particles in that gas. Even in a very hot gas there will be some particles moving very slowly. However, the average will be high.}
\subsection{Pressure and Collisions}
\label{312}

Pressure exists because the gas molecules are in continuous random motion, and they will constantly strike the walls of their container.  Pressure will increase as the speed of the molecules increases, due to greater forces of collision.  Pressure will also increase as the mass of the molecules increase.  A small, slow molecule has less momentum than a large, fast molecule, which explains their difference in pressure.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Question for the reader
\end{mydescription}
}
\begin{myquote}\item{}
There are two jars of ideal gas, for example.  In Jar A there is nitrogen gas (N\textsubscript{2}).  In Jar B there is methane gas (CH\textsubscript{4}).  Both jars are at the same temperature.  Which will have greater pressure?

\end{myquote}
}

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Question for the reader
\end{mydescription}
}
\begin{myquote}\item{}
Now, Jars A and B both have propane gas (C\textsubscript{3}H\textsubscript{8}).  Jar A is at 300 K and Jar B is at 500 K.  Which will have greater pressure?

\end{myquote}
}

\LaTeXNullTemplate{}

\myhref{http://es.wikibooks.org/wiki/Qu\%EDmica\%2FPropiedades\%20de\%20los\%20gases}{es:Química/Propiedades de los gases}
\myhref{http://pt.wikibooks.org/wiki/Introdu\%E7\%E3o\%20\%E0\%20Qu\%EDmica\%2FA\%20fase\%20gasosa}{pt:Introdução à Química/A fase gasosa}
\chapter{Phase Changes}
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\section{Phase Diagrams}
\label{314}
Phase diagrams predict the phase of a substance at a certain pressure and temperature.
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The {\bfseries triple point} is where all three phases of matter can exist in equilibrium. Points that are on a line are where two phases of matter can coexist.

The {\bfseries critical point} is the highest pressure and temperature that the three normal phases can exist. Any further, and the characteristics become a blend of liquid and gas.
\section{Changes in State}
\label{315}


\begin{minipage}{0.75000\textwidth}
\begin{center}
\includegraphics[width=1.0\textwidth,height=6.5in,keepaspectratio]{../images/129.\SVGExtension}
\end{center}
\raggedright{}\myfigurewithoutcaption{129}
\end{minipage}\vspace{0.75cm}



If the temperature and pressure change and move across a line in the diagram, the phase will also to change. There are six ways this can happen:

\begin{myitemize}
\item{} Solid to liquid:  {\bfseries melting}
\item{} Liquid to solid:  {\bfseries freezing}
\item{} Liquid to gas:  {\bfseries evaporation}
\item{} Gas to liquid:  {\bfseries condensation}
\item{} Gas to solid:  {\bfseries deposition}
\item{} Solid to gas:  {\bfseries sublimation}
\end{myitemize}


The diagram on the right also shows the {\itshape plasma} state of matter.  A \myhref{http://en.wikipedia.org/wiki/Plasma}{plasma} is simply a gas that has been completely ionized, so that there is a mixture of positive ions and electrons.  It has interesting electrical properties, but it is not important in the scope of General Chemistry.
\subsection{Energy Changes}
\label{316}
\LaTexHelpFulHintTemplate{The {\itshape kinetic energy} of a molecule is directly proportional to its temperature.  {\itshape Potential energy} is used to break bonds.}
If you boil water, it never goes above 100 degrees Celsius. Only after it has completely evaporated will it get any hotter. This is because once water reaches the boiling point, extra energy is used to change the state of matter and increase the potential energy instead of the kinetic energy. The opposite happens when water freezes. To boil or melt one mole of a substance, a certain amount of energy is required. These amounts of energy are the {\bfseries molar heat of vaporization} and {\bfseries molar heat of fusion}. If that amount of energy is added to a mole of that substance at boiling or freezing point, all of it will melt or boil, but the temperature won\textquotesingle{}t change.
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The graph shows the temperature of ice as heat is added.  Temperature increases linearly with heat, until the melting point.  Then, the heat added does not change the temperature.  That heat energy is instead used to break intermolecular bonds and convert ice into water.  At this point, there is a mixture of both ice and water.  Once all ice has been melted, the temperature again rises linearly with heat added.  At the boiling point, temperature no longer rises with heat added because the energy is once again being used to break intermolecular bonds.  Once all water has been boiled to steam, the temperature will continue to rise linearly as heat is added.

\LaTeXNullTemplate{}
\chapter{Behavior of Gases}
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\section{Evaporation of Liquids}
\label{318}
An open bottle of vinegar standing at room temperature will spread odor across the room despite the fact that it is not boiling.  This is because kinetic energy is unevenly distributed throughout a liquid. Some molecules are moving faster than others.  This allows the liquid to {\bfseries evaporate} into a gas.  In order for evaporation to occur, the entire liquid does not need to be at the boiling temperature; only some individual molecules. At a given temperature a liquid evaporates at a specific rate, causing gas pressure above the liquid in the system that contains it.  Can you guess the vapor pressure of water at 100 degrees Celsius? If you guessed 760 torr or 1 atm, you\textquotesingle{}re right. Liquids boil when their vapor pressures equal the atmospheric pressure around them. Some liquids are more {\bfseries volatile} than others, meaning they evaporate more readily.



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/131.png}
\end{center}
\raggedright{}\myfigurewithcaption{131}{A Boltzmann distribution at various temperatures.}
\end{minipage}\vspace{0.75cm}


Evaporation occurs because of the uneven distribution of kinetic energy.  This is called a {\itshape Boltzmann distribution}.  Although the average kinetic energy of the liquid is below the boiling point, some molecules have above average energy.  That gives them enough energy to overcome their bonds and break free of the liquid.  At the same time, a gas molecule could strike the liquid and slow down enough to become part of it.  There is an {\itshape equilibrium} between the amount of evaporating liquid and the amount of liquifying gas.  Higher temperatures will have an equilibrium that favors more gas.
\section{Motion of Gas Particles}
\label{319}



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/132.png}
\end{center}
\raggedright{}\myfigurewithcaption{132}{This animation demonstrates the motion of gas particles.}
\end{minipage}\vspace{0.75cm}



Gas particles move in random, straight-{}line motion.  Gas particles possess a greater kinetic energy than the particles of a liquid or solid.  The greater kinetic energy is due to gases existing at higher temperatures than liquids or solids.  As temperature increases, particles move faster and, thus, have greater kinetic energy.  The particles of a gas have minimal interactions, except collisions with each other.
\subsection{Diffusion and Effusion}
\label{320}

Due to their random motion, gases will eventually escape from a container if there is a hole in it.  This is called {\bfseries effusion}.  Gases also spread out across a room, or mix together in a container.  This is called {\bfseries diffusion}.

More information about diffusion and effusion is presented in the \mylref{322}{next chapter}.
\section{Dalton\textquotesingle{}s Law of Partial Pressures}
\label{321}

The total amount of pressure exerted by a gas is equal to the sum of its components:

\begin{center}
\begin{equation*}P_{total} = P_1 + P_2 + P_3 + ...\end{equation*}
\end{center}


For instance, if you add 300 torr of nitrogen gas to a container, then you add 250 torr of oxygen to that container, the total pressure will be 550 torr (assuming volume and temperature stayed constant).

Another way of stating this law is that the pressure exerted by a particular gas in a mixture (gases always form homogeneous mixtures with each other) is equal to its mole fraction multiplied by the total pressure.
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\section{Diffusion and Effusion}
\label{323}
\subsection{Diffusion}
\label{324}
{\bfseries Diffusion} is the process of a substance spreading out to evenly fill its container or environment.  In a solution, a concentrated solute diffuses to spread evenly in its solvent. In air, gas molecules diffuse to mix thoroughly. Substances diffuse from areas of high concentration to low concentration. Diffusion explains why an open bottle of ammonia will fill an entire room with odor.  The gas molecules escaping from the bottle spread out to fill their new container: the room.  As a result, the whole room smells.  Upon opening the windows, the gas will diffuse into the environment.

\LaTexInfoTemplateOne{Diffusion occurs because the gas molecules are in continuous random motion. This motion is called {\bfseries Brownian Motion}.  The molecules will eventually reach anywhere they can.}

Diffusion is also the process of two gases mixing together, if both stored in the same container.  They will spread out evenly, resulting in a solution (homogeneous mixture).
\subsection{Effusion}
\label{325}
{\bfseries Effusion} is the process of gas molecules escaping from a small hole in the container.  Effusion explains why fumes are noticeable near a leaky fuel pipe.

\LaTexInfoTemplateOne{Effusion is also explained by the continuous random motion of the molecules.  The random motion prevents molecules from avoiding the small hole.  Slowly but steadily, gas molecules will pass through the hole.}

Effusion obviously depends on the size of the hole.  If small enough, effusion may not occur because, like a beach ball hitting a basketball hoop, the molecules can\textquotesingle{}t fit.  Larger holes obviously allow molecules to escape faster.  If the hole is large enough, the process may be considered diffusion instead of effusion.

Effusion can be seen with balloons.  Effusion proves that the balloon has holes in it, even though it looks totally impassable.  When left alone for several days, a balloon filled with helium will eventually deflate.  If that balloon were filled with hydrogen, it would deflate in less time because the molecules are smaller and escape with ease.
and you can try that
\section{Graham\textquotesingle{}s Law of Effusion}
\label{326}
\LaTeXPlainBoxTemplate{Graham\textquotesingle{}s Law can be used to approximate diffusion.  However, diffusion involves two or more gases interacting with each other, so the equation is not accurate.}
The more massive a gas is, the slower it effuses.  The relationship is given by {\bfseries Graham\textquotesingle{}s Law}.


\begin{center}
\begin{equation*}\frac{Rate_1}{Rate_2} = \sqrt \frac{M_2}{M_1}\end{equation*}, where M is the molar mass of a gas molecule.
\end{center}


As an example, assume there are two identical containers with holes.  Container A has hydrogen gas (M=2 g/mol) and Container B has helium gas (M=4 g/mol).  If the hydrogen gas effuses at a rate of 4 mol/hr, the helium gas would effuse at a slower rate (being heavier).  Using Graham\textquotesingle{}s Law, we can see that it would effuse at a rate of about 2.8 mol/hr.  
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\section{Gas Laws}
\label{328}

As the result of many different scientists and experiments, several {\itshape gas laws} have been discovered.  These laws relate the various {\bfseries state variables} of a gas.
\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription} State Variables of a Gas
\end{mydescription}
}

\begin{myitemize}
\item{}  Pressure (P)
\item{}  Volume (V)
\item{}  Temperature (T)
\item{}  Molar mass (n)
\end{myitemize}
}
These gas laws can be used to compare two different gases, or determine the properties of a gas after one of its state variables have changed.

\begin{longtable}{>{\RaggedRight}p{0.19658\linewidth}>{\RaggedRight}p{0.19462\linewidth}>{\RaggedRight}p{0.48827\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\frac{V}{n} = constant$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\frac{n_1}{V_1} = \frac{n_2}{V_2}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{\bfseries Avogadro\textquotesingle{}s Law} states that equal volumes of all ideal gases (at the same temperature and pressure) contain the same number of molecules.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$P \times V = constant$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$P_1 \times V_1 = P_2 \times V_2$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{\bfseries Boyle\textquotesingle{}s Law} states that equal pressure is inversely proportional to volume (when temperature is constant).\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\frac{V}{T} = constant$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\frac{V_1}{T_1} = \frac{V_2}{T_2}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{\bfseries Charles\textquotesingle{} Law} states that volume is proportional to temperature (when pressure is constant).  Remember that temperature must be measured in Kelvin.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\frac{P}{T} = constant$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\frac{P_1}{T_1} = \frac{P_2}{T_2}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{\bfseries Gay-{}Lussac\textquotesingle{}s Law} states that pressure is proportional to temperature (when volume is constant). 
\end{longtable}

\subsection{Combined Gas Law}
\label{329}

Combining Charles\textquotesingle{} Law, Boyle\textquotesingle{}s Law, and Gay-{}Lussac\textquotesingle{}s Law gives us the {\bfseries combined gas law}.

\begin{longtable}{>{\RaggedRight}p{0.18172\linewidth}>{\RaggedRight}p{0.73792\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\frac{P \times V}{T} = constant$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}For a gas with constant molar mass, the three other state variables are interrelated.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\frac{P_1 \times V_1}{T_1} = \frac{P_2 \times V_2}{T_2}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}The Combined Gas Law can be used for comparisons between gases. 
\end{longtable}

\section{Ideal Gas Law}
\label{330}

When Avogadro\textquotesingle{}s Law is considered, all four state variables can be combined into one equation.  Furthermore, the \symbol{34}constant\symbol{34} that is used in the above gas laws becomes the Universal Gas Constant (R).

To better understand the Ideal Gas Law, you should first see how it is derived from the above gas laws.
\begin{longtable}{>{\RaggedRight}p{0.19451\linewidth}>{\RaggedRight}p{0.72513\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$V \propto n \,$} and {$V \propto \frac{T}{P}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This is simply a restatement of Avogadro\textquotesingle{}s Law and the Combined Gas Law.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$V \propto \frac{n \times T}{P}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}We can now combine the laws together. \\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\frac{V}{\frac{n \times T}{P}} = R$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Let R be a constant, and write the proportion in the form of an equation.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\frac{P \times V}{n \times T} = R$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Rearranging the fraction gives one form of the {\bfseries ideal gas law}. 
\end{longtable}


The ideal gas law is the most useful law, and it should be memorized.  If you know the ideal gas law, you do not need to know any other gas laws, for it is a combination of all the other laws.  If you know any three of the four state variables of a gas, the unknown can be found with this law.  If you have two gases with different state variables, they can be compared.

There are three ways of writing the ideal gas law, but all of them are simply algebraic rearrangements of each other.

\begin{longtable}{>{\RaggedRight}p{0.13348\linewidth}>{\RaggedRight}p{0.78617\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$PV = nRT \,$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}This is the most common form.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\frac{PV}{nT} = R$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}This form is useful for predicting the effects of changing a state variable.  To maintain a constant value of R, an change in the numerator must result in a proportional change in the denominator, and vice versa.  If, for example, the pressure is decreased in a constant-{}volume container, you can use this form to easily predict that the temperature must decrease.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\frac{P_1V_1}{n_1T_1} = \frac{P_2V_2}{n_2T_2}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Because R is the same constant for all gases, this equation can be used to relate two gases to each other. 
\end{longtable}


\LaTexInfoTemplateOne{{\bfseries
\begin{mydescription}Rules for Using the Ideal Gas Law
\end{mydescription}
}

\begin{myitemize}
\item{} Always convert the temperature to kelvins (K).
\item{} Always convert mass to moles (mol).
\item{} Always convert volume to liters (L).
\item{} It is preferable to convert pressure to kilopascals (kPa). R, the Universal Gas Constant, would be 8.314 (L·kPa)/(mol·K).
\end{myitemize}
}
\section{Kinetic Molecular Theory}
\label{331}

\myhref{http://en.wikipedia.org/wiki/Kinetic\%20theory}{w:Kinetic theory}
The Kinetic Molecular Theory attempts to explain the gas laws.  It describes the behavior of microscopic gas molecules to explain the macroscopic behavior of gases.  According to this theory, an ideal gas is composed of continually moving molecules of negligible volume. The molecules move in straight lines unless they collide into each other or the walls of their container.

\begin{longtable}{>{\RaggedRight}p{0.12122\linewidth}>{\RaggedRight}p{0.79842\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$P = \frac{F}{A}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}The {\bfseries pressure} of the gas on the container is explained as the force the molecules exert on the walls during a collision.  Pressure is equal to the average force of collisions divided by the total surface area of the container.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$T=\frac{2}{3k_B} K$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}The {\bfseries temperature} of the gas is proportional to the average kinetic energy of the molecules. {$K$} denotes the average kinetic energy of the molecules, and {$k_B$} is the {\itshape Boltzman constant} (1.388 x 10\textsuperscript{-{}23}). 
\end{longtable}


The gas laws are now explained by the microscopic behavior of gas molecules:
\begin{myitemize}
\item{} Boyle\textquotesingle{}s Law: The pressure of a gas is inversely proportional to its volume.  A container\textquotesingle{}s volume and surface area are obviously proportional.  Based on the pressure equation, an increase in volume (and thus surface area) will decrease pressure.
\item{} Charles\textquotesingle{} Law: the volume of a gas is proportional to its temperature.  As the volume (and surface area) increases, the pressure will decrease unless the force also increase.  When pressure is constant, the volume and temperature must be proportional.  The temperature equation above explains why:  the energy of the molecules (and their collision force) is proportional to temperature.
\item{} Gay-{}Lussac\textquotesingle{}s Law: The temperature of a gas is directly proportional to its pressure.  An increase in temperature will increase the kinetic energy of the molecules (shown by the temperature equation).  Greater kinetic energy causes the molecules to move faster.  Their collisions with the container will have more force, which increases pressure.
\item{} Avogadro\textquotesingle{}s Law: Equal volumes of all ideal gases (at the same temperature and pressure) contain the same number of molecules.  According to the Kinetic Molecular Theory, the size of individual molecules is negligible compared to distances between molecules. Even though different gases have different sized molecules, the size difference is negligible, and the volumes are the same.
\end{myitemize}

\subsection{Derivation of Ideal Gas Law}
\label{332}

\begin{longtable}{>{\RaggedRight}p{0.19596\linewidth}>{\RaggedRight}p{0.72368\linewidth}} 
\multicolumn{2}{>{\RaggedRight}p{0.95982\linewidth}}{\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Suppose there are {$N$} molecules, each with mass {$m$}, in a cubic container with side length {$s$}. Even though the molecules are moving in all directions, we may assume, on average, that one third of the molecules are moving along the x-{}axis, one third along the y-{}axis, and one third along the z-{}axis. We may assume this because the motion of the molecules is random, so no direction is preferred.}\\ \multicolumn{2}{>{\RaggedRight}p{0.95982\linewidth}}{\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Suppose the average speed of the molecules is {$u$}. Let a specific wall of the container be labeled A. Because the collisions in Kinetic Molecular Theory are perfectly elastic, the speed after a collision is {$-u$}.  Therefore, the average change in {\itshape momentum} (the product of mass and velocity) per collision is {$2mu$}.Each molecule, on average, travels a distance of {$2s$} between two consecutive collisions with wall A. Therefore, it will collide {$u/2s$} times per second with wall A.}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2mu \times \frac{u}{2s}=\frac{mu^2}{s}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The average change in momentum per molecule per second.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\frac{Nmu^2}{3s}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Therefore, this is the total change in momentum per second for the {$(1/3)N$} molecules that collide into wall A. This is the momentum per second that was exerted onto wall A.  Because force equals the change in momentum over time, this value is the force exerted on wall A.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\frac{Nmu^2}{3s} \times \frac{1}{s^2}=\frac{Nmu^2}{3s^3}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Pressure is defined as force per unit area, so this is the pressure {$P$} of the gas.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$PV=\frac{Nmu^2}{3}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Because the volume of the container is {$V=s^3$}, we can rearrange the equation.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$K=\frac{1}{2}mu^2$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The kinetic energy of a single particle is given by this equation.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$PV=\frac{2}{3}NK$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Substitute kinetic energy into the {$PV$} equation.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$PV=N k_B T$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Substitute the temperature equation (from the previous section).\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$PV = N_A n k_B T$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Avogadro\textquotesingle{}s number {$N_A$} is equal to the number of molecules per mole.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$R = k_B N_A$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} By definition, the ideal gas constant is equal to the Boltzmann constant times Avogadro\textquotesingle{}s number.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$PV=nRT$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The ideal gas law is derived from the Kinetic Molecular Theory. 
\end{longtable}

\section{Deviations from the Ideal Gas Law}
\label{333}

In an ideal gas, there are no intermolecular attractions, and the volume of the gas particles is negligible. However, there is no real gas that can perfectly fits this behavior, so the Ideal Gas Law only approximates the behavior of gases. This approximation is very good at high temperatures and low pressures.

At high temperature the molecules have high kinetic energy, so intermolecular attractions are minimized.  At low pressure the gas occupies more volume, making the size of the individual molecules negligible.  These two factors make the gas behave ideally.

At low temperature or high pressure, the size of the individual molecules and intermolecular attractions becomes significant, and the ideal gas approximation becomes inaccurate. 
\section{Eudiometers and Water Vapor}
\label{334}

\LaTexHelpFulHintTemplate{In calculations for a gas above a liquid, the vapor pressure of the liquid must be considered.}

A {\bfseries eudiometer} is a device that measures the {\itshape downward displacement} of a gas. The apparatus for this procedure involves an inverted container or jar filled with water and submerged in a water basin. The lid of the jar has an opening for a tube through which the gas to be collected can pass. As the gas enters the inverted container, it forces water to leave the jar (displacing it downward). To fill the entire container with gas, there must enough gas pumped into the container to expel all of the water.



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/133.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{133}{Gas is created by burning a substance that releases methane.  The {\itshape eudiometer} on the right was full of water before the gas was created.  By measuring the change in volume, the amount of gas can be calculated.}
\end{minipage}\vspace{0.75cm}



As seen in this diagram, the downward displacement involves water. Therefore, in the container where the gas is collected, there is unwanted water vapor. To account for the water vapor, subtract the pressure of water vapor from the pressure of the gases in the container to find the pressure of the collected gas.  This is simply a restatement of Dalton\textquotesingle{}s Law of Partial Pressure:

\begin{center}
\begin{equation*}P_{total} = P_{water~vapor} + P_{gas}\end{equation*}
\end{center}


The pressure of water vapour can be found on \myhref{http://eweb.chemeng.ed.ac.uk/chemeng/water.html}{ this webpage}.
\section{Gas Laws Practice Questions}
\label{335}

\begin{myenumerate}
\item{}  Between the Combined Gas Law and the Ideal Gas Law, which one accounts for chemical change? Explain.
\item{}  Calculate the density of hydrogen at a temperature of 298 K and pressure of 100.0 kPa.
\item{}  What volume does 5.3 moles of oxygen take up at 313 K and 96.0 kPa?
\item{}  Hydrogen and sulfur chemically combine to form the gas hydrogen sulfide, according to the reaction: H\textsubscript{2 (g)} + S\textsubscript{(s)} → H\textsubscript{2}S\textsubscript{(g)}. How many liters of hydrogen are required to form 7.4 L of hydrogen sulfide (at STP: 273 K, 101.3 kPa)? 
\end{myenumerate}



\myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FGas\%20Laws\%2FAnswers}{Answers to Gas Laws Practice Questions}
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\label{336}
\LaTeXNullTemplate{}

{\bfseries Chemical equilibrium} occurs when a {\bfseries reversible reaction} is occurring backwards and forwards at the same time by the same amount.  It is the balancing point of a chemical reaction, when it seems to stop happening.  Although some reactions (like the combustion of propane) occur to completion (no backwards reaction), most reactions occur in both the forward and backward direction.  One reaction will occur at a faster rate than the other, causing a net result.  As the reaction progresses, the forward reaction slows down and the backward reaction speeds up.  When the rates are equal, {\bfseries equilibrium} has occurred.  The reaction appears to have stopped, and the total amount of products and reactants remains stable.

\LaTexInfoTemplateOne{Chemical reactions never really stop, but they no longer make any progress once the forwards and backwards reactions are occurring at the same rate.  This is {\itshape equilibrium}.}
\section{The Equilibrium Constant}
\label{337}

The ratio of products to reactants, or {$K_{eq}$} is known as the {\bfseries equilibrium constant}. For the generic reaction mA + nB → xC + yD, the equilibrium constant is


\begin{center}
\begin{equation*}K_{eq} = \frac{[C]^x[D]^y}{[A]^m[B]^n}\end{equation*}
\end{center}


where {$\text{[}$}X{$\text{]}$} detonates the {\bfseries activity} of X. The activity of X is:
\begin{myitemize}
\item{} its concentration if X is a gas or in a solution
\item{} 1 if X is a pure solid or pure liquid
\end{myitemize}


In other words, pure solids and liquids don\textquotesingle{}t affect the equilibrium constant, as long as there is enough for the reaction to proceed.  Their activity is 1, so they don\textquotesingle{}t need to be written in the equilibrium constant.
\subsection{K\textsubscript{p} and K\textsubscript{c}}
\label{338}

There are two types of {$K_{eq}$}.  One is {$K_c$}, and the activities are {\itshape concentrations}.  You are already familiar with this expression; it is the normally-{}used {$K_{eq}$}.  For gaseous reactions, you may use the concentration equilibrium.  You may also use {\itshape partial pressures} instead of concentrations.  This expression is denoted {$K_p$}.  The activities are partial pressures instead of concentrations.  This can only be used when all products and reactants are in the gaseous phase.

To convert between {$K_p$} and {$K_c$}, there is an equation:

\begin{center}
\begin{equation*}K_p = K_c (RT)^{\Delta n}\end{equation*}
\end{center}


R is the Universal Gas Constant and T is the temperature at which the reaction is occurring.  {$\Delta n$} is the change (in moles) of gas molecules between products and reactants.  It may be zero (in which case K\textsubscript{p} = K\textsubscript{c}).
\subsection{Examples}
\label{339}

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Example 1
15.0 moles of X and 20.0 moles of Y are put into an empty 2.0 liter container. They react, and eventually reach equilibrium with 7.0 moles of Z according to the hypothetical equation
\end{mydescription}
}
\begin{myquote}\item{}

\begin{center}
\begin{equation*}\hbox{X} + 2\hbox{Y} \to \hbox{Z}\end{equation*}
\end{center}


Calculate the equilibrium constant.
\end{myquote}
}

Solution: Because the container was originally empty and at equilibrium, all 7.0 moles of Z are produced by the reaction.  Therefore, 7.0 moles of X and 14.0 moles of Y are consumed in the reaction, so at equilibrium there remain 8.0 moles of X, 6.0 moles of Y, and 7.0 moles of Z.  Divide these values by 2.0 liters to determine the concentration, then substitute into the equilibrium expression:


\begin{center}
\begin{equation*}K_{eq} = \frac{[Z]}{[X][Y]^2} = \frac{[3.5]}{[4.0][3.0]^2} = 0.097\end{equation*}
\end{center}


\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Example 2
5.00 moles of hydrogen are put into an empty 1.00-{}L container with 5.00 moles of iodine, where they react according to this equation
\end{mydescription}
}
\begin{myquote}\item{}

\begin{center}
\begin{equation*}\hbox{H}_2 + \hbox{I}_2 \to 2\hbox{HI}\end{equation*}
\end{center}


The equilibrium constant is 51.5 at the temperature of the reaction. Calculate the number of moles of HI that will form.
\end{myquote}
}

Solution: Suppose 2{\itshape y} moles of HI forms. Then, {\itshape y} moles of H\textsubscript{2} and I\textsubscript{2} are consumed.  Therefore, at equilibrium, there are 2{\itshape y} moles of HI, and (5.00 -{} {\itshape y}) moles of both H\textsubscript{2} and I\textsubscript{2}. Dividing by 1.00 liters (to find concentration) and writing an equilibrium expression gives:


\begin{center}
\begin{equation*}51.5 = \frac{[2y]^2}{[5.00-y][5.00-y]}\end{equation*}
\end{center}


Solving this equation gives y = 3.91 (reject the other solution, as it is greater than 5.00).  At equilibrium, there are 7.82 mol of HI.
\section{Calculations With K}
\label{340}

The exact value of K doesn\textquotesingle{}t really matter.  What is important is its {\itshape magnitude}.

\begin{longtable}{>{\RaggedRight}p{0.22187\linewidth}>{\RaggedRight}p{0.69778\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries K >{} 1}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Reactions favors products\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries K <{} 1 }&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Reaction favors reactants 
\end{longtable}


If the reaction favors products, it will occur in the forward (left-{}to-{}right) direction.  If K is very large, the reaction will occur mostly to completion, using up almost all the reactants.

If the reaction favors reactants, it will occur in the reverse (right-{}to-{}left) direction.  If K is very small, the reaction will use up almost all the products and make them into reactants.  The reverse reaction is favored.
\subsection{Reaction Arithmetic}
\label{341}

If you reverse the reaction (changing the direction of the arrow, or flipping the left and right sides), the new value of K\textsubscript{eq} will be its reciprocal.

\begin{center}

\begin{longtable}{|>{\RaggedRight}p{0.41824\linewidth}|>{\RaggedRight}p{0.50141\linewidth}|} \hline 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} A → B &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} (K = x)\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} B → A &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} (K = 1/x)\\ \hline 
\end{longtable}


\end{center}


If you add two reactions, their equilibrium constants are multiplied.

\begin{center}

\begin{longtable}{|>{\RaggedRight}p{0.46137\linewidth}|>{\RaggedRight}p{0.45827\linewidth}|} \hline 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}A → B \newline{} G → H &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} (K = x) \newline{} (K = y)\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}A + G → B + H &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} (K = xy)\\ \hline 
\end{longtable}


\end{center}


These basic principles can help you determine an unknown equilibrium constant by combining known constants.
\subsection{Q}
\label{342}

K\textsubscript{eq} is only used when a reaction is in equilibrium.  To find it, write its concentration (or partial pressure) expression, then plug in all the measured values.  The resulting K can be used to predict other equilibrium positions.

If a reaction is not at equilibrium, you can still plug in the measured concentrations.  Instead of calling this value K\textsubscript{eq}, it is called Q.

\begin{longtable}{>{\RaggedRight}p{0.12663\linewidth}>{\RaggedRight}p{0.79301\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries  Q >{} K }&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The products must decrease and the reactants will increase.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries  Q = K }&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} There is equilibrium.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries  Q <{} K }&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The reactants must decrease and the products will increase. 
\end{longtable}


So, if you know the equilibrium constant for a reaction, and you know all the concentrations, you can predict what direction the reaction will proceed.
\subsection{I-{}C-{}E Charts}
\label{343}

Let\textquotesingle{}s say you know K for a reaction, and you know some concentrations.  You can calculate the final (equilibrium) concentrations using an \symbol{34}Initial-{}Change-{}Equilibrium\symbol{34} chart.  Here is an example.


\begin{center}
\begin{equation*}\hbox{CO}_{(g)} + \hbox{H}_2\hbox{O}_{(g)} \to \hbox{CO}_{2(g)} + \hbox{H}_{2(g)}\end{equation*}
\end{center}


At 25°C, K\textsubscript{c} = 23.2 for this reaction.

First, write the equilibrium expression:


\begin{center}
\begin{equation*}K_c = \frac{[H_2][CO_2]}{[CO][H_2O]}\end{equation*}
\end{center}


In a sealed container of 2.00 L: 3 mol H\textsubscript{2}O, 4 mol CO, 1 mol H\textsubscript{2} have been added.  (Write the ICE chart):


\begin{center}

\begin{longtable}{>{\RaggedRight}p{0.25419\linewidth}>{\RaggedRight}p{0.11773\linewidth}>{\RaggedRight}p{0.14159\linewidth}>{\RaggedRight}p{0.13455\linewidth}>{\RaggedRight}p{0.15105\linewidth}} 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} }&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} CO}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} H\textsubscript{2}O}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} CO\textsubscript{2}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} H\textsubscript{2}}\endhead  \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Initial&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1.5&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0.5\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Change&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}x&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}x&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +x&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +x\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Equilibrium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2-{}x&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1.5-{}x&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} x&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0.5+x 
\end{longtable}


\end{center}


Now, plug in the \symbol{34}equilibrium\symbol{34} values into the K expression.  Substitute all known values and solve for x.  Then, substitute x for the final values to determine the equilibrium concentrations.

By substituting everything into the K expression, we have:


\begin{center}
\begin{equation*} 23.3 = \frac{(0.5+x) \times (x)}{(2-x) \times (1.5-x)}\end{equation*}
\end{center}


Solving this will require the use of the quadratic equation.  It may be easier to use approximations or a graphing calculator.  When solved, {$x = 1.34$} (disregard values of x that would give negative concentrations).  By substituting x into the \symbol{34}equilibrium\symbol{34} values in the ICE chart, we can determine the concentrations of all substances when the reaction reaches equilibrium.


\begin{center}

\begin{longtable}{>{\RaggedRight}p{0.20982\linewidth}>{\RaggedRight}p{0.20982\linewidth}>{\RaggedRight}p{0.20982\linewidth}>{\RaggedRight}p{0.20982\linewidth}} 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}CO}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}H\textsubscript{2}O}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}CO\textsubscript{2}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}H\textsubscript{2}}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}0.66 M&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}0.16 M&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1.34 M&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1.84 M 
\end{longtable}


\end{center}


To check your answer, you could substitute these values into the equilibrium expression and see if it equals 23.3 (the given K\textsubscript{eq} value).

\LaTexInfoTemplateOne{This was a fairly simple example.  There were no coefficients in the reaction, so no exponents in the expression.}

The purpose of doing this is to see the final concentrations of the substances involved in a chemical reaction.  Unless K\textsubscript{eq} is incredibly large, not all the reactants will be consumed.
\section{Equilibrium in Detail}
\label{344}

The next few chapters in this book will provide more details on equilibrium.
\subsection{Shifts in Equilibrium}
\label{345}
{\bfseries Le Chatelier\textquotesingle{}s principle} states that a system will adapt to minimize a change.  If reactants are added, they will be consumed and products will form.  Likewise, if products are added, they will be consumed (by the reverse reaction) and reactants will form.  

The only change in a system that will affect the value of K\textsubscript{eq} is temperature.  The value of K\textsubscript{eq} is never changed by the concentrations or pressures of the substances.
\subsection{Special Constants}
\label{346}
\begin{longtable}{>{\RaggedRight}p{0.19194\linewidth}>{\RaggedRight}p{0.72770\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$K_a = \frac{[H^+] [A^-]}{[HA]}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Acids and bases have special {\bfseries ionization constants}, which show how they react with water. The acid ionization constant, or K\textsubscript{a}, tells how strong an acid is.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$K_b = \frac{[\mbox{OH}^-][\mbox{BH}]} {[\mbox{B}]}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The base ionization constant, K\textsubscript{b}, similarly tells how strong a base is.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$K_{sp} = \frac{[A^+] [B^-]}{[AB]}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The {\bfseries solubility product} K\textsubscript{sp} shows how much an ionic substance will dissociate when dissolved. 
\end{longtable}
\subsection{Relation to E}
\label{347}
There is a special relation between the standard potential of a redox reaction and the equilibrium constant
{$E=\frac{0.0592 \log K}{n}$}, where n is the number of moles of electrons transferred.
This is a significant equation, because this allows us to calculate the hard to measure K from the easy to measure E.
\myhref{http://it.wikibooks.org/wiki/Chimica\%20generale\%2FEquilibrio\%20chimico}{it:Chimica generale/Equilibrio chimico}
\LaTeXNullTemplate{}
\chapter{Le Chatelier\textquotesingle{}s Principle}





\label{348}
\LaTeXNullTemplate{}
\section{Le Chatelier\textquotesingle{}s Principle}
\label{349}
Le Chatelier\textquotesingle{}s Principle states that when a system that is in \myhref{http://en.wikipedia.org/wiki/Dynamic\%20equilibrium}{dynamic equilibrium} is disrupted in some way, the system will respond with chemical or physical changes to restore a new equilibrium state.

There are several changes that can effect the equilibrium position of a system:
\begin{myitemize}
\item{} Concentration
\item{} Pressure/Volume
\item{} Temperature
\end{myitemize}

\subsection{Concentration}
\label{350}

If the concentrations in a system are changed, Le Chatelier\textquotesingle{}s Principle predicts that the equilibrium position will shift to minimize the change.

{$CO(g) + H_2O(g) \rightleftharpoons CO_2(g) + H_2(g)$}

For example, let us say that the reaction above is at equilibrium. Adding more reactants ({$CO(g)$} and {$H_2O(g)$}) will disturb the equilibrium system because it raises the reactant concentration. The system will then produce more products ({$CO_2(g)$} and {$H_2(g)$}) and will decrease the reactant concentration in order to obtain equilibrium again. The system is now at a new equilibrium position, and the change created has been minimized.

The above example shows that increasing the reactants in an equilibrium system favors the products because the system produces more products and reduces the amount of reactants. The table below shows the response of an equilibrium system to changes in concentration:

\begin{longtable}{>{\RaggedRight}p{0.54420\linewidth}>{\RaggedRight}p{0.37544\linewidth}} 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Change in Concentration}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} System response}\endhead  \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Increase reactant&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Favors products\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Decrease reactant&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Favors reactants\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Increase product&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Favors reactants\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Decrease product&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Favors products 
\end{longtable}

\subsection{Pressure/Volume}
\label{351}

If some the substances in a system are gas, changing their partial pressure is the same as changing their concentrations.

If the volume is increased, the overall pressure decreases (and vice versa).  Consider the reaction A + B → 3C.  There are three moles of products for every two moles of reactants.  The product side has higher pressure than the reactant side.  So, if pressure is increased (or volume decreased), equilibrium will shift towards the lower pressure side.  Products will be consumed (by the reverse reaction) and reactants will form.

If pressure is decreased (or volume increased), equilibrium will shift towards the higher pressure side.

\LaTexInfoTemplateOne{If an inert gas (such as neon) is added to a system, it will raise the overall pressure.  However, the partial pressures of all products and reactants are unchanged, so no shift in equilibrium occurs.}
\subsection{Temperature}
\label{352}

Changes in concentration, pressure, and volume affect the equilibrium position, but the equilibrium constant K\textsubscript{eq} is unchanged.  These changes can be calculated using the equilibrium expression and known values of K\textsubscript{eq} and concentrations.

Temperature, however, does change the value of K\textsubscript{eq}.  When given a value of K, you will also be given a temperature because K is dependent on the temperature.

An increase in temperature will favor the endothermic (heat-{}absorbing) side of a reaction.  A decrease in temperature will favor the exothermic (heat-{}releasing) side of a reaction.

For example, the following reaction is very exothermic:


\begin{center}
\begin{equation*}2\hbox{H}_2 + \hbox{O}_2 \to 2\hbox{H}_2\hbox{O}\end{equation*}
\end{center}


Because it is exothermic, you can think of it like this:


\begin{center}
\begin{equation*}2\hbox{H}_2 + \hbox{O}_2 \to 2\hbox{H}_2\hbox{O} + heat\end{equation*}
\end{center}


At room temperature, K\textsubscript{eq} for this reaction is 3.2 x 10\textsuperscript{81.  If this reaction happens at a very high temperature, what will happen?  Less product will form (or maybe the reverse reaction will occur if the temperature is high enough) and K\textsubscript{eq} will be smaller.  What will happen if this reaction occurs at a very low temperature?  More product will form and K\textsubscript{eq} will be larger.

\LaTeXNullTemplate{}
\chapter{Acid-{}Base Equilibrium}

}



\label{353}
\LaTeXNullTemplate{}

Consider an acid, HA, in water. According to the Brønsted-{}Lowry acid/base theory, the acid should protonate the water to form hydronium and the {\itshape conjugate base}, A\textsuperscript{-{}}. There will be an {\bfseries equilibrium} between the acid and water, and hydronium and the conjugate base.


\begin{center}
\begin{equation*}\hbox{HA} + \hbox{H}_2\hbox{O} \leftrightarrow \hbox{H}_3\hbox{O}^+ + \hbox{A}^-\end{equation*}
\end{center}


This equilibrium can be used to calculate the concentrations of species in the solution.
\section{Acid Dissociation Constant}
\label{354}
Like all equilibria, an acid/base dissociation will have a particular {\bfseries equilibrium constant} which will determine the extent of the reaction (whether it lies to the left or right of the equation). As the equilibrium constant approaches zero, the reaction tends to form 100\% reactants. As the equilibrium constant approaches infinity, the reaction tends to form 100\% products. The equilibrium constant K=1 states that there will be 50\% products and 50\% reactants.


\begin{center}
\begin{equation*}K = \frac{[\hbox{H}_3\hbox{O}^+][\hbox{A}^-]}{[\hbox{H}_2\hbox{O}][\hbox{HA}]}\end{equation*}
\end{center}


\LaTexHelpFulHintTemplate{Strong acids/bases dissociate completely, so their equilibrium constants are overwhelmingly large.}
Because the equilibrium is used for calculating the concentrations of weak acids, very little water actually reacts. The concentration of water during the reaction is, therefore, a constant, and can be excluded from the expression for K. This gives rise to a special equilibrium constant, K\textsubscript{a}, known as the {\bfseries acid dissociation constant}. It is simply K multiplied by the concentration of water.


\begin{center}
\begin{equation*}K_a = \hbox{K}[\hbox{H}_2\hbox{O}] = \frac{[\hbox{H}_3\hbox{O}^+][\hbox{A}^-]}{[\hbox{HA}]}\end{equation*}
\end{center}


{\itshape The K\textsubscript{a} of a weak acid determines how acidic it is, i.e., how far its equilibrium lies to the right.} The K\textsubscript{a} values of weak acids can and have been determined experimentally.
\section{Base Dissociation Constant}
\label{355}
A similar equilibrium exists when a weak base is dissolved in water. The base will accept a proton from water and form a conjugate acid, BH\textsuperscript{+}.


\begin{center}
\begin{equation*}\hbox{B} + \hbox{H}_2\hbox{O} \leftrightarrow \hbox{OH}^- + \hbox{BH}^+\end{equation*}
\end{center}


This equilibrium has its own special constant, K\textsubscript{b}, known as the {\bfseries base dissociation constant}. Like the acid dissociation constant, it is defined as the equilibrium constant multiplied by the concentration of water.


\begin{center}
\begin{equation*}K_b = K[\hbox{H}_2\hbox{O}] = \frac{[\hbox{BH}^+][\hbox{OH}^-]}{[\hbox{B}]}\end{equation*}
\end{center}

\section{Ion Product Constant}
\label{356}
A special equilibrium exists between ordinary water molecules. Occasionally, one water molecule will act as an acid, and donate a proton to another water molecule (which acts as a base). This is the {\itshape auto-{}ionization} of water.


\begin{center}
\begin{equation*}\hbox{H}_2\hbox{O} + \hbox{H}_2\hbox{O} \leftrightarrow \hbox{H}_3\hbox{O}^+ + \hbox{OH}^-\end{equation*}
\end{center}


By the Le Chatelier Principle, we can see that if the hydronium ion concentration is increased (by adding an acid), the equilibrium will move to the left and there will be a {\itshape lower} concentration of hydroxide. Thus, hydronium and hydroxide concentration are inversely related—an increase in one will result in a decrease in the other, and vice versa.

The equilibrium expression for this reaction is given a special name, K\textsubscript{w}. Because it simplifies to the product of hydronium and hydroxide concentration, it is sometimes called the {\bfseries ion product} constant. The value of this constant is 1.0 {\mbox{$\times$}} 10\textsuperscript{-{}14} at 25{\mbox{$^\circ$}}C.


\begin{center}
\begin{equation*}K_w = [\hbox{H}_3\hbox{O}^+][\hbox{OH}^-] = 1.0 \times 10^{-14}\end{equation*}
\end{center}


This expression can be used to find the pH of pure water. Recall that pH is the negative logarithm of hydronium ion concentration. If we set the hydronium ion concentration in the above expression to be x, we can derive the pH. The hydroxide ion concentration must also be x (since each molecule of hydroxide is a result of a molecule of hydronium forming). We have:


\begin{center}
\begin{equation*}\begin{matrix}x^2 &=& 1.0 \times 10^{-14} \\ x &=& \sqrt{1.0 \times 10^{-14}} \\ x &=& 1.0 \times 10^{-7} \\ \hbox{pH} &=& -\log{1.0 \times 10^{-7}} \\ \hbox{pH} &=& 7.0\end{matrix}\end{equation*}
\end{center}


This technique can be used to determine the pH of any solution if either one of the ion concentrations are known.
\section{Conjugate Base Expressions}
\label{357}
The conjugate bases of weak acids have a  relationship with their parent acids. Consider the equilibrium expression of the conjugate base, A\textsuperscript{-{}}, of the weak acid HA.


\begin{center}
\begin{equation*}K_b = {\frac{[\hbox{HA}][\hbox{OH}^-]}{\hbox{A}^-}}\end{equation*}
\end{center}


If we multiply the expression for an acid by the expression for its conjugate base, the concentrations of the acid and conjugate base cancel and we obtain the ion product constant for water! This allows us to calculate the K\textsubscript{b} of a base if the K\textsubscript{a} of its conjugate acid is known (and vice versa).


\begin{center}
\begin{equation*}\begin{matrix} \frac{[\hbox{H}_3\hbox{O}^+][\hbox{A}^-]}{[\hbox{HA}]} &\times& \frac{[\hbox{HA}][\hbox{OH}^-]}{[\hbox {A}^-]} &=& [\hbox{H}_3\hbox{O}^+][\hbox{OH}^-] \\ K_a &\times& K_b &=& K_w \\ \end{matrix}\end{equation*}
\end{center}

\section{Summary}
\label{358}
The definitions of the acid and base {\bfseries dissociation constants} are very important. They are presented here for reference.


\begin{center}

\begin{longtable}{>{\RaggedRight}p{0.19727\linewidth}>{\RaggedRight}p{0.72238\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$K_a = \frac{[\hbox{H}_3{O}^+][\hbox{A}^-]}{[\hbox{HA}]}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}The {\itshape acid dissociation constant} measures the strength of an acid dissolved in water.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$K_b = \frac{[\hbox{BH}^+][\hbox{OH}^-]}{[\hbox{B}]}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}The {\itshape base dissociation constant} measures the strength of a base dissolved in water.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$K_w = K_a \times K_b$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}The {\itshape ion product constant} relates the concentrations of acids/bases and their conjugates in a solution. 
\end{longtable}


\end{center}


\LaTeXNullTemplate{}
\chapter{Solutions in Equilibrium}





\label{359}
\LaTeXNullTemplate{}
\section{Solution}
\label{360}
\LaTexHelpFulHintTemplate{You may need to review \mylref{224}{solubility} and \mylref{235}{the properties of solutions}.}
All ionic compounds are soluble in water to some extent, but the degree of solubility varies. While some compounds dissolve almost completely, others dissolve to such a small extent that they are simply called {\itshape insoluble} compounds. Such compounds include calcium sulfate, silver chloride, and lead hydroxide. Generally, ionic compounds whose component ions have larger charge magnitudes are less soluble because the ions are attracted too much to dissociate.  A soluble compound will dissociate because of the attractions with the surrounding water molecules are strong enough to separate the ions.

For an ionic compound to dissociate, the forces of attraction between its component ions and the surrounding water molecules must be greater than the forces of attraction between the ions within the compound. When introduced to an aqueous environment, ionic compounds such as sodium chloride, sodium hydroxide, and ammonium bromide dissolve because of this.
\section{Solubility Constant}
\label{361}
\begin{longtable}{>{\RaggedRight}p{0.27690\linewidth}>{\RaggedRight}p{0.64274\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{AB}_{(s)} \xrightarrow{water} \hbox{A}^+_{(aq)} + \hbox{B}^-_{(aq)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This reaction shows an ionic compound AB dissolving into its ions A\textsuperscript{+} and B\textsuperscript{-{}}.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$K = \frac{[\hbox{A}^+] [\hbox{B}^-]}{[\hbox{AB}]}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This is the equilibrium constant for the reaction.  Water is excluded because, although involved, it is not a product or reactant.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$K_{sp} = [\hbox{A}^+] [\hbox{B}^-]$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Because the undissolved AB is a solid, pure substance, it can be excluded from the expression.  The result is the {\bfseries solubility constant K\textsubscript{sp}}.  It measures the degree of solubility of an ionic compound. 
\end{longtable}


If two or more of the same ion are created by the dissociation of one particle of the ionic compound, the molar concentration of this ion is raised to the power of how many such ions there are. For example, when calcium chloride dissociates, two chloride ions are created in the dissociation of one particle, so the concentration of the chloride ion is squared when calculating K\textsubscript{sp}.

\begin{center}
\begin{equation*}K_{sp} = [\hbox{Ca}^{2+}] [\hbox{Cl}^-]^2\end{equation*}
\end{center}


\LaTexInfoTemplateOne{
K\textsubscript{sp} is the equilibrium constant for the dissolution reaction above.
\begin{myitemize}
\item{} If K\textsubscript{sp} is much {\itshape greater} than 1, the substance is {\bfseries soluble}.
\item{} If K\textsubscript{sp} is very {\itshape close} to 1, the substance is {\bfseries slightly soluble}, or soluble only in very low quantities.
\item{} If K\textsubscript{sp} is {\itshape less} than 1, the substance is {\bfseries insoluble}.
\end{myitemize}
}

An example of a slightly soluble substance is calcium hydroxide.  In very minute quantities, it will dissolve completely, but in large quantities it remains mostly undissolved.
\section{Calculations with K\textsubscript{sp}}
\label{362}
\subsection{Finding K\textsubscript{sp}}
\label{363}

It would not be an uncommon situation if you know a substance\textquotesingle{}s {\itshape solubility} (g/mL), but you need to know its K\textsubscript{sp} value.  Follow this example:

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$K_{sp} = [\hbox{Ca}^{2+}][\hbox{OH}^-]^2$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This is the solubility constant for calcium hydroxide.  We wish to determine is numerical value, but we only know that its solubility is 0.185 g per 100 mL.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$ \frac{0.185~g}{0.100~L} \times \frac{1.00~mol}{74.09~g} = 2.497 \times 10^{-2}~mol/L$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} We need to know its {\bfseries molar solubility}, so we convert units and divide by molar mass.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$K_{sp} = (2.497 \times 10^{-2})(4.994 \times 10^{-2})^2 = 6.23 \times 10^{-5}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Now, plug in the molar solubility into the K\textsubscript{sp} expression.  Notice that the hydroxide concentration is doubled because there will be twice as many moles as the undissolved substance. 
\end{longtable}


We have now determined the K\textsubscript{sp} value for calcium hydroxide.  It will allow us to determine other information about solutions containing these ions, such as percent ionization and the formation of precipitates.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Questions for the reader
Lead(II) iodide is slightly soluble in water.  It forms a bright yellow precipitate if too much is dissolved.  You have determined that 0.75 g will dissolve in one liter of cold water.  What is the molar solubility of lead(II) iodide?  What is the K\textsubscript{sp} value?

After heating the water, the solubility rises to 4.3 g per liter.  What is the new K\textsubscript{sp} value?
\end{mydescription}
}
}

A similar process can be used to determine a substance\textquotesingle{}s solubility by working backwards from the solubility constant.
\subsection{Percent Ionization}
\label{364}

Once an ionic compound\textquotesingle{}s K\textsubscript{sp} value is known, it is possible to determine the {\itshape percent ionization}, or relative amount of dissociated ions.

\begin{longtable}{>{\RaggedRight}p{0.41179\linewidth}>{\RaggedRight}p{0.50786\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$K_{sp} = [Ag^+]^2[SO_4^{2-}] = 1.20 \times 10^{-5}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} We know the K\textsubscript{sp} for silver sulfate, which is slightly soluble, and we want to know the percent ionization.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$1.20 \times 10^{-5} = (2x)^2 \times (x)$}\newline{}{$x = 0.0144$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Substitute {\itshape x} for the concentration of sulfate and {\itshape 2x} for silver.  Solve for x.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$percent~ionized = \frac{0.0144~mol/L}{2.00~mol/L} = 0.72 \%$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} We now know the maximum concentration of the ions.  Any remaining silver nitrate will be undissolved because the solubility has been exceeded and the solution is saturated.  To determine percent ionization, we must know how much silver sulfate was dissolved.  For this example, assume 1.00 mole was dissolved into 0.500 L of water. 
\end{longtable}


As you can see, the percent ionization decreases as the amount of solute increases.  This is because the solution is saturated and no more ions will dissociate.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Question for the reader
Lithium fluoride has a K\textsubscript{sp} of 1.84 x 10\textsuperscript{-{}3}.  If 1.5 g are dissolved, what will be the percent ionization?

\end{mydescription}
}
}

\subsection{Precipitates}
\label{365}

Obviously, the dissociate reaction occurs in reverse if there are too many ions.  In this case, the solution is saturated, and any excess ions will solidify and form a precipitate.

If two soluble solutions are mixed, but the can form an insoluble compound, a precipitate will form.

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$K_{sp} = [\hbox{Ag}^+][\hbox{Cl}^-] = 1.77 \times 10^{-10}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} For example, a solution of silver nitrate is mixed with a solution of sodium chloride.  Both are soluble.  Silver chloride, however, is insoluble.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\frac{.001~g~\hbox{AgNO}_3}{170~g/mol} = 5.9 \times 10^{-6}~mol~\hbox{Ag}^+$}\newline{}\newline{}{$\frac{.001~g~\hbox{NaCl}}{58~g/mol} = 1.7 \times 10^{-5}~mol~\hbox{Cl}^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} If 1.00 mg NaCl and 1.00 mg AgNO\textsubscript{3} are dissolved into 1.00 L of water, will a precipitate form?\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$Q = (5.9 \times 10^{-6})(1.7 \times 10^{-5}) = 1.0 \times 10^{-10}$}\newline{}\begin{center}\begin{equation*}Q < K_{sp}\end{equation*}\end{center}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} No, a precipitate will not form.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\frac{.002~g~\hbox{NaCl}}{58~g/mol} = 3.4 \times 10^{-5}~mol~\hbox{Cl}^-$}\newline{}\newline{}{$Q = (5.9 \times 10^{-6})(3.4 \times 10^{-5}) = 2.0 \times 10^{-10}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Now, another milligram of sodium chloride is dissolved.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{center}\begin{equation*}Q > K_{sp}\end{equation*}\end{center}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The extra chloride ions will bond with silver ions and form a solid precipitate. 
\end{longtable}


In this case, the precipitate would probably be too small and dilute to be noticed.  As more ions are added, however, the solution will become visibly cloudy.

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription}Question for the reader
Calcium carbonate has a K\textsubscript{sp} of 3.36 x 10\textsuperscript{-{}9}.  In a 0.01 M solution of calcium chloride (soluble), how many moles of sodium carbonate (also soluble) can be added before precipitates form?
\end{mydescription}
}
}
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\LaTeXNullTemplate{}

Chemical kinetics is the study of the rates of chemical reactions.  You may know if a reaction is capable of happening, and you may know how far the reaction will proceed, but you don\textquotesingle{}t know fast it will happen.  Consider two reactions:  the rusting of an iron nail and the combustion of propane.  Both reactions will occur, and both will occur to completion.  The rusting will take years to complete, but propane will combust in an instant.  Furthermore, the nail will rust faster when it\textquotesingle{}s moist, and slower in the presence of less oxygen.  Obviously, there are factors that affect the rates of chemical reactions.  The study of these factors and rates is {\bfseries chemical kinetics}.


\begin{center}
\begin{longtable}{>{\RaggedRight}p{0.5\linewidth}}  


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/134.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{134}{This iron wire has taken years to become rusty.}
\end{minipage}\vspace{0.75cm}

\\ 


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/135.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{135}{This fire took only a moment to start.}
\end{minipage}\vspace{0.75cm}

\\ 
\end{longtable}
\end{center}

\section{Reaction Rate}
\label{367}

\begin{longtable}{>{\RaggedRight}p{0.42051\linewidth}>{\RaggedRight}p{0.49914\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$a\hbox{A} + b\hbox{B} \to c\hbox{C} + d\hbox{D}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Consider this generic chemical reaction. (Lower case letters represent the molar coefficients.)\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$r = -\frac{1}{a} \frac{d[\hbox{A}]}{dt} = -\frac{1}{b} \frac{d[\hbox{B}]}{dt} = \frac{1}{c} \frac{d[\hbox{C}]}{dt} = \frac{1}{d} \frac{d[\hbox{D}]}{dt}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The reaction rate {$r$} is defined as the rate of change of the concentration of the substances.  Remember that a substance written inside brackets is its concentration, and it is always raised to the power of its coefficient in the reaction (just like equilibrium expressions).  The reaction rate involves \myhref{http://en.wikibooks.org/wiki/Calculus}{Calculus}, but in non-{}mathematical terms it is simply the rate of change of the concentrations.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$r = k[\hbox{A}]^a[\hbox{B}]^b$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Actually measuring the rate of change of the reactants and products is difficult.  Instead, the reaction rate can be accurately modeled by a {\bfseries rate equation}.  This is an example of a rate equation that might model the above reaction, where {$k$} is a constant. 
\end{longtable}


In summary, the {\itshape reaction rate} can be determined using a {\itshape rate equation}, which depends on (among other things) the concentration of the reactants.  The reaction rate essentially measures the speed at which a reaction proceeds.
\section{Collision Theory}
\label{368}
\LaTeXPlainBoxTemplate{All reactions have activation energy regardless of being endothermic or exothermic.}Collision theory predicts that reactions occur when molecules collide.  In order for reactants to form products, the reactant molecules must physically collide so that they can rearrange themselves into product molecules.  Only some collisions are {\itshape effective} because the collision must involve enough energy to allow the reaction to occur.  This is called {\bfseries activation energy}, the energy needed to begin a reaction.

Activation energy explains why gasoline will not spontaneously ignite.  First, a small spark or flame must be present.  The heat generated by the spark gives the gasoline molecules enough energy to activate the reaction.  Being highly exothermic, the combustion of gasoline releases a large amount of heat—more than enough to activate further reactions and create a fire.

Collision theory allows us to predict the {\bfseries rate constant} {$k$} for a rate equation (see above).  At a given temperature {$T$}, the rate constant is:

\begin{center}
\begin{equation*}k = Z \rho e^{-E_a / (RT)}\end{equation*},
\end{center}

where {$R$} is the Universal Gas Constant, {$E_a$} is the activation energy for the reaction, {$\rho$} is a predicted-{}to-{}actual correction factor, and {$Z$} is the {\bfseries collision factor}.  The collision factor can also be calculated mathematically.  It is the average number of reactant particle collisions per unit time.
\section{Factors Affecting Rate}
\label{369}

The rate of a reaction is affected by many factors.  These effects can be measured empirically or explained by collision theory.
\subsection{Concentration}
\label{370}

This is the most obvious factor affecting rate.  Increasing the concentration of the reactants will increase the rate they react.  This is the main purpose of writing a rate equation; the concentrations can be plugged in like variables and the rate can be solved mathematically.  In a rate equation in the form {$r = k[\hbox{A}]^a[\hbox{B}]^b$}, the concentrations are the variables (raised to the powers of their coefficients in the reaction).  All other factors that can affect rate are lumped into {$k$}, which is considered a constant.

Collision theory explains this.  Higher concentrations means more molecules packed into a given space.  Therefore, there will be more collisions and thus a faster reaction.
\subsection{Pressure}
\label{371}

In a reaction of gaseous reactants, the partial pressure of the gases has the same function as the concentration.

\LaTeXPlainBoxTemplate{Adding an inert gas like argon will not affect the rate because the partial pressures of the reacting gases remain the same.}
However, increasing the overall pressure (or decreasing the volume if you remember the \mylref{327}{gas laws}) will also result in a greater reaction rate.  The increased pressure causes the molecules to collide with more force.  More collisions will be effective and therefore products will form faster.
\subsection{Temperature}
\label{372}

As you should already know, a molecule\textquotesingle{}s kinetic energy is directly proportional to its temperature.  By increasing the temperature, molecules collide more vigorously, and more collisions will be effective.
\subsection{Stirring}
\label{373}

In a {\itshape heterogeneous reaction} there are two or more phases of matter interacting, such as a solid dissolving into a liquid.  Stirring or shaking the mixture will speed up the reaction rate.  This is common sense.  When you add sugar to a drink, you stir it because you know it will dissolve faster.  Collision theory would predict this because the stirring would increase the number of collisions between reactant molecules.

In a similar manner, increasing the surface area of a solid reactant will increase the reaction rate.
\subsection{Catalysts/Enzyme}
\label{374}



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/136.png}
\end{center}
\raggedright{}\myfigurewithcaption{136}{The activation energy E\textsubscript{a} is decreased by a catalyst, but the overall reaction does not change.}
\end{minipage}\vspace{0.75cm}



A {\bfseries catalyst} is a substance that helps a reaction proceed without being consumed.  \mylref{175}{Catalysts} have already been explored in this book.  One way or another, they reduce the activation energy needed for a reaction to occur, making it occur faster.

In biochemistry, an {\bfseries enzyme} is a protein that serves as a catalyst.
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\LaTeXNullTemplate{}
\section{Introduction}
\label{376}
Reaction rates of a chemical system provide the underpinnings of many theories in thermodynamics and chemical equilibria.

Elementary reactions are one-{}step processes in which the reactants become the products without any {\itshape intermediate} steps.  The reactions are unimolecular (A → products) or bimolecular (A + B → products).  Very rarely, they could be trimolecular (A + B + C → products), but this is not common due to the rarity of three molecules colliding at the same time.

A complex reaction is made up of several elementary reactions, with the products of one reaction becoming the reactants of the next until the overall reaction is complete.  
\section{Rate Equation}
\label{377}

\begin{longtable}{>{\RaggedRight}p{0.24054\linewidth}>{\RaggedRight}p{0.67910\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$m\hbox{A} + n\hbox{B} \rightarrow p\hbox{C} + q\hbox{D}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Consider an arbitrary chemical reaction.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$r = k[\hbox{A}]^m[\hbox{B}]^n$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The rate at which the products will form from the reactants is given by this {\itshape rate equation}.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$r = k[\hbox{C}]^p[\hbox{D}]^q$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The rate of the reverse reaction (which also occurs to a lesser extent) has its own rate equation. 
\end{longtable}


Note {$\text{[}$}A{$\text{]}$} is raised to the power of m, its coefficient, just like an equilibrium expression.  The rate of the reaction may rely on the molar coefficients of the reactant species, but it might not.  However, for an elementary reaction, the concentrations of the species A and B are always raised to their molar coefficients.  This only applies to {\bfseries elementary reactions}, which is a very important distinction to make.  

\LaTexInfoTemplateOne{{$k$} is the rate reaction coefficient, which is reaction-{}specific.  It can be considered a constant, although it does change with temperature (and possible other factors).}
\subsection{Order}
\label{378}

The order of an equation is what the concentration of a substance is raised to in the rate equation. The greater the number, the greater effect it will have on rate. For example, zero order equations do not effect the rate. To find the order, you must alter one concentration and keep the rest the same, Dividing gives an equation which can be used to solve for the order. To find overall order, simply add all orders together.
\subsection{Zero-{}Order Equations}
\label{379}
Zero-{}order equations do not depend on the concentrations of the reactants.

\begin{longtable}{>{\RaggedRight}p{0.17451\linewidth}>{\RaggedRight}p{0.74513\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$r = k \,$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} There is only a rate coefficient with no concentrations.  The rate probably depends on temperature, and possibly other factors like surface area, sunlight intensity, or anything else except for concentration.  These reactions usually occur when a substance is reacting with some sort of catalyst or solid surface.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$[\hbox{A}] = [\hbox{A}]_0 - kt \,$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}The {\bfseries integrated rate law} tells us how much reactant will remain after a given amount of time.  Integrated rate laws can be found using \myhref{http://en.wikibooks.org/wiki/Calculus}{calculus}, but that isn\textquotesingle{}t necessary.  In this zero-{}order integrated rate law, {$k$} is the rate coefficient from the rate equation, {$t$} is time, and {$[\hbox{A}]_0$} is the starting concentration. 
\end{longtable}


\LaTexInfoTemplateOne{If you make a graph of concentration vs. time, you will see a straight line.  The slope of that line is equal to {$-k$}.  This is how you can identify a zero-{}order rate.}
\subsection{First-{}Order Equations}
\label{380}
First-{}order equations depend on the concentration of a unimolecular reaction.

\begin{longtable}{>{\RaggedRight}p{0.23060\linewidth}>{\RaggedRight}p{0.68905\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$r = k [\hbox{A}] \,$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} There is a rate coefficient multiplied by the concentration of the reactant.  As with a zero-{}order equation, the coefficient can be though of as a constant, but it actually varies by the other factors like temperature.  There can be other reactants present in the reaction, but their concentrations do not effect the rate.  First-{}order equations are often seen in \mylref{186}{decomposition reactions}.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$ \ln [\hbox{A}] = -kt + \ln [\hbox{A}]_0 \,$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}This is the integrated rate law.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$t_{1/2} = \frac{\ln 2}{k} \,$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}The {\bfseries half-{}life} of a reaction is the amount of time it takes for one half of the reactants to become products.  One half-{}life is 50\% completion, two half-{}lives would lead to 75\% completion, three half-{}lives 88\%, and so on.  The reaction never quite reaches 100\%, but it does come close enough.  To find the half-{}life, you can algebraically manipulate the integrated rate law. 
\end{longtable}


\LaTexInfoTemplateOne{If you make a graph of the {\itshape logarithm} of concentration vs. time, you will see a straight line with a slope of {$-k$}.  This is how you can identify a first-{}order rate.}
\subsection{Second-{}Order Equations}
\label{381}
Second-{}order equations depend on the two concentrations of a bimolecular reaction.

\begin{longtable}{>{\RaggedRight}p{0.17568\linewidth}>{\RaggedRight}p{0.74397\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$r = k [\hbox{A}] [\hbox{B}] \,$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}This is the rate law for a second-{}order equation.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$r = k [\hbox{A}]^2 \,$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}If there are two molecules of the same kind reacting together, the rate law can be simplified.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\frac{1}{[\hbox{A}]} = \frac{1}{[\hbox{A}]_0} + kt \,$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} In that case, this is the integrated rate law.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$t_{1/2} = \frac{1}{k[\hbox{A}]_0} \,$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This is the half-{}life for a second-{}order reaction (with only one reactant). 
\end{longtable}


\LaTexInfoTemplateOne{To see a graph with a straight line of slope {$k$}, graph the reciprocal of concentration vs. time.}
\section{Equilibrium}
\label{382}
Equilibrium will occur when the forward and reverse rates are equal.  As you may have already noticed, the equilibrium expression of a reaction is equal to the rate equations divided.

\begin{longtable}{>{\RaggedRight}p{0.30582\linewidth}>{\RaggedRight}p{0.61382\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$2 \hbox{NO}_2 \to \hbox{N}_2\hbox{O}_4$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Consider this reaction, the {\itshape dimerization} of nitrogen dioxide into dinitrogen tetraoxide.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$r_f = k_f[\hbox{NO}_2]^2 \,$}\newline{}{$r_r = k_r[\hbox{N}_2\hbox{O}_4] \,$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}The forward reaction rate is second-{}order, and the reverse reaction rate is first-{}order.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$k_f[\hbox{NO}_2]^2 = k_r[\hbox{N}_2\hbox{O}_4] \,$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}The rate coefficients may be different for the two reactions.  If the reaction is in equilibrium, the forward and reverse rates must be equal.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$K_{eq} = \frac{k_f}{k_r} = \frac{[\hbox{N}_2\hbox{O}_4]}{[\hbox{NO}_2]^2}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Rearranging the equation gives the equilibrium expression. 
\end{longtable}


Understanding kinetics explains various concepts of equilibrium.  Now it should make sense why increasing the reactant concentration will make more products.  The forward rate increases, which uses up reactants, which decreases the forward rate.  At the same time, products are made, which increases the reverse reaction, until both reaction rates are equal again.
\section{Arrhenius Equation}
\label{383}
The Arrhenius equation determines a rate coefficient based on temperature and activation energy.  It is surprisingly accurate and very useful.  The Arrhenius equation is:


\begin{center}
\begin{equation*}k = Ae^{-E_a / RT}\end{equation*}
\end{center}


{$E_a$} is the activation energy for the reaction, in joules per mole.  {$R$} is the Universal Gas Constant, {$T$} is the temperature (in kelvin), and {$A$} is the {\itshape prefactor}.  Prefactors are usually determined experimentally.
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\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/137.png}
\end{center}
\raggedright{}\myfigurewithcaption{137}{A step-{}by-{}step breakdown of a reaction shows its {\itshape mechanism}, the actual process of reactions becoming products.}
\end{minipage}\vspace{0.75cm}



Chemists often write chemical equations for reactions as a single step, which only shows the net result of a reaction. However, most chemical reactions occur in a series of steps called \myhref{http://en.wikipedia.org/wiki/Elementary\%20reaction}{elementary reactions}. All of these elementary reactions must add up to equal the overall balanced equation. The complete sequence of these elementary steps is called a {\bfseries reaction mechanism}. The reaction mechanism is the step-{}by-{}step process by which reactants actually become products. It is the \symbol{34}how\symbol{34} of the reaction, whereas the overall balanced equation only shows the \symbol{34}what\symbol{34} of the reaction.
\section{Rate-{}Determining Steps}
\label{385}

Sometimes, {\bfseries intermediate substances} are created in the process that disappear in the end. Take the following example of a homogeneous reaction (where products and reactants are all in the same phase):


\begin{center}
\begin{equation*}\hbox{CO} + \hbox{NO}_2 \to \hbox{CO}_2 + \hbox{NO}\end{equation*}
\end{center}


There are actually two reactions occurring at different speeds.

\begin{myitemize}
\item{}  {$2\hbox{NO}_2 \to \hbox{NO}_3 + \hbox{NO}$} (slow)
\item{}  {$\hbox{NO}_3 + \hbox{CO} \to \hbox{NO}_2 + \hbox{CO}_2$} (fast)
\end{myitemize}


Since the first step is the slowest, and the entire reaction must wait for it, it is known as the {\bfseries rate-{}determining step}.  The overall reaction rate depends almost entirely on the rate of the slowest step.  The other steps are fast enough that their rate is insignificant, as they are always waiting for the slower step to complete.

Why is the first step slower? Collision theory explains whether or not particles react when they collide. The particles must collide with a minimum energy and a proper orientation if a reaction is to occur.

The minimum energy needed for a reaction to occur is its {\bfseries activation energy}.  The particles must be moving fast enough for their collision to satisfy the activation energy.  Without the necessary energy, the particles will bounce off each other with no reaction.  A good example of activation energy is a butane lighter, which needs a spark before the fluid burns.  The spark provides enough energy to the particles to make their collisions effective.

Reactions with high activation energy will be slower than those with low activation energy.  With a high activation energy, less particles are likely to generate the needed energy when they collide.  Reactions that break bonds, especially double or triple covalent bonds, will have higher activation energy.

The particles must also collide with the proper orientation.  For example, the reaction in the animation above shows an ammonium ion reacting with a NCO\textsuperscript{-{}} ion.  For the reaction to occur, the ammonium ion must collide with the nitrogen of the NCO\textsuperscript{-{}}.  If the ions don\textquotesingle{}t collide in the right place while facing in the right direction, the reaction cannot occur.

Reactions that have very specific requirements for the orientation of the colliding particles will be much slower.  Reactions that can occur without a specific orientation will happen faster.
\section{Determining the Validity of an Elementary Step Model}
\label{386}

In order for a proposed elementary step equation to be valid it must fulfil these requirements.

1. The rate equation of the slow step much match the rate equation of the overall reaction. 

2. The reactants and products of all the elementary steps added together must equal the one of the actual equation.

3. The rate law for the elementary step must be able to be written without the concentration of the intermediates, because the intermediates are too small to be accurately measured.

For example, if given this equation and asked to prove the rate mechanism

Equation
{$\hbox{2O}_3 \to \hbox{3O}_2 + \hbox{NO}$}

Proposed Mechanism

{$\hbox{O}_3 \to \hbox{O}_2 + \hbox{O}$} (fast)

{$\hbox{O}_3 \hbox{O} \to \hbox{2O}_2 $} (slow)

{$ rate = k [O_3]^2/[O_2] $}

We know that when the reaction occurs backwards, the k changes from k to k\^{}\{-{}1\}. So, we substitute in the backwards rate for O_3, and plug it into the slow step. Then, take the rate equation of the slow step. We find that it is the same as the rate law for the overall equation and meets the three criteria above, so this proposed mechanism is valid.


\LaTeXNullTemplate{}


\LaTeXNullTemplate{}

\chapter{Introduction}





\label{387}
\LaTeXNullTemplate{}

Thermodynamics is the study of the changes in energy that occur in reactions.
\section{Systems}
\label{388}
A {\bfseries system} is the set of substances and energy that is being studied.  If, for example, reactions are occurring in a jar, everything inside the jar is the system, and everything outside the jar is the {\bfseries surroundings}.  The surroundings are everything not in the system, which means the rest of the universe. The system and the surroundings together are called the \symbol{34}universe\symbol{34}.

One important issue is what kind of interactions exist between the system and its surroundings. Some systems may exchange matter and heat with the surroundings (like a system of boiling liquid losing matter and heat with the vapor). This is called an {\bfseries open system}.  If there is just heat exchange occurring between the system and its surroundings it is called a {\bfseries closed system}.  No matter can enter or leave a closed system.  And, finally, if there is no exchange of heat and no exchange of matter, the system is completely {\bfseries isolated}.
\section{Temperature vs. Heat}
\label{389}
If you put a hot iron pot under cold water, it cools down very quickly. This is because iron has a low {\bfseries specific heat}, which is the amount of energy required to increase the temperature of one gram of a substance by one degree Celsius (or Kelvin). Solid iron only requires 0.45 J/(g*K), while liquid water holds about nine times as much energy (heat) per degree (temperature). So when water receives energy from the pot, it only warms up by a few degrees, while the pot cools down substantially.

\WaningTemplate{{\bfseries Temperature} is the measure of the kinetic energy of a particle. {\bfseries Heat} is energy, measured in joules (J).  There is a very big difference between the two.}
\section{Thermochemical Equations}
\label{390}
Equations don\textquotesingle{}t just show chemicals; they also show how much energy is required or released. This energy is called {\bfseries enthalpy}. There are two ways to write a thermochemical reaction, for example:

\begin{myitemize}
\item{} {$2\hbox{H}_2 + \hbox{O}_2 \to 2\hbox{H}_2\hbox{O} + 571.6\ kJ$}
\item{} {$2\hbox{H}_2 + \hbox{O}_2 \to 2\hbox{H}_2\hbox{O} \quad (\Delta H = -285.8~kJ)$}
\end{myitemize}


Note that the number is negative in the second format. Also, notice how the first equation has double the energy because there are two moles of water.  The second equation shows the amount of heat {\itshape per mole}, so the number of moles does not affect it.

From a thermochemical reaction, one can tell the {\bfseries molar heat of formation} of a compound. Usually, this is measured at 25°C, and is written as ΔH\textsubscript{f}°. It is the amount of heat required to make one mole of the substance.  The small ° symbol means \symbol{34}standard\symbol{34}, as in Standard Temperature and Pressure.

{\bfseries Molar heat of combustion} is the opposite of the molar heat of formation. It measures the amount of energy released when a mole of the compound is burned. It is written as ΔH\textsubscript{c}°.

\LaTexInfoTemplateOne{In thermochemistry, if a reaction takes multiple steps, the heats from each reaction are simply added or subtracted. This is known as {\bfseries Hess\textquotesingle{}s Law}.}
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\LaTeXPlainBoxTemplate{The absolute enthalpy of a system cannot be measured directly.  However, it is possible to measure changes in enthalpy ({\mbox{$\Delta$}}H) by measuring temperature changes, which represent heat being lost or gained.}

The enthalpy of a chemical system is the \symbol{34}heat content\symbol{34} of the system—the energy it contains.  Enthalpy is represented by the symbol {$H$}.
\section{Enthalpy of Reaction}
\label{392}

All reactions have some amount of enthalpy.  It is simply the amount of heat absorbed or released by the reaction.  Combustion reactions obviously release large amounts of heat.  They have negative enthalpy.  A negative enthalpy represents an exothermic reaction, releasing heat.  A reaction that absorbs heat is endothermic.  Its enthalpy will be positive, and it will cool down its surroundings.

Consider these two reactions:

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$3\hbox{C} + 4 \hbox{H}_2 \to \hbox{C}_3\hbox{H}_8 \quad(\Delta H = -104.67\ kJ/mol)$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This reaction is exothermic (negative enthalpy, release of heat).  When the reaction occurs, the surroundings will increase in temperature due to the gain of heat the system releases.  For every mole of propane (C\textsubscript{3}H\textsubscript{8}) formed, 104.67 kilojoules of energy are released.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{N}_2 + \hbox{O}_2 \to 2 \hbox{NO} \quad (\Delta H = +756.05\ kJ/mol)$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This reaction is endothermic (positive enthalpy, absorption of heat).  When the reaction occurs, the surroundings will decrease in temperature due to the loss of heat the system absorbed.  For every mole of NO formed, 378.3 kilojoules of heat are absorbed.  (Note that the reaction shows {\itshape two} moles being formed, so the enthalpy is double that of {\itshape one} mole being formed.) 
\end{longtable}


Although every reaction has a change in enthalpy, the amount depends on the temperature.  The same reaction could be endothermic at one temperature and exothermic at another.  Enthalpies must be given at a specific temperature.  The reactions above show the enthalpies at 25 °C.
\section{Temperature and Heat}
\label{393}
There is a relationship between temperature and heat.  If an object gains or loses heat {\itshape without} any phase changes, this reaction relates temperature to heat:


\begin{center}
\begin{equation*}Q = mc\Delta T\end{equation*}
\end{center}


{$Q$} is the amount of heat (in joules or kilojoules) and {$\Delta T$} is the change in temperature (Celsius degrees).  {$m$} is the mass of the object (in grams, usually) and {$c$} is the object\textquotesingle{}s {\bfseries specific heat}.  

Specific heat is a constant that depends on the particular material of the object.  It is measured in joules per gram-{}degree.  It is determined experimentally.  You can look it up in a chart, or you can calculate it if you measure the amount of heat added and the change in temperature.  The specific heat of water is 4.186 J/g-{}degree.  For one gram of water, the temperature rises/falls by one degree Celsius for every 4.186 joules of heat added/removed.

\LaTeXNullTemplate{}
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Entropy is the measure of disorder in a system.
\section{An Example}
\label{395}

First, let\textquotesingle{}s examine a non-{}chemistry example.  Say you have one card from a deck of playing cards.  It can have one of 52 possible values.  Now you pick up four more cards.  If the deck were shuffled randomly, the odds of you holding, say, a \symbol{34}straight flush\symbol{34} are 0.00154\%.  The odds of having a \symbol{34}high card\symbol{34}, which is essentially a \symbol{34}nothing\symbol{34} hand, is 50.12\%.  In the case of a straight flush, the cards you are holding are highly organized.  They must be in a specific, exact pattern (like 10 9 8 7 6 of the same suit).  To have a high card, no two cards must have the same rank and the cards cannot be in order.

There is a very low probability of having a straight flush because the cards are in a very orderly state.  There is a large probability of having \symbol{34}nothing\symbol{34} because the cards are in a random, disorderly state.  In our card-{}playing system, straight flushes have {\bfseries low entropy} because they are so orderly.  \symbol{34}Nothing\symbol{34} hands have {\bfseries high entropy} because they are disorderly and random.  Furthermore, it takes minimal effort to toss all the cards in the air and randomize their order.  Increasing the entropy of the system comes naturally.  On the other hand, sorting the cards in order takes time and effort.  It does not happen randomly.  Decreasing the entropy of the system is unnatural and takes effort, or energy.
\subsection{In Chemistry}
\label{396}

The entropy of a chemical system is a measure of its disorder or chaos.  More precisely, it is a measure of the {\itshape dispersion of energy}.  A solid has low entropy (low chaos, orderly) because the molecules are locked into a rigid structure.  Their energy is not dispersed freely.  A gas has high entropy (high chaos, disorderly) because the molecules are free to move about randomly.  The energy of the system is dispersed over a large area with unlimited possibilities of the location of each molecule.

\LaTeXPlainBoxTemplate{Absolute zero can never be achieved.}
As temperature decreases, so does entropy.  Theoretically, at {\bfseries absolute zero} (0 K, or -{}273 °C), the entropy of the system would be zero.  This is because the solid would be perfectly crystallized so that its energy is not dispersed at all.

As you will soon learn, \mylref{400}{the Second Law of Thermodynamics} tells us that the entropy of the universe always increases.  Think about it.  If you have built a house of cards, the entropy of the system is low.  A house of cards is very orderly, with each card having a very specific location.  The house of cards will undoubtedly collapse.  The resulting pile of cards is very disorderly.  The cards can be in any position and still be a random pile of cards.  The entropy has increased spontaneously.  Houses of cards will spontaneously collapse, but they never spontaneously build themselves up.  This is because high entropy is natural and low entropy is unnatural.
\section{Entropy Changes}
\label{397}
When analyzing the entropy change of a chemical reaction, you would need specific numbers.  As a guideline, you can estimate the entropy change based on some basic rules:

\LaTeXZeroBoxOpenTemplate{
\begin{myitemize}
\item{}  Melting and boiling {\itshape increases} entropy
\item{}  Freezing and condensing {\itshape decreases} entropy
\item{}  Dissolving a solute {\itshape increases} entropy
\item{}  Forming precipitates {\itshape decreases} entropy
\end{myitemize}
}

If you do happen to know the absolute entropy of substances in a reaction (by looking it up in a chart), you can calculate the change in entropy.  Entropy is symbolized with {$S$}.  The change in entropy is {$\Delta S$}.  As with enthalpy, the degree symbol ({$\Delta S^o$}) represents STP.  The change in entropy is the absolute entropy of the products minus the absolute entropy of the reactants.
\section{See also}
\label{398}

\begin{myitemize}
\item{}  \myhref{http://en.wikibooks.org/wiki/Entropy\%20for\%20beginners}{Entropy for beginners}-{} a Wikibook that provides a mathematical explanation.
\end{myitemize}
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The {\itshape First Law of Thermodynamics} is simply a restatement of the {\bfseries Law of Conservation of Energy}.  There are a few ways of stating it, but they all mean the same thing:

\LaTeXZeroBoxOpenTemplate{
\begin{myitemize}
\item{}  \symbol{34}Energy is neither created nor destroyed.  It can only change form.\symbol{34}
\item{}  \symbol{34}The change in the system\textquotesingle{}s thermal energy is equal to the heat added to the system minus the work done by the system.\symbol{34}
\end{myitemize}
}

The first definition is self-{}explanatory.  As an example, a propane grill does not \symbol{34}create\symbol{34} energy when it cooks food.  The energy stored within propane molecules and oxygen atoms is released in the form of heat and light when the propane molecules reassemble themselves into carbon dioxide and water (the combustion reaction).  Energy has not been created or destroyed.  It has simply changed from chemical potential energy into light and thermal energy.

The second explanation comes from a physics point of view.  It means that adding heat to a system increases its internal energy, and a system that does work (like breaking bonds or assembling large molecules from small ones) decreases its internal energy.  Overall, the total amount of heat, work, and energy remains constant.  This should make sense because heat is energy and work is energy being applied, so based on the first definition, all forms of energy must be accounted for.

\LaTexInfoTemplateOne{The First Law is much more useful in \myhref{http://en.wikibooks.org/wiki/Subject\%3APhysics}{Physics} than it is in General Chemistry.}

\LaTeXNullTemplate{}
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\section{Introduction: A powerful law.}
\label{401}

The second law of thermodynamics is based on our common human experience. It didn\textquotesingle{}t begin with complicated apparatus or complex theories, but rather with thinking about how old-{}fashioned steam engines worked and the first important equation appeared to be very simple: just q/T.

Yet the second law is probably our most powerful aid in helping us understand why the world works as it does both in simple and in complex ways: why hot pans cool down, why ping pong balls don\textquotesingle{}t bounce forever when they are dropped, why gasoline (plus the oxygen in air) makes engines run, why our \symbol{34}engines\symbol{34}—our bodies—run and we continue to live and our bodies stay warm even when it\textquotesingle{}s cold, but also why we die when some chemical reactions within us fail. In fact, the second law helps to explain everything that happens in our physical world. In chemistry, it\textquotesingle{}s especially important because it can tell us whether any chemical reaction that we write on paper will probably be spontaneous and go as we have written it.
\section{The Big Problem}
\label{402}

Unfortunately, for almost a century and a half, the second law has been expressed by experts in ways that a beginner in chemistry could not possibly understand without a great deal of additional explanation. Here are just three of some 25 explanations that have been most prominent:

\begin{myitemize}
\item{} \symbol{34}The entropy of the universe increases toward a maximum\symbol{34} (Clausius) 
\item{} \symbol{34}It is impossible in any way to diminish the entropy of a system of bodies without thereby leaving behind changes in other bodies\symbol{34} (Planck)
\item{} \symbol{34}In any irreversible process the total entropy of all bodies concerned is increased.\symbol{34} (Lewis)
\end{myitemize}


Entropy, entropy, entropy! But what is entropy? Even some textbooks still say something like \symbol{34}Don\textquotesingle{}t ask about understanding it. Just work the problems that have entropy in them and you\textquotesingle{}ll gradually understand it because you will be able to work with it\symbol{34}!  That\textquotesingle{}s the old way which fortunately has been discarded by most US general chemistry texts. (See list at \myplainurl{http://www.entropysite.com/\#whatsnew.)} The good news of the twenty-{}first century is that now entropy can be described as a simple {\bfseries idea} (no matter how complex to calculate and deal with in advanced courses and research.)  Because of our new conceptual approach, a basic version of the second law can be understood easily.
\section{A Modern Version}
\label{403}

\LaTexInfoTemplateOne{\symbol{34}Energy of all types changes from being localized to becoming dispersed or spread out, if it is not hindered from doing so. Entropy change is the quantitative measure of that kind of a spontaneous process: how much energy has flowed or how widely it has become spread out at a specific temperature.\symbol{34} (\myplainurl{http://www.entropysite.com/entropy_isnot_disorder.html)}}\myplainurl{http://}

What does that \symbol{34}energy of all types\symbol{34} and \symbol{34}becoming dispersed\symbol{34} mean? Let\textquotesingle{}s first think about light (which technically is electromagnetic radiation). Does the radiation from a light bulb stay inside that glass of the bulb? Of course not. It spreads out just as far as it can, hindered from dispersing to miles and even farther only by dust or air density differences. What about the sound from a stereo speaker—does it stay inside a dorm room or a car? It disperses farther than other people want to hear it, usually! And what happens to the kinetic energy of a fast moving car if the car should hit a brick wall? It spreads out in a crashing sound, in twisting metal and heating it and tearing apart the bricks of the wall so that they fly around, slightly warmer than they were. Those are just a few examples of different types of energy and some ways in which they become dispersed or spread out.

\LaTexInfoTemplateOne{Energy of all types disperses...if it is not hindered from doing so.}
\section{The Importance of the Second Law}
\label{404}

In chemistry, the type of energy in which we are most often interested is the kinetic energy of molecules, molecular motion energy. We know from \mylref{301}{Kinetic Molecular Theory} that molecules are in constant motion if their temperatures are above 0 K. In gases like nitrogen and oxygen, they are moving at an average speed of a thousand miles (1600 km) an hour at 298 K and go about 200 times their diameter before bumping into another molecule \LaTeXNullTemplate{}. The molecules in liquids may be moving approximately as fast even though they are constantly hitting one another as they move a little here and there. In solids the particles, molecules or atoms or ions, can only \symbol{34}dance in one place\symbol{34} (vibrating in coordination with the other particles in the solid). This is a kinetic energy of vibration that is equivalent to the motion energy of gases or liquids at the same temperature.

The motion energy of molecules consists of their translation, rotation, and vibration (Figure 1 of \myplainurl{http://www.2ndlaw.com/entropy.html.)} Note that this vibration is vibration {\itshape inside} a molecule and by itself, as though the chemical bonds between atoms were like springs. The vibration in a crystal that we were just talking about is a vibration of a whole molecule or other particle in one place and coordinated with the other molecules in the crystal.
\section{Examples from Everyday Life}
\label{405}

Let\textquotesingle{}s see how the second law helps us to understand our common experience better, to see how so many totally different events really are just examples of energy dispersing or spreading out, i.e., of the second law. A rock will fall if you lift it up and then let go. Hot frying pans cool down when taken off the stove. Iron rusts (oxidizes) in the air. Air in a tire is at a high pressure and shoots out even from a small puncture to the lower pressure atmosphere. Ice cubes melt in a warm room.
\subsection{A Falling Rock}
\label{406}
A rock has potential energy (PE) localized in it when you lift it up above the ground. The rock is the {\itshape system}; everything else it encounters is the {\itshape surroundings}. Drop the rock and its PE changes to kinetic energy (energy of movement, KE), pushing air aside as it falls (therefore spreading out the rock’s KE a bit) before it hits the ground, dispersing a tiny bit of sound energy (compressed air) and causing a little heating (molecular motion energy) of the ground it hits and in the rock itself. The rock is unchanged (after a minute when it disperses to the air the small amount of heat it got from hitting the ground). But the potential energy that your muscles localized in by lifting it up is now totally spread out and dispersed all over in a little air movement and a little heating of the air and ground.
\subsection{A Hot Frying Pan}
\label{407}
A hot frying pan? The iron atoms in a hot frying pan (system) in a room (surroundings) are vibrating very rapidly, like fast \symbol{34}dancing in place\symbol{34}. Therefore, considering both the pan and the room, the motion energy in the hot pan is localized. That motion energy will disperse—if it is not hindered, according to the second law. Whenever the less rapidly moving molecules in the cooler air of the room hit the hot pan, the fast-{}vibrating iron atoms transfer some of their energy to the air molecules. The pan’s localized energy thus becomes dispersed, spread out more widely to molecules in the room air.
\subsection{Some Rusting Iron}
\label{408}
In a chemical reaction such as iron rusting, i.e., iron plus oxygen to form iron oxide (rust), the reactants of iron and oxygen don\textquotesingle{}t have to be at a high temperature to have energy localized within them. Iron atoms (as -{}Fe-{}Fe-{}Fe-{}) plus oxygen molecules of the air (O-{}O) have more energy localized within their bonds than does the product of their reaction, iron rust (iron oxide).

That’s why iron reacts with oxygen—to release energy from their combined total of higher energy bonds and form the lower energy bonds in iron oxide. Then, all that difference in energy becomes dispersed to the surroundings as {\itshape heat} i.e., the reaction is exothermic and makes molecules in the surroundings move faster. But remember how chemical reactions occur! Remember that it requires energy to break bonds and therefore to start any reaction there must be some extra energy, an activation energy supplied somehow to break a bond or many bonds in the reacting substances.  (For information about activation energies, see \myplainurl{http://www.2ndlaw.com/obstructions.html)} Then, if the bonds that are being formed in the product are much stronger than those being broken in the reactants, that difference in energy (which usually causes greater motion energy of all the molecules) can feed back to break more bonds in the reactants.

However, in the case of iron reacting with oxygen at normal room temperature around 298 K, the process is very slow because only a few oxygen atoms are moving exceptionally fast and hit the iron just right so an Fe-{}Fe bond and an O-{}O bond are broken and an Fe-{}O bond can form. There isn\textquotesingle{}t enough heat (motion energy) localized in nearby iron atoms, and there are no other unusually fast-{}moving oxygen molecules. It\textquotesingle{}s a slow process depending on collision of the small amount of fast moving oxygen atoms in the surroundings to make it happen.

Therefore, even in moist air (that speeds up another process yielding iron oxide), iron doesn\textquotesingle{}t react very rapidly with oxygen but it steadily does so and in time, both the iron atoms and the oxygen molecule spread out to the surroundings the portion of their bond energy that iron oxide doesn\textquotesingle{}t need for its existence at that temperature.
\subsection{A Leaky Tire}
\label{409}
Air in a tire is at a higher pressure than the atmosphere around it, so it shoots out even from a small hole. What could that have to do with a big deal like the Second Law of Thermodynamics? (Every spontaneous physical or chemical process involves the second law!) Those nitrogen and oxygen molecules in the tire each have motion energy but it is far more localized, compressed in the small volume of the tire, than it would be in the huge volume of the atmosphere. Thus, the second law explains why punctures or blowouts occur: the motion energy of those localized molecules will become dispersed and spread out to the lower-{}pressure, larger-{}volume atmosphere if it is no longer hindered by the tire walls from becoming so.
\subsection{A Melting Ice Cube}
\label{410}
An ice cube melts in a big warm room. How can the melting of a little ice cube in a warm room maybe 200,000 times bigger than it is be an example of the second law? How could that possibly be a spreading out of energy? But the second law has to do with energy dispersal and there\textquotesingle{}s a little spreading out in that 200,001st part of that total of system plus surroundings!
\LaTexInfoTemplateOne{Hotter goes to cooler spontaneously. Always.}

Lots of things are happening when molecules of the warm air disperse some of their energy to the molecules that are vibrating (like dancing rapidly in one place) in the ice cube. Right at the surface many hydrogen bonds between the water molecules of the ice are broken by the motion energy of the air molecules being transferred to the those surface molecules. (This doesn\textquotesingle{}t change the amount of motion energy of those molecules and therefore their temperature doesn\textquotesingle{}t change. They increase in {\itshape potential energy} due to the hydrogen-{}bond breaking.) Now, because the water molecules whose hydrogen bonds to other molecules in the rigid ice structure are broken, they are free to form hydrogen bonds to other water molecules that are liquid—they can exchange partners and move from one to another. The vibrational energy that allowed them to dance in place in the crystal is changed to translational energy in the liquid and the molecules can move just a bit.

Thus, although the true picture is just a bit more complex (i.e., it is the closer energy levels in translation than in solid vibration that make the energy far more dispersed in liquid than solid), we can sense that the movement of molecules in liquid water allows the energy to be more spread out than in crystalline ice, even at melting temperature. It is not a matter of order and \symbol{34}disorder\symbol{34}! (That\textquotesingle{}s as misleading as magic and as obsolete as 1898 fashions. \myplainurl{http://www.entropysite.com/order_to_disorder.pdf)}  
\subsection{Order to Disorder}
\label{411}
The second law tells us about energy dispersal, and {\itshape entropy} is the word for how that energy dispersal is measured—how spread out the energy becomes in a system, how much more dispersed it has become compared to how localized it was.  Such energy changes and consequent entropy changes are the focus for understanding how and why spontaneous events occur in nature. Only sometimes do the structures or arrangements of molecules in an object help us to see greater or lesser localization of energy (that used to be called \symbol{34}order to disorder\symbol{34}).

Now we can understand what scientists have been talking about the last century and a half when they spoke in apparently mysterious sentences like \symbol{34}The entropy of the universe increases toward a maximum.\symbol{34}  All they meant was simply that energy, everywhere, spreads out as much as it can (and that spreading out of energy is measured by entropy).
\section{Recap and Conclusion}
\label{412}
Rocks falling down mountains, hot pans cooling in cool rooms, anything made of iron rusting, anything burning or reacting with oxygen, all these types of spontaneous events and chemical reactions that occur by themselves are due to energy dispersing or spreading out. Entropy is the quantitative measure of how much energy and how much dispersal occurs in a process or a reaction. Therefore, entropy is constantly increasing because spontaneous events continue to occur in our energy-{}rich universe. Thus, we can decipher the following statement of the second law:

\symbol{34}In any irreversible process the total entropy of all bodies concerned is increased.\symbol{34}

That just means: \symbol{34}In any process in which energy becomes spread out, the measure of that spreading out or dispersing (i.e., the total entropy) increases when you include both what happens in the system AND its surroundings.”

Now we can translate \symbol{34}second law language\symbol{34}! It seems very confusing if you read it rapidly, but taking it a few words at a time and knowing what we have just reviewed, the ideas are not complicated.
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\section{Introduction}
\label{414}

What\textquotesingle{}s the point of entropy and enthalpy?  So far, you have studied equilibrium to tell you how far a reaction occurs and kinetics to tell you how fast a reaction occurs.  Thermodynamics can tell you {\itshape if} a reaction will occur, and at what temperatures.  It may seem too obvious, but why does an ice cube spontaneously melt when it is at 30 °C?  Melting is endothermic, so it would seem that the reverse reaction (freezing) is favored.  After all, reactions that release heat are usually more favorable than those that absorb heat.

The answer is {\bfseries free energy} (also called {\itshape Gibbs Free Energy}).  The change in free energy for a reaction ultimately determines if it can occur spontaneously or not.  Free energy is a combination of entropy and enthalpy, and when a reaction decreases the free energy, it will occur spontaneously.
\section{The Equation}
\label{415}

Free energy is defined by {$\Delta G = \Delta H - T \Delta S$}.  By measuring or calculating the entropy change and enthalpy change of a reaction, you can determine the change in free energy.  Notice that free energy depends on temperature as well.  In this equation (as with all other thermo equations) {$T$} must be an {\bfseries absolute temperature}, measured in Kelvin.  So the freezing point of water is not zero but rather 273 K.  By using the Kelvin temperature scale, all temperatures will be greater than zero.

When you have solved for {$\Delta G$} for a particular reaction at a certain temperature, you will find one of three possible outcomes:


\begin{center}

\begin{longtable}{|>{\RaggedRight}p{0.15371\linewidth}|>{\RaggedRight}p{0.20250\linewidth}|>{\RaggedRight}p{0.52325\linewidth}|} \hline 
\multicolumn{2}{|>{\RaggedRight}p{0.37177\linewidth}|}{{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Reaction type}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Means...}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\Delta G < 0$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape exergonic}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} the reaction occurs spontaneously.\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\Delta G = 0$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} the reaction is at equilibrium.\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\Delta G > 0$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape endergonic}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} the reaction will not occur.\\ \hline 
\end{longtable}


\end{center}


Equipped with this knowledge, you can determine the temperature at which a reaction will be at equilibrium (by setting G to 0 and solving for T).  If a reaction is endergonic, it will not occur {\itshape spontaneously}.  However, at a different temperature, the reaction might occur.  Also, the reverse reaction will have an opposite value for G.  For example, the combustion of propane will have a large negative value for its change in free energy.  The reverse reaction would have the same large value, but positive.  This makes sense, knowing that propane does not spontaneously precipitate from the smokey exhaust of a grill.
\subsection{Spontaneity}
\label{416}

Let\textquotesingle{}s return to the example of a melting ice cube.  At T = 273 K (0 °C) the processes of freezing and melting are at equilibrium.  {\mbox{$\Delta$}}G must equal zero.  At higher temperatures, the melting process occurs spontaneously, so we can deduce that {\mbox{$\Delta$}}H is positive and {\mbox{$\Delta$}}S is also positive.  We already know that melting is endothermic and increases entropy, so it seems the free energy equation works.

Between entropy and enthalpy, there can be four possible outcomes:


\begin{center}

\begin{longtable}{|>{\RaggedRight}p{0.08546\linewidth}|>{\RaggedRight}p{0.07673\linewidth}|>{\RaggedRight}p{0.39038\linewidth}|>{\RaggedRight}p{0.28670\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\Delta H$}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\Delta S$}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\Delta G$}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Result}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} +&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} always +&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} never spontaneous\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} always -{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} always spontaneous\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} +&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} + for low T, and -{} for high T&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} depends on T\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{} for low T, and + for high T&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} depends on T\\ \hline 
\end{longtable}


\end{center}


We can see that the melting of an ice cube is spontaneous for high temperatures.
\subsection{Relating Free Energy}
\label{417}

Free energy is related to equilibrium, as we have already seen.  There is an equation that will allow you to convert between reaction free energy and the equilibrium constant for a particular reaction at a given temperature:


\begin{center}
\begin{equation*}\Delta G = -RT \times \ln  K_{eq}\end{equation*}
\end{center}


{$R$} is the Universal Gas constant, and {$\ln$} is the {\itshape natural logarithm}.  A scientific calculator will have a {\ttfamily {$\text{[}$}LN{$\text{]}$}} to calculate logarithms and a {\ttfamily {$\text{[}$}e\^{}{$\text{]}$}} button to calculate anti-{}logarithms.
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\section{Alkali Metals}
\label{419}



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/138.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{138}{Sodium metal is soft enough to be cut with a knife.}
\end{minipage}\vspace{0.75cm}


The {\itshape alkali metals} are the elements in {\bfseries Group 1 (1A)}.  They are \myhref{http://en.wikipedia.org/wiki/Lithium}{lithium}, \myhref{http://en.wikipedia.org/wiki/Sodium}{sodium}, \myhref{http://en.wikipedia.org/wiki/Potassium}{potassium}, \myhref{http://en.wikipedia.org/wiki/Rubidium}{rubidium}, \myhref{http://en.wikipedia.org/wiki/Cesium}{cesium}, and  \myhref{http://en.wikipedia.org/wiki/Francium}{francium}.  

These elements are best marked by their reactivity. Physically they are soft, shiny (when freshly prepared) solids with low melting points; they conduct electricity well. They all have one valence electron that they lose easily to almost any electronegative substance. Alkali metals are never found in their elemental form outside the lab because they are too reactive.  Even the smallest amount of oxygen or water would react with the metal. For this reason, alkali metals have no structural use.  They must be kept under inert liquids such as kerosene or in inert gases (nitrogen suffices for any of these elements other than lithium). 

Alkali metals have many uses in both biological life and industry.  Francium, however, is radioactive and decays rapidly to other elements, so it has no commercial use and its chemical properties are vaguely understood.

All oxidize easily to the +1 oxidation state.

\LaTexInfoTemplateOne{The alkali metals have very similar chemical and physical properties.  They can be studied as a whole, rather than element-{}by-{}element, due to this similarity.}
\section{Safety}
\label{420}

Leave experiments with alkali metals to the experienced chemists.

\begin{TemplateInfo}{\danger}{Warning}Alkali metals are dangerous.  Their reactions release enough heat to cause flames, and may produce explosive byproducts like hydrogen gas.  Never cast any alkali metal into water or acids. These metals should never be allowed to touch flesh because they react with any water upon them and yield corrosive hydroxides that damage flesh.\end{TemplateInfo}
\section{Reactions}
\label{421}
Alkali metals react violently with water, halogens, and acids.  The reactions release surprising amounts of heat and light.  In a chemical equation, alkali metals are represented with an M.  Here are some example equations:

\begin{longtable}{>{\RaggedRight}p{0.43409\linewidth}>{\RaggedRight}p{0.48555\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$4 \hbox{M}_{(s)} + \hbox{O}_{2(g)} \to 2 \hbox{M}_{2}\hbox{O}_{(s)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Alkali metals react with oxygen to form {\bfseries oxides}, which have a duller appearance and lower reactivity.  The oxides are much less reactive than the pure metals.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{M}_2\hbox{O}_{(s)} + \hbox{H}_2\hbox{O} \to 2 \hbox{MOH}_{(aq)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} However, the oxides do react vigorously with water to form a {\bfseries hydroxide}.  The resulting hydroxides of these elements dissociate completely in water to form some of the strongest \mylref{250}{bases} known. \symbol{34}Lye\symbol{34} is an industrial-{}strength base, which is sodium hydroxide (NaOH).\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{NaOH}_{(aq)} + \hbox{HCl}_{(aq)} \to \hbox{NaCl}_{(aq)} + \hbox{H}_2\hbox{O}_{(l)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} These hydroxides react readily with acids to form water and their corresponding alkali {\bfseries salt} in a \mylref{283}{neutralization} reaction.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2 \hbox{M}_{(s)}+ 2 \hbox{H}_2\hbox{O} \to 2 \hbox{MOH}_{(aq)} + \hbox{H}_{2(g)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The pure alkali metal can also react directly with water.  In this case, the metal is a \mylref{284}{basic {\bfseries anhydride}}.  Gaseous hydrogen is released, which is flammable.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2 \hbox{M}_{(s)} + \hbox{Cl}_{2(g)} \to 2 \hbox{MCl}_{(s)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Exposing an alkali metal to a \mylref{461}{halogen} will cause an extremely exothermic reaction that results in an \mylref{116}{ionic {\bfseries salt}}. 
\end{longtable}


Almost every salt of an alkali metal is highly soluble in water.  They form conducting solutions, proving their ionic nature.
\subsection{Flame Tests}
\label{422}

When burned in a flame, the alkali metals give off a unique color that can be used to identify them.


\begin{center}
\begin{longtable}{>{\RaggedRight}p{0.5\linewidth}}  


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/139.png}
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\raggedright{}\myfigurewithcaption{139}{Lithium (pinkish-{}red flame)}
\end{minipage}\vspace{0.75cm}

\\ 


\begin{minipage}{1.0\linewidth}
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\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/140.jpg}
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\raggedright{}\myfigurewithcaption{140}{Sodium (yellow flame)}
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\\ 


\begin{minipage}{1.0\linewidth}
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\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/141.png}
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\raggedright{}\myfigurewithcaption{141}{Potassium (pale violet flame)}
\end{minipage}\vspace{0.75cm}

\\ 
\end{longtable}
\end{center}
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\section{Alkaline Earth Metals}
\label{424}
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\raggedright{}\myfigurewithcaption{142}{Pure magnesium crystals}
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The {\itshape alkaline earth metals} are the elements in {\bfseries Group 2 (2A)}. They are \myhref{http://en.wikipedia.org/wiki/Beryllium}{beryllium}, \myhref{http://en.wikipedia.org/wiki/Magnesium}{magnesium}, \myhref{http://en.wikipedia.org/wiki/Calcium}{calcium}, \myhref{http://en.wikipedia.org/wiki/Strontium}{strontium}, \myhref{http://en.wikipedia.org/wiki/Barium}{barium}, and \myhref{http://en.wikipedia.org/wiki/Radium}{radium}.  They are similar to \mylref{418}{alkali metals}, but less reactive.

Alkaline earth metals all have two valence electrons, and they easily oxidize to the +2 state.  With increasing mass, these elements become softer, have lower melting and boiling points, and become more reactive.  None appear uncombined in nature, and all are separated from their compounds with difficulty.  Alkaline earth metals react with halogens and (except for beryllium) with water and oxygen.  Magnesium, being less reactive, reacts only at higher temperatures than the other alkaline earth metals.  Radium is radioactive, so its chemical properties are difficult to study.

\LaTexInfoTemplateOne{The alkaline-{}earth metals have very similar chemical and physical properties. They can be studied as a whole, rather than element-{}by-{}element, due to this similarity.}

The alkaline earth metals are chemically and physically similar to the \mylref{418}{alkali metals}, but they are less reactive.
\section{Safety}
\label{425}

\begin{TemplateInfo}{\danger}{Warning}Alkaline earth metals are very flammable. Their reactions could release enough heat to cause flames, and may produce explosive byproducts like hydrogen gas. Use caution when handling these metals. Calcium, strontium, and barium react with water and form corrosive hydroxides. Salts of beryllium are toxic.\end{TemplateInfo}
\section{Reactions}
\label{426}
The alkaline earth metals undergo reactions similar to the alkali metals, but their +2 oxidation state causes their compounds to be different.  The following reactions use magnesium as an example, but the other alkaline earth metals undergo the same reactions as well.

\begin{longtable}{>{\RaggedRight}p{0.44394\linewidth}>{\RaggedRight}p{0.47570\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2\hbox{Mg}_{(s)} + \hbox{O}_{2(g)} \to 2\hbox{MgO}_{(s)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Magnesium {\bfseries oxide} forms slowly unless ignited.  Powders or thin slices of magnesium can be ignited with a match, so magnesium is used in fire-{}starting devices.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$3\hbox{Mg}_{(s)} + \hbox{N}_{2(g)} \to \hbox{Mg}_3\hbox{N}_{2(s)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Magnesium burns readily in oxygen, and surprisingly nitrogen as well.  Air is composed mostly of nitrogen, but most elements will not react with nitrogen because nitrogen is so stable.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{MgO}_{(s)} + \hbox{H}_2\hbox{O}_{(l)} \to \hbox{Mg}(\hbox{OH})_{2(aq)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Magnesium oxide is a \mylref{284}{basic {\bfseries anhydride}}.  Magnesium hydroxide is a \mylref{250}{strong base}, although its \mylref{224}{solubility} is too low for this property to be significant.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{Mg}_3\hbox{N}_{2(s)} + 6\hbox{H}_2\hbox{O} \to 3\hbox{Mg}(\hbox{OH}) + 2\hbox{NH}_{3(g)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Magnesium {\bfseries nitride} will react with water or the moisture in air.  This reaction is detected by the pungent smell of ammonia.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{Mg}_{(s)} + 2\hbox{H}_2\hbox{O} \to \hbox{Mg}(\hbox{OH})_{2(aq)} + \hbox{H}_{2(g)}$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Magnesium metal reacts with water to form a {\bfseries hydroxide}, but only at high temperatures or in the presence of acid.  Calcium, being more reactive, will react with water as long as its hot.  The other elements will react in warm water.  Notice the flammable hydrogen gas that is released.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{Mg}_{(s)} + 2\hbox{HCl}_{(aq)} \to \hbox{MgCl}_{2(aq)} + \hbox{H}_{2(g)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Magnesium will react exothermically with acids to form an \mylref{116}{ionic {\bfseries salt}} and hydrogen gas. 
\end{longtable}


Remember that all of the alkaline earth metals can undergo these reactions; magnesium was just an example.  Beryllium, however, is much {\itshape less} reactive than the other metals, so it might not react.
\section{Uses}
\label{427}

Beryllium is rare and its compounds are toxic, so it is in little use.

Magnesium metal has some use in applications needing a soft, light metal. Magnesium metal can be used an easily-{}burned substance with a bright light in photographic flash bulbs. Magnesium hydroxide is commonly used as a strong but generally safe antacid. Magnesium sulfate is commonly known as Epsom salts.

Even more significantly, magnesium appears in a compound known as \myhref{http://en.wikibooks.org/wiki/chlorophyll}{chlorophyll}, the greenish pigment in plants and algae that allows plants to perform \myhref{http://en.wikibooks.org/wiki/photosynthesis}{photosynthesis}. It is essential to animal life.

Calcium has no use as a structural metal, but its compound calcium carbonate is a major building material as limestone. Calcium carbonate is essential to bones and to plant life. Calcium and heavier elements in this group react with warm water to form highly-{}alkaline hydroxides.

Strontium, much rarer than calcium, has few uses. Barium, also rarer, has few uses other than its sulfate, a coating used for lining the digestive organs for X-{}rays.  

Radium is rare and strongly radioactive; it is extremely dangerous due to its intense radioactivity.            

\LaTeXNullTemplate{}
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\label{428}
\LaTeXNullTemplate{}

{\bfseries Group 13 (IIIA)} consists of \myhref{http://en.wikipedia.org/wiki/Boron}{boron}, \myhref{http://en.wikipedia.org/wiki/Aluminum}{aluminum}, \myhref{http://en.wikipedia.org/wiki/Gallium}{gallium}, \myhref{http://en.wikipedia.org/wiki/Indium}{indium}, and \myhref{http://en.wikipedia.org/wiki/Thallium}{thallium}.  Boron is a metalloid, but the other elements are metals.  All elements in this group have three valence electrons.

\LaTexInfoTemplateOne{Because these elements have varying properties, they will be studied element-{}by-{}element, rather than as a group.}
\section{Boron}
\label{429}
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\raggedright{}\myfigurewithcaption{143}{A borax crystal.  Borax (a mineral containing boron) has many uses including laundry detergent.}
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\raggedright{}\myfigurewithcaption{144}{{\itshape Boroxin}.  Notice boron\textquotesingle{}s three bonds.}
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Boron is a {\bfseries metalloid}, exhibiting characteristics of both metals and non-{}metals.  It is never found in its pure form in Earth, but it is a component of some minerals.  However, pure boron can form as a result of chemical reactions.  It can be a brown amorphous solid, or a crystalline solid.  In the crystalline form, it is black and very hard.

Boron is a poor conductor of electricity at normal temperatures, but at high temperatures it does conduct electricity.  Its chemical properties are mostly, but not entirely, non-{}metallic.  Boron is the least electronegative non-{}metal, so it readily loses electrons when reacting.  Boron is almost entirely in the +3 oxidation state.  Boron has an oxide B\textsubscript{2}O\textsubscript{3}, and it is acidic.

\begin{longtable}{>{\RaggedRight}p{0.35867\linewidth}>{\RaggedRight}p{0.56097\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{BCl}_3 + 3 \hbox{H}_2\hbox{O} \to \hbox{B}(\hbox{OH})_3 + 3 \hbox{HCl}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Boric {\bfseries halides} are volatile substances that attack water with the formation of boric acid B(OH)\textsubscript{3} and hydrogen halides.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{B}(\hbox{OH})_3 + \hbox{H}_2\hbox{O} \to \hbox{B}(\hbox{OH})_4^- + \hbox{H}^+$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Boric {\bfseries acid} reacts with water to release a proton.  It is a \mylref{250}{weak acid}.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2\hbox{B}_2\hbox{O}_3 + 7\hbox{C} \to \hbox{B}_4\hbox{C} + 6\hbox{CO}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Boric oxide, at extremely high temperatures, can react with carbon to form boron {\bfseries carbide}.  Boron carbide is incredibly strong, finding use as tank armor. 
\end{longtable}


\LaTexInfoTemplateOne{In a manner similar to \mylref{432}{carbon}, boron can form stable \mylref{141}{covalent network} solids.  Each boron atom bonds to three other borons, forming a large crystal.}

Boron has interesting properties when it bonds covalently.  It has three electrons, so it usually forms three single covalent bonds, an \mylref{102}{exception to the octet rule}.  Substances like boron trichloride (BCl\textsubscript{3}), boric acid, and the borate ion (BO\textsubscript{3}\textsuperscript{3-{}) are examples of boron\textquotesingle{}s tendency to form three covalent bonds.
\section{Aluminum}
\label{430}

Aluminum (British spelling aluminium) is a metal, although it is too reactive to exist in pure form.  Instead, it is found in a wide variety of minerals including {\itshape bauxite}, the primary source for extracting aluminum.  Aluminum is the third most abundant element in Earth\textquotesingle{}s crust.



\begin{minipage}{1.0\linewidth}
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\raggedright{}\myfigurewithcaption{145}{Aluminum metal}
\end{minipage}\vspace{0.75cm}



Unlike boron, aluminum is an almost \mylref{130}{stereotypical metal} in its physical properties:  it is malleable and ductile, and it conducts heat and electricity very well.  Because of its lightness, resistance to corrosion, attractiveness (approaching that of silver),  and inexpensiveness to process along with adequate strength for many commercial and domestic uses, it is the third-{}most used of all metals.  Only iron and zinc exceed it in production.

Aluminum compounds typically exist in the +3 oxidation state.  Because of its durability and light weight, aluminum is used in many {\bfseries alloys}, mixtures of metals.  Two metals, each with desirable characteristics, can be mixed together to produce an alloy that has the properties of both metals.  Aluminum used to be used for household wiring, but it expands too much when heated.  The expansion causes the wires to come loose, and house fires can start.

Aluminum seems unreactive because of a thin, hard surface of aluminum oxide Al\textsubscript{2}O\textsubscript{3} which does not react with water or oxygen and preserves the aluminum metal underneath it from chemical attack.  Pure aluminum will immediately form this layer when exposed to air. Although aluminum is very conductive, aluminum oxide does not conduct electricity.



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/146.png}
\end{center}
\raggedright{}\myfigurewithcaption{146}{Aluminum trichloride}
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\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{Al}_2\hbox{O}_{3(s)} + 3\hbox{H}_2\hbox{O}_{(l)} + 2\hbox{OH}^-_{(aq)} \to 2\hbox{Al}(\hbox{OH})^-_{4(aq)}$}\newline{}{$\hbox{Al}_2\hbox{O}_{3(s)} + 6\hbox{H}^+_{(aq)} \to 2\hbox{Al}^{3+}_{(aq)} + 3\hbox{H}_2\hbox{O}_{(l)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Aluminum {\bfseries oxide} is \mylref{250}{amphoteric}—it reacts violently to neutralize strong bases or strong acids.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2\hbox{Al} + 3\hbox{Cl}_2 \to 2\hbox{AlCl}_3$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Reacting aluminum with a \mylref{461}{halogen} results in an aluminum {\bfseries halide}.  Aluminum chloride can exist as an \mylref{116}{ionic solid} or a \mylref{122}{covalent solid}, but either way it is a weak conductor.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2\hbox{AlCl}_{3(aq)} + 3\hbox{NaOH}_{(aq)} \to \hbox{Al}(\hbox{OH})_{3(aq)} +  3\hbox{NaCl}_{(aq)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Aluminum chloride is a \mylref{286}{{\bfseries Lewis acid}}, able to neutralize bases.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{Fe}_2\hbox{O}_3 + 2 \hbox{Al} \to 2 \hbox{Fe} + \hbox{Al}_2\hbox{O}_3$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Molten aluminum reacts violently with some metal oxides in the {\bfseries thermite reaction}, in which a substance like iron oxide is \myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FChemical\%20Reactions}{reduced} to iron and aluminum is oxidized to its oxide.  This is a highly exothermic reaction, releasing enough heat to weld metal. 
\end{longtable}


Generally, aqueous aluminum is found as a hydroxide Al(OH)\textsubscript{3}.
\section{Others}
\label{431}
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Gallium is a brittle metal that melts slightly above room temperature, so holding it in your hand would liquefy it. One magic trick, the \textquotesingle{}melting spoon\textquotesingle{} involves stirring a hot liquid (usually hot water) with a spoon specially made of gallium. The spoon melts in the water and \textquotesingle{}disappears\textquotesingle{}. (The gallium simply sinks to the bottom of the cup; after the magic trick is done the \textquotesingle{}magician removes the water and the molten gallium and pours the gallium into a mold that makes a new spoon for doing the trick again).     Gallium is used in many semiconductor devices and LEDs (light emitting diodes).  Gallium(III) arsenide is an important semiconductor used in many electronics.

Indium\textquotesingle{}s most common isotope is radioactive and decays slowly into tin.  Indium typically has the +3 oxidation state.

Thallium tends to appear in the +1 (thallous) oxidation state as well as the +3 (thallic) oxidation state. Oddly, thallium acts much like an \mylref{418}{alkali metal} in its physical and chemical properties. Thallous oxide (Tl\textsubscript{2}O) and the metal react violently with water to form a hydroxide TlOH that completely dissociates into Tl}+ and OH\textsuperscript{-{}}  ions as if it were an alkali metal hydroxide. Its halides are quite salt-{}like, dissociating  into ions into solutions that, like solutions of salts of the alkali metals, conduct electricity.

\begin{TemplateInfo}{\danger}{Warning}Thallium has a violent reaction with water that could release enough heat to cause flames, and may produce explosive byproducts like hydrogen gas. Thallium hydroxide that results from this reaction is as strongly alkaline as alkali-{}metal hydroxides and is similarly corrosive. In addition, thallium compounds are extremely toxic.\end{TemplateInfo}

Neither thallium metal nor any thallium compound is readily available in the United States because it is so dangerous and has few legitimate uses. 
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\section{The Carbon Family}
\label{433}

{\bfseries Group 14 (IVA)} consists of \myhref{http://en.wikipedia.org/wiki/Carbon}{carbon}, \myhref{http://en.wikipedia.org/wiki/Silicon}{silicon}, \myhref{http://en.wikipedia.org/wiki/Germanium}{germanium}, \myhref{http://en.wikipedia.org/wiki/Tin}{tin}, and \myhref{http://en.wikipedia.org/wiki/Lead}{lead}.  Carbon is a non-{}metal, silicon and germanium are metalloids, and tin and lead are metals.

With 4 valence shell electrons, elements of the carbon family tend to form covalent compounds.  With increasing mass and atomic radius these elements become increasingly metallic and have lower melting and boiling points.

Group 14 elements form gaseous hydrogen compounds with difficulty. These are either unstable or combustible.  All but lead form oxides, sulfides, and halides in the +4 oxidation state. The +4 oxidation state predominates in carbon, silicon, and germanium; the +2 and +4 oxidation states both appear in tin, and the +2 oxidation state prevails in lead. Halides in the +4 state form for all of these elements, and they are covalent. 

Carbon compounds are much more \mylref{122}{covalent} than analogous compounds of silicon, germanium, tin, or lead. Even more significantly, carbon forms double and even triple bonds with itself or other elements, forming compounds that the heavier elements of this group cannot form like acetylene (C\textsubscript{2}H\textsubscript{2}).  Silicon and the heavier elements of this group can form only single bonds. 

Thus carbon dioxide CO\textsubscript{2} is a gas at normal temperatures because the double bonds between carbon and oxygen create single molecules, but silicon dioxide SiO\textsubscript{2} forms a hard rock known as quartz because it is a \mylref{141}{covalent network solid}.  Each silicon atom bonds to four different oxygen atoms with single bonds, and each oxygen atom bonds with two silicon atoms.  Similar properties apply to the oxides of germanium, tin, and lead. Carbon dioxide dissolves in water to form carbonic acid, a weak acid that reacts with bases to form carbonates; oxides of the other elements of this group are practically nonreactive in water.

\LaTexInfoTemplateOne{Because of its unparalleled importance in chemistry, carbon is the main focus of our study of the Group 14 elements.}
\section{Carbon}
\label{434}

Carbon is a very important element.  It is abundant in the earth and atmosphere, and it is found in the substances that make all living things.  Carbon has many properties that make it different from other elements, so it deserves thorough study.
\subsection{Allotropes}
\label{435}
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\raggedright{}\myfigurewithcaption{148}{a) diamond; b) graphite; c) lonsdaleite; d/e/f) buckyballs; g) amorphous; h) nanotubes}
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{\itshape Allotropes} are different forms of a pure element.  Carbon has several allotropes, three of which are common.

\begin{myitemize}
\item{}  {\bfseries Amorphous} carbon is coal and soot.  The carbon molecules are covalently bonded, but there is no order or arrangement.
\item{}  {\bfseries Graphite} occurs when carbon forms flat covalent networks.  These flat \symbol{34}sheets\symbol{34} are not bonded to each other, making them free to slide past each other.  Graphite composes the \symbol{34}lead\symbol{34} in pencils.
\item{}  {\bfseries Diamond} occurs when carbon forms a three-{}dimensional covalent network.  Diamonds are much different from graphite and amorphous carbon.  They are transparent, brilliant-{}looking, and incredibly hard.  Diamond only forms at heat and intense pressures.
\end{myitemize}


There are also several rare and exotic allotropes of carbon, including:

\begin{myitemize}
\item{}  {\bfseries Buckeyballs}, or fullerenes, are spherical shaped balls of carbon.  Covalent bonds join the carbon atoms into a soccer ball pattern that looks much like the geodesic domes of Buckminster Fuller.   The most common buckeyball has the molecular formula C\textsubscript{60}.  Buckeyballs are large enough for a small atom to get trapped inside.
\item{}  {\bfseries Lonsdaleite} forms upon meteorite impact with the Earth.
\item{}  Carbon {\bfseries nanotubes} are incredibly small but rigid tubes made of carbon.  They are created in labs and are a subject of research.
\end{myitemize}


Keep in mind that allotropes are composed of only one element.  In this case, these allotropes contain only carbon atoms and no other elements.
\subsection{Inorganic Compounds}
\label{436}

Although carbon is known mainly for its organic compounds, it does form many important inorganic compounds.
\subsubsection{Oxides}
\label{437}

{\itshape Oxides} of carbon contain only carbon atoms and oxygen atoms.  There are two oxides that occur commonly:

\begin{myitemize}
\item{}  Carbon monoxide ({\bfseries CO}): a poisonous gas released when carbon-{}based fuels burn in limited oxygen.
\item{}  Carbon dioxide ({\bfseries CO\textsubscript{2}}): found naturally in the air, but too much is considered pollution.  Animals exhale carbon dioxide, and plants absorb it.  It is slightly acidic.  Carbon dioxide, when solid, is \symbol{34}dry ice\symbol{34}.
\end{myitemize}


There are other oxides that could form, but they are unstable or unnatural:
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\begin{myitemize}
\item{}  Carbon suboxide ({\bfseries C\textsubscript{3}O\textsubscript{2}}): Consists of double bonds, with oxygens at the ends. O = C = C = C = O.  It breaks apart into carbon dioxide and dicarbon monoxide.
\item{}  Dicarbon monoxide ({\bfseries C\textsubscript{2}O}): Very reactive.  Contains only double bonds, but the end carbon has a non-{}bonding pair.  
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\item{}  Carbon trioxide ({\bfseries CO\textsubscript{3}}): Exists in three different shapes, very unstable
\end{myitemize}

\subsubsection{Compounds Derived from Oxides}
\label{438}

{\bfseries Carbonic acid} forms when carbon dioxide is dissolved in water.  It is given by the reaction:

\begin{center}
\begin{equation*}\hbox{CO}_2 + \hbox{H}_2\hbox{O} \leftrightarrow \hbox{H}_2\hbox{CO}_3\end{equation*}
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\end{center}


{\bfseries Carbonate} and {\bfseries bicarbonate} are two ions that carbon forms.
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Their formulas are CO\textsubscript{3}\textsuperscript{2-{}} and HCO\textsubscript{3}\textsuperscript{-{}}, respectively.
\subsubsection{Ionic Compounds}
\label{439}

Along with the oxyanions (carbonate and bicarbonate), carbon can form several other \mylref{116}{ions}.
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\begin{myitemize}
\item{}  Cyanide ({\bfseries CN\textsuperscript{-{}}})
\item{}  Cyanate ({\bfseries OCN\textsuperscript{-{}}})
\item{}  Thiocyante ({\bfseries SCN\textsuperscript{-{}}})
\item{}  Carbides ({\bfseries C\textsubscript{2}\textsuperscript{2-{}}} and {\bfseries C\textsubscript{3}\textsuperscript{4-{}}})
\end{myitemize}

\subsubsection{Alloys}
\label{440}

Carbon is used in some {\bfseries alloys}, mixtures of metals.  If a small amount (between 0.2\% and 2.1\% by weight) of carbon is mixed into iron, the result is {\bfseries steel}.
\subsection{Organic Compounds}
\label{441}
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Compounds containing carbon (except for the above inorganic compounds) are considered {\bfseries organic}.  They were once thought to be produced only by living things, but they have since been created in laboratories.  Most organic compounds contain hydrogen as well as carbon.

Many substances are organic compounds.  {\bfseries Polymers} are organic compounds consisting of long chains of repeating patterns containing carbon and other atoms.  Plastics, rubbers, and nylon are all organic polymers.  {\bfseries Hydrocarbons} are compounds containing only hydrogen and carbon, methane being a simple example.  Crude oil is a sludge of various hydrocarbons mixed together.  Propane, butane, and octane are well-{}known hydrocarbons used for fuel.  Perhaps the most interesting type of organic compound is the {\bfseries biomolecule}.  Carbohydrates, proteins, lipids (fats), and nucleic acids (like DNA) are the most basic biomolecules.  They, too, are polymers (except for lipids), being made of long chains of small, repeating chemicals that have bonded together.  Biomolecules make up the chemicals found in the living cells that compose all living things.

Organic chemistry and biochemistry are very broad and thorough topics.  They are far outside the scope of General Chemistry.  Fortunately, your knowledge of General Chemistry is sufficient to begin the Wikibooks \myhref{http://en.wikibooks.org/wiki/Organic\%20Chemistry}{Organic Chemistry} and \myhref{http://en.wikibooks.org/wiki/Biochemistry}{Biochemistry} if you are interested.
\section{Silicon}
\label{442}
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{\bfseries Silicon} is found in {\itshape semiconductors}, the basis of all electronic devices.  Its electron configuration allows it to donate or accept electrons.  When pure silicon is \symbol{34}doped\symbol{34} with elements that have more or fewer electrons than silicon, the slightly-{}impure silicon becomes a semiconductor.  These substances make up complex electronics by acting like a switch that can turn on or off depending on electrical signals.

Silicon does not exist uncombined in nature; it most commonly occurs in silica (including the very common rock quartz and most sand grains) and in silicates. Most silicates are insoluble. So-{}called \textquotesingle{}magic rocks\textquotesingle{} react with dissolved sodium silicate in water reacts with the ions of some dissolved metal salts to form columns of rock-{}like silicates.    

Silicon dioxide, a hard substance that melts only at high temperatures, is very different in its chemical properties from carbon dioxide, a gas until it freezes into dry ice. Molten silica can be cast as glass, a hard and useful material resistant to attack by almost all chemicals except fluorine, hydrofluoric acid, and strong alkalis. Glass is extremely useful in household containers and drinking utensils because it is resistant to chemicals, heat, and the attack of micro-{}organisms. Glass can be very clear if pure or containing certain chemicals, or it can take on attractive colors, making it a favorite material for art objects. Some small living creatures turn dissolved silica in the sea into their shells to create structure. A great variety of silicon compounds known as \myhref{http://en.wikipedia.org/wiki/silicone}{silicone}s have widespread and varied uses.
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\raggedright{}\myfigurewithcaption{157}{A large \myhref{http://en.wikibooks.org/wiki/Perpendicular\%20style}{Perpendicular style} \myhref{http://en.wikibooks.org/wiki/Gothic\%20architecture}{Gothic} window of eight lights in \myhref{http://en.wikibooks.org/wiki/Canterbury\%20Cathedral}{Canterbury Cathedral}, c. 1400, which contains medieval glass.}
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\section{Others}
\label{443}

{\bfseries Germanium} is another element used in semiconductors.

{\bfseries Tin} is considered a \symbol{34}poor metal\symbol{34}. It has two allotropes at STP: {\itshape grey tin} and {\itshape white tin}.  Grey tin has non-{}metallic characteristics, but white tin is metallic.  Tin is used frequently as an alloy.  \symbol{34}Tin cans\symbol{34} are actually steel cans with a tin plating to resist corrosion.  {\itshape Pewter} is an alloy of copper and tin, containing mostly tin.  {\itshape Bronze} is an alloy of copper and tin containing mostly copper.  {\itshape Solder} is an alloy of tin and lead used for its low melting point for attaching wires.

{\bfseries Lead} is a heavy, gray metal.  It had a tremendous number of uses, but it is now known to be a neurotoxin if ingested.  Water-{}carrying pipes were made out of lead, but they are now made from copper or plastic because lead could contaminate the water. Lead compounds especially if soluble in water (like lead acetate used as a preservative and sweetener of wines in Roman times) or stomach acids (like the lead oxide once used in paints) or in gaseous or liquid form (like tetraethyl lead once used in gasoline), and powdered lead are very dangerous. Use of lead in foodstuffs, paint, and vehicle fuels is now illegal almost everywhere.

\begin{TemplateInfo}{\danger}{Warning}Lead compounds and vapors are insidious poisons that accumulate in the brain and create learning disabilities and personality disorders.\end{TemplateInfo}

Lead-{}crystal glass has lead oxide in it but so tightly bound with silica that it can\textquotesingle{}t escape easily. Pencil \textquotesingle{}leads\textquotesingle{} are not lead at all, but instead harmless graphite (really carbon) bound with clay. Lead remains useful in automobile batteries (that contain necessary sulfuric acid much more dangerous than lead) and in nuclear use as a shield against radiation much more dangerous than lead metal.    

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2 \hbox{PbO} + \hbox{PbS} \to 3 \hbox{Pb} + \hbox{SO}_2$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Lead {\bfseries oxides} are easily \mylref{211}{reduced}.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$3 \hbox{Pb}_{(s)} + 8 \hbox{HNO}_{3(aq)} \to 3 \hbox{Pb}^{2+}_{(aq)} + 6 \hbox{NO}_{3(aq)}^- + 2 \hbox{NO}_{(g)} + 4 \hbox{H}_2\hbox{O}_{(l)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Lead does not dissolve in hydrochloric acid or sulfuric acid, but it will dissolve in nitric acid because nitric acid is a strong oxidizer.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{PbO}_{(s)} + 2\hbox{OH}^-_{(aq)} + \hbox{H}_2\hbox{O}_{(l)} \to \hbox{Pb}(\hbox{OH})_{4(aq)}^{2-}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Lead(II) oxide will form {\bfseries plumbite} ions when added to basic solutions.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{Pb}(\hbox{OH})_{4(aq)}^{2-} + \hbox{Cl}_{2(aq)} \to \hbox{PbO}_{2(s)} + 2 \hbox{Cl}^-_{(aq)} + 2 \hbox{H}_2\hbox{O}_{(l)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Plumbites form lead(IV) dioxide when {\itshape chlorinated}.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{PbO}_{2(s)} + 2 \hbox{OH}^-_{(aq)} + 2 \hbox{H}_2\hbox{O}_{(l)} \to \hbox{Pb}(\hbox{OH})_{6(aq)}^{2-}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Adding lead(IV) dioxide to a basic solution will form {\bfseries plumbate} ions. 
\end{longtable}


\LaTeXNullTemplate{}
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\label{444}
\LaTeXNullTemplate{}
\section{The Nitrogen Family}
\label{445} 

{\bfseries Group 15 (VA)} contains \myhref{http://en.wikipedia.org/wiki/Nitrogen}{nitrogen}, \myhref{http://en.wikipedia.org/wiki/Phosphorous}{phosphorous}, \myhref{http://en.wikipedia.org/wiki/Arsenic}{arsenic}, \myhref{http://en.wikipedia.org/wiki/Antimony}{antimony}, and \myhref{http://en.wikipedia.org/wiki/Bismuth}{bismuth}.  
Elements in Group 15 have five valence electrons. Because the elements can either gain three electrons or lose five to gain a stable configuration, they more often form covalent compounds unless bonded to an active metal. Their electron affinities are not very large. Metallic properties increase markedly from gaseous nitrogen to barely-{}metallic bismuth with increasing size and mass. Nitrogen and phosphorus are non-{}metallic, and arsenic and antimony are metalloids.

Elements of this group are known as {\bfseries pnicogens} and their compounds as {\bfseries pniconides}. The name is derived from from the Greek word {\bfseries pnicomigs} meaning {\bfseries suffocation}.

\LaTexInfoTemplateOne{The Group 15 elements are unique enough to be studied individually, rather than as a group.}

These elements are much less reactive than the elements of \mylref{449}{Group 16}, and their chemistries are more complicated. Most of the chemistry of these elements is in the +3 or +5 oxidation states, although they form gaseous compounds with hydrogen in the -{}3 oxidation state: ammonia NH\textsubscript{3}, phosphine PH\textsubscript{3}, arsine AsH\textsubscript{3}, stibine AsH\textsubscript{3}, and bismuthine BiH\textsubscript{3}; these all burn in oxygen to give oxides or the free element (in the case of nitrogen).


\begin{center}
\begin{equation*}4 \hbox{NH}_3 + 3\hbox{O}_2 \to 6 \hbox{H}_2\hbox{O} + 2 \hbox{N}_2\end{equation*}
\end{center}



All form oxides—nitrogen with difficulty, the others with ease.  Most of the oxides are acidic, exceptions being nitrous oxide N\textsubscript{2}O, nitric oxide NO, and bismuth oxide Bi\textsubscript{2}O\textsubscript{3}. Except for nitrogen, typical oxides are in the +3 or +5 (bismuth excluded) oxidation states. All form \mylref{456}{halides}—nitrogen with difficulty, but those of phosphorus, arsenic, and antimony fully hydrolyze in water.

Nitrogen and phosphorus form important acids in the +5 oxidation state. Nitrogen forms nitric acid HNO\textsubscript{3}, a substance used to create medicines and explosives (but this acid is corrosive and dangerous, so don\textquotesingle{}t touch it or even spill it on anything), and salts known as {\bfseries nitrates} such as potassium nitrate KNO\textsubscript{3}, an important fertilizer. Phosphorus forms phosphoric acid, H\textsubscript{3}PO\textsubscript{4}; {\bfseries phosphates} are salts of phosphoric acid.  Some phosphates are essential to respiration and thus life itself.
\section{Nitrogen}
\label{446}



\begin{minipage}{1.0\linewidth}
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\raggedright{}\myfigurewithcaption{158}{The {\itshape nitrogen cycle} shows how nitrogen is passed along organisms and the atmosphere.}
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Nitrogen occurs naturally as the diatomic gas N\textsubscript{2}.  It composes about 70\% of the air we breathe.  The bond holding the two nitrogen atoms together is triple covalent, so it is very strong.  Because of that, nitrogen is very unreactive.  It is used in many places when an inert gas is needed.  However, nitrogen will react with some substances:

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$6 \hbox{Li}_{(s)} + \hbox{N}_{2(g)} \to 2 \hbox{Li}_3\hbox{N}_{(s)}$}\newline{}{$3 \hbox{Mg}_{(s)} + \hbox{N}_{2(g)} \to \hbox{Mg}_3\hbox{N}_{2(s)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Although nitrogen gas is usually considered inert, it does react with some elements by burning.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{Li}_3\hbox{N}_{(s)} + 3 \hbox{H}_2\hbox{O} \to 3 \hbox{LiOH}_{(aq)} + \hbox{NH}_{3(g)}$}\newline{}{$\hbox{Mg}_3\hbox{N}_{2(s)} + 6 \hbox{H}_2\hbox{O} \to 3 \hbox{Mg}(\hbox{OH})_{2(aq)} + 2 \hbox{NH}_{3(g)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}The {\bfseries nitrides} react violently with water to form ammonia gas and a \mylref{250}{basic} solution. 
\end{longtable}


In its pure form, nitrogen is not very useful.  It is much more important when it is a component of ammonia, nitrate, oxides, or biomolecules like protein.  Due it is very unreactive nature, it is difficult to get nitrogen to react and form these useful substances.  Any process that can convert elemental nitrogen into a nitrogen compound is called {\bfseries nitrogen fixation}.  Nitrogen fixation is biologically important because amino acids, proteins, and enzymes contain nitrogen.  It is commercially important because it is used in explosives, rocket fuels, and fertilizers.  

There are many nitrogen fixation reactions:
\begin{longtable}{>{\RaggedRight}p{0.42098\linewidth}>{\RaggedRight}p{0.49866\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{N}_2 + 8 \hbox{H}^+ + 8 \hbox{e}^- + energy \to 2 \hbox{NH}_3 + \hbox{H}_2$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} This occurs in bacterial enzymes.  The ammonia (NH\textsubscript{3}) quickly becomes ammonium (NH\textsubscript{4}\textsuperscript{+}).  The nitrogen in the bacteria enters the soil where plants can absorb it.  Humans and animals that eat those plants can get the nitrogen.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{N}_2 + 3 \hbox{H}_2 \leftrightarrow 2 \hbox{NH}_3$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}The {\bfseries Haber process} is used for commercially producing ammonia.  This reaction only occurs at very high pressures and temperatures (around 20 MPa and 500 °C) and in the presence of an iron catalyst.  Also, the reaction occurs in somewhat complex equipment that must input pure reactants and extract the ammonia. 
\end{longtable}


Keep in mind that ammonia is a gas at STP.  The household product called \symbol{34}ammonia\symbol{34} is actually an \myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FAqueous\%20Solutions}{aqueous solution} of ammonium hydroxide (NH\textsubscript{4}OH) that forms when ammonia gas is dissolved in water.  Ammonia, quite unlike hydrogen compounds of Groups 16 and 17, is a base in its reactions, forming salts with weak and strong acids alike. Such a substance as ammonium chloride (NH\textsubscript{4}Cl) is a soluble, strongly ionic salt.

Nitrogen compounds are often extremely unstable because nitrogen atoms in nitrogen compounds tend to seek each other to recombine as nitrogen gas.  Many nitrogen compounds are literal explosives, including TNT and nitroglycerin. These explosives are in common use in construction projects for the demolition of buildings and other obstacles to new construction, or to get access to minerals in mining operations. 

\begin{TemplateInfo}{\danger}{Warning}Handling of any explosive or making them is appropriately left to experts.\end{TemplateInfo}
\section{Phosphorus}
\label{447}
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\raggedright{}\myfigurewithcaption{159}{White phosphorus atomic structure}
\end{minipage}\vspace{0.75cm}


Phosphorus has two common allotropes: red phosphorus and white phosphorus.  White phosphorus (P\textsubscript{4}) has a waxy appearance and turns yellow when exposed to light.  When exposed to oxygen in the dark, it glows pale green. 



\begin{TemplateInfo}{\danger}{Warning}White phosphorus is extremely dangerous. It causes severe burns and is very toxic. It ignites with a very hot flame and can be explosive. Leave all experiments with white phosphorus to experienced chemists\end{TemplateInfo}.

White phosphorus ignites under all but the most delicate conditions.  The combustion of white phosphorus produces phosphorus(V) oxide:

\begin{center}
\begin{equation*}\hbox{P}_4 + 5 \hbox{O}_2 \to \hbox{P}_4\hbox{O}_{10}\end{equation*}
\end{center}


One of its most common uses is in military weapons that cause severe burning of the object hit by the weapon. 


Red phosphorus is an amorphous solid.  It is more stable and explodes at temperatures higher than those of white phosphorus.  It is still, however, dangerously reactive.  Both forms of phosphorus are insoluble in water and can be interconverted with various applications of heat, pressure, and light.

There also exist black phosphorus and violet phosphorus.  Unlike nitrogen, phosphorus will not readily form a diatomic molecule with a triple bond.  Diphosphorus does exist, but only between a temperature range of 1200 °C and 2000 °C.

Phosphorus is essential to life in the form of phosphates in bones and in substances known as ADP and ATP that transform food into useful energy in cells.
\section{Others}
\label{448}
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\raggedright{}\myfigurewithcaption{160}{A crystal of bismuth, showing its colorful {\itshape iridescent} tarnish.}
\end{minipage}\vspace{0.75cm}



Arsenic is similar to phosphorus.  It has three allotropes: grey arsenic, yellow arsenic, and black arsenic.  Grey arsenic is the most common form.  Its structure is similar to graphite.

Antimony has the physical properties of a metal, but behaves chemically as a non-{}metal.

\begin{TemplateInfo}{\danger}{Warning}Arsenic and antimony, as well as practically all of their compounds, are dangerous poisons.\end{TemplateInfo}

Bismuth is a brittle, silvery metal. Bismuth {\itshape is} actually radioactive, decaying into thallium-{}205.  Because its {\itshape half-{}life} is 19 x 10\textsuperscript{18} years, about a million times the age of the universe, bismuth is usually considered stable.

Bismuth is much less radioactive than the nearly-{}harmless and unavoidable radioactive isotopes of carbon and potassium in living things.  Unlike arsenic and antimony, its compounds aren\textquotesingle{}t toxic unless something else in the compound is itself toxic or the substance is very acidic or alkaline. In fact, a bismuth compound is very common in a heavily-{}used stomach medication that requires no prescription. 

\LaTeXNullTemplate{}
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\label{449}
\LaTeXNullTemplate{}
\section{The Oxygen Family}
\label{450}

{\bfseries Group 16 (VIA)} is made of \myhref{http://en.wikipedia.org/wiki/Oxygen}{oxygen}, \myhref{http://en.wikipedia.org/wiki/Sulfur}{sulfur}, \myhref{http://en.wikipedia.org/wiki/Selenium}{selenium}, \myhref{http://en.wikipedia.org/wiki/Tellurium}{tellurium}, and \myhref{http://en.wikipedia.org/wiki/Polonium}{polonium}.  Oxygen, sulfur, and selenium are non-{}metals.  Tellurium is a metalloid and polonium is a metal.

Group 16 elements have 6 valence electrons, meaning that they require two more electrons to complete a stable electron octet. They still have relatively large electron affinities and are rather reactive, forming ions with a -{}2 charge. All but polonium form volatile compounds with hydrogen: water H\textsubscript{2}O, hydrogen sulfide H\textsubscript{2}S, hydrogen selenide H\textsubscript{2}Se, and hydrogen telluride H\textsubscript{2}Te.

Electronegativity decreases in this group with increasing atomic mass, and oxygen is more electronegative than any element except fluorine; it acts much like a halogen except for its -{}2 oxidation state. Fluorine and oxygen oxidize these elements (except oxygen) to the +6 oxidation state, resulting in such substances (for sulfur) as sulfur hexafluoride SF\textsubscript{6} and sulfur trioxide SO\textsubscript{3} and its derivative sulfuric acid H\textsubscript{2}SO\textsubscript{4}, one of the most heavily-{}used industrial chemicals. (Note that use of sulfuric acid requires extreme care because it causes chemical burns upon flesh, cloth, and paper).  Typically, these elements will attain an oxidation state of -{}2.

Oxides of sulfur, selenium, and tellurium are acidic. Strong radioactivity largely masks the chemical properties of polonium.

\LaTexInfoTemplateOne{The elements of Group 16 have somewhat varied properties; however, out study of these elements will focus on oxygen because of its abundance and significance.}
\section{Oxygen}
\label{451}

Oxygen is a diatomic gas that makes up about 20\% of the air we breath.  It is essential for the life of animals, and plants release it.  Plants absorb sunlight and produce {\itshape glucose} (sugar) and oxygen.  Cells of plants and animals alike \symbol{34}burn\symbol{34} glucose with oxygen to gain energy.


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/161.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{161}{Close-{}up of chloroplasts, the part of plant cells where photosynthesis occurs}
\end{minipage}\vspace{0.75cm}



\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$6 \hbox{CO}_2 + 6 \hbox{H}_2\hbox{O} + sunlight \to \hbox{C}_6\hbox{H}_{12}\hbox{O}_6 + 6 \hbox{O}_2$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries Photosynthesis} is actually a series of complex chemical reactions, involving several substances found in the chloroplasts of plants.  This is the overall reaction.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{C}_6\hbox{H}_{12}\hbox{O}_6 + 6 \hbox{O}_2 \to 6\hbox{CO}_2 + 6 \hbox{H}_2\hbox{O} + 2880~kJ/mol$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cellular {\bfseries respiration} is the reverse process: converting glucose into energy. 
\end{longtable}


Oxygen has a few allotropes, but only two are common: dioxygen and ozone.  Dioxygen is the regular form of oxygen, O\textsubscript{2}, held together with a double covalent bond.  Ozone, O\textsubscript{3}, is found naturally in the upper atmosphere and can form when normal oxygen is exposed to high voltage.
\subsection{Ozone}
\label{452}

Ozone is not very stable.  It will decompose: 2 O\textsubscript{3} → 3 O\textsubscript{2}.  Ozone is a very powerful \mylref{211}{oxidizing agent}.  Metals and non-{}metals are both susceptible to oxidation when exposed to ozone.

\begin{longtable}{>{\RaggedRight}p{0.35432\linewidth}>{\RaggedRight}p{0.56532\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{C} + 2 \hbox{O}_3 \to \hbox{CO}_2 + 2 \hbox{O}_2$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Carbon is oxidized by ozone.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{NO} + \hbox{O}_3 \to \hbox{NO}_2 + \hbox{O}_2$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Nitric oxide becomes nitrogen dioxide. 
\end{longtable}


Although considered a pollutant when at ground level (it is toxic), ozone is a very important chemical found in the upper atmosphere.  The Sun emits dangerous ultraviolet light that would damage living cells, but ozone absorbs the light energy and converts it safely into heat energy:


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/162.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{162}{The ozone cycle}
\end{minipage}\vspace{0.75cm}



\begin{longtable}{>{\RaggedRight}p{0.28235\linewidth}>{\RaggedRight}p{0.63729\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{O}_3 + radiation \to \hbox{O}_2 + \hbox{O}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} High-{}powered radiation from the sun splits ozone molecules.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{O}_2 + \hbox{O} \to \hbox{O}_3 + energy$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Atomic oxygen can reattach itself to dioxygen to recreate ozone. 
\end{longtable}


You can see that the net result of the above reactions is a system of ozone that converts dangerous radiation into heat energy.

Atomic oxygen is extremely unstable and will attach itself to form O\textsubscript{2} or O\textsubscript{3} immediately:
\begin{myitemize}
\item{}  {$\hbox{O}_3 + \hbox{O} \to 2 \hbox{O}_2$}
\item{}  {$\hbox{O} + \hbox{O} \to \hbox{O}_2$}
\end{myitemize}


The amount of ozone in the atmosphere is small, but solar radiation will split O\textsubscript{2} into two O atoms, so there is a small but steady supply of ozone.  Unfortunately, many man-{}made products called {\itshape chlorofluorocarbons} (CFCs) have entered the upper atmosphere over the years.  The chemicals release chlorine radicals that act as catalysts for an ozone-{}destroying reaction.  As a result, the amount of ozone in the atmosphere has decreased, which could lead to an increase in dangerous solar radiation.

\begin{longtable}{>{\RaggedRight}p{0.36390\linewidth}>{\RaggedRight}p{0.55574\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{CFCl}_3 + radiation \to \hbox{CFCl}_2 + \hbox{Cl}\cdot$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} A chlorine {\bfseries radical} forms from a CFC.  {\itshape Radicals} have a single non-{}bonding electron (instead of the usual pair), so they are extremely reactive.  A chlorine radical is simply a single atom of chlorine (which has seven electrons).\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{Cl}\cdot + \hbox{O}_3 \to \hbox{ClO} + \hbox{O}_2$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Chlorine radicals will become stable by \symbol{34}stealing\symbol{34} an oxygen atom from ozone.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{ClO} + \hbox{O}_3 \to \hbox{Cl}\cdot + 2 \hbox{O}_2$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The chlorine monoxide reacts to eliminate another ozone molecule.  The original radical is now available to repeat the entire process. 
\end{longtable}


As you can see, chlorine radicals convert ozone into regular oxygen without being used up.  Over the years, products have been created that replace CFCs and cause less environmental damage.
\subsection{Oxides}
\label{453}

Any chemical compound consisting of oxygen and some other element covalently bonded is an {\bfseries oxide}.  Metals form oxides easily, except for a few including gold, platinum, and mercury.  Besides being called \mylref{211}{{\itshape oxidation}}, the process is also called {\itshape tarnishing} or {\itshape rusting}.  In other words, an iron nail that turns to rust has formed iron oxide.  The dull, dirty-{}looking film that coats otherwise shiny copper is copper oxide.  Oxides form because oxygen is so electronegative.  When substances burn (including hydrocarbons and metals), they oxidize and release large amounts of heat quickly.

The oxide ion is O\textsuperscript{2-{}}.  There is also peroxide O\textsubscript{2}\textsuperscript{2-{}} and superoxide O\textsubscript{2}\textsuperscript{-{}}.
\section{Sulfur}
\label{454}



\begin{minipage}{1.0\linewidth}
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\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/163.png}
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\raggedright{}\myfigurewithcaption{163}{S\textsubscript{8}}
\end{minipage}\vspace{0.75cm}


Sulfur behaves similarly to oxygen, but it has over 30 allotropes.  The most common is S\textsubscript{8}.  Sulfur is a solid at STP.  It is yellow and is actually odorless.  The distinct odor of sulfur is actually H\textsubscript{2}S, hydrogen sulfide.  Sulfur is a part of many organic and inorganic compounds. Sulfur is part of some proteins necessary for life. 

Chemical names beginning with \symbol{34}thio\symbol{34}-{} mean an oxygen atom has been replaced with a sulfur atom.  For example, cyanate is OCN\textsuperscript{-{}, whereas thiocyanate is SCN}-{}.
\section{Others}
\label{455}

Selenium conducts electricity better in the light than in the dark, so it is found in photocells, electrical components that detect light.

Tellurium is extremely rare and very poisonous.

Polonium is dangerously radioactive and very rare. It is usually associated with uranium ore as a product of radioactive decay of uranium.
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\section{Halogens}
\label{457}

The {\itshape halogens} are found in {\bfseries Group 17(VIIA)}. The halogens are \myhref{http://en.wikipedia.org/wiki/Fluorine}{fluorine}, \myhref{http://en.wikipedia.org/wiki/Chlorine}{chlorine}, \myhref{http://en.wikipedia.org/wiki/Bromine}{bromine}, \myhref{http://en.wikipedia.org/wiki/Iodine}{iodine}, and \myhref{http://en.wikipedia.org/wiki/Astatine}{astatine}.

Like the \mylref{418}{alkali metals}, the halogens are extremely reactive.  They have seven valence electrons, meaning they require only one more electron for a noble configuration.  This gives them very large electron affinities and extreme reactivity to form ions with a -{}1 charge. They are so reactive that in their homogeneous state, UV light will catalyze a radical reaction. 

The halogens exist in {\bfseries diatomic} form.  Under normal conditions, they will always occur in pairs, covalently bonded.  The covalent bond allows them to share an electron and possess a complete octet.  F\textsubscript{2} is a pale yellowish-{}brown gas.  It is highly reactive, causing organic compounds and hydrogen gas to explode, even without a spark.  Cl\textsubscript{2} is a pale yellow-{}green gas.  It reacts with water to form disinfectants and bleaches.  Br\textsubscript{2} is a reddish-{}brown liquid, but, being {\bfseries volatile}, it readily evaporates into a reddish vapor.  I\textsubscript{2} is a gray solid that forms a violet gas if heated.

Fluorine is the most \mylref{112}{electronegative} of all elements, and it is so reactive that it attacks almost any other element (noble gases, oxygen, nitrogen, and gold are the exceptions) to form fluorides. Chlorine is somewhat less reactive, bromine somewhat less reactive than chlorine, and iodine even less, but even iodine is a formidable ionizer. Extreme radioactivity masks the chemical properties of astatine. With increasing atomic weight for these elements, the elements have higher boiling and melting points. At normal temperatures, fluorine and chlorine are gases, bromine is a liquid, and iodine is a solid.

\LaTexInfoTemplateOne{The halogens have very similar chemical properties. They can be studied as a whole, rather than element-{}by-{}element, due to this similarity.}
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\end{center}

\section{Safety}
\label{458}

\begin{TemplateInfo}{\danger}{Warning}All of these pure elements are dangerous and should never be touched. Fluorine is extremely dangerous in that it corrodes almost anything—even glass. Breathing the vapors of these elements, even in minute amounts, can cause death.\end{TemplateInfo}
\section{Reactions}
\label{459}

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2 \hbox{F}_{2(g)} + 2 \hbox{H}_2\hbox{O}_{(l)} \to \hbox{O}_{2(g)} + 4 \hbox{HF}_{(aq)}$}\newline{}{$\hbox{Cl}_{2(g)} + \hbox{H}_2\hbox{O}_{(l)} \to \hbox{HCl}_{(aq)} + \hbox{HClO}_{(aq)}$}\newline{}{$\hbox{Br}_{2(g)} + \hbox{H}_2\hbox{O}_{(l)} \to \hbox{HBr}_{(aq)} + \hbox{HBrO}_{(aq)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The halogens in diatomic form react with water to produce \mylref{250}{{\bfseries acids}}.\newline{}Iodine does not react with water and is only slightly \mylref{224}{soluble}.  Chlorine also has low solubility, but it will react in water to form hypochloric acid and hydrochloric acid.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{X}_2 + \hbox{H}_{2(g)} \to 2 \hbox{HX}_{(g)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}In chemical reactions, an X is used to symbolize any halogen element.  All halogens form gaseous compounds with hydrogen: hydrogen fluoride HF, hydrogen chloride HCl, hydrogen bromide HBr, and hydrogen iodide HI. These are acidic, strongly reactive substances called {\bfseries hydrogen halides}.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{HX}_{(g)} + 2\hbox{H}_2\hbox{O}_{(g)} \to \hbox{H}_3\hbox{O}^+_{(aq)} + \hbox{X}^-_{(aq)} + \hbox{H}_2\hbox{O}_{(l)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} When hydrogen halides are dissolved in water, they are known as {\bfseries hydrohalic acids}.  Except for hydrogen fluoride, they are among the \mylref{353}{strongest} known acids.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2 \hbox{M}_{(s)} + \hbox{X}_{2(g)} \to 2 \hbox{MX}_{(s)}$}\newline{}{$\hbox{HX}_{(g)} + \hbox{NH}_{3(g)} \to \hbox{NH}_4\hbox{X}_{(g)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}These reactions show reactions with metals and ammonia gas to form \mylref{116}{{\bfseries salts} and {\bfseries ammonium halides}}, respectively.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{SiCl}_4 + 2\hbox{H}_2\hbox{O} \to \hbox{SiO}_2 + 4 \hbox{HCl}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Many non-{}metallic halides react with water to release hydrogen halides.  For example, silicon chloride and water react. 
\end{longtable}

\section{Other Compounds}
\label{460}

Halides of metals are known as {\bfseries salts}. Sodium chloride, better known as \symbol{34}table salt\symbol{34}, is the crystalline substance often used to enhance the flavor of food.  Note, however, that not all salts are halides (for example, sodium sulfate Na\textsubscript{2}SO\textsubscript{4}), and not all halides are salts (carbon tetrachloride, CCl\textsubscript{4}).

{\bfseries Interhalogens} are molecules composed of two or more different halogen atoms.  They are similar to the diatomic halogens.  Some examples are chlorine monofluoride ClF and bromine monochloride BrCl.  There are many others, and they are all very reactive and somewhat unstable.  Interhalogens take the form XY\textsubscript{n}, where n is 1, 3, 5, or 7.  X and Y are both halogens, X being the less electronegative.

{\bfseries Noble gas compounds} have been formed using fluorine.  Although noble gases are supposedly inert, the larger ones like xenon will form covalent bonds with a very electronegative element like fluorine.  Xenon difluoride XeF\textsubscript{2}, xenon tetrafluoride XeF\textsubscript{4}, and xenon hexafluoride XeF\textsubscript{6} are among the noble gas compounds that have been created.
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\section{Noble Gases}
\label{462}

The {\itshape noble gases} are in {\bfseries Group 18 (8A)}.  They are \myhref{http://en.wikipedia.org/wiki/Helium}{helium}, \myhref{http://en.wikipedia.org/wiki/Neon}{neon}, \myhref{http://en.wikipedia.org/wiki/Argon}{argon}, \myhref{http://en.wikipedia.org/wiki/Krypton}{krypton}, \myhref{http://en.wikipedia.org/wiki/Xenon}{xenon}, and \myhref{http://en.wikipedia.org/wiki/Radon}{radon}.  They were once called {\itshape inert gases} because they were thought to be completely {\bfseries inert}—unable to form compounds.  This is a reasonable belief because the noble gases have a complete \mylref{102}{octet}, making them very stable and unlikely to gain or lose any electrons.  However, some compounds have been formed with the larger elements of this group, like xenon tetrafluoride (XeF\textsubscript{4}). No normal compounds of helium, neon, or argon are stable at any but the coldest of temperatures.  

Radon is dangerously radioactive; it causes cancer. It is so unstable that its radioactivity makes any chemical experiments with it nearly impossible.  

\LaTexInfoTemplateOne{Noble gases all have a complete octet (eight valence electrons), except for helium (which has only two electrons).  Because this configuration is extremely stable as well as symmetrical, the noble gases are very unreactive.}
\section{Ionization}
\label{463}

If an electric current is passed through a gas, its electrons will become excited.  The electron will jump to a higher energy level, but then it falls back down to a stable state and releases the energy that it had absorbed.  The energy is released in the form of a {\itshape photon}, or particle of light.  In other words, gases can be used to convert electricity into light—the concept of \symbol{34}neon signs\symbol{34}.  Neon signs are not necessarily filled with neon.  They are filled with any mixture of gases to get the desired color.  Each gas has a unique color that it emits.
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\end{longtable}
\end{center}


Of course, other gases can be used besides the noble gases.
\section{Helium}
\label{464}
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Helium is a unique noble gas.  It is the second most abundant element in the universe.  Lighter than air, it is used in blimps because it will allow them to float without the risk of an explosion.  Neon is the only element less reactive than helium.

Helium will not freeze under normal pressure.  There cannot be enough \mylref{141}{intermolecular force} to lock the atoms into a solid.  It remains a gas until 4 K, then becomes a liquid.  With the right conditions, helium becomes a {\itshape superfluid}.  It is a liquid that will creep along the edges of its container with zero viscosity.
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\section{Hydrogen}
\label{466}

\LaTexInfoTemplateOne{Hydrogen is an element like no other.  It does not fit into any of the groups.}

\myhref{http://en.wikipedia.org/wiki/Hydrogen}{Hydrogen} is by far the most common element in the universe; as a gas it is too light for Earth\textquotesingle{}s gravity to hold. It is by far the largest constituent of the Sun and all other stars and of the gas giant planets of our solar system. It exists on or just under the surface of the Earth as a component of water and in innumerable compounds of carbon, many essential to life. 

The heat and light from the sun (or any other star) arises largely from the nuclear fusion of hydrogen into helium.  Nuclear reactions are \mylref{483}{discussed later}.  Essentially, the nucleus of two atoms can combine at very high temperatures, which releases tremendous amounts of energy in the form of heat and light.
\section{Reactions}
\label{467}

Hydrogen, although having one outermost electron, does not fit into the alkali metals or any other group. It deserves its own treatment. It forms compounds analogous to those of the alkali metals, but such hydrogen compounds are much less alkaline (or more acidic), much less ionic, and more volatile.  Sodium chloride, the stereotypical salt, is neutral and clearly ionic; hydrogen chloride is a non-{}ionic gas under normal conditions and is a strong acid. The hydrogen analogue of sodium hydroxide is a volatile liquid (water, its most common compound) under normal situations—unlike the strongly alkaline and solid sodium hydroxide, water is slightly ionic and effectively neutral.

Hydrogen is a non-{}metal, forming a diatomic gas which results from the sharing of the single electrons of hydrogen atoms. It can achieve a stable ionic structure (no electrons!) by losing an electron or by gaining an electron and achieving the completed shell configuration of helium. The hydrogen molecule is best described as sharing the two electrons between two hydrogen atoms. This structure is highly stable and has little inclination to form bonds between other hydrogen molecules; hydrogen is a gas down to some of the lowest temperatures known. It is also the lightest of gases, weighing less even than helium.

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\hbox{H}_{2 (g)} + \hbox{F}_{2(g)} \to 2 \hbox{HF}_{(g)} + heat$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Hydrogen readily shares its electron with a strongly electronegative element, like any halogen, oxygen, or sulfur. The combination with fluorine is particularly violent and possible down to very low temperatures.  Light is enough to force combustion between hydrogen and chlorine, and a spark is enough to cause combustion between hydrogen and oxygen. \\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2 \hbox{H}_{2 (g)} + \hbox{O}_{2 (g)} \to 2 \hbox{H}_2\hbox{O}_{(g)} + heat$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Due to the {\itshape Hindenburg} disaster of 1936, helium has long replaced hydrogen in lighter-{}than-{}air aircraft. The reaction responsible for that disaster was simply the combustion of hydrogen and oxygen. (Note that at the temperatures associated with such a combustion, water is in the gaseous state)\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\hbox{H}_{2(g)} + 2 \hbox{Na}_{(s)} \to 2 \hbox{NaH}_{(s)}$}\newline{}{$\hbox{NaH}_{(s)} + \hbox{H}_2\hbox{O}_{(l)} \to \hbox{NaOH}_{(aq)} + \hbox{H}_{2(g)}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Hydrogen can act somewhat like a halogen, forming {\bfseries hydrides} with some metals. Most of these react violently with water to form hydrogen gas and the metal hydroxide. Hydrogen compounds with non-{}metals are typically among the most volatile substances of those elements.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$2 \hbox{Zn}_{(s)} + 2 \hbox{HCl}_{(aq)} \to 2 \hbox{ZnCl}_{(aq)} + \hbox{H}_{2(g)}$}\newline{}{$\hbox{M} + 2 \hbox{H}^+ \to \hbox{M}^{2+} + \hbox{H}_{2(g)}$} {\itshape (general net ionic equation)}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Under pressure, in aqueous solutions, or in non-{}solid acids, hydrogen is a good \mylref{211}{reducing agent}. Strong acids attack most metals.  This example shows hydrochloric acid added to zinc.In the atmospheres of gas giant planets (Jupiter, Saturn, Uranus, and Neptune) gaseous hydrogen under great pressure reduces nitrogen to ammonia, carbon compounds to methane and other hydrocarbons, and oxides to water.  
\end{longtable}

\section{Compounds}
\label{468}

\LaTexInfoTemplateOne{Hydrogen forms more chemical compounds than any other element including carbon.}
Almost all carbon compounds contain hydrogen, and vice versa, but more substances containing hydrogen (without carbon) exist than do compounds of carbon (without hydrogen).  Hydrogen forms bonds with most non-{}metals, including oxygen, nitrogen, and carbon. Although a hydrogen atom can bond with only one other element, and then only in a single bond, hydrogen allows very long chains of carbon atoms to form.  Most of the hydrogen compounds with carbon alone are combustible gases or volatile liquids or waxy solids that can be vaporized and burned to produce water, carbon dioxide, and much heat. Natural gas, gasoline (a mixture of liquid hydrocarbons), and waxes as found in candles make suitable fuels. With such other elements as oxygen, nitrogen, sulfur, and in some cases metals, hydrogen allows the formation of substances necessary for life, including carboxylic acids, sugars, proteins, nucleic acids, haemoglobin, and chlorophyll. 

Such complex compounds are ordinarily discussed in \myhref{http://en.wikibooks.org/wiki/Organic\%20Chemistry}{Organic Chemistry}, a study associated more obviously with carbon.
\section{Forms}
\label{469}

Hydrogen has three {\itshape isotopes}.  All hydrogen atoms contain exactly one proton in the nucleus, but there can be zero, one, or two neutrons.  99.98\% of all hydrogen atoms naturally found on Earth have no neutrons.  This is called {\itshape protium}, or {\bfseries \textsuperscript{1}H}.  It is stable, along with {\itshape deuterium}, or {\bfseries \textsuperscript{2}H}.  Deuterium has one neutron.  It behaves exactly like regular hydrogen, but it weighs twice as much.  Thus, \symbol{34}heavy water\symbol{34} is D\textsubscript{2}O, where D is deuterium.  {\itshape Tritium}, or {\bfseries \textsuperscript{3}H}, has two neutrons.  It is unstable (radioactive) and decays into helium.

If hydrogen loses an electron, it becomes H\textsuperscript{+, simply a bare proton.  In an aqueous solution, H}+ forms hydrogen bonds with a surrounding water molecule to create {\itshape hydronium} H\textsubscript{3}O\textsuperscript{+}.  As the hydronium concentration of a solution increases, so does its \mylref{250}{acidity}.

Although uncommon, hydrogen can gain an electron to become an H\textsuperscript{-{}} ion.
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\section{Transition Metals}
\label{471}

The transition metals are found in the middle of the \myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FPeriodic\%20Table}{periodic table}.  There are two definitions of {\itshape transition metals}:

\begin{myenumerate}
\item{}  All d-{}block elements (Groups 3-{}12)
\item{}  Elements with partially occupied d-{}orbitals or that can form cations with partially occupied d-{}orbitals
\end{myenumerate}


The first definition is more common and is used casually, but the second definition emphasizes the unique properties of transition metals and is the one used by IUPAC (The International Union of Pure and Applied Chemistry). The second definition is commonly considered to exclude Zn, Cd and Hg because these elements have a {\itshape d\textsuperscript{10}} electronic configuration (the d-{}orbitals being fully, not partially, occupied). However, recently reported fluoride Hg(IV) compounds, which have a {\itshape d\textsuperscript{8}} configuration put this exemption into doubt and make it reasonable to consider Hg (and possibly Zn and Cd too) as transition metals.

Transition metals behave differently than other metals because of their partially occupied d-{}orbitals.  Adding electrons to a transition metal does not affect its valence shell because the electrons go into the d-{}orbital (which is not part of the valence shell).  All transition metals have one or two valence electrons.
\subsection{Electrons and Oxidation}
\label{472}

Transition metals are interesting because they can have several \mylref{204}{oxidation states}, unlike most other metals.  This happens because the transition metals can lose their d electrons in addition to their s electrons when forming ions.  
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\raggedright{}\myfigurewithcaption{174}{The solid dots show common oxidation states, and the hollow dots show possible but unlikely states.}
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Remember that an electron orbital is most stable when it is full or half-{}full (or empty).  Studying the electron configurations of the transition metals shows an interesting pattern:

\begin{center}

\begin{longtable}{>{\RaggedRight}p{0.30366\linewidth}>{\RaggedRight}p{0.61598\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Sc: &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{2}3d\textsuperscript{1}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ti: &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{2}3d\textsuperscript{2}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} V : &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{2}3d\textsuperscript{3}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cr: &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{{\bfseries 1}}3d\textsuperscript{{\bfseries 5}}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Mn: &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{2}3d\textsuperscript{5}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Fe: &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{2}3d\textsuperscript{6}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Co: &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{2}3d\textsuperscript{7}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ni: &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{2}3d\textsuperscript{8}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cu: &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{{\bfseries 1}}3d\textsuperscript{{\bfseries 10}}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Zn: &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{2}3d\textsuperscript{10} 
\end{longtable}


\end{center}


To be more stable, an s-{}electron \symbol{34}jumps up\symbol{34} to the d-{}orbital in chromium and copper.  This also occurs in in heavier transition metals like molybdenum, tungsten, and platinum.  With heavier transition metals in Periods 5, 6, and 7, the effects of {\itshape relativity} cause changes in the energy levels of the orbitals.  In those elements, s-{}electrons \symbol{34}jump up\symbol{34} to d-{}shells more often than expected with the full/half-{}full rule.

When ions of the transition metals form, they lose their s-{}electrons first, then they lose their d-{}electrons if further ionized.  For example, copper can form two different ions, and titanium can form three:

\begin{center}

\begin{longtable}{>{\RaggedRight}p{0.34137\linewidth}>{\RaggedRight}p{0.57828\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cu:              &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{1}3d\textsuperscript{10} \\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cu\textsuperscript{+}:  &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{0}3d\textsuperscript{10} \\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cu\textsuperscript{2+}: &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{0}3d\textsuperscript{9} \\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ti:              &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{2}3d\textsuperscript{2} \\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ti\textsuperscript{2+}: &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{0}3d\textsuperscript{2} \\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ti\textsuperscript{3+}: &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{0}3d\textsuperscript{1} \\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ti\textsuperscript{4+}: &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\text{[}$}Ar{$\text{]}$}4s\textsuperscript{0}3d\textsuperscript{0}  
\end{longtable}


\end{center}

\subsection{Colors}
\label{473}

Transition metals and their oxides, when dissolved, form colored compounds.  Group 1 and 2 metals are clear when dissolved and white when precipitated.  Other metals, like lead, are clear when dissolved and may have color when precipitated (lead precipitates are yellow).  Transition metals, on the other hand, are colored when dissolved.  Different metals are known for their specific colors, finding use as inks or paints.
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\raggedright{}\myfigurewithcaption{175}{Left to right: cobalt(II) nitrate (red); potassium dichromate (orange); potassium chromate (yellow); nickel(II) chloride (green); copper(II) sulfate (blue); potassium permanganate (purple).}
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\section{Families}
\label{474}
\subsection{Coinage Metals}
\label{475}

The \symbol{34}coinage metals\symbol{34} are \myhref{http://en.wikipedia.org/wiki/Copper}{copper}, \myhref{http://en.wikipedia.org/wiki/Silver}{silver}, \myhref{http://en.wikipedia.org/wiki/Gold}{gold}, and \myhref{http://en.wikipedia.org/wiki/Roentgenium}{roentgenium}.  These elements are used for much more than just coins, and many other elements besides these are made into coins.  Furthermore, roentgenium is radioactive with a half-{}life of 3.6 seconds, making it useless for commercial applications.  Consequently, the \symbol{34}coinage metals\symbol{34} are more appropriately called {\bfseries Group 11 (IB)} elements.

Copper, silver, and gold, although relatively rare (copper), rare (silver), or extremely rare (gold), are among the longest-{}known and most familiar elements. They are soft, shiny, dense metals resistant to corrosion and very good conductors of electricity. Roentgenium, a recently-{}discovered synthetic element, is so short-{}lived that its physical and chemical properties are ill-{}defined.

Copper is by far the most heavily used of these elements due to its electrical properties, its commonness (contrasted to silver and gold) and the attractiveness of its alloys brass and bronze. Until aluminum became commonplace, copper was second only to iron in production among the metals.    


\begin{center}
\begin{longtable}{>{\RaggedRight}p{0.5\linewidth}}  


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/176.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{176}{Copper pipes}
\end{minipage}\vspace{0.75cm}

\\ 


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/177.jpg}
\end{center}
\raggedright{}\myfigurewithcaption{177}{Silver, the shiniest}
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They are easy to identify when found because copper (reddish) and gold (yellow) are the only two colored metals that people are likely to encounter. Silver is the shiniest of metals, and it is usually found in the presence of copper or gold and gives an obvious contrast. They are often found uncombined.

Because of their softness they are easily struck as coins, and their comparative rarity and attractiveness, along with their resistance to corrosion make them compact stores of wealth. They are too soft to have structural value, but copper alloys with such elements as zinc and tin to form harder brasses and bronzes. Brass and bronze were essential in the earliest metal tools; without them, civilization as we know would be impossible. Gold and silver, due to their attractiveness and their resistance to oxidation, have been used heavily in jewelry and other ornamental works. Gold, although extremely expensive, is so malleable that at modest cost a small amount can be pounded into a foil of extreme thinness that allows it to be used as a covering of some architectural objects; a little gold goes a long way.    

Copper oxidizes with some difficulty to the +1 state in halides and an oxide and to the +2 state in salts such as copper sulfate CuSO\textsubscript{4}. Soluble copper compounds are easily identified by their distinctive blue-{}green color. Silver oxidizes to the +1 state in such substances as silver nitrate AgNO\textsubscript{3} and silver sulfide Ag\textsubscript{2}S, the latter the typical blackening of silver. Gold oxidizes to the +1 and +3 state with great difficulty.

These elements are poor (copper) to extremely-{}poor (gold) reducing agents and their compounds are very good oxidizing agents. Copper ions oxidize most metals:


\begin{center}
\begin{equation*}\hbox{Cu}^{2+}_{(aq)} + \hbox{Fe}_{(s)} \to \hbox{Cu}_{(s)} + \hbox{Fe}^{2+}_{(aq)}\end{equation*}
\end{center}
 

The reaction is even stronger with either silver or gold. In effect a solution of one of these metals\textquotesingle{} salts plates most other metals.

Silver is most electrically conductive metal, followed by copper then gold.  This makes copper a favorite material for electrical wires.  Gold-{}tipped wires are employed in situations that need electrical precision (like high-{}quality audio) because gold will not tarnish (the tarnish of copper is much less conductive).
\subsection{Zinc Family}
\label{476}

The {\itshape Zinc Family} is {\bfseries Group 12 (IIB)} and consists of \myhref{http://en.wikipedia.org/wiki/zinc}{zinc}, \myhref{http://en.wikipedia.org/wiki/cadmium}{cadmium}, \myhref{http://en.wikipedia.org/wiki/mercury}{mercury}, and \myhref{http://en.wikipedia.org/wiki/copernicum}{copernicum}.

Zinc, cadmium, and mercury are metals with low melting points for metals. This is because they have an especially stable electron configuration.  Mercury is so poor at forming metallic bonds that it is liquid at room temperature.


\begin{center}
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Zinc and cadmium are soft metals that easily oxidize to the +2 oxidation state. Neither of these two metals appears uncombined in nature. Zinc is heavily used in alloys with copper to create a harder metal known as brass; as a coating for iron (the process is called \symbol{34}galvanizing\symbol{34}), it oxidizes to form a protective layer of zinc oxide (ZnO) that protects the iron from oxidation, also known as rust. Zinc oxide is much safer than lead oxide and is often used in white paint. Since 1982, zinc has been the main metal used in American pennies. It is now used in new organ pipes.

Cadmium forms two substances, cadmium yellow (cadmium sulfide, CdS) and cadmium red (cadmium selenide, CdSe) that appeared in paints. These paints had strong colors that many of the great artists of the Impressionist periods cherished in their paintings. But these substances are very poisonous, and painters who used them often died young and crippled. Modern painters ordinarily use different paints that do not use these two poisonous chemicals.    

Mercury, in contrast, is a shiny liquid at room temperature and oxidizes with some difficulty. It conducts electricity well. Because it is liquid it is an unusual metal—but it is a metal. It has been used in thermometers (but not so often after it has been identified as a dangerous poison) because it expands with heat and in switches where it can flow into a closed space to close a circuit. Mercury oxidizes to the +2 state in mercuric chloride (HgCl\textsubscript{2}); in some strange compounds, two mercury atoms share an electron and offer their \symbol{34}spare\symbol{34} electrons to form substances in the +1 state, such as mercurous chloride (Hg\textsubscript{2}Cl\textsubscript{2}).  

Zinc is an essential trace element for living things; it has some germicidal properties and is toxic (poisonous) in large quantities. Zinc pennies should never be swallowed. Cadmium, mercury, and their compounds are very dangerous poisons. Although mercury is attractive and has remarkable properties, it should be used with extreme care, and only by workers who have appropriate knowledge of its hazards.

The artificial Element 112 named copernicum in 2010 is probably part of this group in its properties, but it is extremely difficult to produce and too unstable to have a well-{}defined chemistry. Few atoms of this element have ever been made.

The elements of Groups 8, 9, and 10 are in two distinct groups: the common elements iron, cobalt, and nickel of the upper row of transition metals and the platinum metals of the second and third rows, and the far-{}scarcer platinum metals of the two lower rows of transition elements.
\section{Iron, cobalt, and nickel}
\label{477}


These elements are fairly-{}good reducing agents -{}-{} so good that they rarely appear uncombined in nature. \myhref{http://en.wikipedia.org/wiki/iron}{Iron} is by far the most common of these. One of the most common elements in the universe, it is the heaviest metal that forms in normal fusion in stars (but only the largest stars). Once a star begins to produce iron in its core, that star is doomed in short order to a violent explosion that destroys the star and scatters its matter, including all of the elements that it has formed in fusion. 

Uncombined iron, cobalt, and nickel -{}-{} but especially iron -{}-{} are to be found in meteors, solid objects that strike the earth. Iron is by far the most common of the transition elements, and one of the most useful. It\textquotesingle{}s hard to count all the uses of iron, the metal most used (whether pure or in alloys) in almost all machines. Giant \symbol{34}glass box\symbol{34} skyscrapers depend upon iron bars within their concrete \symbol{34}skeletons\symbol{34} to give them strength and stability. The rails of railroads are long iron bars. Concrete highways and airstrips have iron re-{}enforcing bars to give them the strength to hold heavy vehicles. The vehicles themselves are largely iron and a harder material known as steel, an alloy of iron, carbon, and often metals other than iron.   

Iron is the cheapest of all structural metals. With some skill of an artisan known as a \myhref{http://en.wikibooks.org/wiki/blacksmith}{blacksmith} it can be worked into many useful objects such as horseshoes, nails, plows, chains, pails, ladders, and many tools. In foundries, iron and steel are shaped in far greater quantities into such objects as furniture and parts of aircraft, ships, motor vehicles, and appliances.

Iron has one fault as a structural material: it rusts easily. In the presence of water (especially salt water) it corrodes into oxides:

Fe\textsubscript{(s)} + 1/2 O\textsubscript{2}\textsubscript{(g)} → FeO\textsubscript{(s)}
2 Fe\textsubscript{(s)} + 3/2 O\textsubscript{2}\textsubscript{(g)} → Fe\textsubscript{2}O\textsubscript{3}\textsubscript{(s)}

and a mixed oxide known as hematite 

2 Fe\textsubscript{(s)} + 3/2 O\textsubscript{2}\textsubscript{(g)} → Fe\textsubscript{2}O\textsubscript{3}\textsubscript{(s)}

one of the most common ores of iron. Iron oxides are mildly alkaline, so iron resists attacks by alkalis; acids attack it. For example, 

Fe \textsubscript{(s)} + H\textsubscript{2}SO\textsubscript{4(l)} → Fe\textsuperscript{2+}\textsubscript{(aq)} + SO\textsubscript{4\textsuperscript{2-{}}}(aq) + H\textsubscript{2}\textsubscript{(g)}

Even a comparatively weak acid, like phosphoric acid, can attack iron oxide. This is the \symbol{34}naval jelly\symbol{34} reaction that removes rust from iron:

FeO\textsubscript{(s)} + H\textsubscript{3}PO\textsubscript{4(l)} → Fe\textsuperscript{2+}\textsubscript{(aq)} + HPO\textsubscript{4(aq)}\textsuperscript{-{}2} + H\textsubscript{2}O\textsubscript{(l)}

A great advance of humanity, the beginning of the Iron Age, began when people found that they could separate iron from oxygen by burning it with carbon (usually charcoal) which can reduce iron oxides to iron:

Fe\textsubscript{3}O\textsubscript{4}\textsubscript{(s)} + 4 C\textsubscript{(s)} → 3 Fe\textsubscript{(s)} + 4 CO\textsubscript{(g)}

Much of existing economic activity depends upon the extraction of iron ore, the reduction of iron ore to iron, the strengthening of iron to steel, the creation of iron and steel objects, and the various practices used in protecting iron from corrosion. 

Important as that activity is, our lives would be impossible without an important compound of iron known as hemoglobin which carries oxygen through the bloodstream to cells where the cells can use the oxygen to release energy from food also delivered to cells through the bloodstream. 
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The earth itself has a hot, dense core of largely iron and nickel. At the temperatures characteristic of the Earth\textquotesingle{}s core the iron and nickel form a giant natural magnet that creates a magnetic field that goes beyond the Earth itself into the atmosphere. That magnetic field drives off much dangerous radiation that would kill life on the Earth\textquotesingle{}s surface if it reached the Earth\textquotesingle{}s surface.  

Cobalt and nickel are both far scarcer than iron and not as extensively used in commerce as iron, although they have specialized uses.           

\subsection{Platinum Family}
\label{478}

The Platinum group metals are \myhref{http://en.wikipedia.org/wiki/ruthenium}{ruthenium}, \myhref{http://en.wikipedia.org/wiki/rhodium}{rhodium}, \myhref{http://en.wikipedia.org/wiki/palladium}{palladium}, \myhref{http://en.wikipedia.org/wiki/osmium}{osmium}, \myhref{http://en.wikipedia.org/wiki/iridium}{iridium}, and \myhref{http://en.wikipedia.org/wiki/platinum}{platinum}.  These elements are found in the second two rows of {\bfseries Groups 8/9/10 (IIIB)}. 

Unlike their lighter counterparts in Groups 8, 9, and 10 of these elements are resistant to corrosion and tarnish.  They serve as {\bfseries catalysts} for many chemical reactions, speeding up the reaction without being consumed by it.

Palladium, osmium, and the other platinum group metals absorb hydrogen when powdered.

Rhodium is used in {\itshape catalytic converters}—metallic structures found inside vehicles.  Catalytic converters convert nitric oxides (which are toxic pollutants) into elemental nitrogen and oxygen (both of which make up breathable air):


\begin{center}
\begin{equation*}2 \hbox{NO}_x \to x \hbox{O}_2 + \hbox{N}_2\end{equation*}
\end{center}


That reaction would not occur without rhodium to serve as a catalyst.
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\section{Inner Transition Metals}
\label{480}

The inner transition metals are found in the {\bfseries f-{}block}, usually put at the bottom of the \myhref{http://en.wikibooks.org/wiki/General\%20Chemistry\%2FPeriodic\%20Table}{Periodic Table}.  These elements were sometimes called {\itshape rare earth metals} due to their extremely low natural occurrence. Except for extremely-{}unstable promethium which quickly decays to another lanthanoid metal, these elements are not rare. Indeed cerium is abundant in Earth\textquotesingle{}s crust.)  Many of them do not occur naturally, but are instead created in labs artificially.  Furthermore, these elements all have nearly identical properties, both chemically and physically, making them very difficult to identify and separate.  They are almost as reactive as the alkali metals, and all actinoids are radioactive, so they have little commercial significance.  However, the radioactive elements can be used in nuclear power plants or as weapons.

Most of the inner transition metals form ions with a +3 charge.  Some of the lighter actinoids can use their f-{}electrons for bonding, giving them a wider range of oxidation states, but the rest do not use f-{}electrons and have only a +3 oxidation state.  Cerium is a notable exception: it has a somewhat common +4 oxidation state, seen in curium(IV) oxide CeO\textsubscript{2}.

These elements tarnish quickly in oxygen.  Some will ignite in oxygen.  They react with water to release hydrogen:


\begin{center}
\begin{equation*}2 \hbox{M} + 3 \hbox{H}_2\hbox{O} \to \hbox{M}_2\hbox{O}_3 + 3 \hbox{H}_2\end{equation*}
\end{center}

\subsection{Lanthanoids}
\label{481}

Lanthanoids burn in oxygen easily and react violently with non-{}metals.  They are used in lasers and sometimes steels depending on the element.

Neodymium magnets (Nd\textsubscript{2}Fe\textsubscript{14}B) are the strongest known permanent magnets.  Gadolinium exhibits {\itshape ferromagnetism} below room temperature.

The terbium(III) cation is very {\itshape fluorescent}—it glows in the dark.

{\bfseries Lanthanoid contraction} is a phenomenon that causes the lanthanoids (and all elements after them) to have much smaller atomic radii than expected.  The f-{}electrons do not shield the nuclear charge as much as expected, so the outermost electrons are attracted to the nucleus more.
\subsection{Actinoids}
\label{482}
Only thorium and uranium occur naturally in Earth\textquotesingle{}s crust (along with neptunium and plutonium in trace amounts).

The actinoids are radioactive and decay into more stable elements.  The actinoids that do not occur naturally have been created in labs for experiments and research.
\section{Nuclear Chemistry}
\label{483}
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Throughout your study of General Chemistry, you have undoubtedly heard of \symbol{34}radioactive elements\symbol{34} and \symbol{34}unstable isotopes\symbol{34}.  These elements are the study of {\bfseries nuclear chemistry}.  Normal chemical reactions occur between atoms and electrons.  Atoms gain, lose, and share electrons to form different substances.  Chemical reactions are essentially interactions of electrons.  {\itshape Nuclear reactions}, on the other hand, occur within the nucleus of an atom.  They involve the gaining, losing, and transformation of protons, neutrons, and sometimes other particles (electrons and photons).  Nuclear chemistry is something that you can study only within your textbook—radioactive substances are deadly to living things, can cause explosions, and are difficult to procure.

You should already know what {\bfseries isotopes} are:  elements with the same number of protons, but different numbers of neutrons (and a different total mass).  Some isotopes are {\itshape stable} and do not decay.  They last indefinitely.  Other isotopes are {\itshape unstable}, meaning that they are radioactive.  They will undergo nuclear reactions to become a more stable isotope.  Some elements are always unstable, regardless of how many neutrons, so all of their isotopes are unstable.

For example, carbon-{}12 (6 protons, 6 neutrons) is stable.  Carbon-{}14 (6 protons, 8 neutrons) is unstable and decays into nitrogen-{}14.  This is unusual from a chemical point of view—there is no way for an atom to change into a different element.  This is nuclear chemistry, though, and elements {\itshape do} change frequently in their quest to become more stable.
\subsection{Stability}
\label{484}

There is no formula or exact rule to determine which isotopes are stable and which are unstable.  That must be determined experimentally.  Patterns have emerged throughout the study of the elements, and there are some general guidelines you can use to guess if an isotope will be stable or radioactive:

\begin{myitemize}
\item{}  Lighter elements are stable when they have roughly equal numbers of protons and neutrons.
\item{}  Heavier elements are stable when they have more neutrons than protons in about a 3:2 ratio.
\item{}  Elements that have a \symbol{34}magic number\symbol{34} of protons or neutrons are especially stable: 2, 8, 20, 28, 50, 82, 126.
\end{myitemize}


In regard to the magic numbers, notice how helium-{}4 (2 p, 2 n) is the most abundant isotope in the universe.  Lead-{}208 is the heaviest stable isotope known (82 p, 126 n).  The air we breathe is filled with oxygen-{}16 (8 p, 8 n).  The stability of these isotopes is no coincidence.

\subsection{Fusion and Fission}
\label{485}
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\raggedright{}\myfigurewithcaption{187}{The fusion reaction that powers the Sun}
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{\bfseries Fusion} reactions take two small nuclei and \symbol{34}fuses\symbol{34} them together into one large nucleus.  {\bfseries Fission} reactions split a large nucleus into smaller nuclei.  Fission releases tremendous amounts of energy, which is why fission reactions are used in both nuclear power plants (to provide electricity to an entire city) and nuclear bombs (to destroy an entire city).  Fusion reactions release even greater amounts of energy, but they only occur at unfathomably high temperatures.  Fusion reactions occur in stars in outer space.  Our sun is basically one giant fusion reactor.  Hydrogen nuclei fuse together into helium nuclei, releasing the light and heat that warms our planet.  Here are some example nuclear reactions:

\begin{longtable}{>{\RaggedRight}p{0.70208\linewidth}>{\RaggedRight}p{0.21756\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$^2_1\hbox{H} + ^6_3\hbox{Li} \to 2 ^4_2\hbox{He}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Fusion\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$^{235}_{92}\hbox{U} + ^1_0n \to ^{141}_{52}\hbox{Te} + ^{91}_{40}\hbox{Zr} + 3 ^1_0n$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Fission 
\end{longtable}


Notice that the Law of Conservation of Matter is bent but not broken.  If you add up the mass numbers, they will be equal on both sides of the reaction.  The total charge numbers will also be equal.
\subsection{Decay Modes}
\label{486}

An unstable isotope will decay to become more stable.  There are many decay modes, but a few are common:

\LaTeXZeroBoxOpenTemplate{{\bfseries
\begin{mydescription} Common Decay Modes
\end{mydescription}
}

\begin{myitemize}
\item{}  {\bfseries Alpha decay} releases an alpha particle (helium-{}4, 2 p + 2 n).  Occurs when the isotope is too big to be stable.
\item{}  {\bfseries Beta\textsuperscript{+} decay} converts a neutron into a proton, releasing a beta particle (electron).  Occurs when there are too many neutrons to be stable.
\item{}  {\bfseries Beta\textsuperscript{—} decay} converts a proton into a neutron, releasing a beta particle (positron).  Occurs when there are too many protons to be stable.
\item{}  {\bfseries Gamma decay} releases a gamma particle (photon).  Occurs when the nucleus has too much energy.
\item{}  {\bfseries Electron capture} converts a proton into a neutron by absorbing an electron.  Occurs when there are too many protons to be stable.

\end{myitemize}
}

As far as health concerns, alpha particles are the most dangerous.  They can be inhaled, causing bodily damage.  They are heavy and have a double positive charge, but they are easily stopped by a piece of paper or skin.  Beta particles are simply electrons (or positrons, an antielectron).  They are somewhat dangerous, and they are stopped by a piece of wood or aluminum foil.  Gamma rays are only stopped by thick slabs of lead.  They are essentially x-{}rays that have extreme amounts of energy.  Although they have the most energy, they only cause damage to things directly exposed to a radioactive substance.  The other particles are worse because they can travel through the atmosphere.

A particular isotope always uses the same decay mode.  These reactions will summarize the decay modes (notice the law of conservation):

\begin{longtable}{>{\RaggedRight}p{0.27003\linewidth}>{\RaggedRight}p{0.64961\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$^{238}_{92}\hbox{U} \to ^{234}_{90}\hbox{Th} + ^4_2\hbox{He}^{2+}$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Alpha decay\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$^{238}_{92}\hbox{U} \to ^{234}_{90}\hbox{Th} + \alpha$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The same reaction, written with the more common notation.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$^{137}_{55}\hbox{Cs} \to ^{137}_{56}\hbox{Ba} + ^0_{-1}e^-$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Beta\textsuperscript{—} decay\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$^{22}_{11}\hbox{Na} \to ^{22}_{10}\hbox{Ne} + ^0_{1}e^+$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Beta\textsuperscript{+} decay 
\end{longtable}
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\section{Short-{}lived  natural elements and synthetic elements}
\label{488}

91 elements of the known 118 elements occur naturally on Earth.  The other seventeen -{}-{} all elements beyond plutonium on the Periodic table, and three others -{}-{} technetium (43 electrons), promethium (61), and neptunium (93) -{}-{} are too unstable to exist on Earth and  are not among the rare elements that are parts of the nuclear decay process of either thorium or uranium. The elements that do not occur naturally are {\bfseries synthetic}.  Synthetic elements are elements that have been created in a laboratory by artificial means. Synthetic elements are very unstable and have few commercial purposes.  They decay into other elements in a fraction of a second.  Most are created purely for research and experiment.

Synthetic elements are created in {\itshape particle accelerators}.  Two smaller elements are accelerated to incredible speeds and collided into each other.  Their nuclei merge together into a larger element.  The element is studied by lab equipment before it decays.

Seven of the 91 naturally-{}occurring elements (polonium, astatine, radon, francium, radium, actinium, and protactinium) exist only in the presence of naturally-{}occurring radioactive elements uranium and thorium. These comprise all elements with atomic numbers 84 through 91 except for thorium (90). All isotopes of these elements are very short-{}lived, and those of them in use are used only for their radioactive properties (most notably in radium, and then as a desperate therapy for some cancers).  Because of their short half-{}lives and the hazards associated with their radioactivity the chemistries of these elements are often extremely difficult to study.   

\subsection{Naming}
\label{489}

Most synthetic elements have been named by the IUPAC, the international authority for naming chemicals.  They are named after famous scientists or places where the element was formed.  For example, einsteinium (Es, 99) and americium (Am, 95).  Some elements are too new to have official names.  Before it can be named, an element must be discovered and proven to exist by a scientist or team.  Then, the element\textquotesingle{}s discoverer(s) will be allowed to choose a name.  Until the element has a name, it is given a {\itshape provisional name}.  Provisional names are made of a chain of words, each representing a digit in the element\textquotesingle{}s atomic number.  For example, \myhref{http://en.wikibooks.org/wiki/ununseptium}{ununseptium} is element 117 , \myhref{http://en.wikibooks.org/wiki/unnilpentium}{unnilpentium} was element 105 (since renamed as dubnium), and unbioctium would be element element 128 (not believed to exist).
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{\small Atomic masses in brackets are the most stable isotope.}
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\section{SI Fundamental Units}
\label{493}
These are the seven basic SI units from which all other units are constructed.

\begin{longtable}{|>{\RaggedRight}p{0.36876\linewidth}|>{\RaggedRight}p{0.13034\linewidth}|>{\RaggedRight}p{0.14922\linewidth}|>{\RaggedRight}p{0.19096\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Quantity}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Symbol}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Unit}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Unit Symbol}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Length &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape l} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries metre} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} m\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Time &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape t} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries second} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} s\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Mass &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape m} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries kilogram} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} kg\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Thermodynamic temperature &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape T} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries kelvin} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} K\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Amount &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape n} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries mole} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} mol\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Electrical charge &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape Q} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries coulomb} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} C\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Luminous intensity &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape I\textsubscript{V}} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} candela &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape cd}\\ \hline 
\end{longtable}

\section{SI Derived Units}
\label{494}
All other units are {\itshape derived units}.  They are built from fundamental units.  This is a small selection of units that may be found in General Chemistry.
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{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Quantity}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Symbol}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Unit}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Unit Symbol}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Derived From}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Force &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape F} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} newton&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} N &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} kg{\mbox{$\cdot$}}m{\mbox{$\cdot$}}s\textsuperscript{-{}2}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Energy &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape U} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} joule &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} J&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} kg{\mbox{$\cdot$}}m\textsuperscript{2}{\mbox{$\cdot$}}s\textsuperscript{-{}2}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Pressure &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape P} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} pascal &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Pa&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} kg{\mbox{$\cdot$}}m\textsuperscript{-{}1}{\mbox{$\cdot$}}s\textsuperscript{-{}2}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Power &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}  &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} watt &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} W&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} kg{\mbox{$\cdot$}}m\textsuperscript{2}{\mbox{$\cdot$}}s\textsuperscript{-{}3}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Electrical current &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape I} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} ampere&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} A &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} C{\mbox{$\cdot$}}s\textsuperscript{-{}1}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Electrical potential &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape V} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} volt&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} V &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} J{\mbox{$\cdot$}}C\textsuperscript{-{}1}\\ \hline 
\end{longtable}

\section{SI Prefixes}
\label{495}

A prefix appears before a unit\textquotesingle{}s symbol when expressing very large or very small quantities.  For example: 0.001 kg = 1 g = 1000 mg.

\begin{longtable}{|>{\RaggedRight}p{0.10394\linewidth}|>{\RaggedRight}p{0.08820\linewidth}|>{\RaggedRight}p{0.09891\linewidth}|>{\RaggedRight}p{0.11412\linewidth}|>{\RaggedRight}p{0.39393\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{n}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{n}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Prefix}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Symbol}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Decimal}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{8}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{24}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} yotta&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   Y&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   1 000 000 000 000 000 000 000 000\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{7}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{21}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} zetta&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   Z&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   1 000 000 000 000 000 000 000\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{6}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{18}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} exa&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   E&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   1 000 000 000 000 000 000\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{5}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{15}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} peta&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   P&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   1 000 000 000 000 000\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{4}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{12}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} tera&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   T&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   1 000 000 000 000\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{3}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{9}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} giga&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   G&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   1 000 000 000\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{2}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{6}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} mega&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   M&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   1 000 000\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{1}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{3}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} kilo&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   k&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   1 000\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{2}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} hecto&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   h&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   100\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{1}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} deca&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   da&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   10\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{0}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{0}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape (none)}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape (none)}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   1\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{−1}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} deci&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   d&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   0.1\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{−2}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} centi&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   c&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   0.01\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{−1}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{−3}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} milli&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   m&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   0.001\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{−2}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{−6}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} micro&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   µ&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   0.000 001\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{−3}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{−9}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} nano&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   n&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   0.000 000 001\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{−4}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{−12}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} pico&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   p&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   0.000 000 000 001\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{−5}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{−15}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} femto&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   f&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   0.000 000 000 000 001\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{−6}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{−18}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} atto&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   a&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   0.000 000 000 000 000 001\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{−7}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{−21}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} zepto&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   z&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   0.000 000 000 000 000 000 001\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000\textsuperscript{−8}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 10\textsuperscript{−24}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} yocto&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   y&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}   0.000 000 000 000 000 000 000 001\\ \hline 
\end{longtable}

\section{Solution Concentration Units}
\label{496}

\begin{longtable}{|>{\RaggedRight}p{0.19301\linewidth}|>{\RaggedRight}p{0.11058\linewidth}|>{\RaggedRight}p{0.10122\linewidth}|>{\RaggedRight}p{0.43447\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Quantity}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Symbol}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Units}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Description}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Molarity &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} M &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} mol/L &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} moles of solute per liter of solution\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Molality &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} m &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} mol/kg &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} moles of solute per kilogram of {\itshape solvent}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Mole Fraction &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} χ &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} (none) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} moles of solute per moles of solution\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Parts per million &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} ppm &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} (none) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} milligrams of solute per kilogram of solution\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Parts per billion &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} ppb &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} (none) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} micrograms of solute per kilogram of solution\\ \hline 
\end{longtable}

\section{Other Useful Units}
\label{497}
\subsection{Volume}
\label{498}

\begin{longtable}{|>{\RaggedRight}p{0.25429\linewidth}|>{\RaggedRight}p{0.23421\linewidth}|>{\RaggedRight}p{0.39097\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Volume Unit}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Conversion}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Mass of Water (4 °C)}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1 L&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} = 1000 cm\textsuperscript{3}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1 kg\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1 cm\textsuperscript{3}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} = 1 m/L&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1 kg\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1 m\textsuperscript{3}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} = 1000 L&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1000 kg\\ \hline 
\end{longtable}

\subsection{Pressure}
\label{499}

\begin{longtable}{|>{\RaggedRight}p{0.28928\linewidth}|>{\RaggedRight}p{0.12747\linewidth}|>{\RaggedRight}p{0.22367\linewidth}|>{\RaggedRight}p{0.19887\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Name}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Symbol}&\multicolumn{2}{|>{\RaggedRight}p{0.44100\linewidth}|}{{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Conversion}}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Atmosphere&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} atm&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} = 760 torr&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} = 101.325 kPa\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Pascal&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Pa&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} ≈ 7.5 x 10\textsuperscript{}-{}3 torr&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Torr (mm Hg)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} torr&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} ≈ 133.3 Pa&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Pound-{}per-{}square inch&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} psi&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} ≈ 51.7 torr&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} ≈ 6.894 kPa\\ \hline 
\end{longtable}

\subsection{Temperature}
\label{500}

One degree Celsius is equal to one Kelvin (in magnitude).

\begin{longtable}{|>{\RaggedRight}p{0.14667\linewidth}|>{\RaggedRight}p{0.11839\linewidth}|>{\RaggedRight}p{0.15723\linewidth}|>{\RaggedRight}p{0.19218\linewidth}|>{\RaggedRight}p{0.18464\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Name}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Symbol}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Abs. Zero}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}M.P. of Water}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}B.P. of Water}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Fahrenheit&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}°F&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}456.67 °F&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 32 °F&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 212 °F\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Celsius&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}°C&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}273.15 °C&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0 °C&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 100 °C\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Kelvin&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} K&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0 K&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 273.15 K&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 373.15 K\\ \hline 
\end{longtable}


* Notice it is {\itshape not} \symbol{34}degrees Kelvin\symbol{34}.
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\section{Useful Physical/Chemical Constants}
\label{502}


\begin{longtable}{>{\RaggedRight}p{0.42978\linewidth}>{\RaggedRight}p{0.48986\linewidth}} 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Constant}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Value}\endhead  \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Avogadro\textquotesingle{}s Number&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape N\textsubscript{A}} = 6.022 14 {\mbox{$\times$}} 10\textsuperscript{23} mol\textsuperscript{-{}1}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Faraday Constant&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape F} = 96 485.33 C mol\textsuperscript{-{}1}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Atomic Mass Constant&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1 amu = 1.660 538 {\mbox{$\times$}} 10\textsuperscript{-{}27} kg\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Molar Gas Constant&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape R} = 8.314 4 J mol\textsuperscript{-{}1} K\textsuperscript{-{}1}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Molar Gas Constant&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape R} = 0.082 057 46 L atm K\textsuperscript{-{}1} mol\textsuperscript{-{}1}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Coulomb\textquotesingle{}s Constant&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape k\textsubscript{e}} = 8.987 551 {\mbox{$\times$}} 10\textsuperscript{9} N m\textsuperscript{2} C\textsuperscript{-{}2}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Speed of Light (Vacuum)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape c} = 299 792 458 m s\textsuperscript{-{}1}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Boltzmann Constant&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape k} = 1.380 65 {\mbox{$\times$}} 10\textsuperscript{-{}23} J K\textsuperscript{-{}1}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Charge on a Proton/Electron&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\itshape e} = 1.602 176 {\mbox{$\times$}} 10\textsuperscript{-{}19} C 
\end{longtable}


These constants were obtained from \myhref{http://physics.nist.gov/cuu/}{ The NIST Reference on Constants, Units and Uncertainty}.

\myhref{http://it.wikibooks.org/wiki/Chimica\%20generale\%2FCostanti}{it:Chimica generale/Costanti}
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\subsection{General}
\label{504}
\begin{longtable}{>{\RaggedRight}p{0.51147\linewidth}>{\RaggedRight}p{0.40817\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Density &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\frac{mass}{volume}$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Moles &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\frac{given~mass~(g)}{gram~formula~mass}$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Percent Error &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\frac{measured - accepted}{accepted} \times 100\%$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Percent Composition (by mass) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\frac{mass~of~part}{mass~of~whole} \times 100\%$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Molarity &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\frac{moles~of~solute}{volume~of~solution}$} 
\end{longtable}

\subsection{Atomic Structure}
\label{505}
\begin{longtable}{|>{\RaggedRight}p{0.14036\linewidth}|>{\RaggedRight}p{0.29856\linewidth}|>{\RaggedRight}p{0.14843\linewidth}|>{\RaggedRight}p{0.25193\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Symbol }&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Meaning }&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Symbol }&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Meaning}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$E$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} energy &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$c$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} speed of light\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$f$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} frequency &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\lambda$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} wavelength\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$Q$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} charge &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$r$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} distance\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$k_e$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Coulomb\textquotesingle{}s constant &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$h$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Plank\textquotesingle{}s constant \\ \hline 
\end{longtable}


\begin{longtable}{>{\RaggedRight}p{0.51204\linewidth}>{\RaggedRight}p{0.40761\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Energy of Wave &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$E = hf$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Wave Relation &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$c = \lambda f$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Coulomb\textquotesingle{}s Law &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$F_e = k_e\frac{Q_1Q_2}{r^2}$} 
\end{longtable}

\subsection{Solutions, Liquids, and Gases}
\label{506}

\begin{longtable}{|>{\RaggedRight}p{0.22963\linewidth}|>{\RaggedRight}p{0.69001\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Symbol}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Meaning}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$P$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} pressure\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$V$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} volume\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$n$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} number of moles\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$T$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} temperature (in Kelvin)\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$K_f$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} molal freezing point constant\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$K_b$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} molal boiling point constant\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\chi$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} mole fraction\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$m$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} molality\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$M$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} molarity\\ \hline 
\end{longtable}



\begin{longtable}{>{\RaggedRight}p{0.44852\linewidth}>{\RaggedRight}p{0.47113\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Rauolt\textquotesingle{}s Law &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$P_{solution} = P_{1} \chi_{1} + P_{2} \chi_{2} + \dots$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Boiling Point Elevation &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\Delta T_{solution} = K_b \cdot m_{solute}$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Freezing Point Depression &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\Delta T_{solution} = K_f \cdot m_{solute}$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ideal Gas Law &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$PV = nRT$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Combined Gas Law &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\frac{P_1 V_1}{n_1 T_1} = \frac{P_2 V_2}{n_2 T_2}$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Titration &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$M_A V_A = M_B V_B$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Dilution &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$M_1 V_1 = M_2 V_2$} 
\end{longtable}

\subsection{Equilibrium}
\label{507}

\begin{longtable}{|>{\RaggedRight}p{0.19617\linewidth}|>{\RaggedRight}p{0.72347\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Symbol}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Meaning}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$K_{eq}$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} equilibrium constant (general)\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$K_p$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} pressure equilibrium constant\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$K_c$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} concentration equilibrium constant\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$R$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} gas law constant\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$T$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} temperature (in Kelvin)\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}{$\Delta n$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} moles of product – moles of reactant\\ \hline 
\end{longtable}


\begin{longtable}{>{\RaggedRight}p{0.62861\linewidth}>{\RaggedRight}p{0.29103\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} pH &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\mathrm{pH} = - \log{[\mathrm{H^+}]}$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} pOH &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\mathrm{pOH} = - \log{[\mathrm{OH^-}]}$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} (for water) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\mathrm{pH} + \mathrm{pOH} = 14$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Pressure/Concentration &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$K_p = K_c(RT)^{\Delta n}$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Equilibrium,\newline{}for a reaction {$a\mathrm{A} + b\mathrm{B} \rightarrow c\mathrm{C} + d\mathrm{D}$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$K_{eq} = \frac{[\mathrm{C}]^c [\mathrm{D}]^d}{[\mathrm{A}]^a [\mathrm{B}]^b}$}  
\end{longtable}

\subsection{Thermochemistry}
\label{508}

\begin{longtable}{|>{\RaggedRight}p{0.27479\linewidth}|>{\RaggedRight}p{0.64485\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Symbol}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Meaning}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$q$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} heat energy\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$m$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} mass\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$C$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} specific heat\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$T$} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} temperature (in Kelvin)\\ \hline 
\end{longtable}


\begin{longtable}{>{\RaggedRight}p{0.33508\linewidth}>{\RaggedRight}p{0.58457\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Heat Transfer &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$q = m C \Delta T$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Enthalpy &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\Delta H = H_{products} - H_{reactants}$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Entropy &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\Delta S = S_{products} - S_{reactants}$}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Free Energy &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\Delta G = \Delta H - T \Delta S$} 
\end{longtable}
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\begin{longtable}{>{\RaggedRight}p{0.38182\linewidth}>{\RaggedRight}p{0.09541\linewidth}>{\RaggedRight}p{0.19775\linewidth}>{\RaggedRight}p{0.16430\linewidth}} 
\multicolumn{3}{>{\RaggedRight}p{0.73665\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Half Reaction}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} E\textsuperscript{o} (V)}\endhead  \hspace*{0pt}\ignorespaces{}\hspace*{0pt} F\textsubscript{2}({\itshape g}) + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2 F\textsuperscript{-{}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2.87\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Co\textsuperscript{3+} + {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Co\textsuperscript{2+}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1.82\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Au\textsuperscript{3+} + 3{\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Au({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1.50\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cl\textsubscript{2} ({\itshape g}) + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2 Cl\textsuperscript{-{}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1.36\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} O\textsubscript{2} ({\itshape g}) + 4 H\textsuperscript{+} + 4 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2 H\textsubscript{2}O({\itshape l})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1.23\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Br\textsubscript{2}({\itshape l}) + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2 Br\textsuperscript{-{}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 1.07\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2 Hg\textsuperscript{2+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Hg\textsubscript{2}\textsuperscript{2+}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0.92\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ag\textsuperscript{+} + {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ag({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0.80\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Hg\textsubscript{2}\textsuperscript{2+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2 Hg ({\itshape l})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0.79\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Fe\textsuperscript{3+} + {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Fe\textsuperscript{2+}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0.77\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} I\textsubscript{2}({\itshape s}) + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2 I\textsuperscript{-{}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0.53\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cu\textsuperscript{+} + {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cu({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0.52\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cu\textsuperscript{2+}+ 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cu({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0.34\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cu\textsuperscript{2+}+ {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cu\textsuperscript{+}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0.15\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Sn\textsuperscript{4+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Sn\textsuperscript{2+}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0.15\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} S(s) + 2 H\textsuperscript{+} + 2{\itshape  e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} H\textsubscript{2}S({\itshape g})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0.15\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} 2 H\textsuperscript{+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} H\textsubscript{2}({\itshape g})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0.00\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Pb\textsuperscript{2+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Pb({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}0.13\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Sn\textsuperscript{2+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Sn({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}0.14\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ni\textsuperscript{2+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ni({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}0.25\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Co\textsuperscript{2+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Co({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}0.28\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Tl\textsuperscript{+} + {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Tl({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}0.34\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cd\textsuperscript{2+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cd({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}0.40\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cr\textsuperscript{3+} + {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cr\textsuperscript{2+}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}0.41\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Fe\textsuperscript{2+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Fe({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}0.44\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cr\textsuperscript{3+} + 3 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cr({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}0.74\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Zn\textsuperscript{2+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Zn({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}0.76\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Mn\textsuperscript{2+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Mn({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}1.18\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Al\textsuperscript{3+} + 3 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Al({\itshape s)}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}1.66\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Be\textsuperscript{2+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Be({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}1.70\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Mg\textsuperscript{2+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Mg(s)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}2.37\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Na\textsuperscript{+} + {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Na({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}2.71\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ca\textsuperscript{2+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ca({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}2.87\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Sr\textsuperscript{2+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Sr({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}2.89\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ba\textsuperscript{2+} + 2 {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ba({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}2.90\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Rb\textsuperscript{+} + {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Rb({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}2.92\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} K\textsuperscript{+} + {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} K({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}2.92\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cs\textsuperscript{+} + {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cs({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}2.92\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Li\textsuperscript{+} + {\itshape e}-{}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {$\rightarrow$}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Li({\itshape s})&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}3.05 
\end{longtable}
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{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Name}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Symbol}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Number}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Atomic mass}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Density {\small at 20°C (g/cm\textsuperscript{3})}}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Melting point (°C)}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Boiling point (°C)}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Phase *}&{\bfseries \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Oxidation **}\endhead  \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Actinium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ac&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}89&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}227.0278 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}10.07 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1047 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3197 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Aluminium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Al&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}13&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}26.982 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2.70 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}660.5 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2467 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Americium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Am&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}95&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(243) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}13.67 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}994 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2607 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3 +4 +5 +6\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Antimony&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Sb&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}51&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}121.75 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}6.69 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}630.7 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1750 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}3 +3 +5\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Argon&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ar&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}18&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}39.948 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1.66 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}189.4 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}185.9 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}G&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Arsenic&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}As&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}33&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}74.92159 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}5.72 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}613 (sublimation) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}613&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}3 +3 +5\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Astatine&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}At&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}85&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}209.9871 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}7 (approx.)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}302 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}337 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +1 +3 (prob.) \\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Barium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ba&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}56&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}137.327 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3.65 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}725 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1640 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Berkelium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Bk&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}97&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(247) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}13.25 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}986 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}710&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3 +4\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Beryllium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Be&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}4&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}9.012182 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1.85 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1278 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2970 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Bismuth&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Bi&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}83&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}208.98037 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}9.80 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}271.4 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1560 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3 +5\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Bohrium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Bh&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}107&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}38 (est.)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Boron&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}B&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}5&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}10.811 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2.46 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2300 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2550 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Bromine&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Br&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}35&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}79.904 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3.14 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}7.3 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}58.8 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}D L&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}1 +1 +5\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Cadmium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Cd&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}48&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}112.411 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}8.64 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}321 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}765 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Caesium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Cs&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}55&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}132.90543 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1.90 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}28.4 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}690 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +1\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Calcium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ca&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}20&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}40.078 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1.54 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}839 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1487 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Californium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Cf&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}98&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(251) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}15.1 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Carbon&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}C&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}6&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}12.011 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3.51 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3550 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}4827 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}4 +2 +4\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Cerium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ce&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}58&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}140.115 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}6.77 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}798 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3257 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3 +4\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Chlorine&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Cl&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}17&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}35.4527 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2.95 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}101 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}34.6 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}D G&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}1 +1 +3 +5 +7\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Chromium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Cr&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}24&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}51.9961 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}7.14 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1857 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2482 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2 +3 +6\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Cobalt&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Co&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}27&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}58.9332 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}8.89 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1495 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2870 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2 +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Copper&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Cu&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}29&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}63.546 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}8.92 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1083.5 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2595 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +1 +2\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Copernicium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Cn&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}112&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}13.5336&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X L&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Curium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Cm&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}96&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(247) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}13.51 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1067&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3110&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Darmstadtium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ds&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}110&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}21.46&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Dubnium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Db&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}105&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}39 (est.)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Dysprosium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Dy&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}66&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}162.5 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}8.56 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1409 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2335 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Einsteinium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Es&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}99&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(252) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}13.5 (est.)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}860 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Erbium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Er&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}68&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}167.26 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}9.05 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1522 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2510 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Europium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Eu&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}63&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}151.965 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}5.25 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}822 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1597 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2 +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Fermium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Fm&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}100&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(257) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2781&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Fluorine&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}F&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}9&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}18.9984032 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1.58 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}219.6 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}188.1 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}D G&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}1\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Francium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Fr&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}87&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}223.0197 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1.87&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}27 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}677 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +1\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Gadolinium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Gd&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}64&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}157.25 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}7.89 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1311 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3233 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Gallium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ga&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}31&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}69.723 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}5.91 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}29.8 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2403 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Germanium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ge&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}32&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}72.61 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}5.32 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}937.4 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2830 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}4 +2 +4\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Gold&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Au&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}79&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}196.96654 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}19.32 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1064.4 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2940 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +1 +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hafnium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hf&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}72&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}178.49 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}13.31 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2150 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}5400 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +4\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hassium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hs&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}108&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}41 (est.)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Helium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}He&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}4.002602 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}0.17 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}273 (n/a)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}268.9 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}G&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Holmium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ho&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}67&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}164.93032 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}8.78 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1470 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2720 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hydrogen&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}H&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1.00794 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}0.084 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}259.1 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}252.9 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}D G&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +1 -{}1\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Indium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}In&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}49&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}114.82 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}7.31 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}156.2 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2080 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Iodine&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}I&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}53&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}126.90447 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}4.94 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}113.5 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}184.4 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}D S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}1 +1 +5 +7\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Iridium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ir&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}77&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}192.22 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}22.65 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2410 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}4130 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3 +4\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Iron&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Fe&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}26&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}55.847 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}7.87 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1535 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2750 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2 +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Krypton&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Kr&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}36&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}83.8 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3.48 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}156.6 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}152.3 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}G&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0 +2\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Lanthanum&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}La&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}57&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}138.9055 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}6.16 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}920 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3454 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Lawrencium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Lr&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}103&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(263)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}9.84&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2961&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Lead&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Pb&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}82&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}207.2 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}11.34 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}327.5 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1740 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2 +4\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Lithium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Li&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}6.941 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}0.53 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}180.5 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1317 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +1\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Lutetium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Lu&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}71&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}174.967 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}9.84 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1656 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3315 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Magnesium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Mg&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}12&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}24.305 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1.74 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}648.8 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1107 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Manganese&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Mn&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}25&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}54.93805 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}7.44 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1244 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2097 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2 +3 +4 +7\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Meitnerium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Mt&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}109&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}35 (est.)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Mendelevium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Md&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}101&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(258) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1521&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Mercury&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Hg&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}80&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}200.59 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}13.55 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}38.9 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}356.6 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}L&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +1 +2\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Molybdenum&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Mo&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}42&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}95.94 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}10.28 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2617 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}5560 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3 +6\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Neodymium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Nd&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}60&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}144.24 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}7.00 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1010 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3127 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Neon&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ne&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}10&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}20.1797 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}0.84 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}248.7 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}246.1 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}G&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Neptunium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Np&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}93&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(237) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}20.48 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}640 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3902 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3 +4 +5 +6\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Nickel&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ni&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}28&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}58.69 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}8.91 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1453 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2732 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2 +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Niobium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Nb&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}41&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}92.90638 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}8.58 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2468 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}4927 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3 +5\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Nitrogen&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}N&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}7&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}14.00674 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1.17 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}209.9 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}195.8 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}D G&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}3 +3 +5\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Nobelium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}No&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}102&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(259) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1521&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Osmium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Os&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}76&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}190.2 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}22.61 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3045 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}5027 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3 +4\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Oxygen&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}O&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}8&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}15.9994 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1.33 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}218.4 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}182.9 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}D G&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}2\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Palladium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Pd&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}46&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}106.42 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}12.02 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1552 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3140 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2 +4\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Phosphorus&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}P&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}15&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}30.973762 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1.82 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}44 (P4) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}280 (P4) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}3 +3 +5\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Platinum&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Pt&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}78&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}195.08 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}21.45 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1772 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3827 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2 +4\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Plutonium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Pu&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}94&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}(244) &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}19.74 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}641 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3327 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3 +4 +5 +6\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Polonium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Po&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}84&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}208.9824 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}9.20 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}254 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}962 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2 +4\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Potassium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}K&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}19&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}39.0983 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}0.86 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}63.7 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}774 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +1\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Praseodymium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Pr&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}59&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}140.90765 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}6.48 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}931 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3212 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Promethium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Pm&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}61&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}146.9151 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}7.22 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1080 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2730 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Protactinium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Pa&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}91&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}231.0359 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}15.37 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1554 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}4030 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +4 +5\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Radium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ra&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}88&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}226.0254 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}5.50 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}700 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1140 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Radon&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Rn&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}86&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}222.0176 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}9.23 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}71 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}61.8 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}G&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Rhenium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Re&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}75&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}186.207 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}21.03 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3180 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}5627 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +4 +6 +7\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Rhodium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Rh&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}45&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}102.9055 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}12.41 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1966 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3727 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Roentgenium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Rg&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}111&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}19.282&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Rubidium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Rb&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}37&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}85.4678 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1.53 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}39 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}688 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +1\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ruthenium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ru&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}44&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}101.07 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}12.45 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2310 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3900 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Rutherfordium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Rf&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}104&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}18.1&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Samarium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Sm&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}62&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}150.36 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}7.54 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1072 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1778 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2 +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Scandium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Sc&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}21&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}44.95591 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2.99 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1539 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2832 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Seaborgium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Sg&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}106&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}35 (est.)&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Selenium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Se&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}34&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}78.96 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}4.82 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}217 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}685 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}2 +4 +6\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Silver&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ag&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}47&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}107.8682 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}10.49 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}961.9 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2212 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +1\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Silicon&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Si&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}14&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}28.0855 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2.33 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1410 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2355 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}4 +2 +4\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Sodium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Na&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}11&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}22.989768 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}0.97 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}97.8 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}892 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +1\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Strontium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Sr&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}38&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}87.62 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2.63 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}769 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1384 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Sulfur&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}16&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}32.066 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2.06 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}113 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}444.7 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}2 +4 +6\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Tantalum&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ta&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}73&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}180.9479 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}16.68 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2996 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}5425 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +5\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Technetium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Tc&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}43&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}98.9063 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}11.49 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2172 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}5030 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +4 +6 +7\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Tellurium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Te&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}52&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}127.6 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}6.25 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}449.6 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}990 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}2 +4 +6\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Terbium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Tb&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}65&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}158.92534 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}8.25 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1360 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3041 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Thallium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Tl&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}81&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}204.3833 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}11.85 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}303.6 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1457 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +1 +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Thorium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Th&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}90&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}232.0381 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}11.72 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1750 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}4787 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +4\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Thulium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Tm&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}69&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}168.93421 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}9.32 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1545 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1727 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Tin&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Sn&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}50&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}118.71 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}7.29 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}232 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}2270 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2 +4\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Titanium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ti&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}22&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}47.88 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}4.51 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1660 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3260 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2 +3 +4\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Tungsten&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}W&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}74&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}183.85 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}19.26 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3407 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}5927 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +6\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ununhexium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Uuh&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}116&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}9.32&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ununoctium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Uuo&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}118&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ununpentium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Uup&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}115&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}9.807&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ununquadium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Uuq&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}114&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}11.342&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ununseptium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Uus&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}117&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ununtrium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Uut&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}113&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}11.85&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}X&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Uranium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}U&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}92&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}238.0289 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}18.97 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1132.4 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3818 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3 +4 +5 +6\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Vanadium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}V&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}23&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}50.9415 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}6.09 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1890 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3380 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2 +3 +4 +5\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Xenon&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Xe&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}54&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}131.29 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}4.49 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}111.9 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} -{}107 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}G&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} 0 +2 +4 +6\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Ytterbium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Yb&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}70&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}173.04 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}6.97 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}824 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1193 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2 +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Yttrium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Y&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}39&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}88.90585 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}4.47 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1523 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}3337 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +3\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Zinc&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Zn&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}30&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}65.39 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}7.14 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}419.6 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}907 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +2\\ \hline \hspace*{0pt}\ignorespaces{}\hspace*{0pt}Zirconium&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}Zr&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}40&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}91.224 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}6.51 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}1852 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}4377 &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}S&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} +4\\ \hline 
\end{longtable}

\end{landscape}

(*) Phase at STP, where S is solid, L is liquid, and G is gas.  X is for synthetic (laboratory) elements, and D is for diatomic elements.

(**) Most common oxidation states, not an exhaustive list.


Atomic weights in parentheses are the atomic weights for the most stable isotope.
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\href{http://en.wikibooks.org/wiki/File:Phase-diag2.svg}{128}& 

me
Original uploader was \myhref{http://en.wikibooks.org/wiki/\%3Aen\%3AUser\%3AMatthieumarechal}{Matthieumarechal} at \myhref{http://en.wikipedia.org}{ en.wikipedia}
 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Phase\%20change\%20-\%20en.svg}{129}& 

\myhref{http://en.wikibooks.org/wiki/User\%3AF\%20l\%20a\%20n\%20k\%20e\%20r}{F l a n k e r}, \myhref{http://en.wikibooks.org/wiki/user\%3Apenubag}{penubag}
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Phase\%20Heat\%20Diagram.png}{130}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Maxwell-Boltzmann\%20distribution\%201.png}{131}& 


 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Translational\%20motion.gif}{132}& 

A.Greg, \myhref{http://en.wikibooks.org/wiki/\%3Aen\%3AUser\%3AGreg\%20L}{en:User:Greg L}
 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:DDofgas.jpg}{133}& 


 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:Stacheldraht\%2005.jpg}{134}& 

\myhref{http://en.wikibooks.org/wiki/User\%3AWaugsberg}{Waugsberg}
 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Sechselauten\%202007\%20Boegg\%20Explosion.JPG}{135}& 

{\bfseries \myhref{http://en.wikibooks.org/wiki/user\%3AGu\%E9rin\%20Nicolas}{Guérin Nicolas} \textsuperscript{(\myhref{http://en.wikibooks.org/wiki/user\%20talk\%3AGu\%E9rin\%20Nicolas}{messages})}}
 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:CatalysisScheme.png}{136}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Wohler\%20synthesis.gif}{137}& 

\myhref{http://en.wikibooks.org/wiki/\%3Aen\%3AUser\%3ABensaccount}{Bensaccount}
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Na_\%28Sodium\%29.jpg}{138}& 

Original uploader was \myhref{http://en.wikibooks.org/wiki/\%3Aen\%3AUser\%3ADnn87}{Dnn87} at \myhref{http://en.wikipedia.org}{ en.wikipedia}
 & cc-by-sa-3.0\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Flammenf\%C3\%A4rbungLi.png}{139}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Flametest--Na.swn.jpg}{140}& 

\myhref{http://en.wikibooks.org/wiki/User\%3ASwn}{Søren Wedel Nielsen}
 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Flammenf\%C3\%A4rbungK.png}{141}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Magnesium\%20crystals.jpg}{142}& 

\myhref{http://en.wikibooks.org/wiki/User\%3AWarut}{Warut Roonguthai}
 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Borax_crystals.jpg}{143}& 

Aram Dulyan (\myhref{http://en.wikibooks.org/wiki/User\%3AAramgutang}{User:Aramgutang})
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Boroxin.png}{144}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Aluminum_Metal_coinless.jpg}{145}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Aluminium-trichloride-3D-structures.png}{146}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Gallium1_640x480.jpg}{147}& 


 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:Eight_Allotropes_of_Carbon.png}{148}& 

Created by Michael Ströck (mstroeck)
 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:Co3-geometries.png}{149}& 

Original uploader was \myhref{http://en.wikibooks.org/wiki/\%3Aen\%3AUser\%3AXavierJourdain}{XavierJourdain} at \myhref{http://en.wikipedia.org/}{ en.wikipedia}
 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Dicarbon-monoxide-2D.svg}{150}& 

\begin{myitemize}
\item{} derivative work: \myhref{http://en.wikibooks.org/wiki/User\%3AKpengboy}{Kpengboy} (\myhref{http://en.wikibooks.org/wiki/User\%20talk\%3AKpengboy}{talk})
\item{} \myhref{http://en.wikibooks.org/wiki/\%3AFile\%3ADicarbon-monoxide-2D.png}{Dicarbon-{}monoxide-{}2D.png}: \myhref{http://en.wikibooks.org/wiki/User\%3ABenjah-bmm27}{Ben Mills}
\end{myitemize}

 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Carbonic-acid-2D.svg}{151}& 

\myhref{http://en.wikibooks.org/wiki/User\%3AEetwartti}{Eetwartti}
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Carbonate-ion-localised-2D.png}{152}& 

Ben Mills
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Bicarbonate.png}{153}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Carbid.jpg}{154}& 

\myhref{http://en.wikibooks.org/wiki/User\%3ARasbak}{Rasbak}
 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Methane-2D-stereo.svg}{155}& 

SVG version by \myhref{http://en.wikibooks.org/wiki/user\%3APatricia.fidi}{Patricia.fidi}
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Surface\%20Mount\%20Components.jpg}{156}& 

\myhref{http://en.wikibooks.org/wiki/\%3Aen\%3AUser\%3AZephyris}{en:User:Zephyris}
 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Canterbury\%20Cathedral\%20window\%20at\%20crossing.jpg}{157}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Nitrogen_Cycle.jpg}{158}& 

Environmental Protection Agency
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:White_phosphrous_molecule.jpg}{159}& 

Original uploader was \myhref{http://en.wikibooks.org/wiki/\%3Aen\%3AUser\%3ACadmium}{Cadmium} at \myhref{http://en.wikipedia.org}{ en.wikipedia}
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Bismuth-crystal.jpg}{160}& 

\myhref{http://en.wikibooks.org/wiki/User\%3AMicha\%20L.\%20Rieser}{Micha L. Rieser}
 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Chloroplasten.jpg}{161}& 

\myhref{http://en.wikibooks.org/wiki/\%3Ade\%3ABenutzer\%3AD\%F6lle}{Thomas Dreps}
 & cc-by-sa-2.0\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Ozone\%20cycle.jpg}{162}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Cyclooctasulfur-above-3D-balls.png}{163}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Fluorid\%20m\%C4\%9B\%C4\%8Fnat\%C3\%BD.PNG}{164}& 

Ondřej Mangl
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Chlorinegas.jpg}{165}& 

\myhref{http://en.wikibooks.org/wiki/User\%3AGreenhorn1}{Greenhorn1}
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Bromine2.jpg}{166}& 

\myhref{http://en.wikibooks.org/wiki/User\%3AGreenhorn1}{Greenhorn1}
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Iodine-sample.jpg}{167}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:HeTube.jpg}{168}& 

\myhref{http://en.wikibooks.org/wiki/User\%3APslawinski}{User:Pslawinski}
 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:NeTube.jpg}{169}& 

\myhref{http://en.wikibooks.org/wiki/User\%3APslawinski}{User:Pslawinski}
 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:ArTube.jpg}{170}& 

\myhref{http://en.wikibooks.org/wiki/User\%3APslawinski}{User:Pslawinski}
 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:KrTube.jpg}{171}& 

\myhref{http://en.wikibooks.org/wiki/User\%3APslawinski}{User:Pslawinski}
 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:XeTube.jpg}{172}& 

\myhref{http://en.wikibooks.org/wiki/User\%3APslawinski}{User:Pslawinski}
 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:Helium-II-creep.svg}{173}& 


 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:Transition\%20metal\%20oxidation\%20states\%202.png}{174}& 


 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Coloured-transition-metal-solutions.jpg}{175}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Kupferfittings\%204062.jpg}{176}& 

\myhref{http://en.wikibooks.org/wiki/User\%3ATorsten\%20B\%E4tge}{Torsten Bätge}
 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:SilverUSGOV.jpg}{177}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Gold1oz.jpg}{178}& 

\myhref{http://en.wikibooks.org/wiki/\%3Aen\%3AUser\%3AOlegvolk}{Olegvolk} (\myplainurl{http://www.olegvolk.net)}
 & cc-by-2.5\\ \hline 
\href{http://en.wikibooks.org/wiki/File:10\%20Pfennig\%201921.jpg}{179}& 

Deutsches Reich
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Cd\%2C48.jpg}{180}& 


 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Hg\%20Mercury.jpg}{181}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Hell\%20Gate\%20Bridge\%20by\%20Dave\%20Frieder.jpg}{182}& 

\myhref{http://www.davefrieder.com/}{ Dave Frieder}
 & \\ \hline 
\href{http://en.wikibooks.org/wiki/File:OldPlow2006-05-21.JPG}{183}& 

\myhref{http://en.wikibooks.org/wiki/User\%3AJonathunder}{Jonathunder}
 & GFDL\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Redbloodcells.jpg}{184}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Industrial\%20lifting\%20magnet.jpg}{185}& 

Cyril Methodius Jansky
 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:Nuclear_fission.svg}{186}& 


 & PD\\ \hline 
\href{http://en.wikibooks.org/wiki/File:FusionintheSun.svg}{187}& 


 & \\ \hline 
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\section {GNU GENERAL PUBLIC LICENSE}
\begin{multicols}{4}

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
Preamble

The GNU General Public License is a free, copyleft license for software and other kinds of works.

The licenses for most software and other practical works are designed to take away your freedom to share and change the works. By contrast, the GNU General Public License is intended to guarantee your freedom to share and change all versions of a program--to make sure it remains free software for all its users. We, the Free Software Foundation, use the GNU General Public License for most of our software; it applies also to any other work released this way by its authors. You can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public Licenses are designed to make sure that you have the freedom to distribute copies of free software (and charge for them if you wish), that you receive source code or can get it if you want it, that you can change the software or use pieces of it in new free programs, and that you know you can do these things.

To protect your rights, we need to prevent others from denying you these rights or asking you to surrender the rights. Therefore, you have certain responsibilities if you distribute copies of the software, or if you modify it: responsibilities to respect the freedom of others.

For example, if you distribute copies of such a program, whether gratis or for a fee, you must pass on to the recipients the same freedoms that you received. You must make sure that they, too, receive or can get the source code. And you must show them these terms so they know their rights.

Developers that use the GNU GPL protect your rights with two steps: (1) assert copyright on the software, and (2) offer you this License giving you legal permission to copy, distribute and/or modify it.

For the developers' and authors' protection, the GPL clearly explains that there is no warranty for this free software. For both users' and authors' sake, the GPL requires that modified versions be marked as changed, so that their problems will not be attributed erroneously to authors of previous versions.

Some devices are designed to deny users access to install or run modified versions of the software inside them, although the manufacturer can do so. This is fundamentally incompatible with the aim of protecting users' freedom to change the software. The systematic pattern of such abuse occurs in the area of products for individuals to use, which is precisely where it is most unacceptable. Therefore, we have designed this version of the GPL to prohibit the practice for those products. If such problems arise substantially in other domains, we stand ready to extend this provision to those domains in future versions of the GPL, as needed to protect the freedom of users.

Finally, every program is threatened constantly by software patents. States should not allow patents to restrict development and use of software on general-purpose computers, but in those that do, we wish to avoid the special danger that patents applied to a free program could make it effectively proprietary. To prevent this, the GPL assures that patents cannot be used to render the program non-free.

The precise terms and conditions for copying, distribution and modification follow.
TERMS AND CONDITIONS
0. Definitions.

“This License” refers to version 3 of the GNU General Public License.

“Copyright” also means copyright-like laws that apply to other kinds of works, such as semiconductor masks.

“The Program” refers to any copyrightable work licensed under this License. Each licensee is addressed as “you”. “Licensees” and “recipients” may be individuals or organizations.

To “modify” a work means to copy from or adapt all or part of the work in a fashion requiring copyright permission, other than the making of an exact copy. The resulting work is called a “modified version” of the earlier work or a work “based on” the earlier work.

A “covered work” means either the unmodified Program or a work based on the Program.

To “propagate” a work means to do anything with it that, without permission, would make you directly or secondarily liable for infringement under applicable copyright law, except executing it on a computer or modifying a private copy. Propagation includes copying, distribution (with or without modification), making available to the public, and in some countries other activities as well.

To “convey” a work means any kind of propagation that enables other parties to make or receive copies. Mere interaction with a user through a computer network, with no transfer of a copy, is not conveying.

An interactive user interface displays “Appropriate Legal Notices” to the extent that it includes a convenient and prominently visible feature that (1) displays an appropriate copyright notice, and (2) tells the user that there is no warranty for the work (except to the extent that warranties are provided), that licensees may convey the work under this License, and how to view a copy of this License. If the interface presents a list of user commands or options, such as a menu, a prominent item in the list meets this criterion.
1. Source Code.

The “source code” for a work means the preferred form of the work for making modifications to it. “Object code” means any non-source form of a work.

A “Standard Interface” means an interface that either is an official standard defined by a recognized standards body, or, in the case of interfaces specified for a particular programming language, one that is widely used among developers working in that language.

The “System Libraries” of an executable work include anything, other than the work as a whole, that (a) is included in the normal form of packaging a Major Component, but which is not part of that Major Component, and (b) serves only to enable use of the work with that Major Component, or to implement a Standard Interface for which an implementation is available to the public in source code form. A “Major Component”, in this context, means a major essential component (kernel, window system, and so on) of the specific operating system (if any) on which the executable work runs, or a compiler used to produce the work, or an object code interpreter used to run it.

The “Corresponding Source” for a work in object code form means all the source code needed to generate, install, and (for an executable work) run the object code and to modify the work, including scripts to control those activities. However, it does not include the work's System Libraries, or general-purpose tools or generally available free programs which are used unmodified in performing those activities but which are not part of the work. For example, Corresponding Source includes interface definition files associated with source files for the work, and the source code for shared libraries and dynamically linked subprograms that the work is specifically designed to require, such as by intimate data communication or control flow between those subprograms and other parts of the work.

The Corresponding Source need not include anything that users can regenerate automatically from other parts of the Corresponding Source.

The Corresponding Source for a work in source code form is that same work.
2. Basic Permissions.

All rights granted under this License are granted for the term of copyright on the Program, and are irrevocable provided the stated conditions are met. This License explicitly affirms your unlimited permission to run the unmodified Program. The output from running a covered work is covered by this License only if the output, given its content, constitutes a covered work. This License acknowledges your rights of fair use or other equivalent, as provided by copyright law.

You may make, run and propagate covered works that you do not convey, without conditions so long as your license otherwise remains in force. You may convey covered works to others for the sole purpose of having them make modifications exclusively for you, or provide you with facilities for running those works, provided that you comply with the terms of this License in conveying all material for which you do not control copyright. Those thus making or running the covered works for you must do so exclusively on your behalf, under your direction and control, on terms that prohibit them from making any copies of your copyrighted material outside their relationship with you.

Conveying under any other circumstances is permitted solely under the conditions stated below. Sublicensing is not allowed; section 10 makes it unnecessary.
3. Protecting Users' Legal Rights From Anti-Circumvention Law.

No covered work shall be deemed part of an effective technological measure under any applicable law fulfilling obligations under article 11 of the WIPO copyright treaty adopted on 20 December 1996, or similar laws prohibiting or restricting circumvention of such measures.

When you convey a covered work, you waive any legal power to forbid circumvention of technological measures to the extent such circumvention is effected by exercising rights under this License with respect to the covered work, and you disclaim any intention to limit operation or modification of the work as a means of enforcing, against the work's users, your or third parties' legal rights to forbid circumvention of technological measures.
4. Conveying Verbatim Copies.

You may convey verbatim copies of the Program's source code as you receive it, in any medium, provided that you conspicuously and appropriately publish on each copy an appropriate copyright notice; keep intact all notices stating that this License and any non-permissive terms added in accord with section 7 apply to the code; keep intact all notices of the absence of any warranty; and give all recipients a copy of this License along with the Program.

You may charge any price or no price for each copy that you convey, and you may offer support or warranty protection for a fee.
5. Conveying Modified Source Versions.

You may convey a work based on the Program, or the modifications to produce it from the Program, in the form of source code under the terms of section 4, provided that you also meet all of these conditions:

    * a) The work must carry prominent notices stating that you modified it, and giving a relevant date.
    * b) The work must carry prominent notices stating that it is released under this License and any conditions added under section 7. This requirement modifies the requirement in section 4 to “keep intact all notices”.
    * c) You must license the entire work, as a whole, under this License to anyone who comes into possession of a copy. This License will therefore apply, along with any applicable section 7 additional terms, to the whole of the work, and all its parts, regardless of how they are packaged. This License gives no permission to license the work in any other way, but it does not invalidate such permission if you have separately received it.
    * d) If the work has interactive user interfaces, each must display Appropriate Legal Notices; however, if the Program has interactive interfaces that do not display Appropriate Legal Notices, your work need not make them do so.

A compilation of a covered work with other separate and independent works, which are not by their nature extensions of the covered work, and which are not combined with it such as to form a larger program, in or on a volume of a storage or distribution medium, is called an “aggregate” if the compilation and its resulting copyright are not used to limit the access or legal rights of the compilation's users beyond what the individual works permit. Inclusion of a covered work in an aggregate does not cause this License to apply to the other parts of the aggregate.
6. Conveying Non-Source Forms.

You may convey a covered work in object code form under the terms of sections 4 and 5, provided that you also convey the machine-readable Corresponding Source under the terms of this License, in one of these ways:

    * a) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by the Corresponding Source fixed on a durable physical medium customarily used for software interchange.
    * b) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by a written offer, valid for at least three years and valid for as long as you offer spare parts or customer support for that product model, to give anyone who possesses the object code either (1) a copy of the Corresponding Source for all the software in the product that is covered by this License, on a durable physical medium customarily used for software interchange, for a price no more than your reasonable cost of physically performing this conveying of source, or (2) access to copy the Corresponding Source from a network server at no charge.
    * c) Convey individual copies of the object code with a copy of the written offer to provide the Corresponding Source. This alternative is allowed only occasionally and noncommercially, and only if you received the object code with such an offer, in accord with subsection 6b.
    * d) Convey the object code by offering access from a designated place (gratis or for a charge), and offer equivalent access to the Corresponding Source in the same way through the same place at no further charge. You need not require recipients to copy the Corresponding Source along with the object code. If the place to copy the object code is a network server, the Corresponding Source may be on a different server (operated by you or a third party) that supports equivalent copying facilities, provided you maintain clear directions next to the object code saying where to find the Corresponding Source. Regardless of what server hosts the Corresponding Source, you remain obligated to ensure that it is available for as long as needed to satisfy these requirements.
    * e) Convey the object code using peer-to-peer transmission, provided you inform other peers where the object code and Corresponding Source of the work are being offered to the general public at no charge under subsection 6d.

A separable portion of the object code, whose source code is excluded from the Corresponding Source as a System Library, need not be included in conveying the object code work.

A “User Product” is either (1) a “consumer product”, which means any tangible personal property which is normally used for personal, family, or household purposes, or (2) anything designed or sold for incorporation into a dwelling. In determining whether a product is a consumer product, doubtful cases shall be resolved in favor of coverage. For a particular product received by a particular user, “normally used” refers to a typical or common use of that class of product, regardless of the status of the particular user or of the way in which the particular user actually uses, or expects or is expected to use, the product. A product is a consumer product regardless of whether the product has substantial commercial, industrial or non-consumer uses, unless such uses represent the only significant mode of use of the product.

“Installation Information” for a User Product means any methods, procedures, authorization keys, or other information required to install and execute modified versions of a covered work in that User Product from a modified version of its Corresponding Source. The information must suffice to ensure that the continued functioning of the modified object code is in no case prevented or interfered with solely because modification has been made.

If you convey an object code work under this section in, or with, or specifically for use in, a User Product, and the conveying occurs as part of a transaction in which the right of possession and use of the User Product is transferred to the recipient in perpetuity or for a fixed term (regardless of how the transaction is characterized), the Corresponding Source conveyed under this section must be accompanied by the Installation Information. But this requirement does not apply if neither you nor any third party retains the ability to install modified object code on the User Product (for example, the work has been installed in ROM).

The requirement to provide Installation Information does not include a requirement to continue to provide support service, warranty, or updates for a work that has been modified or installed by the recipient, or for the User Product in which it has been modified or installed. Access to a network may be denied when the modification itself materially and adversely affects the operation of the network or violates the rules and protocols for communication across the network.

Corresponding Source conveyed, and Installation Information provided, in accord with this section must be in a format that is publicly documented (and with an implementation available to the public in source code form), and must require no special password or key for unpacking, reading or copying.
7. Additional Terms.

“Additional permissions” are terms that supplement the terms of this License by making exceptions from one or more of its conditions. Additional permissions that are applicable to the entire Program shall be treated as though they were included in this License, to the extent that they are valid under applicable law. If additional permissions apply only to part of the Program, that part may be used separately under those permissions, but the entire Program remains governed by this License without regard to the additional permissions.

When you convey a copy of a covered work, you may at your option remove any additional permissions from that copy, or from any part of it. (Additional permissions may be written to require their own removal in certain cases when you modify the work.) You may place additional permissions on material, added by you to a covered work, for which you have or can give appropriate copyright permission.

Notwithstanding any other provision of this License, for material you add to a covered work, you may (if authorized by the copyright holders of that material) supplement the terms of this License with terms:

    * a) Disclaiming warranty or limiting liability differently from the terms of sections 15 and 16 of this License; or
    * b) Requiring preservation of specified reasonable legal notices or author attributions in that material or in the Appropriate Legal Notices displayed by works containing it; or
    * c) Prohibiting misrepresentation of the origin of that material, or requiring that modified versions of such material be marked in reasonable ways as different from the original version; or
    * d) Limiting the use for publicity purposes of names of licensors or authors of the material; or
    * e) Declining to grant rights under trademark law for use of some trade names, trademarks, or service marks; or
    * f) Requiring indemnification of licensors and authors of that material by anyone who conveys the material (or modified versions of it) with contractual assumptions of liability to the recipient, for any liability that these contractual assumptions directly impose on those licensors and authors.

All other non-permissive additional terms are considered “further restrictions” within the meaning of section 10. If the Program as you received it, or any part of it, contains a notice stating that it is governed by this License along with a term that is a further restriction, you may remove that term. If a license document contains a further restriction but permits relicensing or conveying under this License, you may add to a covered work material governed by the terms of that license document, provided that the further restriction does not survive such relicensing or conveying.

If you add terms to a covered work in accord with this section, you must place, in the relevant source files, a statement of the additional terms that apply to those files, or a notice indicating where to find the applicable terms.

Additional terms, permissive or non-permissive, may be stated in the form of a separately written license, or stated as exceptions; the above requirements apply either way.
8. Termination.

You may not propagate or modify a covered work except as expressly provided under this License. Any attempt otherwise to propagate or modify it is void, and will automatically terminate your rights under this License (including any patent licenses granted under the third paragraph of section 11).

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, you do not qualify to receive new licenses for the same material under section 10.
9. Acceptance Not Required for Having Copies.

You are not required to accept this License in order to receive or run a copy of the Program. Ancillary propagation of a covered work occurring solely as a consequence of using peer-to-peer transmission to receive a copy likewise does not require acceptance. However, nothing other than this License grants you permission to propagate or modify any covered work. These actions infringe copyright if you do not accept this License. Therefore, by modifying or propagating a covered work, you indicate your acceptance of this License to do so.
10. Automatic Licensing of Downstream Recipients.

Each time you convey a covered work, the recipient automatically receives a license from the original licensors, to run, modify and propagate that work, subject to this License. You are not responsible for enforcing compliance by third parties with this License.

An “entity transaction” is a transaction transferring control of an organization, or substantially all assets of one, or subdividing an organization, or merging organizations. If propagation of a covered work results from an entity transaction, each party to that transaction who receives a copy of the work also receives whatever licenses to the work the party's predecessor in interest had or could give under the previous paragraph, plus a right to possession of the Corresponding Source of the work from the predecessor in interest, if the predecessor has it or can get it with reasonable efforts.

You may not impose any further restrictions on the exercise of the rights granted or affirmed under this License. For example, you may not impose a license fee, royalty, or other charge for exercise of rights granted under this License, and you may not initiate litigation (including a cross-claim or counterclaim in a lawsuit) alleging that any patent claim is infringed by making, using, selling, offering for sale, or importing the Program or any portion of it.
11. Patents.

A “contributor” is a copyright holder who authorizes use under this License of the Program or a work on which the Program is based. The work thus licensed is called the contributor's “contributor version”.

A contributor's “essential patent claims” are all patent claims owned or controlled by the contributor, whether already acquired or hereafter acquired, that would be infringed by some manner, permitted by this License, of making, using, or selling its contributor version, but do not include claims that would be infringed only as a consequence of further modification of the contributor version. For purposes of this definition, “control” includes the right to grant patent sublicenses in a manner consistent with the requirements of this License.

Each contributor grants you a non-exclusive, worldwide, royalty-free patent license under the contributor's essential patent claims, to make, use, sell, offer for sale, import and otherwise run, modify and propagate the contents of its contributor version.

In the following three paragraphs, a “patent license” is any express agreement or commitment, however denominated, not to enforce a patent (such as an express permission to practice a patent or covenant not to sue for patent infringement). To “grant” such a patent license to a party means to make such an agreement or commitment not to enforce a patent against the party.

If you convey a covered work, knowingly relying on a patent license, and the Corresponding Source of the work is not available for anyone to copy, free of charge and under the terms of this License, through a publicly available network server or other readily accessible means, then you must either (1) cause the Corresponding Source to be so available, or (2) arrange to deprive yourself of the benefit of the patent license for this particular work, or (3) arrange, in a manner consistent with the requirements of this License, to extend the patent license to downstream recipients. “Knowingly relying” means you have actual knowledge that, but for the patent license, your conveying the covered work in a country, or your recipient's use of the covered work in a country, would infringe one or more identifiable patents in that country that you have reason to believe are valid.

If, pursuant to or in connection with a single transaction or arrangement, you convey, or propagate by procuring conveyance of, a covered work, and grant a patent license to some of the parties receiving the covered work authorizing them to use, propagate, modify or convey a specific copy of the covered work, then the patent license you grant is automatically extended to all recipients of the covered work and works based on it.

A patent license is “discriminatory” if it does not include within the scope of its coverage, prohibits the exercise of, or is conditioned on the non-exercise of one or more of the rights that are specifically granted under this License. You may not convey a covered work if you are a party to an arrangement with a third party that is in the business of distributing software, under which you make payment to the third party based on the extent of your activity of conveying the work, and under which the third party grants, to any of the parties who would receive the covered work from you, a discriminatory patent license (a) in connection with copies of the covered work conveyed by you (or copies made from those copies), or (b) primarily for and in connection with specific products or compilations that contain the covered work, unless you entered into that arrangement, or that patent license was granted, prior to 28 March 2007.

Nothing in this License shall be construed as excluding or limiting any implied license or other defenses to infringement that may otherwise be available to you under applicable patent law.
12. No Surrender of Others' Freedom.

If conditions are imposed on you (whether by court order, agreement or otherwise) that contradict the conditions of this License, they do not excuse you from the conditions of this License. If you cannot convey a covered work so as to satisfy simultaneously your obligations under this License and any other pertinent obligations, then as a consequence you may not convey it at all. For example, if you agree to terms that obligate you to collect a royalty for further conveying from those to whom you convey the Program, the only way you could satisfy both those terms and this License would be to refrain entirely from conveying the Program.
13. Use with the GNU Affero General Public License.

Notwithstanding any other provision of this License, you have permission to link or combine any covered work with a work licensed under version 3 of the GNU Affero General Public License into a single combined work, and to convey the resulting work. The terms of this License will continue to apply to the part which is the covered work, but the special requirements of the GNU Affero General Public License, section 13, concerning interaction through a network will apply to the combination as such.
14. Revised Versions of this License.

The Free Software Foundation may publish revised and/or new versions of the GNU General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Program specifies that a certain numbered version of the GNU General Public License “or any later version” applies to it, you have the option of following the terms and conditions either of that numbered version or of any later version published by the Free Software Foundation. If the Program does not specify a version number of the GNU General Public License, you may choose any version ever published by the Free Software Foundation.

If the Program specifies that a proxy can decide which future versions of the GNU General Public License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Program.

Later license versions may give you additional or different permissions. However, no additional obligations are imposed on any author or copyright holder as a result of your choosing to follow a later version.
15. Disclaimer of Warranty.

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM “AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.
16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
17. Interpretation of Sections 15 and 16.

If the disclaimer of warranty and limitation of liability provided above cannot be given local legal effect according to their terms, reviewing courts shall apply local law that most closely approximates an absolute waiver of all civil liability in connection with the Program, unless a warranty or assumption of liability accompanies a copy of the Program in return for a fee.

END OF TERMS AND CONDITIONS
How to Apply These Terms to Your New Programs

If you develop a new program, and you want it to be of the greatest possible use to the public, the best way to achieve this is to make it free software which everyone can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the start of each source file to most effectively state the exclusion of warranty; and each file should have at least the “copyright” line and a pointer to where the full notice is found.

    <one line to give the program's name and a brief idea of what it does.>
    Copyright (C) <year>  <name of author>

    This program is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    This program is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with this program.  If not, see <http://www.gnu.org/licenses/>.

Also add information on how to contact you by electronic and paper mail.

If the program does terminal interaction, make it output a short notice like this when it starts in an interactive mode:

    <program>  Copyright (C) <year>  <name of author>
    This program comes with ABSOLUTELY NO WARRANTY; for details type `show w'.
    This is free software, and you are welcome to redistribute it
    under certain conditions; type `show c' for details.

The hypothetical commands `show w' and `show c' should show the appropriate parts of the General Public License. Of course, your program's commands might be different; for a GUI interface, you would use an “about box”.

You should also get your employer (if you work as a programmer) or school, if any, to sign a “copyright disclaimer” for the program, if necessary. For more information on this, and how to apply and follow the GNU GPL, see <http://www.gnu.org/licenses/>.

The GNU General Public License does not permit incorporating your program into proprietary programs. If your program is a subroutine library, you may consider it more useful to permit linking proprietary applications with the library. If this is what you want to do, use the GNU Lesser General Public License instead of this License. But first, please read <http://www.gnu.org/philosophy/why-not-lgpl.html>.
\end{multicols}

\section{GNU Free Documentation License}
\begin{multicols}{4}

Version 1.3, 3 November 2008

Copyright © 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful document "free" in the sense of freedom: to assure everyone the effective freedom to copy and redistribute it, with or without modifying it, either commercially or noncommercially. Secondarily, this License preserves for the author and publisher a way to get credit for their work, while not being considered responsible for modifications made by others.

This License is a kind of "copyleft", which means that derivative works of the document must themselves be free in the same sense. It complements the GNU General Public License, which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free software needs free documentation: a free program should come with manuals providing the same freedoms that the software does. But this License is not limited to software manuals; it can be used for any textual work, regardless of subject matter or whether it is published as a printed book. We recommend this License principally for works whose purpose is instruction or reference.
1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the copyright holder saying it can be distributed under the terms of this License. Such a notice grants a world-wide, royalty-free license, unlimited in duration, to use that work under the conditions stated herein. The "Document", below, refers to any such manual or work. Any member of the public is a licensee, and is addressed as "you". You accept the license if you copy, modify or distribute the work in a way requiring permission under copyright law.

A "Modified Version" of the Document means any work containing the Document or a portion of it, either copied verbatim, or with modifications and/or translated into another language.

A "Secondary Section" is a named appendix or a front-matter section of the Document that deals exclusively with the relationship of the publishers or authors of the Document to the Document's overall subject (or to related matters) and contains nothing that could fall directly within that overall subject. (Thus, if the Document is in part a textbook of mathematics, a Secondary Section may not explain any mathematics.) The relationship could be a matter of historical connection with the subject or with related matters, or of legal, commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being those of Invariant Sections, in the notice that says that the Document is released under this License. If a section does not fit the above definition of Secondary then it is not allowed to be designated as Invariant. The Document may contain zero Invariant Sections. If the Document does not identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover Texts, in the notice that says that the Document is released under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25 words.

A "Transparent" copy of the Document means a machine-readable copy, represented in a format whose specification is available to the general public, that is suitable for revising the document straightforwardly with generic text editors or (for images composed of pixels) generic paint programs or (for drawings) some widely available drawing editor, and that is suitable for input to text formatters or for automatic translation to a variety of formats suitable for input to text formatters. A copy made in an otherwise Transparent file format whose markup, or absence of markup, has been arranged to thwart or discourage subsequent modification by readers is not Transparent. An image format is not Transparent if used for any substantial amount of text. A copy that is not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input format, LaTeX input format, SGML or XML using a publicly available DTD, and standard-conforming simple HTML, PostScript or PDF designed for human modification. Examples of transparent image formats include PNG, XCF and JPG. Opaque formats include proprietary formats that can be read and edited only by proprietary word processors, SGML or XML for which the DTD and/or processing tools are not generally available, and the machine-generated HTML, PostScript or PDF produced by some word processors for output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such following pages as are needed to hold, legibly, the material this License requires to appear in the title page. For works in formats which do not have any title page as such, "Title Page" means the text near the most prominent appearance of the work's title, preceding the beginning of the body of the text.

The "publisher" means any person or entity that distributes copies of the Document to the public.

A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely XYZ or contains XYZ in parentheses following text that translates XYZ in another language. (Here XYZ stands for a specific section name mentioned below, such as "Acknowledgements", "Dedications", "Endorsements", or "History".) To "Preserve the Title" of such a section when you modify the Document means that it remains a section "Entitled XYZ" according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies to the Document. These Warranty Disclaimers are considered to be included by reference in this License, but only as regards disclaiming warranties: any other implication that these Warranty Disclaimers may have is void and has no effect on the meaning of this License.
2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided that this License, the copyright notices, and the license notice saying this License applies to the Document are reproduced in all copies, and that you add no other conditions whatsoever to those of this License. You may not use technical measures to obstruct or control the reading or further copying of the copies you make or distribute. However, you may accept compensation in exchange for copies. If you distribute a large enough number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.
3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering more than 100, and the Document's license notice requires Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover. Both covers must also clearly and legibly identify you as the publisher of these copies. The front cover must present the full title with all words of the title equally prominent and visible. You may add other material on the covers in addition. Copying with changes limited to the covers, as long as they preserve the title of the Document and satisfy these conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as many as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must either include a machine-readable Transparent copy along with each Opaque copy, or state in or with each Opaque copy a computer-network location from which the general network-using public has access to download using public-standard network protocols a complete Transparent copy of the Document, free of added material. If you use the latter option, you must take reasonably prudent steps, when you begin distribution of Opaque copies in quantity, to ensure that this Transparent copy will remain thus accessible at the stated location until at least one year after the last time you distribute an Opaque copy (directly or through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redistributing any large number of copies, to give them a chance to provide you with an updated version of the Document.
4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3 above, provided that you release the Modified Version under precisely this License, with the Modified Version filling the role of the Document, thus licensing distribution and modification of the Modified Version to whoever possesses a copy of it. In addition, you must do these things in the Modified Version:

    * A. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from those of previous versions (which should, if there were any, be listed in the History section of the Document). You may use the same title as a previous version if the original publisher of that version gives permission.
    * B. List on the Title Page, as authors, one or more persons or entities responsible for authorship of the modifications in the Modified Version, together with at least five of the principal authors of the Document (all of its principal authors, if it has fewer than five), unless they release you from this requirement.
    * C. State on the Title page the name of the publisher of the Modified Version, as the publisher.
    * D. Preserve all the copyright notices of the Document.
    * E. Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.
    * F. Include, immediately after the copyright notices, a license notice giving the public permission to use the Modified Version under the terms of this License, in the form shown in the Addendum below.
    * G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the Document's license notice.
    * H. Include an unaltered copy of this License.
    * I. Preserve the section Entitled "History", Preserve its Title, and add to it an item stating at least the title, year, new authors, and publisher of the Modified Version as given on the Title Page. If there is no section Entitled "History" in the Document, create one stating the title, year, authors, and publisher of the Document as given on its Title Page, then add an item describing the Modified Version as stated in the previous sentence.
    * J. Preserve the network location, if any, given in the Document for public access to a Transparent copy of the Document, and likewise the network locations given in the Document for previous versions it was based on. These may be placed in the "History" section. You may omit a network location for a work that was published at least four years before the Document itself, or if the original publisher of the version it refers to gives permission.
    * K. For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the section, and preserve in the section all the substance and tone of each of the contributor acknowledgements and/or dedications given therein.
    * L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section numbers or the equivalent are not considered part of the section titles.
    * M. Delete any section Entitled "Endorsements". Such a section may not be included in the Modified Version.
    * N. Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title with any Invariant Section.
    * O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections and contain no material copied from the Document, you may at your option designate some or all of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the Modified Version's license notice. These titles must be distinct from any other section titles.

You may add a section Entitled "Endorsements", provided it contains nothing but endorsements of your Modified Version by various parties—for example, statements of peer review or that the text has been approved by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements made by) any one entity. If the Document already includes a cover text for the same cover, previously added by you or by arrangement made by the same entity you are acting on behalf of, you may not add another; but you may replace the old one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their names for publicity for or to assert or imply endorsement of any Modified Version.
5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms defined in section 4 above for modified versions, provided that you include in the combination all of the Invariant Sections of all of the original documents, unmodified, and list them all as Invariant Sections of your combined work in its license notice, and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant Sections may be replaced with a single copy. If there are multiple Invariant Sections with the same name but different contents, make the title of each such section unique by adding at the end of it, in parentheses, the name of the original author or publisher of that section if known, or else a unique number. Make the same adjustment to the section titles in the list of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the various original documents, forming one section Entitled "History"; likewise combine any sections Entitled "Acknowledgements", and any sections Entitled "Dedications". You must delete all sections Entitled "Endorsements".
6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this License, and replace the individual copies of this License in the various documents with a single copy that is included in the collection, provided that you follow the rules of this License for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this License, provided you insert a copy of this License into the extracted document, and follow this License in all other respects regarding verbatim copying of that document.
7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or works, in or on a volume of a storage or distribution medium, is called an "aggregate" if the copyright resulting from the compilation is not used to limit the legal rights of the compilation's users beyond what the individual works permit. When the Document is included in an aggregate, this License does not apply to the other works in the aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the Document is less than one half of the entire aggregate, the Document's Cover Texts may be placed on covers that bracket the Document within the aggregate, or the electronic equivalent of covers if the Document is in electronic form. Otherwise they must appear on printed covers that bracket the whole aggregate.
8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document under the terms of section 4. Replacing Invariant Sections with translations requires special permission from their copyright holders, but you may include translations of some or all Invariant Sections in addition to the original versions of these Invariant Sections. You may include a translation of this License, and all the license notices in the Document, and any Warranty Disclaimers, provided that you also include the original English version of this License and the original versions of those notices and disclaimers. In case of a disagreement between the translation and the original version of this License or a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History", the requirement (section 4) to Preserve its Title (section 1) will typically require changing the actual title.
9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided under this License. Any attempt otherwise to copy, modify, sublicense, or distribute it is void, and will automatically terminate your rights under this License.

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, receipt of a copy of some or all of the same material does not give you any rights to use it.
10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns. See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that a particular numbered version of this License "or any later version" applies to it, you have the option of following the terms and conditions either of that specified version or of any later version that has been published (not as a draft) by the Free Software Foundation. If the Document does not specify a version number of this License, you may choose any version ever published (not as a draft) by the Free Software Foundation. If the Document specifies that a proxy can decide which future versions of this License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Document.
11. RELICENSING

"Massive Multiauthor Collaboration Site" (or "MMC Site") means any World Wide Web server that publishes copyrightable works and also provides prominent facilities for anybody to edit those works. A public wiki that anybody can edit is an example of such a server. A "Massive Multiauthor Collaboration" (or "MMC") contained in the site means any set of copyrightable works thus published on the MMC site.

"CC-BY-SA" means the Creative Commons Attribution-Share Alike 3.0 license published by Creative Commons Corporation, a not-for-profit corporation with a principal place of business in San Francisco, California, as well as future copyleft versions of that license published by that same organization.

"Incorporate" means to publish or republish a Document, in whole or in part, as part of another Document.

An MMC is "eligible for relicensing" if it is licensed under this License, and if all works that were first published under this License somewhere other than this MMC, and subsequently incorporated in whole or in part into the MMC, (1) had no cover texts or invariant sections, and (2) were thus incorporated prior to November 1, 2008.

The operator of an MMC Site may republish an MMC contained in the site under CC-BY-SA on the same site at any time before August 1, 2009, provided the MMC is eligible for relicensing.
ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document and put the following copyright and license notices just after the title page:

    Copyright (C)  YEAR  YOUR NAME.
    Permission is granted to copy, distribute and/or modify this document
    under the terms of the GNU Free Documentation License, Version 1.3
    or any later version published by the Free Software Foundation;
    with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
    A copy of the license is included in the section entitled "GNU
    Free Documentation License".

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the "with … Texts." line with this:

    with the Invariant Sections being LIST THEIR TITLES, with the
    Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these examples in parallel under your choice of free software license, such as the GNU General Public License, to permit their use in free software.
\end{multicols}

\section{GNU Lesser General Public License}
\begin{multicols}{4}


GNU LESSER GENERAL PUBLIC LICENSE

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.

This version of the GNU Lesser General Public License incorporates the terms and conditions of version 3 of the GNU General Public License, supplemented by the additional permissions listed below.
0. Additional Definitions.

As used herein, “this License” refers to version 3 of the GNU Lesser General Public License, and the “GNU GPL” refers to version 3 of the GNU General Public License.

“The Library” refers to a covered work governed by this License, other than an Application or a Combined Work as defined below.

An “Application” is any work that makes use of an interface provided by the Library, but which is not otherwise based on the Library. Defining a subclass of a class defined by the Library is deemed a mode of using an interface provided by the Library.

A “Combined Work” is a work produced by combining or linking an Application with the Library. The particular version of the Library with which the Combined Work was made is also called the “Linked Version”.

The “Minimal Corresponding Source” for a Combined Work means the Corresponding Source for the Combined Work, excluding any source code for portions of the Combined Work that, considered in isolation, are based on the Application, and not on the Linked Version.

The “Corresponding Application Code” for a Combined Work means the object code and/or source code for the Application, including any data and utility programs needed for reproducing the Combined Work from the Application, but excluding the System Libraries of the Combined Work.
1. Exception to Section 3 of the GNU GPL.

You may convey a covered work under sections 3 and 4 of this License without being bound by section 3 of the GNU GPL.
2. Conveying Modified Versions.

If you modify a copy of the Library, and, in your modifications, a facility refers to a function or data to be supplied by an Application that uses the facility (other than as an argument passed when the facility is invoked), then you may convey a copy of the modified version:

    * a) under this License, provided that you make a good faith effort to ensure that, in the event an Application does not supply the function or data, the facility still operates, and performs whatever part of its purpose remains meaningful, or
    * b) under the GNU GPL, with none of the additional permissions of this License applicable to that copy.

3. Object Code Incorporating Material from Library Header Files.

The object code form of an Application may incorporate material from a header file that is part of the Library. You may convey such object code under terms of your choice, provided that, if the incorporated material is not limited to numerical parameters, data structure layouts and accessors, or small macros, inline functions and templates (ten or fewer lines in length), you do both of the following:

    * a) Give prominent notice with each copy of the object code that the Library is used in it and that the Library and its use are covered by this License.
    * b) Accompany the object code with a copy of the GNU GPL and this license document.

4. Combined Works.

You may convey a Combined Work under terms of your choice that, taken together, effectively do not restrict modification of the portions of the Library contained in the Combined Work and reverse engineering for debugging such modifications, if you also do each of the following:

    * a) Give prominent notice with each copy of the Combined Work that the Library is used in it and that the Library and its use are covered by this License.
    * b) Accompany the Combined Work with a copy of the GNU GPL and this license document.
    * c) For a Combined Work that displays copyright notices during execution, include the copyright notice for the Library among these notices, as well as a reference directing the user to the copies of the GNU GPL and this license document.
    * d) Do one of the following:
          o 0) Convey the Minimal Corresponding Source under the terms of this License, and the Corresponding Application Code in a form suitable for, and under terms that permit, the user to recombine or relink the Application with a modified version of the Linked Version to produce a modified Combined Work, in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.
          o 1) Use a suitable shared library mechanism for linking with the Library. A suitable mechanism is one that (a) uses at run time a copy of the Library already present on the user's computer system, and (b) will operate properly with a modified version of the Library that is interface-compatible with the Linked Version.
    * e) Provide Installation Information, but only if you would otherwise be required to provide such information under section 6 of the GNU GPL, and only to the extent that such information is necessary to install and execute a modified version of the Combined Work produced by recombining or relinking the Application with a modified version of the Linked Version. (If you use option 4d0, the Installation Information must accompany the Minimal Corresponding Source and Corresponding Application Code. If you use option 4d1, you must provide the Installation Information in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.)

5. Combined Libraries.

You may place library facilities that are a work based on the Library side by side in a single library together with other library facilities that are not Applications and are not covered by this License, and convey such a combined library under terms of your choice, if you do both of the following:

    * a) Accompany the combined library with a copy of the same work based on the Library, uncombined with any other library facilities, conveyed under the terms of this License.
    * b) Give prominent notice with the combined library that part of it is a work based on the Library, and explaining where to find the accompanying uncombined form of the same work.

6. Revised Versions of the GNU Lesser General Public License.

The Free Software Foundation may publish revised and/or new versions of the GNU Lesser General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Library as you received it specifies that a certain numbered version of the GNU Lesser General Public License “or any later version” applies to it, you have the option of following the terms and conditions either of that published version or of any later version published by the Free Software Foundation. If the Library as you received it does not specify a version number of the GNU Lesser General Public License, you may choose any version of the GNU Lesser General Public License ever published by the Free Software Foundation.

If the Library as you received it specifies that a proxy can decide whether future versions of the GNU Lesser General Public License shall apply, that proxy's public statement of acceptance of any version is permanent authorization for you to choose that version for the Library.
\end{multicols}
}
\pagebreak
\end{CJK}
\end{document}








headers/options.tex

% Festlegungen für minitoc
% \renewcommand{\myminitoc}{\minitoc}
% \renewcommand{\mtctitle}{Überblick}
% \setcounter{minitocdepth}{1}
% \dominitoc   % diese Zeile aktiviert das Erstellen der minitocs, sie muss vor \tableofcontents kommen

% Seitenformat
% ------------
%\KOMAoption{paper}{A5}          % zulässig: letter, legal, executive; A-, B-, C-, D-Reihen
\KOMAoption{open}{right}			% zulässig: right (jedes Kapitel beginnt rechts), left, any
\KOMAoption{numbers}{auto}
% Satzspiegel jetzt neu berechnen, damit er bei Kopf- und Fußzeilen beachtet wird
\KOMAoptions{DIV=13}

% Kopf- und Fusszeilen
% --------------------
% Breite und Trennlinie
%\setheadwidth[-6mm]{textwithmarginpar}
%\setheadsepline[textwithmarginpar]{0.4pt}
\setheadwidth{text}
\setheadsepline[text]{0.4pt}

% Variante 1: Kopf: links Kapitel, rechts Abschnitt (ohne Nummer); Fuß: außen die Seitenzahl
\ohead{\headmark}
\renewcommand{\chaptermark}[1]{\markleft{#1}{}}
\renewcommand{\sectionmark}[1]{\markright{#1}{}}
\ofoot[\pagemark]{\pagemark}

% Variante 2: Kopf außen die Seitenzahl, Fuß nichts
%\ohead{\pagemark}
%\ofoot{}

% Standardschriften
% -----------------
%\KOMAoption{fontsize}{18pt}
\addtokomafont{disposition}{\rmfamily}
\addtokomafont{title}{\rmfamily} 
\setkomafont{pageheadfoot}{\normalfont\rmfamily\mdseries}

% vertikaler Ausgleich
% -------------------- 
% nein -> \raggedbottom
% ja   -> \flushbottom    aber ungeeignet bei Fußnoten
%\raggedbottom
\flushbottom

% Tiefe des Inhaltsverzeichnisses bestimmen
% -----------------------------------------
% -1   nur \part{}
%  0   bis \chapter{}
%  1   bis \section{}
%  2   bis \subsection{} usw.
\newcommand{\mytocdepth}{1}

% mypart - Teile des Buches und Inhaltsverzeichnis
% ------------------------------------------------
% Standard: nur im Inhaltsverzeichnis, zusätzlicher Eintrag ohne Seitenzahl
% Variante: nur im Inhaltsverzeichnis, zusätzlicher Eintrag mit Seitenzahl 
%\renewcommand{\mypart}[1]{\addcontentsline{toc}{part}{#1}}
% Variante: mit eigener Seite vor dem ersten Kapitel, mit Eintrag und Seitenzahl im Inhaltsverzeichnis
\renewcommand{\mypart}[1]{\part{#1}}


% maketitle
% -----------------------------------------------
% Bestandteile des Innentitels
%\title{Einführung in SQL}
%\author{Jürgen Thomas}
%\subtitle{Datenbanken bearbeiten}
\date{}
% Bestandteile von Impressum und CR
% Bestandteile von Impressum und CR

\uppertitleback{
%Detaillierte Daten zu dieser Publikation sind bei Wikibooks zu erhalten:\newline{} \url{http://de.wikibooks.org/}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet  zu erhalten: \newline{}\url{https://portal.d-nb.de/opac.htm?method=showSearchForm#top}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet unter der Katalog-Nr. 1008575860 zu erhalten: \newline{}\url{http://d-nb.info/1008575860}

%Namen von Programmen und Produkten sowie sonstige Angaben sind häufig geschützt. Da es auch freie Bezeichnungen gibt, wird das Symbol \textregistered{} nicht verwendet.

%Erstellt am 
\today{}
}

\lowertitleback{
{\footnotesize
On the 28th of April 2012 the contents of the English as well as German Wikibooks and Wikipedia projects were licensed under Creative Commons Attribution-ShareAlike 3.0 Unported license. An URI to this license is given in the list of figures on page \pageref{ListOfFigures}. If this document is a derived work from the contents of one of these projects and the content was still licensed by the project under this license at the time of derivation this document has to be licensed under the same, a similar or a compatible license, as stated in section 4b of the license. The list of contributors is included in chapter Contributors on page \pageref{Contributors}. The licenses GPL, LGPL and GFDL are included in chapter Licenses on page \pageref{Licenses}, since this book and/or parts of it may or may not be licensed under one or more of these licenses, and thus require inclusion of these licenses. The licenses of the figures are given in the list of figures on page \pageref{ListOfFigures}. This PDF was generated by the \LaTeX{} typesetting  software. The \LaTeX{} source code is included as an attachment ({\tt source.7z.txt}) in this PDF file. To extract the source from the PDF file, we recommend the use of \url{http://www.pdflabs.com/tools/pdftk-the-pdf-toolkit/} utility or clicking the paper clip attachment symbol on the lower left of your PDF Viewer, selecting {\tt Save Attachment}. After extracting it from the PDF file you have to rename it to {\tt source.7z}. To uncompress the resulting archive we recommend the use of \url{http://www.7-zip.org/}. The \LaTeX{} source itself was generated by a program written by Dirk Hünniger, which is freely available under an open source license from \url{http://de.wikibooks.org/wiki/Benutzer:Dirk_Huenniger/wb2pdf}. This distribution also contains a configured version of the {\tt pdflatex 
} compiler with all necessary packages and fonts needed to compile the \LaTeX{} source included in this PDF file. 
}}


\renewcommand{\mysubtitle}[1]{}
\renewcommand{\mymaintitle}[1]{}
\renewcommand{\myauthor}[1]{}

\newenvironment{myshaded}{%
  \def\FrameCommand{ \hskip-2pt \fboxsep=\FrameSep \colorbox{shadecolor}}%
  \MakeFramed {\advance\hsize-\width \FrameRestore}}%
 {\endMakeFramed}








headers/packages1.tex

% Standard für Formatierung
%\usepackage[utf8]{inputenc} % use \usepackage[utf8]{inputenc} for tex4ht
\usepackage[usenames]{color}
\usepackage{textcomp} 
\usepackage{alltt} 
\usepackage{syntax}
\usepackage{parskip} 
\usepackage[normalem]{ulem}
\usepackage[pdftex,unicode=true]{hyperref}
\usepackage{tocstyle}
\usepackage[defblank]{paralist}
\usepackage{trace}
\usepackage{bigstrut}
% Minitoc
%\usepackage{minitoc}

% Keystroke
\usepackage{keystroke}
\usepackage{supertabular}

\usepackage{wrapfig}
\newcommand{\bigs}{\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut{}}







headers/packages2.tex

% für Zeichensätze


%replacemnt for pslatex
\usepackage{mathptmx}
\usepackage[scaled=.92]{helvet}
\usepackage{courier}


\usepackage[T1]{fontenc} % disable this line for tex4ht

% für Tabellen
\usepackage{multirow}
\usepackage{multicol}
\usepackage{array,ragged2e}
\usepackage{longtable}

% für Kopf- und Fußzeilen, Fußnoten
\usepackage{scrpage2}
\usepackage{footnote}

% für Rahmen
\usepackage{verbatim}
\usepackage{framed}
\usepackage{mdframed}
\usepackage{listings}
\usepackage{lineno}

% für Symbole
\usepackage{amsmath}
\usepackage{amssymb}
\usepackage{amsfonts}

\usepackage{pifont}
\usepackage{marvosym}
\let\Cross\undefined 
\usepackage{fourier-orns}  % disable this line for tex4ht   % für weitere Logos, z.B. \danger

% für Grafik-Einbindung
\usepackage[pdftex]{graphicx}
\usepackage{wasysym}
\let\Square\undefined 

% unklare Verwendung
\usepackage{bbm}
\usepackage{skull}

%arabtex
\usepackage[T1]{tipa}  % disable this line for tex4ht

\usepackage{fancyvrb}
\usepackage{bbding} 
\usepackage{textcomp}
\usepackage[table]{xcolor}
\usepackage{microtype}
\usepackage{lscape}
\usepackage{amsthm}
\usepackage{tocstyle}








headers/paper.tex

\KOMAoption{paper}{A4}






headers/svg.tex

\newcommand{\SVGExtension}{png}






headers/templates-chemie.tex

\newcommand{\TemplateEnergieerhaltung}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bfseries Gesetz von der Erhaltung der Energie}\\ \hline
{\bfseries Albert Einstein (14.3. 1879 - 18.4.1955)}: Umwandlung von Energie in Masse und von Masse in Energie ist möglich.\\ 
$E = m \cdot c^2$ (c = Lichtgeschwindigkeit = 300.000 km/s)\\ \hline
{\bfseries 
Bei einer chemischen Reaktion ist die Summe aus Masse und Energie der Ausgangsstoffe gleich der Summe aus Masse und Energie der Endstoffe.
}\\\hline
Wird Energie frei, tritt ein unwägbar kleiner Massenverlust auf. Wird Energie investiert, tritt Massenzunahme auf. Dieses kann allerdings mit herkömmlichen Waagen nicht gemessen werden. \\ \hline
\end{longtable}
}

\newcommand{\TemplatePeriodensystem}[1]{
Hier sollte das Periodensystem stehen. Ein solches wird sehr wahrscheinlich von Orlando Camargo Rodriguez frei zur Verfügung gestellt werden. Dateiname: tabela_periodica.tex ist bereits online. Lizenz aber noch nicht genau genug definiert.
}

\newcommand{\TemplateMassenerhaltung}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bfseries Gesetz von der Erhaltung der Masse}\\ \hline
{\bfseries Antoine Lavoisier (1743 - 1794)}: Rien ne se perd, rien ne se crée\\ 
Die Gesamtmasse ändert sich bei chemischen Reaktionen (im Rahmen der Messgenauigkeiten) nicht.\\ \hline
Masse der Ausgangsstoffe=Masse der Produkte \\ \hline
\end{longtable}
}

\newcommand{\TemplateDaltonsAtomhyposthese}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
\begin{enumerate}
\item Materie besteht aus extrem kleinen, bei Reaktion ungeteilt bleibenden Teilchen, den Atomen.
\item Die Masse der Atome eines bestimmten Elements sind gleich (alle Atome eines Elements sind gleich). Die Atome verschiedener Elemente unterscheiden sich in ihren Eigenschaften (zum Beispiel in Größe, Masse, usw.).
\item Es existieren so viele Atomsorten wie Elemente.
\item Bei chemischen Reaktionen werden Atome in neuer Kombination vereinigt oder voneinander getrennt.
\item Eine bestimmte Verbindung wird von den Atomen der betreffenden Elemente in einem bestimmten, einfachen Zahlenverhältnis gebildet.
\end{enumerate}
\\ \hline
\end{longtable}
}

\newcommand{\TemplateUnveraenderlicheMassenverhaeltnisse}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bfseries Gesetz der unveränderlichen Massenverhältnisse}\\ \hline
Louis Proust (1799) \\ \hline
Bei chemischen Reaktionen, also Vereinigung beziehungsweise Zersetzung, reagieren die Reinstoffe immer in einem von der Natur vorgegebenen festen Verhältnis miteinander.
\\ \hline
\end{longtable}
}







headers/templates-dirk.tex

\newenvironment{TemplateCodeInside}[6]
{
\def\leftbox{#5}
\def\rightbox{}
\def\framecolor{shadecolor}
\ifstr{#4}{e}{ \def\framecolor{red} 
               \def\rightbox{Falsch} } {}
\ifstr{#4}{v}{ \def\framecolor{mydarkgreen} 
               \def\rightbox{Richtig} } {}

\begin{scriptsize}
\begin{mdframed} [ 
backgroundcolor=shadecolor, linewidth=0pt, 
skipabove=#2, skipbelow=#3,
innertopmargin=0.5ex, innerbottommargin=0 ]
\ttfamily

\ifstr{\leftbox} {} {
  % Ausgabe nur, wenn rechte Box Inhalt hat, dann links mit Standardtext
  \ifstr{\rightbox}{}{}
  { \fbox{Quelltext} \hfill \textbf{\color{\framecolor} \fcolorbox{black}{white}{\rightbox} }
  }
} {
\fbox{\leftbox}
% und bei Bedarf zusätzlich rechts die zweite Box
  \ifstr{\rightbox}{}{}
  { \hfill \textbf{\color{\framecolor} \fcolorbox{black}{white}{\rightbox} }
  } 
}

\begin{flushleft}
}  % Ende der begin-Anweisungen, es folgen die end-Anweisungen
{\end{flushleft}\end{mdframed}\end{scriptsize} }

\newcommand{\TemplateCode}[9]
% **************************************************
{

\ifstr{#1}{}{~}{
\minisec{\normalfont \scriptsize \centering \textbf{\textit{#1}} \medskip } }

\begin{scriptsize}

% Code-Abschnitt mit #4
\begin{TemplateCodeInside} {} {0pt} {0pt} {#3} {#5} {}
#6
\end{TemplateCodeInside}

% Ausgabetext mit #4
#4
 
% #2   Fußzeile ausgeben, sofern vorgesehen
\ifstr{#2} {} {} { \centering \textit{#2} \medskip \\ } 

\end{scriptsize}
}








headers/templates-juetho.tex

\newcommand{\wbtempcolora}{white}
\newcommand{\wbtempcolorb}{white}
\newcommand{\wbtempcolorc}{white}
\newcommand{\wbtemptexta}{}
\newcommand{\wbtemptextb}{}
\newcommand{\wbtemptextc}{}
\newlength{\wbtemplengtha}
\setlength{\wbtemplengtha}{0pt}
\newlength{\wbtemplengthb}
\setlength{\wbtemplengthb}{0pt}
\newlength{\wbtemplengthc}
\setlength{\wbtemplengthc}{0pt}
\newlength{\wbtemplengthd}
\setlength{\wbtemplengthd}{0pt}
\newlength{\wbtemplengthe}
\setlength{\wbtemplengthe}{0pt}
\newcount\wbtempcounta
\wbtempcounta=0
\newcount\wbtempcountb
\wbtempcountb=0
\newcount\wbtempcountc
\wbtempcountc=0

\newenvironment{TemplateCodeInside}[6]
% no more parameters
% **************************************************
% Template Code Inside
% Darstellung eines Code-Teils oder der Code-Ausgabe
% wird für folgende Wiki-Vorlagen benutzt:
%     Vorlage:Syntax
%     <source>...</source>
%     Regal:Programmierung: Vorlage:CodeIntern
% außerdem mehrfache Verwendung durch das Makro "Template Code"
%
% #1  leer   Anzeige als Code:    grauer Hintergrund, ohne Rahmen
%     sonst  Anzeige als Ausgabe: weißer Hintergrund, mit  Rahmen
% #2  Abstand vor dem Rahmen
%     0pt    als Standardwert
%     \baselineskip nur dann, wenn es der erste Teil innerhalb der Umgebung ist
%            und keine Kopfzeile vorgesehen ist
% #3  Abstand nach dem Rahmen
%     0pt    als Standardwert
%     \baselineskip nur dann, wenn es der letzte Teil innerhalb der Umgebung ist
%            und keine Fußzeile vorgesehen ist
% #4  spezieller Hinweis, verwendet für die Zusatzbox rechts
%     leer   als Standardwert
%     e      steht für error, also Zusatz 'Falsch' in rot
%     v      steht für valid, also Zusatz 'Richtig' in grün (genauer: jeder beliebige andere Inhalt)
% #5  spezieller Text für die Zusatzbox links
%     leer   als Standardwert
%     spezieller Hinweis: Wenn dieser Text leer ist, aber 'e' oder 'v' vorgesehen ist,
%            dann wird 'Quelltext' eingetragen
% #6  Zeilennummerierung *** funktioniert noch nicht, wird vorerst ignoriert ***
%     leer   als Standardwert -> ausschalten
%     true   als Spezialwert  -> einschalten
% **************************************************
% auch wenn die Variablen am Anfang dieser Datei nur lokal überschrieben werden,
% muss zwischen den Variablen von TemplateCode und TemplateCodeInside unterschieden werden.
% In TemplateCode werden die folgenden Variablen benutzt:
%      \wbtemplengthb für skipabove
%      \wbtemplengthc für skipbelow
%      \wbtempcounta  als Zwischenspeicher
%      \wbtemptexta   als Ausgabetext, der automatisch erzeugt wird
%
% In TemplateCodeInside werden die folgenden Variablen benutzt:
%      \wbtemplengtha für framelinewidth
%      \wbtemplengthd für innertopmargin
%      \wbtempcolorb  für die Schriftfarbe der rechten Box
% **************************************************
{
% Argumente für Hintergrund und Rahmen definieren
%      \wbtemplengtha für framelinewidth
\definecolor{framebackground}{gray}{0.9}
% Argumente mit Inhalt versehen
% #1 - Standard leer: als Code anzeigen
%        mit Inhalt: als Ausgabe anzeigen
\ifstr{#1}{}{\setlength{\wbtemplengtha}{0pt}}
{ \definecolor{framebackground}{rgb}{1.0,1.0,1.0}   
\setlength{\wbtemplengtha}{1pt}  }

% 2./3.Parameter in Variable übernehmen
%     es gelingt mir nicht, unten #2 und #3 direkt zuzuweisen
%\setlength{\wbtemplengthb}{#2}
%\setlength{\wbtemplengthc}{#3}

% 4./5.Parameter in Variable übernehmen
% der Box für den rechten Rahmen wird der richtige Text und die richtige Farbe zugewiesen
% Standard:     grün, 'Richtig'
% im Fall 'e':  rot,  'Falsch'
\renewcommand{\wbtempcolorb}{mydarkgreen}
\renewcommand{\wbtemptextb}{Richtig}
\ifstr{#4} {e} { \renewcommand{\wbtempcolorb}{red} \renewcommand{\wbtemptextb}{Falsch} } {} 

% Festlegen des oberen inneren Rands:
%    Standard als normaler Zeilenabstand
%    wenn es keine obere Box gibt, dann genügt der Standardabstand
\setlength{\wbtemplengthd}{0pt}
\ifstr{#4}{}{}{\setlength{\wbtemplengthd}{\baselineskip}}
\ifstr{#5}{}{}{\setlength{\wbtemplengthd}{\baselineskip}}

% Aufruf von mdframed mit den festgelegten Parametern
\begin{scriptsize}
%\begin{mdframed} [ backgroundcolor=framebackground, 
%linewidth=\wbtemplengtha, %skipabove=\wbtemplengthb, skipbelow=\wbtemplengthc, 
%splittopskip=5\baselineskip, splitbottomskip=5\baselineskip,
%skipabove=#2, skipbelow=#3, 
%innertopmargin=\wbtemplengthd, innerbottommargin=1ex ]
\begin{shaded}
\ttfamily 
% Anzeige der kleinen Boxen nur dann, wenn eine davon nicht leer ist
\ifstr{#5}{}
% wenn die rechte Box vorgesehen ist und die linke nicht, kommt links der Standardtext
{ \ifstr{#4}{}{}
   {\fbox{Quelltext} \hfill \textbf{\color{\wbtempcolorb} \fcolorbox{black}{white}{\wbtemptextb}} } 
}
% andernfalls kommt links auf jeden Fall die vorgesehene Box
{  \fbox{#5}
% und bei Bedarf zusätzlich rechts die zweite Box
   \ifstr{#4}{}{}{\hfill \textbf{\color{\wbtempcolorb} \fcolorbox{black}{white}{\wbtemptextb}}}
}

%\ifstr{#6}{true}{\linenumbers[1]}{}
%\begin{lstlisting}
\begin{flushleft}
}  % Ende der begin-Anweisungen, es folgen die end-Anweisungen
{\end{flushleft}
%\end{lstlisting}
%\end{mdframed}
\end{shaded}
\end{scriptsize}}


\newcommand{\TemplateCode}[9]
% no more parameters
% **************************************************
% Template Code
% Darstellung von Code (einzeln oder mehrfach, Kopf- und Fußzeile,
%      mit oder ohne Ausgabe)
% wird für folgende Wiki-Vorlagen benutzt:
%      Regal:Programmierung: Vorlage:Code
%      Regal:Programmierung: Vorlage:NETCode
%      Regal:Programmierung: Vorlage:MultiCode
%
% #1   Inhalt der Kopfzeile
%      kann auch leer sein
% #2   Inhalt der Fußzeile
%      kann auch leer sein
% #3   spezieller Hinweis, verwendet für die Zusatzbox rechts
%      leer   als Standardwert
%      e      steht für error, also Zusatz 'Falsch' in rot
%      v      steht für valid, also Zusatz 'Richtig' in grün (genauer: jeder beliebige andere Inhalt)
% #4   spezieller Text für die Zusatzbox links
%      leer   als Standardwert
%      spezieller Hinweis: Wenn dieser Text leer ist, aber 'e' oder 'v' vorgesehen ist,
%            dann wird 'Quelltext' eingetragen
%      spezieller Hinweis: Wenn der Text #6 vorgesehen ist und außerdem mindestens 
%                 einer der Texte #7/#8/#9, dann muss sinnvollerweise der Parameter #4 
%                 für den Text #6 verwendet werden
% #5   Inhalt für den Ausgabe-Teil
%      kann auch leer sein
% #6   Inhalt für den Quelltext 1
%      kann auch leer sein
%      bei NETCode und MultiCode der Text für C++
%      bei DualCode der Text für lang1
% #7   Inhalt für den Quelltext 2
%      kann auch leer sein
%      bei NETCode und MultiCode der Text für C#
%      bei DualCode der Text für lang2
% #8   Inhalt für den Quelltext 3
%      kann auch leer sein
%      bei NETCode und MultiCode der Text für VB.NET
% #9   Inhalt für den Quelltext 4
%      kann auch leer sein
%      bei MultiCode der Text für Delphi Prism
% **************************************************
% Hier werden die folgenden Variablen von wiki-templates.tex benutzt; 
% diese dürfen in TemplateCodeInside nicht benutzt werden, weil sie unter Umständen
% überschrieben werden könnten.
%      \wbtemplengthb für skipabove
%      \wbtemplengthc für skipbelow
%      \wbtempcounta  als Zwischenspeicher
%      \wbtemptexta   als Ausgabetext, der automatisch erzeugt wird
%
% **************************************************
{
% Die Umgebung Template Code Inside setzt die Schriftgröße ebenfalls fest,
% dies soll aber auch für Kopf- und Fußzeile gelten.
\begin{scriptsize}

% #1   Kopfzeile ausgeben, sofern vorgesehen
%      wenn sie nicht vorgesehen ist, muss der obere Abstand definiert werden
%      \wbtemplengthb für skipabove
\ifstr{#1}{}
{ \setlength{\wbtemplengthb}{\baselineskip} }
{ \minisec{\normalfont \scriptsize \centering \textbf{#1} \\[-0.5\baselineskip]}
  \setlength{\wbtemplengthb}{0pt} }

% #2   unterer Abstand ist standardmäßig 0 pt, aber beim letzten Abschnitt 
%      ohne Fußzeile ist der Abstand festzusetzen
\setlength{\wbtemplengthc}{0pt}
%      \wbtemplengthc für skipbelow
% \wbtempcounta als temp-Variable verwenden, welcher Abschnitt der letzte ist
\wbtempcounta=0
% prüfe zunächst, bei welcher Ausgabe der "Abstand nachher" auf \baselineskip gesetzt werden muss;
% in allen anderen Fällen bleibt es beim Standardwert 0pt
% * nur erforderlich, wenn keine Fußzeile vorgesehen ist
% * wenn Ausgabe   #4 vorgesehen ist, dann dort
% * wenn Quellcode #9 vorgesehen ist, dann dort
% * wenn Quellcode #8 vorgesehen ist, dann dort
% * wenn Quellcode #7 vorgesehen ist, dann dort
% * wenn Quellcode #6 vorgesehen ist, dann dort
% das einfachste Verfahren ist, dies vorwärts zu prüfen
\ifstr{#2}{}{}{
  \ifstr{#6}{}{}{\wbtempcounta=6 }
  \ifstr{#7}{}{}{\wbtempcounta=7 }
  \ifstr{#8}{}{}{\wbtempcounta=8 }
  \ifstr{#9}{}{}{\wbtempcounta=9 }
  \ifstr{#4}{}{}{\wbtempcounta=10 }
}
  
% nach der ersten Ausgabe wird der "Abstand vorher" immer auf 0 gesetzt
% Quelltext 1 mit #6
\ifstr{#6}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=6 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {#5} {}
#6
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% in gleicher Weise werden die weiteren Teile ausgegeben, bei #7 #8 #9 gibt es Standardtexte
% Quelltext 2 mit #7
\ifstr{#7}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=7 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{C\#-Quelltext}}
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {\wbtemptexta} {}
#7
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% Quelltext 3 mit #8
\ifstr{#8}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=8 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{VB.NET-Quelltext}}
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {\wbtemptexta} {}
#8
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% Quelltext 4 mit #9
\ifstr{#9}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=9 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{C\#-Quelltext}}
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {\wbtemptexta} {}
#9
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% Ausgabetext mit #4
\ifstr{#4}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=10 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{Ausgabe}}
  \begin{TemplateCodeInside} {x} {\wbtemplengthb} {\wbtemplengthc} {} {\wbtemptexta} {}
#4
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  
 
% #2   Fußzeile ausgeben, sofern vorgesehen
%      wenn sie nicht vorgesehen ist, muss der obere Abstand definiert werden
\ifstr{#2}{}{}
{ \centering \textbf{#2} \medskip \\ }

\end{scriptsize}
}

\begin{comment}
\newcommand{\TemplatePreformat}[1]
{\begin{TemplateCodeInside}{x}{\baselineskip}{\baselineskip}{}{}{}
#1
\end{TemplateCodeInside}
}

\newcommand{\TemplateSpaceIndent}[1]
{\begin{TemplateCodeInside}{x}{\baselineskip}{\baselineskip}{}{}{}
#1
\end{TemplateCodeInside}
}
\end{comment}

\newcommand{\ubung}{\ding{228} \textbf{Aufgabe:}~}







headers/templates.tex

\newcommand{\wbtempcolora}{white}
\newcommand{\wbtempcolorb}{white}
\newcommand{\wbtempcolorc}{white}
\newcommand{\wbtemptexta}{}
\newcommand{\wbtemptextb}{}
\newcommand{\wbtemptextc}{}
\newlength{\wbtemplengtha}
\setlength{\wbtemplengtha}{0pt}
\newlength{\wbtemplengthb}
\setlength{\wbtemplengthb}{0pt}
\newlength{\wbtemplengthc}
\setlength{\wbtemplengthc}{0pt}
\newlength{\wbtemplengthd}
\setlength{\wbtemplengthd}{0pt}
\newlength{\wbtemplengthe}
\setlength{\wbtemplengthe}{0pt}
\newcount\wbtempcounta
\wbtempcounta=0
\newcount\wbtempcountb
\wbtempcountb=0
\newcount\wbtempcountc
\wbtempcountc=0

\newcommand{\CPPAuthorsTemplate}[4]{
\LaTeXZeroBoxTemplate{
The following people are authors to this book:

#3

You can verify who has contributed to this book by examining the history logs at Wikibooks (http://en.wikibooks.org/).

Acknowledgment is given for using some contents from other works like #1, as from the authors #2.

The above authors release their work under the following license:

This work is licensed under the Creative Commons Attribution-Share Alike 3.0 Unported license. In short: you are free to share and to make derivatives of this work under the conditions that you appropriately attribute it, and that you only distribute it under the same, similar or a compatible license. Any of the above conditions can be waived if you get permission from the copyright holder.
Unless otherwise noted, #4 used in this book have their own copyright, may use different licenses than the one used here, and were not created by the above authors. The authors, contributors, and licenses used should be acknowledged separately.}
}


\newcommand{\tlTemplate}[1]{{\{\{{\ttfamily #1}\}\}}}

\newcommand{\matrixdimTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
{\bfseries Matrix Dimensions: }\\
A: $p \times p$ \\
B:  $p \times q$\\
C:  $r \times p$\\
D:  $r \times q$\\
\end{myshaded}
}

\newcommand{\matlabTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
This operation can be performed using this MATLAB command:
{\ttfamily #1}
\end{myshaded}}

\newcommand{\PrintUnitPage}[3]{\pagebreak
\begin{flushleft}
{\bfseries \Large #1}
\end{flushleft}

\begin{longtable}{>{\RaggedRight}p{0.5\linewidth}>{\RaggedRight}p{0.5\linewidth}}
& #2
\end{longtable}}

\newcommand{\LaTeXCodeTipTemplate}[3]{

\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
#1 \\
#2 \\
#3
\end{myshaded}
}

\newcommand{\DisassemblySyntax}[1]{

\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
This code example uses #1 Syntax
\end{myshaded}}


\newcommand{\LaTeXDeutschTemplate}[1]{ {\bfseries deutsch:} #1 }



\newcommand{\LaTeXNullTemplate}[1]{}
\newcommand{\LatexSymbol}[1]{\LaTeX}

\newcommand{\LaTeXDoubleBoxTemplate}[2]{

\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}
\end{minipage}

}


\newcommand{\LaTeXSimpleBoxTemplate}[2]{
{\bfseries #1} \\
#2
}

\newcommand{\SolutionBoxTemplate}[2]{
#2
}


\newcommand{\LaTeXDoubleBoxOpenTemplate}[2]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}

}


\newcommand{\LaTeXLatinExcerciseTemplate}[3]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries Excercise: #1} \\
#2 \\
{\bfseries Solution}
#3
\end{myshaded}

}


\newcommand{\LaTeXShadedColorBoxTemplate}[2]{
{\linewidth}#1\begin{myshaded}
#2
\end{myshaded}
}


\newcommand{\LaTeXZeroBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}
#1
\end{myshaded}
\end{minipage}
}

\newcommand{\LaTeXZeroBoxOpenTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}
#1
\end{myshaded}
}

\newcommand{\PDFLink}[1]{
\textbf{PDF} #1
}

\newcommand{\SonnensystemFakten}[3]{
#1 \\
\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #2}  \\
#3 \\
\end{myshaded}
}


\newcommand{\VorlageReferenzenEintrag}[3]{
\begin{longtable}{p{0.2\linewidth}p{0.8\linewidth}}

{[\bfseries #1]} & {\itshape #2} #3 \\
\end{longtable}

}

\newcommand{\MBOX}[2]{\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
\begin{longtable}{p{0.2\linewidth}p{0.7\linewidth}}
#1 & #2 \\
\end{longtable}
\end{myshaded}}



\newcommand{\LaTeXIdentityTemplate}[1]{#1
}

\newcommand{\TychoBrahe}[1]{Tycho Brahe}

\newcommand{\LaTeXPlainBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded} 
#1
\end{myshaded}
\end{minipage}
}


\newcommand{\Hinweis}[1]{
\begin{TemplateInfo}{{\Huge \textcircled{\LARGE !}}}{Hinweis}
#1
\end{TemplateInfo}}



\newcommand{\LaTexInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}}

\newcommand{\EqnTemplate}[1]{
\begin{flushright}
\textbf{[#1]}
\end{flushright}}

\newcommand{\RefTemplate}[1]{[#1]}


\newcommand{\LaTeXGCCTakeTemplate}[1]{
\LaTeXDoubleBoxTemplate{Take home:}{#1}
}

\newcommand{\LaTeXEditorNote}[1]{\LaTeXDoubleBoxTemplate{Editor's note}{#1}}

\newcommand{\BNPForVersion}[1]{
\LaTeXInfoTemplateOne{Applicable Blender version: #1}
}

\newcommand{\LaTeXInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}
}


\newcommand{\LaTexHelpFulHintTemplate}[1]{
\LaTeXDoubleBoxTemplate{Helpful Hint:}{#1}
}

\newcommand{\MyLaTeXTemplate}[3]{
\LaTeXDoubleBoxTemplate{MyLaTeXTemplate1:}{#1 \\ #2 \\ #3}
}

\newcommand{\TemplatePreformat}[1]{
\par
\begin{scriptsize}
%\setlength{\baselineskip}{0.9\baselineskip}
\ttfamily
#1
\par
\end{scriptsize}
}

\newcommand{\TemplateSpaceIndent}[1]{
\begin{scriptsize}
\begin{framed}
\ttfamily
#1
\end{framed}
\end{scriptsize}
}

\newcommand{\GenericColorBox}[2]
{
\newline
\begin{tabular}[t]{p{0.6cm}p{4cm}}
#1&#2\\  
\end{tabular}
}

\newcommand{\legendNamedColorBox}[2]
{
  \GenericColorBox{
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{#1}{
          \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}

\newcommand{\legendColorBox}[2]
{
  \GenericColorBox{
    \definecolor{tempColor}{rgb}{#1}
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{tempColor}{
           \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}



%\newcommand{\ubung} {{\LARGE $\triangleright$}}
\newcommand{\ubung}{\ding{228} \textbf{Aufgabe:}\,}

\newcommand{\TemplateSource}[1]
{
%\begin{TemplateCodeInside}{}{\baselineskip}{\baselineskip}{}{}{true}
\begin{scriptsize}
\begin{myshaded}\ttfamily
#1
\end{myshaded}
\end{scriptsize}
%\end{TemplateCodeInside}
}


\newenvironment{TemplateInfo}[2]
% no more parameters
%****************************************************
% Template Info
% Kasten mit Logo, Titelzeile, Text
% kann für folgende Wiki-Vorlagen benutzt werden:
%          Vorlage:merke, Vorlage:Achtung u.ä.
%
% #1 Logo  (optional) default: \Info
% #2 Titel (optional) default: Information; könnte theoretisch auch leer sein,
%                     das ist aber wegen des Logos nicht sinnvoll
%****************************************************
{
% Definition des Kastens mit Standardwerten
% u.U. ist linewidth=1pt erorderlich
\begin{mdframed}[ skipabove=\baselineskip, skipbelow=\baselineskip,
linewidth=1pt,
innertopmargin=0, innerbottommargin=0 ]
% linksbündig ist besser, weil es in der Regel wenige Zeilen sind, die teilweise kurz sind
\begin{flushleft}
% Überschrift größer darstellen
\begin{Large}
% #1 wird als Logo verwendet, Vorgabe ist \Info aus marvosym
%    für andere Logos muss ggf. das Package eingebunden werden
%    das Logo kann auch mit einer Größe verbunden werden, z.B. \LARGE\danger als #1
{#1 } \
% #2 wird als Titelzeile verwendet, Vorgabe ist 'Information'
{\bfseries #2}
\medskip \end{Large} \\
} % Ende der begin-Anweisungen, es folgenden die end-Anweisungen
{ \end{flushleft}\end{mdframed} }


\newcommand{\TemplateHeaderExercise}[3]
% no more parameters
%****************************************************
% Template Header Exercise
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
% ist gedacht für folgende Wiki-Vorlage:
%          Vorlage:Übung4
% kann genauso für den Aufgaben-Teil folgender Vorlagen verwendet werden:
%          Vorlage:Übung    (wird zz. nur einmal benutzt)
%          Vorlage:Übung2   (wird zz. gar nicht benutzt)
%          Vorlage:Übung3   (wird zz. in 2 Büchern häufig benutzt)
%          C++-Programmierung/ Vorlage:Aufgabe  (wird zz. nur selten benutzt,
%                            ist in LatexRenderer.hs schon erledigt)
%
% #1 Text   (optional) 'Aufgabe' oder 'Übung', kann auch leer sein
% #2 Nummer (Pflicht)  könnte theoretisch auch leer sein, aber dann sieht die Zeile
%                      seltsam aus; oder die if-Abfragen wären unnötig komplex
% #3 Titel  (optional) Inhaltsangabe der Aufgabe, kann auch leer sein
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}
 
\newcommand{\TemplateHeaderSolution}[3]
% no more parameters
%****************************************************
% Template Header Solution
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
%
% ist gedacht für den Lösungen-Teil der Vorlagen und wird genauso
% verwendet wie \TemplateHeaderExercise
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, Lösung zu #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}

\newcommand{\TemplateUbungDrei}[4]
{
\TemplateHeaderExercise{Übung}{#1}{#2}
#3
\TemplateHeaderSolution{Übung}{#1}{#2}
#4
}

\newcommand{\Mywrapfigure}[2]
{
\begin{wrapfigure}{r}{#1\textwidth}
\begin{center}
#2
\end{center}
\end{wrapfigure}
}



\newcommand{\Mymakebox}[2]
{
\begin{minipage}{#1\textwidth}
#2
\end{minipage}
}

\newcommand{\MyBlau}[1]{
\textcolor{darkblue}{#1}
} 
\newcommand{\MyRot}[1]{
\textcolor{red}{#1}
} 
\newcommand{\MyGrun}[1]{
\textcolor{mydarkgreen}{#1}
} 
\newcommand{\MyBg}[2]{
\fcolorbox{#1}{#1}{#2} 
} 

\newcommand{\BNPModule}[1]{
the "#1" module
} 


\newcommand{\LaTeXMerkeZweiTemplate}[1]{\LaTeXDoubleBoxTemplate{Merke}{#1}}

\newcommand{\LaTeXDefinitionTemplate}[1]{\LaTeXDoubleBoxTemplate{Definition}{#1}}

\newcommand{\LaTeXAnorganischeChemieFuerSchuelerVorlageMerksatzTemplate}[1]{\LaTeXDoubleBoxTemplate{Merksatz}{#1}}

\newcommand{\LaTeXTextTemplate}[1]{\LaTeXDoubleBoxTemplate{}{#1}}

\newcommand{\LaTeXExampleTemplate}[1]{\LaTeXDoubleBoxTemplate{Example:}{#1}}

\newcommand{\LaTeXexampleTemplate}[1]{\LaTeXDoubleBoxTemplate{Example:}{#1}}

\newcommand{\LaTeXPTPBoxTemplate}[1]{\LaTeXDoubleBoxTemplate{Points to ponder:}{#1}}

\newcommand{\LaTeXNOTETemplate}[2]{\LaTeXDoubleBoxTemplate{Note:}{#1 #2}}

\newcommand{\LaTeXNotizTemplate}[1]{\LaTeXDoubleBoxTemplate{Notiz:}{#1}}

\newcommand{\LaTeXbodynoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXcquoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Quote:}{#1}}

\newcommand{\LaTeXCquoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Quote:}{#1}}

\newcommand{\LaTeXSideNoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXsideNoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXExercisesTemplate}[1]{\LaTeXDoubleBoxTemplate{Exercises:}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageTippTemplate}[1]{\LaTeXDoubleBoxTemplate{Tip}{#1}}

\newcommand{\LaTeXTipTemplate}[1]{\LaTeXDoubleBoxTemplate{Tip}{#1}}
\newcommand{\LaTeXUnknownTemplate}[1]{unknown}

\newcommand{\LaTeXCppProgrammierungVorlageHinweisTemplate}[1]{\LaTeXDoubleBoxTemplate{Hinweis}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageSpaeterImBuchTemplate}[1]{\LaTeXDoubleBoxTemplate{Thema wird später näher erläutert...}{#1}}

\newcommand{\SGreen}[1]{This page uses material from Dr. Sheldon Green's Hypertext Help with LaTeX.}
\newcommand{\ARoberts}[1]{This page uses material from Andy Roberts' Getting to grips with LaTeX with permission from the author.}

\newcommand{\LaTeXCppProgrammierungVorlageAnderesBuchTemplate}[1]{\LaTeXDoubleBoxTemplate{Buchempfehlung}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageNichtNaeherBeschriebenTemplate}[1]{\LaTeXDoubleBoxTemplate{Nicht Thema dieses Buches...}{#1}}

\newcommand{\LaTeXPythonUnterLinuxVorlagenVorlageDetailsTemplate}[1]{\LaTeXDoubleBoxTemplate{Details}{#1}}

\newcommand{\LaTeXChapterTemplate}[1]{\chapter{#1}
\myminitoc
}

\newcommand{\Sample}[2]{
\begin{longtable}{|p{\linewidth}|}
\hline
#1 \\ \hline
#2 \\ \hline
\end{longtable}
}

\newcommand{\Syntax}[1]{
\LaTeXDoubleBoxTemplate{Syntax}{#1}}


\newcommand{\LaTeXTT}[1]{{\ttfamily #1}}
\newcommand{\LaTeXBF}[1]{{\bfseries #1}}
\newcommand{\LaTeXCenter}[1]{
\begin{center}
#1
\end{center}}


\newcommand{\BNPManual}[2]{The Blender Manual page on #1 at \url{http://wiki.blender.org/index.php/Doc:Manual/#1}}
\newcommand{\BNPWeb}[2]{#1 at \url{#2}}

\newcommand{\Noframecenter}[2]{
\begin{tablular}{p{\linewidth}}
#2\\ 
#1 
\end{tabluar}
}


\newcommand{\LaTeXTTUlineTemplate}[1]{{\ttfamily \uline{#1}}
}



\newcommand{\PythonUnterLinuxDenulltails}[1]{
\begin{tabular}{|p{\linewidth}|}\hline
\textbf{Denulltails} \\ \hline
#1 \\ \hline 
\end{tabular}}

\newcommand{\GNURTip}[1]{
\begin{longtable}{|p{\linewidth}|}\hline
\textbf{Tip} \\ \hline
#1 \\ \hline 
\end{longtable}}

\newcommand{\PerlUebung}[1]{
\begin{longtable}{|p{\linewidth}|}\hline
#1 \\ \hline 
\end{longtable}}

\newcommand{\PerlNotiz}[1]{
\begin{table}{|p{\linewidth}|}\hline
#1 \\ \hline 
\end{table}}

\newcommand{\ACFSZusatz}[1]{\textbf{ Zusatzinformation }}
\newcommand{\ACFSVorlageB}[1]{\textbf{ Beobachtung }}
\newcommand{\ACFSVorlageV}[1]{\textbf{ Versuchsbeschreibung }}
\newcommand{\TemplateHeaderSolutionUebung}[2]{\TemplateHeaderSolution{Übung}{#1}{#2}}
\newcommand{\TemplateHeaderExerciseUebung}[2]{\TemplateHeaderExercise{Übung}{#1}{#2}}

\newcommand{\ChemTemplate}[9]{\texttt{     
#1#2#3#4#5#6#7#8#9}}


\newcommand{\WaningTemplate}[1]{     
\begin{TemplateInfo}{\danger}{Warning}
#1
\end{TemplateInfo}}


\newcommand{\WarnungTemplate}[1]{     
\begin{TemplateInfo}{\danger}{Warnung}
#1
\end{TemplateInfo}}


\newcommand{\BlenderAlignedToViewIssue}[1]{     
\begin{TemplateInfo}{\danger}{Blender3d Aligned to view issue}
This tutorial relies on objects being created so that they are aligned to the view that you’re looking through. Versions 2.48 and above have changed the way this works. Visit Aligned (\url{http://en.wikibooks.org/wiki/Blender_3D:_Noob_to_Pro/Aligned_to_view_issue}) to view issue to understand the settings that need to be changed.
\end{TemplateInfo}}


\newcommand{\BlenderVersion}[1]{     
{\itshape Diese Seite bezieht sich auf }{\bfseries \quad Blender Version #1}}

\newcommand{\Literal}[1]{{\itshape #1}}

\newcommand{\JavaIllustration}[3]{
\begin{tablular}
{Figure #1: #2}
\\
#3
\end{ltablular}
}

\newcommand{\PDFLink}[1]{#1 PDF}

\newcommand{\Ja}[1]{\Checkmark {\bfseries Ja}}
\newcommand{\Nein}[1]{\XSolidBrush {\bfseries Nein}}

\newcommand{\SVGVersions}[8]{
{\scriptsize
\begin{tabular}{|p{0.45\linewidth}|p{0.13\linewidth}|}\hline
Squiggle (Batik) & #1 \\ \hline
Opera (Presto) & #2 \\ \hline
Firefox (Gecko; auch SeaMonkey, Iceape, Iceweasel etc) & #3 \\ \hline
Konqueror (KSVG) & #4 \\ \hline
Safari (Webkit) & #5 \\ \hline
Chrome (Webkit) & #6 \\ \hline
Microsoft Internet Explorer (Trident) & #7 \\ \hline
librsvg & #8 \\\hline
\end{tabular}}

}


\theoremstyle{plain}
\newtheorem{satz}{Satz}
\newtheorem{beweis}{Beweis}
\newtheorem{beispiel}{Beispiel}

\theoremstyle{definition}
\newtheorem{mydef}{Definition}

\newcommand{\NFSatz}[2]{\begin{satz}#1\end{satz}#2}

\newcommand{\NFDef}[2]{\begin{mydef}#1\end{mydef}#2}

\newcommand{\NFBeweis}[2]{\begin{beweis}#1\end{beweis}#2}

\newcommand{\NFBeispiel}[2]{\begin{beweis}#1\end{beweis}#2}

\newcommand{\NFFrage}[3]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\itshape \uline{#1}: #2} \\
#3
\end{myshaded}

}

\newcommand{\NFFrageB}[2]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\itshape \uline{Frage}: #1} \\
#2
\end{myshaded}

}


\newcommand{\NFVertiefung}[1]{
{\bfseries Vertiefung:} \\
Der Inhalt des folgenden Abschnitts ist eine Vertiefung des Stoffes. Für die nächsten Kapitel ist es nicht notwendig, dass du dieses Kapitel gelesen hast.

}







headers/title.tex

\publishers{Wikibooks.org}
\title{General Chemistry}







headers/unicodes.tex



\newcommand{\R}{\ensuremath{\mathbb{R}}}
\newcommand{\N}{\ensuremath{\mathbb{N}}}
\newcommand{\Z}{\ensuremath{\mathbb{Z}}}
\newcommand{\Q}{\ensuremath{\mathbb{Q}}}
\renewcommand{\C}{\ensuremath{\mathbb{C}}}
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19: Potassium 2,8,8,1
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 \ProvidesFile{utf8enc.dfu}
   [2008/04/05 v1.1m UTF-8 support for inputenc]
\DeclareUnicodeCharacter{00A1}{\textexclamdown}
\DeclareUnicodeCharacter{00A2}{\textcent}
\DeclareUnicodeCharacter{00A3}{\textsterling}
\DeclareUnicodeCharacter{00A4}{\textcurrency}
\DeclareUnicodeCharacter{00A5}{\textyen}
\DeclareUnicodeCharacter{00A6}{\textbrokenbar}
\DeclareUnicodeCharacter{00A7}{\textsection}
\DeclareUnicodeCharacter{00A8}{\textasciidieresis}
\DeclareUnicodeCharacter{00A9}{\textcopyright}
\DeclareUnicodeCharacter{00AA}{\textordfeminine}
\DeclareUnicodeCharacter{00AB}{\guillemotleft}
\DeclareUnicodeCharacter{00AC}{\textlnot}
\DeclareUnicodeCharacter{00AE}{\textregistered}
\DeclareUnicodeCharacter{00AF}{\textasciimacron}
\DeclareUnicodeCharacter{00B0}{\textdegree}
\DeclareUnicodeCharacter{00B1}{\textpm}
\DeclareUnicodeCharacter{00B2}{\texttwosuperior}
\DeclareUnicodeCharacter{00B3}{\textthreesuperior}
\DeclareUnicodeCharacter{00B4}{\textasciiacute}
\DeclareUnicodeCharacter{00B5}{\textmu} % micro sign
\DeclareUnicodeCharacter{00B6}{\textparagraph}
\DeclareUnicodeCharacter{00B7}{\textperiodcentered}
\DeclareUnicodeCharacter{00B8}{\c\ }
\DeclareUnicodeCharacter{00B9}{\textonesuperior}
\DeclareUnicodeCharacter{00BA}{\textordmasculine}
\DeclareUnicodeCharacter{00BB}{\guillemotright}
\DeclareUnicodeCharacter{00BC}{\textonequarter}
\DeclareUnicodeCharacter{00BD}{\textonehalf}
\DeclareUnicodeCharacter{00BE}{\textthreequarters}
\DeclareUnicodeCharacter{00BF}{\textquestiondown}
\DeclareUnicodeCharacter{00C0}{\@tabacckludge`A}
\DeclareUnicodeCharacter{00C1}{\@tabacckludge'A}
\DeclareUnicodeCharacter{00C2}{\^A}
\DeclareUnicodeCharacter{00C3}{\~A}
\DeclareUnicodeCharacter{00C4}{\"A}
\DeclareUnicodeCharacter{00C5}{\r A}
\DeclareUnicodeCharacter{00C6}{\AE}
\DeclareUnicodeCharacter{00C7}{\c C}
\DeclareUnicodeCharacter{00C8}{\@tabacckludge`E}
\DeclareUnicodeCharacter{00C9}{\@tabacckludge'E}
\DeclareUnicodeCharacter{00CA}{\^E}
\DeclareUnicodeCharacter{00CB}{\"E}
\DeclareUnicodeCharacter{00CC}{\@tabacckludge`I}
\DeclareUnicodeCharacter{00CD}{\@tabacckludge'I}
\DeclareUnicodeCharacter{00CE}{\^I}
\DeclareUnicodeCharacter{00CF}{\"I}
\DeclareUnicodeCharacter{00D0}{\DH}
\DeclareUnicodeCharacter{00D1}{\~N}
\DeclareUnicodeCharacter{00D2}{\@tabacckludge`O}
\DeclareUnicodeCharacter{00D3}{\@tabacckludge'O}
\DeclareUnicodeCharacter{00D4}{\^O}
\DeclareUnicodeCharacter{00D5}{\~O}
\DeclareUnicodeCharacter{00D6}{\"O}
\DeclareUnicodeCharacter{00D7}{\texttimes}
\DeclareUnicodeCharacter{00D8}{\O}
\DeclareUnicodeCharacter{00D9}{\@tabacckludge`U}
\DeclareUnicodeCharacter{00DA}{\@tabacckludge'U}
\DeclareUnicodeCharacter{00DB}{\^U}
\DeclareUnicodeCharacter{00DC}{\"U}
\DeclareUnicodeCharacter{00DD}{\@tabacckludge'Y}
\DeclareUnicodeCharacter{00DE}{\TH}
\DeclareUnicodeCharacter{00DF}{\ss}
\DeclareUnicodeCharacter{00E0}{\@tabacckludge`a}
\DeclareUnicodeCharacter{00E1}{\@tabacckludge'a}
\DeclareUnicodeCharacter{00E2}{\^a}
\DeclareUnicodeCharacter{00E3}{\~a}
\DeclareUnicodeCharacter{00E4}{\"a}
\DeclareUnicodeCharacter{00E5}{\r a}
\DeclareUnicodeCharacter{00E6}{\ae}
\DeclareUnicodeCharacter{00E7}{\c c}
\DeclareUnicodeCharacter{00E8}{\@tabacckludge`e}
\DeclareUnicodeCharacter{00E9}{\@tabacckludge'e}
\DeclareUnicodeCharacter{00EA}{\^e}
\DeclareUnicodeCharacter{00EB}{\"e}
\DeclareUnicodeCharacter{00EC}{\@tabacckludge`\i}
\DeclareUnicodeCharacter{00ED}{\@tabacckludge'\i}
\DeclareUnicodeCharacter{00EE}{\^\i}
\DeclareUnicodeCharacter{00EF}{\"\i}
\DeclareUnicodeCharacter{00F0}{\dh}
\DeclareUnicodeCharacter{00F1}{\~n}
\DeclareUnicodeCharacter{00F2}{\@tabacckludge`o}
\DeclareUnicodeCharacter{00F3}{\@tabacckludge'o}
\DeclareUnicodeCharacter{00F4}{\^o}
\DeclareUnicodeCharacter{00F5}{\~o}
\DeclareUnicodeCharacter{00F6}{\"o}
\DeclareUnicodeCharacter{00F7}{\textdiv}
\DeclareUnicodeCharacter{00F8}{\o}
\DeclareUnicodeCharacter{00F9}{\@tabacckludge`u}
\DeclareUnicodeCharacter{00FA}{\@tabacckludge'u}
\DeclareUnicodeCharacter{00FB}{\^u}
\DeclareUnicodeCharacter{00FC}{\"u}
\DeclareUnicodeCharacter{00FD}{\@tabacckludge'y}
\DeclareUnicodeCharacter{00FE}{\th}
\DeclareUnicodeCharacter{00FF}{\"y}
\DeclareUnicodeCharacter{0102}{\u A}
\DeclareUnicodeCharacter{0103}{\u a}
\DeclareUnicodeCharacter{0104}{\k A}
\DeclareUnicodeCharacter{0105}{\k a}
\DeclareUnicodeCharacter{0106}{\@tabacckludge'C}
\DeclareUnicodeCharacter{0107}{\@tabacckludge'c}
\DeclareUnicodeCharacter{010C}{\v C}
\DeclareUnicodeCharacter{010D}{\v c}
\DeclareUnicodeCharacter{010E}{\v D}
\DeclareUnicodeCharacter{010F}{\v d}
\DeclareUnicodeCharacter{0110}{\DJ}
\DeclareUnicodeCharacter{0111}{\dj}
\DeclareUnicodeCharacter{0118}{\k E}
\DeclareUnicodeCharacter{0119}{\k e}
\DeclareUnicodeCharacter{011A}{\v E}
\DeclareUnicodeCharacter{011B}{\v e}
\DeclareUnicodeCharacter{011E}{\u G}
\DeclareUnicodeCharacter{011F}{\u g}
\DeclareUnicodeCharacter{0130}{\.I}
\DeclareUnicodeCharacter{0131}{\i}
\DeclareUnicodeCharacter{0132}{\IJ}
\DeclareUnicodeCharacter{0133}{\ij}
\DeclareUnicodeCharacter{0139}{\@tabacckludge'L}
\DeclareUnicodeCharacter{013A}{\@tabacckludge'l}
\DeclareUnicodeCharacter{013D}{\v L}
\DeclareUnicodeCharacter{013E}{\v l}
\DeclareUnicodeCharacter{0141}{\L}
\DeclareUnicodeCharacter{0142}{\l}
\DeclareUnicodeCharacter{0143}{\@tabacckludge'N}
\DeclareUnicodeCharacter{0144}{\@tabacckludge'n}
\DeclareUnicodeCharacter{0147}{\v N}
\DeclareUnicodeCharacter{0148}{\v n}
\DeclareUnicodeCharacter{014A}{\NG}
\DeclareUnicodeCharacter{014B}{\ng}
\DeclareUnicodeCharacter{0150}{\H O}
\DeclareUnicodeCharacter{0151}{\H o}
\DeclareUnicodeCharacter{0152}{\OE}
\DeclareUnicodeCharacter{0153}{\oe}
\DeclareUnicodeCharacter{0154}{\@tabacckludge'R}
\DeclareUnicodeCharacter{0155}{\@tabacckludge'r}
\DeclareUnicodeCharacter{0158}{\v R}
\DeclareUnicodeCharacter{0159}{\v r}
\DeclareUnicodeCharacter{015A}{\@tabacckludge'S}
\DeclareUnicodeCharacter{015B}{\@tabacckludge's}
\DeclareUnicodeCharacter{015E}{\c S}
\DeclareUnicodeCharacter{015F}{\c s}
\DeclareUnicodeCharacter{0160}{\v S}
\DeclareUnicodeCharacter{0161}{\v s}
\DeclareUnicodeCharacter{0162}{\c T}
\DeclareUnicodeCharacter{0163}{\c t}
\DeclareUnicodeCharacter{0164}{\v T}
\DeclareUnicodeCharacter{0165}{\v t}
\DeclareUnicodeCharacter{016E}{\r U}
\DeclareUnicodeCharacter{016F}{\r u}
\DeclareUnicodeCharacter{0170}{\H U}
\DeclareUnicodeCharacter{0171}{\H u}
\DeclareUnicodeCharacter{0178}{\"Y}
\DeclareUnicodeCharacter{0179}{\@tabacckludge'Z}
\DeclareUnicodeCharacter{017A}{\@tabacckludge'z}
\DeclareUnicodeCharacter{017B}{\.Z}
\DeclareUnicodeCharacter{017C}{\.z}
\DeclareUnicodeCharacter{017D}{\v Z}
\DeclareUnicodeCharacter{017E}{\v z}
\DeclareUnicodeCharacter{0192}{\textflorin}
\DeclareUnicodeCharacter{02C6}{\textasciicircum}
\DeclareUnicodeCharacter{02C7}{\textasciicaron}
\DeclareUnicodeCharacter{02DC}{\textasciitilde}
\DeclareUnicodeCharacter{02D8}{\textasciibreve}
\DeclareUnicodeCharacter{02DD}{\textacutedbl}
\DeclareUnicodeCharacter{0E3F}{\textbaht}
\DeclareUnicodeCharacter{200C}{\textcompwordmark}
\DeclareUnicodeCharacter{2013}{\textendash}
\DeclareUnicodeCharacter{2014}{\textemdash}
\DeclareUnicodeCharacter{2016}{\textbardbl}
\DeclareUnicodeCharacter{2018}{\textquoteleft}
\DeclareUnicodeCharacter{2019}{\textquoteright}
\DeclareUnicodeCharacter{201A}{\quotesinglbase}
\DeclareUnicodeCharacter{201C}{\textquotedblleft}
\DeclareUnicodeCharacter{201D}{\textquotedblright}
\DeclareUnicodeCharacter{201E}{\quotedblbase}
\DeclareUnicodeCharacter{2020}{\textdagger}
\DeclareUnicodeCharacter{2021}{\textdaggerdbl}
\DeclareUnicodeCharacter{2022}{\textbullet}
\DeclareUnicodeCharacter{2026}{\textellipsis}
\DeclareUnicodeCharacter{2030}{\textperthousand}
\DeclareUnicodeCharacter{2031}{\textpertenthousand}
\DeclareUnicodeCharacter{2039}{\guilsinglleft}
\DeclareUnicodeCharacter{203A}{\guilsinglright}
\DeclareUnicodeCharacter{203B}{\textreferencemark}
\DeclareUnicodeCharacter{203D}{\textinterrobang}
\DeclareUnicodeCharacter{2044}{\textfractionsolidus}
\DeclareUnicodeCharacter{204E}{\textasteriskcentered} % LOW ASTERISK
\DeclareUnicodeCharacter{2052}{\textdiscount}
\DeclareUnicodeCharacter{20A1}{\textcolonmonetary}
\DeclareUnicodeCharacter{20A4}{\textlira}
\DeclareUnicodeCharacter{20A6}{\textnaira}
\DeclareUnicodeCharacter{20A9}{\textwon}
\DeclareUnicodeCharacter{20AB}{\textdong}
\DeclareUnicodeCharacter{20AC}{\texteuro}
\DeclareUnicodeCharacter{20B1}{\textpeso}
\DeclareUnicodeCharacter{2103}{\textcelsius}
\DeclareUnicodeCharacter{2116}{\textnumero}
\DeclareUnicodeCharacter{2117}{\textcircledP}
\DeclareUnicodeCharacter{211E}{\textrecipe}
\DeclareUnicodeCharacter{2120}{\textservicemark}
\DeclareUnicodeCharacter{2122}{\texttrademark}
\DeclareUnicodeCharacter{2126}{\textohm}
\DeclareUnicodeCharacter{2127}{\textmho}
\DeclareUnicodeCharacter{212E}{\textestimated}
\DeclareUnicodeCharacter{2190}{\textleftarrow}
\DeclareUnicodeCharacter{2191}{\textuparrow}
\DeclareUnicodeCharacter{2192}{\textrightarrow}
\DeclareUnicodeCharacter{2193}{\textdownarrow}
\DeclareUnicodeCharacter{2329}{\textlangle}
\DeclareUnicodeCharacter{232A}{\textrangle}
\DeclareUnicodeCharacter{2422}{\textblank}
\DeclareUnicodeCharacter{2423}{\textvisiblespace}
\DeclareUnicodeCharacter{25E6}{\textopenbullet}
\DeclareUnicodeCharacter{25EF}{\textbigcircle}
\DeclareUnicodeCharacter{266A}{\textmusicalnote}

\endinput
%%
%% End of file `utf8enc.dfu'.
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This is pdfTeX, Version 3.1415926-2.4-1.40.13 (TeX Live 2012/Debian) (format=pdflatex 2012.10.25)  13 MAR 2013 16:48
entering extended mode
 restricted \write18 enabled.
 %&-line parsing enabled.
**main.tex
(./main.tex
LaTeX2e <2011/06/27>
Babel <v3.8m> and hyphenation patterns for english, dumylang, nohyphenation, et
hiopic, farsi, arabic, pinyin, croatian, bulgarian, ukrainian, russian, slovak,
 czech, danish, dutch, usenglishmax, ukenglish, finnish, french, basque, ngerma
n, german, swissgerman, ngerman-x-2012-05-30, german-x-2012-05-30, monogreek, g
reek, ibycus, ancientgreek, hungarian, bengali, tamil, hindi, telugu, gujarati,
 sanskrit, malayalam, kannada, assamese, marathi, oriya, panjabi, italian, lati
n, latvian, lithuanian, mongolian, mongolianlmc, nynorsk, bokmal, indonesian, e
speranto, coptic, welsh, irish, interlingua, serbian, serbianc, slovenian, friu
lan, romansh, estonian, romanian, armenian, uppersorbian, turkish, afrikaans, i
celandic, kurmanji, polish, portuguese, galician, catalan, spanish, swedish, th
ai, loaded.
(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/hyphsubst.sty
Package: hyphsubst 2008/06/09 v0.2 Substitute hyphenation patterns (HO)

(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/infwarerr.sty
Package: infwarerr 2010/04/08 v1.3 Providing info/warning/error messages (HO)
))
(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrbook.cls
Document Class: scrbook 2012/05/15 v3.11 KOMA-Script document class (book)
(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrkbase.sty
Package: scrkbase 2012/05/15 v3.11 KOMA-Script package (KOMA-Script-dependent b
asics and keyval usage)

(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrbase.sty
Package: scrbase 2012/05/15 v3.11 KOMA-Script package (KOMA-Script-independent 
basics and keyval usage)

(/usr/share/texlive/texmf-dist/tex/latex/graphics/keyval.sty
Package: keyval 1999/03/16 v1.13 key=value parser (DPC)
\KV@toks@=\toks14
)
(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrlfile.sty
Package: scrlfile 2011/03/09 v3.09 KOMA-Script package (loading files)

Package scrlfile, 2011/03/09 v3.09 KOMA-Script package (loading files)
                  Copyright (C) Markus Kohm

))) (/usr/share/texlive/texmf-dist/tex/latex/koma-script/tocbasic.sty
Package: tocbasic 2012/04/04 v3.10b KOMA-Script package (handling toc-files)
)
Package tocbasic Info: omitting babel extension for `toc'
(tocbasic)             because of feature `nobabel' available
(tocbasic)             for `toc' on input line 117.
Package tocbasic Info: omitting babel extension for `lof'
(tocbasic)             because of feature `nobabel' available
(tocbasic)             for `lof' on input line 118.
Package tocbasic Info: omitting babel extension for `lot'
(tocbasic)             because of feature `nobabel' available
(tocbasic)             for `lot' on input line 119.
Class scrbook Info: File `scrsize11pt.clo' used to setup font sizes on input li
ne 1366.

(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrsize11pt.clo
File: scrsize11pt.clo 2012/05/15 v3.11 KOMA-Script font size class option (11pt
)
)
(/usr/share/texlive/texmf-dist/tex/latex/koma-script/typearea.sty
Package: typearea 2012/05/15 v3.11 KOMA-Script package (type area)

Package typearea, 2012/05/15 v3.11 KOMA-Script package (type area)
                  Copyright (C) Frank Neukam, 1992-1994
                  Copyright (C) Markus Kohm, 1994-

\ta@bcor=\skip41
\ta@div=\count79
\ta@hblk=\skip42
\ta@vblk=\skip43
\ta@temp=\skip44
Package typearea Info: These are the values describing the layout:
(typearea)             DIV  = 13
(typearea)             BCOR = 34.1433pt
(typearea)             \paperwidth      = 597.50793pt
(typearea)              \textwidth      = 433.35742pt
(typearea)              DIV departure   = -10%
(typearea)              \evensidemargin = 14.40149pt
(typearea)              \oddsidemargin  = 5.20905pt
(typearea)             \paperheight     = 845.04694pt
(typearea)              \textheight     = 650.20029pt
(typearea)              \topmargin      = -44.6664pt
(typearea)              \headheight     = 17.0pt
(typearea)              \headsep        = 20.40001pt
(typearea)              \topskip        = 11.0pt
(typearea)              \footskip       = 47.60002pt
(typearea)              \baselineskip   = 13.6pt
(typearea)              on input line 1211.
)
\c@part=\count80
\c@chapter=\count81
\c@section=\count82
\c@subsection=\count83
\c@subsubsection=\count84
\c@paragraph=\count85
\c@subparagraph=\count86
\abovecaptionskip=\skip45
\belowcaptionskip=\skip46
\c@pti@nb@sid@b@x=\box26
\c@figure=\count87
\c@table=\count88
\bibindent=\dimen102
) (../headers/paper.tex) (../headers/packages1.tex
(/usr/share/texlive/texmf-dist/tex/latex/graphics/color.sty
Package: color 2005/11/14 v1.0j Standard LaTeX Color (DPC)

(/usr/share/texlive/texmf-dist/tex/latex/latexconfig/color.cfg
File: color.cfg 2007/01/18 v1.5 color configuration of teTeX/TeXLive
)
Package color Info: Driver file: pdftex.def on input line 130.

(/usr/share/texlive/texmf-dist/tex/latex/pdftex-def/pdftex.def
File: pdftex.def 2011/05/27 v0.06d Graphics/color for pdfTeX

(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/ltxcmds.sty
Package: ltxcmds 2011/11/09 v1.22 LaTeX kernel commands for general use (HO)
)
\Gread@gobject=\count89
))
(/usr/share/texlive/texmf-dist/tex/latex/base/textcomp.sty
Package: textcomp 2005/09/27 v1.99g Standard LaTeX package
Package textcomp Info: Sub-encoding information:
(textcomp)               5 = only ISO-Adobe without \textcurrency
(textcomp)               4 = 5 + \texteuro
(textcomp)               3 = 4 + \textohm
(textcomp)               2 = 3 + \textestimated + \textcurrency
(textcomp)               1 = TS1 - \textcircled - \t
(textcomp)               0 = TS1 (full)
(textcomp)             Font families with sub-encoding setting implement
(textcomp)             only a restricted character set as indicated.
(textcomp)             Family '?' is the default used for unknown fonts.
(textcomp)             See the documentation for details.
Package textcomp Info: Setting ? sub-encoding to TS1/1 on input line 71.

(/usr/share/texlive/texmf-dist/tex/latex/base/ts1enc.def
File: ts1enc.def 2001/06/05 v3.0e (jk/car/fm) Standard LaTeX file
)
LaTeX Info: Redefining \oldstylenums on input line 266.
Package textcomp Info: Setting cmr sub-encoding to TS1/0 on input line 281.
Package textcomp Info: Setting cmss sub-encoding to TS1/0 on input line 282.
Package textcomp Info: Setting cmtt sub-encoding to TS1/0 on input line 283.
Package textcomp Info: Setting cmvtt sub-encoding to TS1/0 on input line 284.
Package textcomp Info: Setting cmbr sub-encoding to TS1/0 on input line 285.
Package textcomp Info: Setting cmtl sub-encoding to TS1/0 on input line 286.
Package textcomp Info: Setting ccr sub-encoding to TS1/0 on input line 287.
Package textcomp Info: Setting ptm sub-encoding to TS1/4 on input line 288.
Package textcomp Info: Setting pcr sub-encoding to TS1/4 on input line 289.
Package textcomp Info: Setting phv sub-encoding to TS1/4 on input line 290.
Package textcomp Info: Setting ppl sub-encoding to TS1/3 on input line 291.
Package textcomp Info: Setting pag sub-encoding to TS1/4 on input line 292.
Package textcomp Info: Setting pbk sub-encoding to TS1/4 on input line 293.
Package textcomp Info: Setting pnc sub-encoding to TS1/4 on input line 294.
Package textcomp Info: Setting pzc sub-encoding to TS1/4 on input line 295.
Package textcomp Info: Setting bch sub-encoding to TS1/4 on input line 296.
Package textcomp Info: Setting put sub-encoding to TS1/5 on input line 297.
Package textcomp Info: Setting uag sub-encoding to TS1/5 on input line 298.
Package textcomp Info: Setting ugq sub-encoding to TS1/5 on input line 299.
Package textcomp Info: Setting ul8 sub-encoding to TS1/4 on input line 300.
Package textcomp Info: Setting ul9 sub-encoding to TS1/4 on input line 301.
Package textcomp Info: Setting augie sub-encoding to TS1/5 on input line 302.
Package textcomp Info: Setting dayrom sub-encoding to TS1/3 on input line 303.
Package textcomp Info: Setting dayroms sub-encoding to TS1/3 on input line 304.

Package textcomp Info: Setting pxr sub-encoding to TS1/0 on input line 305.
Package textcomp Info: Setting pxss sub-encoding to TS1/0 on input line 306.
Package textcomp Info: Setting pxtt sub-encoding to TS1/0 on input line 307.
Package textcomp Info: Setting txr sub-encoding to TS1/0 on input line 308.
Package textcomp Info: Setting txss sub-encoding to TS1/0 on input line 309.
Package textcomp Info: Setting txtt sub-encoding to TS1/0 on input line 310.
Package textcomp Info: Setting lmr sub-encoding to TS1/0 on input line 311.
Package textcomp Info: Setting lmdh sub-encoding to TS1/0 on input line 312.
Package textcomp Info: Setting lmss sub-encoding to TS1/0 on input line 313.
Package textcomp Info: Setting lmssq sub-encoding to TS1/0 on input line 314.
Package textcomp Info: Setting lmvtt sub-encoding to TS1/0 on input line 315.
Package textcomp Info: Setting qhv sub-encoding to TS1/0 on input line 316.
Package textcomp Info: Setting qag sub-encoding to TS1/0 on input line 317.
Package textcomp Info: Setting qbk sub-encoding to TS1/0 on input line 318.
Package textcomp Info: Setting qcr sub-encoding to TS1/0 on input line 319.
Package textcomp Info: Setting qcs sub-encoding to TS1/0 on input line 320.
Package textcomp Info: Setting qpl sub-encoding to TS1/0 on input line 321.
Package textcomp Info: Setting qtm sub-encoding to TS1/0 on input line 322.
Package textcomp Info: Setting qzc sub-encoding to TS1/0 on input line 323.
Package textcomp Info: Setting qhvc sub-encoding to TS1/0 on input line 324.
Package textcomp Info: Setting futs sub-encoding to TS1/4 on input line 325.
Package textcomp Info: Setting futx sub-encoding to TS1/4 on input line 326.
Package textcomp Info: Setting futj sub-encoding to TS1/4 on input line 327.
Package textcomp Info: Setting hlh sub-encoding to TS1/3 on input line 328.
Package textcomp Info: Setting hls sub-encoding to TS1/3 on input line 329.
Package textcomp Info: Setting hlst sub-encoding to TS1/3 on input line 330.
Package textcomp Info: Setting hlct sub-encoding to TS1/5 on input line 331.
Package textcomp Info: Setting hlx sub-encoding to TS1/5 on input line 332.
Package textcomp Info: Setting hlce sub-encoding to TS1/5 on input line 333.
Package textcomp Info: Setting hlcn sub-encoding to TS1/5 on input line 334.
Package textcomp Info: Setting hlcw sub-encoding to TS1/5 on input line 335.
Package textcomp Info: Setting hlcf sub-encoding to TS1/5 on input line 336.
Package textcomp Info: Setting pplx sub-encoding to TS1/3 on input line 337.
Package textcomp Info: Setting pplj sub-encoding to TS1/3 on input line 338.
Package textcomp Info: Setting ptmx sub-encoding to TS1/4 on input line 339.
Package textcomp Info: Setting ptmj sub-encoding to TS1/4 on input line 340.
)
(/usr/share/texlive/texmf-dist/tex/latex/base/alltt.sty
Package: alltt 1997/06/16 v2.0g defines alltt environment
)
(/usr/share/texlive/texmf-dist/tex/latex/mdwtools/syntax.sty
Package: syntax 1996/05/17 1.07 Syntax typesetting (MDW)
\grammarparsep=\skip47
\grammarindent=\dimen103
\sdstartspace=\skip48
\sdendspace=\skip49
\sdmidskip=\skip50
\sdtokskip=\skip51
\sdfinalskip=\skip52
\sdrulewidth=\dimen104
\sdcirclediam=\dimen105
\sdindent=\dimen106
)
(/usr/share/texlive/texmf-dist/tex/latex/parskip/parskip.sty
Package: parskip 2001/04/09 non-zero parskip adjustments
)
(/usr/share/texlive/texmf-dist/tex/generic/ulem/ulem.sty
\UL@box=\box27
\UL@hyphenbox=\box28
\UL@skip=\skip53
\UL@hook=\toks15
\UL@height=\dimen107
\UL@pe=\count90
\UL@pixel=\dimen108
\ULC@box=\box29
Package: ulem 2012/05/18
\ULdepth=\dimen109
)
(/usr/share/texlive/texmf-dist/tex/latex/hyperref/hyperref.sty
Package: hyperref 2012/05/13 v6.82q Hypertext links for LaTeX

(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/hobsub-hyperref.sty
Package: hobsub-hyperref 2012/05/28 v1.13 Bundle oberdiek, subset hyperref (HO)


(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/hobsub-generic.sty
Package: hobsub-generic 2012/05/28 v1.13 Bundle oberdiek, subset generic (HO)
Package: hobsub 2012/05/28 v1.13 Construct package bundles (HO)
Package hobsub Info: Skipping package `infwarerr' (already loaded).
Package hobsub Info: Skipping package `ltxcmds' (already loaded).
Package: ifluatex 2010/03/01 v1.3 Provides the ifluatex switch (HO)
Package ifluatex Info: LuaTeX not detected.
Package: ifvtex 2010/03/01 v1.5 Detect VTeX and its facilities (HO)
Package ifvtex Info: VTeX not detected.
Package: intcalc 2007/09/27 v1.1 Expandable calculations with integers (HO)
Package: ifpdf 2011/01/30 v2.3 Provides the ifpdf switch (HO)
Package ifpdf Info: pdfTeX in PDF mode is detected.
Package: etexcmds 2011/02/16 v1.5 Avoid name clashes with e-TeX commands (HO)
Package etexcmds Info: Could not find \expanded.
(etexcmds)             That can mean that you are not using pdfTeX 1.50 or
(etexcmds)             that some package has redefined \expanded.
(etexcmds)             In the latter case, load this package earlier.
Package: kvsetkeys 2012/04/25 v1.16 Key value parser (HO)
Package: kvdefinekeys 2011/04/07 v1.3 Define keys (HO)
Package: pdftexcmds 2011/11/29 v0.20 Utility functions of pdfTeX for LuaTeX (HO
)
Package pdftexcmds Info: LuaTeX not detected.
Package pdftexcmds Info: \pdf@primitive is available.
Package pdftexcmds Info: \pdf@ifprimitive is available.
Package pdftexcmds Info: \pdfdraftmode found.
Package: pdfescape 2011/11/25 v1.13 Implements pdfTeX's escape features (HO)
Package: bigintcalc 2012/04/08 v1.3 Expandable calculations on big integers (HO
)
Package: bitset 2011/01/30 v1.1 Handle bit-vector datatype (HO)
Package: uniquecounter 2011/01/30 v1.2 Provide unlimited unique counter (HO)
)
Package hobsub Info: Skipping package `hobsub' (already loaded).
Package: letltxmacro 2010/09/02 v1.4 Let assignment for LaTeX macros (HO)
Package: hopatch 2012/05/28 v1.2 Wrapper for package hooks (HO)
Package: xcolor-patch 2011/01/30 xcolor patch
Package: atveryend 2011/06/30 v1.8 Hooks at the very end of document (HO)
Package atveryend Info: \enddocument detected (standard20110627).
Package: atbegshi 2011/10/05 v1.16 At begin shipout hook (HO)
Package: refcount 2011/10/16 v3.4 Data extraction from label references (HO)
Package: hycolor 2011/01/30 v1.7 Color options for hyperref/bookmark (HO)
)
(/usr/share/texlive/texmf-dist/tex/generic/ifxetex/ifxetex.sty
Package: ifxetex 2010/09/12 v0.6 Provides ifxetex conditional
)
(/usr/share/texlive/texmf-dist/tex/latex/oberdiek/kvoptions.sty
Package: kvoptions 2011/06/30 v3.11 Key value format for package options (HO)
)
\@linkdim=\dimen110
\Hy@linkcounter=\count91
\Hy@pagecounter=\count92

(/usr/share/texlive/texmf-dist/tex/latex/hyperref/pd1enc.def
File: pd1enc.def 2012/05/13 v6.82q Hyperref: PDFDocEncoding definition (HO)
)
\Hy@SavedSpaceFactor=\count93

(/usr/share/texlive/texmf-dist/tex/latex/latexconfig/hyperref.cfg
File: hyperref.cfg 2002/06/06 v1.2 hyperref configuration of TeXLive
)
Package hyperref Info: Option `unicode' set `true' on input line 3941.

(/usr/share/texlive/texmf-dist/tex/latex/hyperref/puenc.def
File: puenc.def 2012/05/13 v6.82q Hyperref: PDF Unicode definition (HO)
)
Package hyperref Info: Hyper figures OFF on input line 4062.
Package hyperref Info: Link nesting OFF on input line 4067.
Package hyperref Info: Hyper index ON on input line 4070.
Package hyperref Info: Plain pages OFF on input line 4077.
Package hyperref Info: Backreferencing OFF on input line 4082.
Package hyperref Info: Implicit mode ON; LaTeX internals redefined.
Package hyperref Info: Bookmarks ON on input line 4300.
\c@Hy@tempcnt=\count94

(/usr/share/texlive/texmf-dist/tex/latex/url/url.sty
\Urlmuskip=\muskip10
Package: url 2006/04/12  ver 3.3  Verb mode for urls, etc.
)
LaTeX Info: Redefining \url on input line 4653.
\Fld@menulength=\count95
\Field@Width=\dimen111
\Fld@charsize=\dimen112
Package hyperref Info: Hyper figures OFF on input line 5773.
Package hyperref Info: Link nesting OFF on input line 5778.
Package hyperref Info: Hyper index ON on input line 5781.
Package hyperref Info: backreferencing OFF on input line 5788.
Package hyperref Info: Link coloring OFF on input line 5793.
Package hyperref Info: Link coloring with OCG OFF on input line 5798.
Package hyperref Info: PDF/A mode OFF on input line 5803.
LaTeX Info: Redefining \ref on input line 5843.
LaTeX Info: Redefining \pageref on input line 5847.
\Hy@abspage=\count96
\c@Item=\count97
\c@Hfootnote=\count98
)

Package hyperref Message: Driver: hpdftex.

(/usr/share/texlive/texmf-dist/tex/latex/hyperref/hpdftex.def
File: hpdftex.def 2012/05/13 v6.82q Hyperref driver for pdfTeX
\Fld@listcount=\count99
\c@bookmark@seq@number=\count100

(/usr/share/texlive/texmf-dist/tex/latex/oberdiek/rerunfilecheck.sty
Package: rerunfilecheck 2011/04/15 v1.7 Rerun checks for auxiliary files (HO)
Package uniquecounter Info: New unique counter `rerunfilecheck' on input line 2
82.
)
\Hy@SectionHShift=\skip54
)
(/usr/share/texlive/texmf-dist/tex/latex/koma-script/tocstyle.sty
Package: tocstyle 2009/11/09 v0.2d-alpha LaTeX2e KOMA-Script package (versatile
 toc styles)


Package tocstyle Warning: THIS IS AN ALPHA VERSION!
(tocstyle)                USAGE OF THIS VERSION IS ON YOUR OWN RISK!
(tocstyle)                EVERYTHING MAY HAPPEN!
(tocstyle)                EVERYTHING MAY CHANGE IN FUTURE!
(tocstyle)                THERE IS NO SUPPORT, IF YOU USE THIS PACKAGE!
(tocstyle)                Maybe it would be better, not to load this package.

\tocstyle@indentstyle=\count101
Package tocstyle Info: no tocstyle.cfg found on input line 838.
) (/usr/share/texlive/texmf-dist/tex/latex/paralist/paralist.sty
Package: paralist 2002/03/18 v2.3b Extended list environments (BS)
\pltopsep=\skip55
\plpartopsep=\skip56
\plitemsep=\skip57
\plparsep=\skip58
\pl@lab=\toks16
)
(/usr/share/texlive/texmf-dist/tex/latex/tools/trace.sty
Package: trace 2003/04/30 v1.1c trace LaTeX code
)
(/usr/share/texlive/texmf-dist/tex/latex/multirow/bigstrut.sty
\bigstrutjot=\dimen113
)
(/usr/share/texlive/texmf-dist/tex/latex/keystroke/keystroke.sty
Package: keystroke 2010/04/23 v1.6 3D keystrokes (SuSE GmbH/RN)

(/usr/share/texlive/texmf-dist/tex/latex/graphics/graphics.sty
Package: graphics 2009/02/05 v1.0o Standard LaTeX Graphics (DPC,SPQR)

(/usr/share/texlive/texmf-dist/tex/latex/graphics/trig.sty
Package: trig 1999/03/16 v1.09 sin cos tan (DPC)
)
(/usr/share/texlive/texmf-dist/tex/latex/latexconfig/graphics.cfg
File: graphics.cfg 2010/04/23 v1.9 graphics configuration of TeX Live
)
Package graphics Info: Driver file: pdftex.def on input line 91.
)
\suse@key=\box30
\keystroke@left=\box31
\keystroke@right=\box32
\keystroke@middle=\box33

<keystroke_left.pdf, id=1, 42.1575pt x 195.73125pt>
File: keystroke_left.pdf Graphic file (type pdf)
 <use keystroke_left.pdf>
Package pdftex.def Info: keystroke_left.pdf used on input line 171.
(pdftex.def)             Requested size: 42.15738pt x 195.73076pt.

<keystroke_middle.pdf, id=2, 116.435pt x 195.73125pt>
File: keystroke_middle.pdf Graphic file (type pdf)

<use keystroke_middle.pdf>
Package pdftex.def Info: keystroke_middle.pdf used on input line 172.
(pdftex.def)             Requested size: 116.43471pt x 195.73076pt.

<keystroke_right.pdf, id=3, 42.1575pt x 195.73125pt>
File: keystroke_right.pdf Graphic file (type pdf)
 <use keystroke_right.pdf>
Package pdftex.def Info: keystroke_right.pdf used on input line 173.
(pdftex.def)             Requested size: 42.15738pt x 195.73076pt.
) (/usr/share/texlive/texmf-dist/tex/latex/supertabular/supertabular.sty
Package: supertabular 2004/02/20 v4.1e the supertabular environment
\c@tracingst=\count102
\ST@wd=\dimen114
\ST@rightskip=\skip59
\ST@leftskip=\skip60
\ST@parfillskip=\skip61
\ST@pageleft=\dimen115
\ST@headht=\dimen116
\ST@tailht=\dimen117
\ST@pagesofar=\dimen118
\ST@pboxht=\dimen119
\ST@lineht=\dimen120
\ST@stretchht=\dimen121
\ST@prevht=\dimen122
\ST@toadd=\dimen123
\ST@dimen=\dimen124
\ST@pbox=\box34
)
(/usr/share/texlive/texmf-dist/tex/latex/wrapfig/wrapfig.sty
\wrapoverhang=\dimen125
\WF@size=\dimen126
\c@WF@wrappedlines=\count103
\WF@box=\box35
\WF@everypar=\toks17
Package: wrapfig 2003/01/31  v 3.6
))
(../headers/babel.tex (/var/lib/texmf/tex/generic/babel/babel.sty
Package: babel 2008/07/08 v3.8m The Babel package

(/usr/share/texlive/texmf-dist/tex/generic/babel/english.ldf
Language: english 2005/03/30 v3.3o English support from the babel system

(/usr/share/texlive/texmf-dist/tex/generic/babel/babel.def
File: babel.def 2008/07/08 v3.8m Babel common definitions
\babel@savecnt=\count104
\U@D=\dimen127
)
\l@canadian = a dialect from \language\l@american 
\l@australian = a dialect from \language\l@british 
\l@newzealand = a dialect from \language\l@british 
)))
(../headers/svg.tex) (../headers/packages2.tex
(/usr/share/texlive/texmf-dist/tex/latex/psnfss/mathptmx.sty
Package: mathptmx 2005/04/12 PSNFSS-v9.2a Times w/ Math, improved (SPQR, WaS) 
LaTeX Font Info:    Redeclaring symbol font `operators' on input line 28.
LaTeX Font Info:    Overwriting symbol font `operators' in version `normal'
(Font)                  OT1/cmr/m/n --> OT1/ztmcm/m/n on input line 28.
LaTeX Font Info:    Overwriting symbol font `operators' in version `bold'
(Font)                  OT1/cmr/bx/n --> OT1/ztmcm/m/n on input line 28.
LaTeX Font Info:    Redeclaring symbol font `letters' on input line 29.
LaTeX Font Info:    Overwriting symbol font `letters' in version `normal'
(Font)                  OML/cmm/m/it --> OML/ztmcm/m/it on input line 29.
LaTeX Font Info:    Overwriting symbol font `letters' in version `bold'
(Font)                  OML/cmm/b/it --> OML/ztmcm/m/it on input line 29.
LaTeX Font Info:    Redeclaring symbol font `symbols' on input line 30.
LaTeX Font Info:    Overwriting symbol font `symbols' in version `normal'
(Font)                  OMS/cmsy/m/n --> OMS/ztmcm/m/n on input line 30.
LaTeX Font Info:    Overwriting symbol font `symbols' in version `bold'
(Font)                  OMS/cmsy/b/n --> OMS/ztmcm/m/n on input line 30.
LaTeX Font Info:    Redeclaring symbol font `largesymbols' on input line 31.
LaTeX Font Info:    Overwriting symbol font `largesymbols' in version `normal'
(Font)                  OMX/cmex/m/n --> OMX/ztmcm/m/n on input line 31.
LaTeX Font Info:    Overwriting symbol font `largesymbols' in version `bold'
(Font)                  OMX/cmex/m/n --> OMX/ztmcm/m/n on input line 31.
\symbold=\mathgroup4
\symitalic=\mathgroup5
LaTeX Font Info:    Redeclaring math alphabet \mathbf on input line 34.
LaTeX Font Info:    Overwriting math alphabet `\mathbf' in version `normal'
(Font)                  OT1/cmr/bx/n --> OT1/ptm/bx/n on input line 34.
LaTeX Font Info:    Overwriting math alphabet `\mathbf' in version `bold'
(Font)                  OT1/cmr/bx/n --> OT1/ptm/bx/n on input line 34.
LaTeX Font Info:    Redeclaring math alphabet \mathit on input line 35.
LaTeX Font Info:    Overwriting math alphabet `\mathit' in version `normal'
(Font)                  OT1/cmr/m/it --> OT1/ptm/m/it on input line 35.
LaTeX Font Info:    Overwriting math alphabet `\mathit' in version `bold'
(Font)                  OT1/cmr/bx/it --> OT1/ptm/m/it on input line 35.
LaTeX Info: Redefining \hbar on input line 50.
)
(/usr/share/texlive/texmf-dist/tex/latex/psnfss/helvet.sty
Package: helvet 2005/04/12 PSNFSS-v9.2a (WaS) 
)
(/usr/share/texlive/texmf-dist/tex/latex/psnfss/courier.sty
Package: courier 2005/04/12 PSNFSS-v9.2a (WaS) 
)
(/usr/share/texlive/texmf-dist/tex/latex/base/fontenc.sty
Package: fontenc 2005/09/27 v1.99g Standard LaTeX package

(/usr/share/texlive/texmf-dist/tex/latex/base/t1enc.def
File: t1enc.def 2005/09/27 v1.99g Standard LaTeX file
LaTeX Font Info:    Redeclaring font encoding T1 on input line 43.
))
(/usr/share/texlive/texmf-dist/tex/latex/multirow/multirow.sty)
(/usr/share/texlive/texmf-dist/tex/latex/tools/multicol.sty
Package: multicol 2011/06/27 v1.7a multicolumn formatting (FMi)
\c@tracingmulticols=\count105
\mult@box=\box36
\multicol@leftmargin=\dimen128
\c@unbalance=\count106
\c@collectmore=\count107
\doublecol@number=\count108
\multicoltolerance=\count109
\multicolpretolerance=\count110
\full@width=\dimen129
\page@free=\dimen130
\premulticols=\dimen131
\postmulticols=\dimen132
\multicolsep=\skip62
\multicolbaselineskip=\skip63
\partial@page=\box37
\last@line=\box38
\mult@rightbox=\box39
\mult@grightbox=\box40
\mult@gfirstbox=\box41
\mult@firstbox=\box42
\@tempa=\box43
\@tempa=\box44
\@tempa=\box45
\@tempa=\box46
\@tempa=\box47
\@tempa=\box48
\@tempa=\box49
\@tempa=\box50
\@tempa=\box51
\@tempa=\box52
\@tempa=\box53
\@tempa=\box54
\@tempa=\box55
\@tempa=\box56
\@tempa=\box57
\@tempa=\box58
\@tempa=\box59
\c@columnbadness=\count111
\c@finalcolumnbadness=\count112
\last@try=\dimen133
\multicolovershoot=\dimen134
\multicolundershoot=\dimen135
\mult@nat@firstbox=\box60
\colbreak@box=\box61
\multicol@sort@counter=\count113
)
(/usr/share/texlive/texmf-dist/tex/latex/tools/array.sty
Package: array 2008/09/09 v2.4c Tabular extension package (FMi)
\col@sep=\dimen136
\extrarowheight=\dimen137
\NC@list=\toks18
\extratabsurround=\skip64
\backup@length=\skip65
)
(/usr/share/texlive/texmf-dist/tex/latex/ms/ragged2e.sty
Package: ragged2e 2009/05/21 v2.1 ragged2e Package (MS)

(/usr/share/texlive/texmf-dist/tex/latex/ms/everysel.sty
Package: everysel 2011/10/28 v1.2 EverySelectfont Package (MS)
)
\CenteringLeftskip=\skip66
\RaggedLeftLeftskip=\skip67
\RaggedRightLeftskip=\skip68
\CenteringRightskip=\skip69
\RaggedLeftRightskip=\skip70
\RaggedRightRightskip=\skip71
\CenteringParfillskip=\skip72
\RaggedLeftParfillskip=\skip73
\RaggedRightParfillskip=\skip74
\JustifyingParfillskip=\skip75
\CenteringParindent=\skip76
\RaggedLeftParindent=\skip77
\RaggedRightParindent=\skip78
\JustifyingParindent=\skip79
)
(/usr/share/texlive/texmf-dist/tex/latex/tools/longtable.sty
Package: longtable 2004/02/01 v4.11 Multi-page Table package (DPC)
\LTleft=\skip80
\LTright=\skip81
\LTpre=\skip82
\LTpost=\skip83
\LTchunksize=\count114
\LTcapwidth=\dimen138
\LT@head=\box62
\LT@firsthead=\box63
\LT@foot=\box64
\LT@lastfoot=\box65
\LT@cols=\count115
\LT@rows=\count116
\c@LT@tables=\count117
\c@LT@chunks=\count118
\LT@p@ftn=\toks19
)
Class scrbook Info: longtable captions redefined on input line 17.

(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrpage2.sty
Package: scrpage2 2010/04/22 v2.5 LaTeX2e KOMA-Script package
LaTeX Info: Redefining \pagemark on input line 176.
)
(/usr/share/texlive/texmf-dist/tex/latex/mdwtools/footnote.sty
Package: footnote 1997/01/28 1.13 Save footnotes around boxes
\fn@notes=\box66
\fn@width=\dimen139
)
(/usr/share/texlive/texmf-dist/tex/latex/tools/verbatim.sty
Package: verbatim 2003/08/22 v1.5q LaTeX2e package for verbatim enhancements
\every@verbatim=\toks20
\verbatim@line=\toks21
\verbatim@in@stream=\read1
)
(/usr/share/texlive/texmf-dist/tex/latex/framed/framed.sty
Package: framed 2011/10/22 v 0.96: framed or shaded text with page breaks
\OuterFrameSep=\skip84
\fb@frw=\dimen140
\fb@frh=\dimen141
\FrameRule=\dimen142
\FrameSep=\dimen143
) (./mdframed.sty
Package: mdframed 2010/12/22  v0.6a: mdframed

(/usr/share/texlive/texmf-dist/tex/latex/etex-pkg/etex.sty
Package: etex 1998/03/26 v2.0 eTeX basic definition package (PEB)
\et@xins=\count119
)
(/usr/share/texlive/texmf-dist/tex/latex/tools/calc.sty
Package: calc 2007/08/22 v4.3 Infix arithmetic (KKT,FJ)
\calc@Acount=\count120
\calc@Bcount=\count121
\calc@Adimen=\dimen144
\calc@Bdimen=\dimen145
\calc@Askip=\skip85
\calc@Bskip=\skip86
LaTeX Info: Redefining \setlength on input line 76.
LaTeX Info: Redefining \addtolength on input line 77.
\calc@Ccount=\count122
\calc@Cskip=\skip87
) (./etoolbox.sty
Package: etoolbox 2011/01/03 v2.1 e-TeX tools for LaTeX
\etb@tempcnta=\count123
)
\md@templength=\skip88
\mdf@skipabove@length=\skip89
\mdf@skipbelow@length=\skip90
\mdf@leftmargin@length=\skip91
\mdf@rightmargin@length=\skip92
\mdf@margin@length=\skip93
\mdf@innerleftmargin@length=\skip94
\mdf@innerrightmargin@length=\skip95
\mdf@innertopmargin@length=\skip96
\mdf@innerbottommargin@length=\skip97
\mdf@splittopskip@length=\skip98
\mdf@splitbottomskip@length=\skip99
\mdf@linewidth@length=\skip100
\mdf@innerlinewidth@length=\skip101
\mdf@middlelinewidth@length=\skip102
\mdf@outerlinewidth@length=\skip103
\mdf@roundcorner@length=\skip104

(./md-frame-0.mdf
File: md-frame-3.mdf 2010/12/22  v0.6a: md-frame-0
)
\md@temp@skip@a=\skip105
\md@verticalmarginwhole@length=\skip106
\mdf@xmargin@length=\skip107
\mdf@ymargin@length=\skip108
\mdfboxheight=\skip109
\mdfboxwidth=\skip110
\mdfboundingboxheight=\skip111
\mdfboundingboxwidth=\skip112
\mdfpositionx=\skip113
\mdfpositiony=\skip114
\md@freevspace@length=\skip115
\md@horizontalspaceofbox=\skip116
\md@temp@frame@hsize=\skip117
\md@temp@frame@vsize=\skip118
)
(/usr/share/texlive/texmf-dist/tex/latex/listings/listings.sty
\lst@mode=\count124
\lst@gtempboxa=\box67
\lst@token=\toks22
\lst@length=\count125
\lst@currlwidth=\dimen146
\lst@column=\count126
\lst@pos=\count127
\lst@lostspace=\dimen147
\lst@width=\dimen148
\lst@newlines=\count128
\lst@lineno=\count129
\lst@maxwidth=\dimen149

(/usr/share/texlive/texmf-dist/tex/latex/listings/lstmisc.sty
File: lstmisc.sty 2007/02/22 1.4 (Carsten Heinz)
\c@lstnumber=\count130
\lst@skipnumbers=\count131
\lst@framebox=\box68
)
(/usr/share/texlive/texmf-dist/tex/latex/listings/listings.cfg
File: listings.cfg 2007/02/22 1.4 listings configuration
))
Package: listings 2007/02/22 1.4 (Carsten Heinz)

(/usr/share/texlive/texmf-dist/tex/latex/lineno/lineno.sty
Package: lineno 2005/11/02 line numbers on paragraphs v4.41
\linenopenalty=\count132
\output=\toks23
\linenoprevgraf=\count133
\linenumbersep=\dimen150
\linenumberwidth=\dimen151
\c@linenumber=\count134
\c@pagewiselinenumber=\count135
\c@LN@truepage=\count136
\c@internallinenumber=\count137
\c@internallinenumbers=\count138
\quotelinenumbersep=\dimen152
\bframerule=\dimen153
\bframesep=\dimen154
\bframebox=\box69
LaTeX Info: Redefining \\ on input line 3056.
)
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amsmath.sty
Package: amsmath 2000/07/18 v2.13 AMS math features
\@mathmargin=\skip119

For additional information on amsmath, use the `?' option.
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amstext.sty
Package: amstext 2000/06/29 v2.01

(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amsgen.sty
File: amsgen.sty 1999/11/30 v2.0
\@emptytoks=\toks24
\ex@=\dimen155
))
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amsbsy.sty
Package: amsbsy 1999/11/29 v1.2d
\pmbraise@=\dimen156
)
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amsopn.sty
Package: amsopn 1999/12/14 v2.01 operator names
)
\inf@bad=\count139
LaTeX Info: Redefining \frac on input line 211.
\uproot@=\count140
\leftroot@=\count141
LaTeX Info: Redefining \overline on input line 307.
\classnum@=\count142
\DOTSCASE@=\count143
LaTeX Info: Redefining \ldots on input line 379.
LaTeX Info: Redefining \dots on input line 382.
LaTeX Info: Redefining \cdots on input line 467.
\Mathstrutbox@=\box70
\strutbox@=\box71
\big@size=\dimen157
LaTeX Font Info:    Redeclaring font encoding OML on input line 567.
LaTeX Font Info:    Redeclaring font encoding OMS on input line 568.
\macc@depth=\count144
\c@MaxMatrixCols=\count145
\dotsspace@=\muskip11
\c@parentequation=\count146
\dspbrk@lvl=\count147
\tag@help=\toks25
\row@=\count148
\column@=\count149
\maxfields@=\count150
\andhelp@=\toks26
\eqnshift@=\dimen158
\alignsep@=\dimen159
\tagshift@=\dimen160
\tagwidth@=\dimen161
\totwidth@=\dimen162
\lineht@=\dimen163
\@envbody=\toks27
\multlinegap=\skip120
\multlinetaggap=\skip121
\mathdisplay@stack=\toks28
LaTeX Info: Redefining \[ on input line 2666.
LaTeX Info: Redefining \] on input line 2667.
)
(/usr/share/texlive/texmf-dist/tex/latex/amsfonts/amssymb.sty
Package: amssymb 2009/06/22 v3.00

(/usr/share/texlive/texmf-dist/tex/latex/amsfonts/amsfonts.sty
Package: amsfonts 2009/06/22 v3.00 Basic AMSFonts support
\symAMSa=\mathgroup6
\symAMSb=\mathgroup7
LaTeX Font Info:    Overwriting math alphabet `\mathfrak' in version `bold'
(Font)                  U/euf/m/n --> U/euf/b/n on input line 96.
))
(/usr/share/texlive/texmf-dist/tex/latex/psnfss/pifont.sty
Package: pifont 2005/04/12 PSNFSS-v9.2a Pi font support (SPQR) 
LaTeX Font Info:    Try loading font information for U+pzd on input line 63.

(/usr/share/texlive/texmf-dist/tex/latex/psnfss/upzd.fd
File: upzd.fd 2001/06/04 font definitions for U/pzd.
)
LaTeX Font Info:    Try loading font information for U+psy on input line 64.

(/usr/share/texlive/texmf-dist/tex/latex/psnfss/upsy.fd
File: upsy.fd 2001/06/04 font definitions for U/psy.
))
(/usr/share/texlive/texmf-dist/tex/latex/marvosym/marvosym.sty
Package: marvosym 2011/07/20 v2.2 Martin Vogel's Symbols font definitions
)
(/usr/share/texlive/texmf-dist/tex/latex/fourier/fourier-orns.sty
Package: fourier-orns 2004/01/30 1.1 fourier-ornaments package
)
(/usr/share/texlive/texmf-dist/tex/latex/graphics/graphicx.sty
Package: graphicx 1999/02/16 v1.0f Enhanced LaTeX Graphics (DPC,SPQR)
\Gin@req@height=\dimen164
\Gin@req@width=\dimen165
)
(/usr/share/texlive/texmf-dist/tex/latex/wasysym/wasysym.sty
Package: wasysym 2003/10/30 v2.0 Wasy-2 symbol support package
\symwasy=\mathgroup8
LaTeX Font Info:    Overwriting symbol font `wasy' in version `bold'
(Font)                  U/wasy/m/n --> U/wasy/b/n on input line 90.
)
(/usr/share/texlive/texmf-dist/tex/latex/bbm-macros/bbm.sty
Package: bbm 1999/03/15 V 1.2 provides fonts for set symbols - TH
LaTeX Font Info:    Overwriting math alphabet `\mathbbm' in version `bold'
(Font)                  U/bbm/m/n --> U/bbm/bx/n on input line 33.
LaTeX Font Info:    Overwriting math alphabet `\mathbbmss' in version `bold'
(Font)                  U/bbmss/m/n --> U/bbmss/bx/n on input line 35.
)
(/usr/share/texlive/texmf-dist/tex/latex/skull/skull.sty
Package: skull 2002/01/23 v0.1 (c) Henrik Christian Grove <grove@math.ku.dk>
\symSKULL=\mathgroup9
)
(/usr/share/texmf/tex/latex/tipa/tipa.sty
Package: tipa 2002/08/08 TIPA version 1.1

(/usr/share/texlive/texmf-dist/tex/latex/base/fontenc.sty
Package: fontenc 2005/09/27 v1.99g Standard LaTeX package

(/usr/share/texmf/tex/latex/tipa/t3enc.def
File: t3enc.def 2001/12/31 T3 encoding
LaTeX Font Info:    Try loading font information for T1+phv on input line 357.

(/usr/share/texlive/texmf-dist/tex/latex/psnfss/t1phv.fd
File: t1phv.fd 2001/06/04 scalable font definitions for T1/phv.
)
LaTeX Font Info:    Font shape `T1/phv/m/n' will be
(Font)              scaled to size 10.07397pt on input line 357.
)
(/usr/share/texlive/texmf-dist/tex/latex/base/t1enc.def
File: t1enc.def 2005/09/27 v1.99g Standard LaTeX file
LaTeX Font Info:    Redeclaring font encoding T1 on input line 43.
)))
(/usr/share/texlive/texmf-dist/tex/latex/fancyvrb/fancyvrb.sty
Package: fancyvrb 2008/02/07

Style option: `fancyvrb' v2.7a, with DG/SPQR fixes, and firstline=lastline fix 
<2008/02/07> (tvz)
\FV@CodeLineNo=\count151
\FV@InFile=\read2
\FV@TabBox=\box72
\c@FancyVerbLine=\count152
\FV@StepNumber=\count153
\FV@OutFile=\write3
) (/usr/share/texlive/texmf-dist/tex/latex/bbding/bbding.sty
Package: bbding 1999/04/15 v1.01 Dingbats symbols
) (/usr/share/texmf/tex/latex/xcolor/xcolor.sty
Package: xcolor 2007/01/21 v2.11 LaTeX color extensions (UK)

(/usr/share/texlive/texmf-dist/tex/latex/latexconfig/color.cfg
File: color.cfg 2007/01/18 v1.5 color configuration of teTeX/TeXLive
)
Package xcolor Info: Driver file: pdftex.def on input line 225.

(/usr/share/texlive/texmf-dist/tex/latex/colortbl/colortbl.sty
Package: colortbl 2012/02/13 v1.0a Color table columns (DPC)
\everycr=\toks29
\minrowclearance=\skip122
)
LaTeX Info: Redefining \color on input line 702.
\rownum=\count154
Package xcolor Info: Model `cmy' substituted by `cmy0' on input line 1337.
Package xcolor Info: Model `hsb' substituted by `rgb' on input line 1341.
Package xcolor Info: Model `RGB' extended on input line 1353.
Package xcolor Info: Model `HTML' substituted by `rgb' on input line 1355.
Package xcolor Info: Model `Hsb' substituted by `hsb' on input line 1356.
Package xcolor Info: Model `tHsb' substituted by `hsb' on input line 1357.
Package xcolor Info: Model `HSB' substituted by `hsb' on input line 1358.
Package xcolor Info: Model `Gray' substituted by `gray' on input line 1359.
Package xcolor Info: Model `wave' substituted by `hsb' on input line 1360.
)
(/usr/share/texlive/texmf-dist/tex/latex/microtype/microtype.sty
Package: microtype 2010/01/10 v2.4 Micro-typography with pdfTeX (RS)
\MT@toks=\toks30
\MT@count=\count155
LaTeX Info: Redefining \lsstyle on input line 1597.
LaTeX Info: Redefining \lslig on input line 1597.
\MT@outer@space=\skip123
LaTeX Info: Redefining \textls on input line 1605.
\MT@outer@kern=\dimen166
LaTeX Info: Redefining \textmicrotypecontext on input line 2156.
Package microtype Info: Loading configuration file microtype.cfg.

(/usr/share/texlive/texmf-dist/tex/latex/microtype/microtype.cfg
File: microtype.cfg 2010/01/10 v2.4 microtype main configuration file (RS)
))
(/usr/share/texlive/texmf-dist/tex/latex/graphics/lscape.sty
Package: lscape 2000/10/22 v3.01 Landscape Pages (DPC)
)
(/usr/share/texlive/texmf-dist/tex/latex/amscls/amsthm.sty
Package: amsthm 2009/07/02 v2.20.1
\thm@style=\toks31
\thm@bodyfont=\toks32
\thm@headfont=\toks33
\thm@notefont=\toks34
\thm@headpunct=\toks35
\thm@preskip=\skip124
\thm@postskip=\skip125
\thm@headsep=\skip126
\dth@everypar=\toks36
))
(../headers/defaultcolors.tex) (../headers/hyphenation.tex)
(../headers/commands.tex
\fnwidth=\skip127
\mylength=\skip128
\myhight=\skip129
\myshadingheight=\skip130
) (/usr/share/texmf/tex/latex/cm-super/type1ec.sty
Package: type1ec 2002/09/07 v1.1 Type1 EC font definitions (for CM-Super fonts)


(/usr/share/texlive/texmf-dist/tex/latex/base/t1cmr.fd
File: t1cmr.fd 1999/05/25 v2.5h Standard LaTeX font definitions
))
(/usr/share/texmf/tex/latex/CJK/CJKutf8.sty
Package: CJKutf8 2012/05/07 4.8.3

(/usr/share/texlive/texmf-dist/tex/latex/base/inputenc.sty
Package: inputenc 2008/03/30 v1.1d Input encoding file
\inpenc@prehook=\toks37
\inpenc@posthook=\toks38

(/usr/share/texlive/texmf-dist/tex/latex/base/utf8.def
File: utf8.def 2008/04/05 v1.1m UTF-8 support for inputenc
Now handling font encoding OML ...
... no UTF-8 mapping file for font encoding OML
Now handling font encoding T1 ...
... processing UTF-8 mapping file for font encoding T1

(/usr/share/texlive/texmf-dist/tex/latex/base/t1enc.dfu
File: t1enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+2423 (decimal 9251)
)
Now handling font encoding OT1 ...
... processing UTF-8 mapping file for font encoding OT1

(/usr/share/texlive/texmf-dist/tex/latex/base/ot1enc.dfu
File: ot1enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
)
Now handling font encoding OMS ...
... processing UTF-8 mapping file for font encoding OMS

(/usr/share/texlive/texmf-dist/tex/latex/base/omsenc.dfu
File: omsenc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
)
Now handling font encoding OMX ...
... no UTF-8 mapping file for font encoding OMX
Now handling font encoding U ...
... no UTF-8 mapping file for font encoding U
Now handling font encoding TS1 ...
... processing UTF-8 mapping file for font encoding TS1

(/usr/share/texlive/texmf-dist/tex/latex/base/ts1enc.dfu
File: ts1enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding PD1 ...
... no UTF-8 mapping file for font encoding PD1
Now handling font encoding PU ...
... no UTF-8 mapping file for font encoding PU
Now handling font encoding T3 ...
... no UTF-8 mapping file for font encoding T3
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2423 (decimal 9251)
))
(/usr/share/texmf/tex/latex/CJK/CJK.sty
Package: CJK 2012/05/07 4.8.3

(/usr/share/texmf/tex/latex/CJK/mule/MULEenc.sty
Package: MULEenc 2012/05/07 4.8.3
)
(/usr/share/texmf/tex/latex/CJK/CJK.enc
File: CJK.enc 2012/05/07 4.8.3
Now handling font encoding C00 ...
... no UTF-8 mapping file for font encoding C00
Now handling font encoding C05 ...
... no UTF-8 mapping file for font encoding C05
Now handling font encoding C09 ...
... no UTF-8 mapping file for font encoding C09
Now handling font encoding C10 ...
... no UTF-8 mapping file for font encoding C10
Now handling font encoding C20 ...
... no UTF-8 mapping file for font encoding C20
Now handling font encoding C19 ...
... no UTF-8 mapping file for font encoding C19
Now handling font encoding C40 ...
... no UTF-8 mapping file for font encoding C40
Now handling font encoding C42 ...
... no UTF-8 mapping file for font encoding C42
Now handling font encoding C43 ...
... no UTF-8 mapping file for font encoding C43
Now handling font encoding C50 ...
... no UTF-8 mapping file for font encoding C50
Now handling font encoding C52 ...
... no UTF-8 mapping file for font encoding C52
Now handling font encoding C49 ...
... no UTF-8 mapping file for font encoding C49
Now handling font encoding C60 ...
... no UTF-8 mapping file for font encoding C60
Now handling font encoding C61 ...
... no UTF-8 mapping file for font encoding C61
Now handling font encoding C63 ...
... no UTF-8 mapping file for font encoding C63
Now handling font encoding C64 ...
... no UTF-8 mapping file for font encoding C64
Now handling font encoding C65 ...
... no UTF-8 mapping file for font encoding C65
Now handling font encoding C70 ...
... no UTF-8 mapping file for font encoding C70
Now handling font encoding C31 ...
... no UTF-8 mapping file for font encoding C31
Now handling font encoding C32 ...
... no UTF-8 mapping file for font encoding C32
Now handling font encoding C33 ...
... no UTF-8 mapping file for font encoding C33
Now handling font encoding C34 ...
... no UTF-8 mapping file for font encoding C34
Now handling font encoding C35 ...
... no UTF-8 mapping file for font encoding C35
Now handling font encoding C36 ...
... no UTF-8 mapping file for font encoding C36
Now handling font encoding C37 ...
... no UTF-8 mapping file for font encoding C37
Now handling font encoding C80 ...
... no UTF-8 mapping file for font encoding C80
Now handling font encoding C81 ...
... no UTF-8 mapping file for font encoding C81
Now handling font encoding C01 ...
... no UTF-8 mapping file for font encoding C01
Now handling font encoding C11 ...
... no UTF-8 mapping file for font encoding C11
Now handling font encoding C21 ...
... no UTF-8 mapping file for font encoding C21
Now handling font encoding C41 ...
... no UTF-8 mapping file for font encoding C41
Now handling font encoding C62 ...
... no UTF-8 mapping file for font encoding C62
)
LaTeX Info: Redefining \selectfont on input line 755.
\CJK@indent=\box73
)
(/usr/share/texlive/texmf-dist/tex/latex/base/fontenc.sty
Package: fontenc 2005/09/27 v1.99g Standard LaTeX package
))
(/usr/share/texmf/tex/latex/CJK/ruby.sty
Package: ruby 2012/05/07 4.8.3
\ruby@width=\dimen167
)
(/usr/share/texmf/tex/latex/CJK/CJKulem.sty
Package: CJKulem 2012/05/07 4.8.3
\UL@lastkern=\dimen168
\CJK@skip=\skip131
) (../headers/title.tex)
(../headers/options.tex
LaTeX Font Info:    Try loading font information for T1+ptm on input line 13.

(/usr/share/texlive/texmf-dist/tex/latex/psnfss/t1ptm.fd
File: t1ptm.fd 2001/06/04 font definitions for T1/ptm.
)

Package typearea Warning: Bad type area settings!
(typearea)                The detected line width is about 18%
(typearea)                larger than the heuristically detected line width.
(typearea)                You should e.g. decrease DIV, increase fontsize
(typearea)                or change papersize.

Package typearea Info: These are the values describing the layout:
(typearea)             DIV  = 13
(typearea)             BCOR = 34.1433pt
(typearea)             \paperwidth      = 597.50793pt
(typearea)              \textwidth      = 433.35742pt
(typearea)              DIV departure   = -18%
(typearea)              \evensidemargin = 14.40149pt
(typearea)              \oddsidemargin  = 5.20905pt
(typearea)             \paperheight     = 845.04694pt
(typearea)              \textheight     = 650.20029pt
(typearea)              \topmargin      = -44.6664pt
(typearea)              \headheight     = 17.0pt
(typearea)              \headsep        = 20.40001pt
(typearea)              \topskip        = 11.0pt
(typearea)              \footskip       = 47.60002pt
(typearea)              \baselineskip   = 13.6pt
(typearea)              on input line 13.
) (../headers/formattings.tex
Package hyperref Info: Option `breaklinks' set `true' on input line 17.
Package hyperref Info: Option `colorlinks' set `false' on input line 17.
Package hyperref Info: Option `bookmarksopen' set `true' on input line 17.
Package hyperref Info: Option `bookmarksnumbered' set `true' on input line 17.
Package hyperref Info: Option `frenchlinks' set `false' on input line 17.
) (../headers/unicodes.tex)
(../headers/templates.tex
\wbtemplengtha=\skip132
\wbtemplengthb=\skip133
\wbtemplengthc=\skip134
\wbtemplengthd=\skip135
\wbtemplengthe=\skip136
\wbtempcounta=\count156
\wbtempcountb=\count157
\wbtempcountc=\count158


! LaTeX Error: Command \PDFLink already defined.
               Or name \end... illegal, see p.192 of the manual.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.581 \newcommand{\PDFLink}[1]{#1 PDF}
                                      
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

\c@satz=\count159
\c@beweis=\count160
\c@beispiel=\count161
\c@mydef=\count162
) (../headers/templates-dirk.tex) (../headers/templates-chemie.tex)
(/usr/share/texmf/tex/latex/lm/lmodern.sty
Package: lmodern 2009/10/30 v1.6 Latin Modern Fonts
LaTeX Font Info:    Overwriting symbol font `operators' in version `normal'
(Font)                  OT1/ztmcm/m/n --> OT1/lmr/m/n on input line 22.
LaTeX Font Info:    Overwriting symbol font `letters' in version `normal'
(Font)                  OML/ztmcm/m/it --> OML/lmm/m/it on input line 23.
LaTeX Font Info:    Overwriting symbol font `symbols' in version `normal'
(Font)                  OMS/ztmcm/m/n --> OMS/lmsy/m/n on input line 24.
LaTeX Font Info:    Overwriting symbol font `largesymbols' in version `normal'
(Font)                  OMX/ztmcm/m/n --> OMX/lmex/m/n on input line 25.
LaTeX Font Info:    Overwriting symbol font `operators' in version `bold'
(Font)                  OT1/ztmcm/m/n --> OT1/lmr/bx/n on input line 26.
LaTeX Font Info:    Overwriting symbol font `letters' in version `bold'
(Font)                  OML/ztmcm/m/it --> OML/lmm/b/it on input line 27.
LaTeX Font Info:    Overwriting symbol font `symbols' in version `bold'
(Font)                  OMS/ztmcm/m/n --> OMS/lmsy/b/n on input line 28.
LaTeX Font Info:    Overwriting symbol font `largesymbols' in version `bold'
(Font)                  OMX/ztmcm/m/n --> OMX/lmex/m/n on input line 29.
LaTeX Font Info:    Overwriting math alphabet `\mathbf' in version `normal'
(Font)                  OT1/ptm/bx/n --> OT1/lmr/bx/n on input line 31.
LaTeX Font Info:    Overwriting math alphabet `\mathsf' in version `normal'
(Font)                  OT1/cmss/m/n --> OT1/lmss/m/n on input line 32.
LaTeX Font Info:    Overwriting math alphabet `\mathit' in version `normal'
(Font)                  OT1/ptm/m/it --> OT1/lmr/m/it on input line 33.
LaTeX Font Info:    Overwriting math alphabet `\mathtt' in version `normal'
(Font)                  OT1/cmtt/m/n --> OT1/lmtt/m/n on input line 34.
LaTeX Font Info:    Overwriting math alphabet `\mathbf' in version `bold'
(Font)                  OT1/ptm/bx/n --> OT1/lmr/bx/n on input line 35.
LaTeX Font Info:    Overwriting math alphabet `\mathsf' in version `bold'
(Font)                  OT1/cmss/bx/n --> OT1/lmss/bx/n on input line 36.
LaTeX Font Info:    Overwriting math alphabet `\mathit' in version `bold'
(Font)                  OT1/ptm/m/it --> OT1/lmr/bx/it on input line 37.
LaTeX Font Info:    Overwriting math alphabet `\mathtt' in version `bold'
(Font)                  OT1/cmtt/m/n --> OT1/lmtt/m/n on input line 38.
) (./main.aux)
\openout1 = `main.aux'.

LaTeX Font Info:    Checking defaults for OML/cmm/m/it on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for T1/cmr/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for OT1/cmr/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for OMS/cmsy/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for OMX/cmex/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for U/cmr/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for TS1/cmr/m/n on input line 23.
LaTeX Font Info:    Try loading font information for TS1+cmr on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/base/ts1cmr.fd
File: ts1cmr.fd 1999/05/25 v2.5h Standard LaTeX font definitions
)
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for PD1/pdf/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for PU/pdf/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for T3/cmr/m/n on input line 23.
LaTeX Font Info:    Try loading font information for T3+cmr on input line 23.

(/usr/share/texmf/tex/latex/tipa/t3cmr.fd
File: t3cmr.fd 2001/12/31 TIPA font definitions
)
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C00/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C05/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C09/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C10/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C20/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C19/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C40/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C42/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C43/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C50/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C52/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C49/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C60/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C61/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C63/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C64/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C65/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C70/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C31/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C32/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C33/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C34/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C35/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C36/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C37/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C80/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C81/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C01/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C11/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C21/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C41/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C62/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Try loading font information for T1+lmr on input line 23.

(/usr/share/texmf/tex/latex/lm/t1lmr.fd
File: t1lmr.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
(/usr/share/texlive/texmf-dist/tex/context/base/supp-pdf.mkii
[Loading MPS to PDF converter (version 2006.09.02).]
\scratchcounter=\count163
\scratchdimen=\dimen169
\scratchbox=\box74
\nofMPsegments=\count164
\nofMParguments=\count165
\everyMPshowfont=\toks39
\MPscratchCnt=\count166
\MPscratchDim=\dimen170
\MPnumerator=\count167
\makeMPintoPDFobject=\count168
\everyMPtoPDFconversion=\toks40
)
\AtBeginShipoutBox=\box75
Package hyperref Info: Link coloring OFF on input line 23.
 (/usr/share/texlive/texmf-dist/tex/latex/hyperref/nameref.sty
Package: nameref 2010/04/30 v2.40 Cross-referencing by name of section

(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/gettitlestring.sty
Package: gettitlestring 2010/12/03 v1.4 Cleanup title references (HO)
)
\c@section@level=\count169
)
LaTeX Info: Redefining \ref on input line 23.
LaTeX Info: Redefining \pageref on input line 23.
LaTeX Info: Redefining \nameref on input line 23.

(./main.out) (./main.out)
\@outlinefile=\write4
\openout4 = `main.out'.

LaTeX Font Info:    Try loading font information for T1+lmss on input line 23.
 (/usr/share/texmf/tex/latex/lm/t1lmss.fd
File: t1lmss.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
Package tocstyle Info: prepare \l@part for redefinition on input line 23.
Package tocstyle Info: prepare \l@chapter for redefinition on input line 23.
Package tocstyle Info: prepare \l@section for redefinition on input line 23.
LaTeX Font Info:    Try loading font information for OT1+lmr on input line 23.

(/usr/share/texmf/tex/latex/lm/ot1lmr.fd
File: ot1lmr.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
LaTeX Font Info:    Try loading font information for OML+lmm on input line 23.

(/usr/share/texmf/tex/latex/lm/omllmm.fd
File: omllmm.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
LaTeX Font Info:    Try loading font information for OMS+lmsy on input line 23.


(/usr/share/texmf/tex/latex/lm/omslmsy.fd
File: omslmsy.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
LaTeX Font Info:    Try loading font information for OMX+lmex on input line 23.


(/usr/share/texmf/tex/latex/lm/omxlmex.fd
File: omxlmex.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <10.95> on input line 23.
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <8> on input line 23.
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <6> on input line 23.
LaTeX Font Info:    Try loading font information for OT1+ptm on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/psnfss/ot1ptm.fd
File: ot1ptm.fd 2001/06/04 font definitions for OT1/ptm.
)
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <10.95> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 23.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <8> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 23.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <6> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 23.
LaTeX Font Info:    Try loading font information for U+msa on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/amsfonts/umsa.fd
File: umsa.fd 2009/06/22 v3.00 AMS symbols A
)
LaTeX Font Info:    Try loading font information for U+msb on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/amsfonts/umsb.fd
File: umsb.fd 2009/06/22 v3.00 AMS symbols B
)
LaTeX Font Info:    Try loading font information for U+wasy on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/wasysym/uwasy.fd
File: uwasy.fd 2003/10/30 v2.0 Wasy-2 symbol font definitions
)
Package tocstyle Info: prepare \l@subsection for redefinition on input line 23.

Package tocstyle Info: prepare \l@table for redefinition on input line 23.
Package tocstyle Info: prepare \l@figure for redefinition on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/oberdiek/epstopdf-base.sty
Package: epstopdf-base 2010/02/09 v2.5 Base part for package epstopdf

(/usr/share/texlive/texmf-dist/tex/latex/oberdiek/grfext.sty
Package: grfext 2010/08/19 v1.1 Manage graphics extensions (HO)
)
Package grfext Info: Graphics extension search list:
(grfext)             [.png,.pdf,.jpg,.mps,.jpeg,.jbig2,.jb2,.PNG,.PDF,.JPG,.JPE
G,.JBIG2,.JB2,.eps]
(grfext)             \AppendGraphicsExtensions on input line 452.

(/usr/share/texlive/texmf-dist/tex/latex/latexconfig/epstopdf-sys.cfg
File: epstopdf-sys.cfg 2010/07/13 v1.3 Configuration of (r)epstopdf for TeX Liv
e
))

Class scrbook Warning: discard change of \selectfont.

ABD: EverySelectfont initializing macros

LaTeX Warning: Command \selectfont   has changed.
               Check if current package is valid.

LaTeX Info: Redefining \selectfont on input line 23.
\c@lstlisting=\count170
LaTeX Info: Redefining \microtypecontext on input line 23.
Package microtype Info: Generating PDF output.
Package microtype Info: Character protrusion enabled (level 2).
Package microtype Info: Using default protrusion set `alltext'.
Package microtype Info: Automatic font expansion enabled (level 2),
(microtype)             stretch: 20, shrink: 20, step: 1, non-selected.
Package microtype Info: Using default expansion set `basictext'.
Package microtype Info: No tracking.
Package microtype Info: No adjustment of interword spacing.
Package microtype Info: No adjustment of character kerning.
(/usr/share/texlive/texmf-dist/tex/latex/microtype/mt-cmr.cfg
File: mt-cmr.cfg 2009/11/09 v2.0 microtype config. file: Computer Modern Roman 
(RS)
)
(/usr/share/texmf/tex/latex/CJK/UTF8/UTF8.bdg
File: UTF8.bdg 2012/05/07 4.8.3
)
(/usr/share/texmf/tex/latex/CJK/UTF8/UTF8.enc
File: UTF8.enc 2012/05/07 4.8.3
)
(/usr/share/texmf/tex/latex/CJK/UTF8/UTF8.chr
File: UTF8.chr 2012/05/07 4.8.3
)
exclude: 
exclude: 
exclude: 
exclude: 
exclude: 
exclude: 
exclude: 
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <14.4> on input line 34.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <14.4> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 34.
(/usr/share/texlive/texmf-dist/tex/latex/microtype/mt-ptm.cfg
File: mt-ptm.cfg 2006/04/20 v1.7 microtype config. file: Times (RS)
)
(/usr/share/texlive/texmf-dist/tex/latex/microtype/mt-msa.cfg
File: mt-msa.cfg 2006/02/04 v1.1 microtype config. file: AMS symbols (a) (RS)
)
(/usr/share/texlive/texmf-dist/tex/latex/microtype/mt-msb.cfg
File: mt-msb.cfg 2005/06/01 v1.0 microtype config. file: AMS symbols (b) (RS)
)

LaTeX Warning: No \author given.
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{/var/lib/texmf/fonts/map/pdftex/updmap/pdftex.map}]
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <10> on input line 34.
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <7.4> on input line 34.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <10> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 34.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <7.4> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 34.
LaTeX Font Info:    Try loading font information for T1+lmtt on input line 34.

(/usr/share/texmf/tex/latex/lm/t1lmtt.fd
File: t1lmtt.fd 2009/10/30 v1.6 Font defs for Latin Modern
) [2

]
Package tocbasic Info: character protrusion at toc deactivated on input line 37
.
 (./main.toc
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
LaTeX Font Info:    Try loading font information for TS1+lmr on input line 43.
(/usr/share/texmf/tex/latex/lm/ts1lmr.fd
File: ts1lmr.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
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number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
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number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 24.9416pt
number indent calculated (toc, 1): 18.8887pt
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Overfull \hbox (9.95256pt too wide) in paragraph at lines 2094--2094
[][][] $[]$| 
 []


Underfull \vbox (badness 10000) detected at line 2124
 []

[117


]
Underfull \vbox (badness 10000) detected at line 2158
 []

[118]
Underfull \vbox (badness 10000) detected at line 2176
 []

[119]
Underfull \vbox (badness 10000) detected at line 2190
 []

[120] [121] [122


]
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[123] [124]
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Overfull \hbox (9.95256pt too wide) in paragraph at lines 2301--2301
[][][] $[]$| 
 []


Underfull \hbox (badness 10000) in paragraph at lines 2301--2302

 []

[125


] [126]
Underfull \vbox (badness 10000) detected at line 2350
 []


Underfull \vbox (badness 10000) detected at line 2359
 []

[127]
Underfull \vbox (badness 10000) detected at line 2369
 []
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[131] [132] [133] [134]
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[135


] [136]

! Package xcolor Error: Undefined color `OliveGreen'.

See the xcolor package documentation for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.2620 ...ter}\begin{equation*}{\color{OliveGreen}
                                                  2}\hbox{C}_{4}\hbox{H}_{10...

Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


! Package xcolor Error: Undefined color `OliveGreen'.

See the xcolor package documentation for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.2620 ...{H}_{10} + {\hbox{O}_{\color{OliveGreen}
                                                  2}} \to {\color{OliveGreen...

Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


! Package xcolor Error: Undefined color `OliveGreen'.

See the xcolor package documentation for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.2620 ...r{OliveGreen}2}} \to {\color{OliveGreen}
                                                  8}\hbox{CO}_{2} + {\color{...

Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


! Package xcolor Error: Undefined color `OliveGreen'.

See the xcolor package documentation for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.2620 ...en}8}\hbox{CO}_{2} + {\color{OliveGreen}
                                                  10}\hbox{H}_{2}\hbox{O}\en...

Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.
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]
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! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.2672 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.

[139] [140]
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[141


] [142] <../images/103.png, id=2757, 566.115pt x 215.80624pt>
File: ../images/103.png Graphic file (type png)

<use ../images/103.png>
Package pdftex.def Info: ../images/103.png used on input line 2762.
(pdftex.def)             Requested size: 433.37027pt x 165.20319pt.
 [143]
<../images/104.png, id=2768, 1244.65pt x 995.72pt>
File: ../images/104.png Graphic file (type png)
 <use ../images/104.png>
Package pdftex.def Info: ../images/104.png used on input line 2783.
(pdftex.def)             Requested size: 184.16353pt x 147.33083pt.

[144 <../images/103.png>] <../images/105.png, id=2776, 392.46625pt x 168.63pt>
File: ../images/105.png Graphic file (type png)

<use ../images/105.png>
Package pdftex.def Info: ../images/105.png used on input line 2800.
(pdftex.def)             Requested size: 433.385pt x 186.21144pt.
 [145 <../images/104.png>] [146 <../images/105.png>]
Chapter 29.

Overfull \hbox (11.76389pt too wide) detected at line 2842
[][] \OT1/lmr/m/n/10.95 + 2[][] \OMS/lmsy/m/n/10.95 ! [][] \OT1/lmr/m/n/10.95 +
 2[][][][] + \OML/lmm/m/it/10.95 energy
 []


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.2842 ...nergy\end{equation*}\end{center}\newline
                                                  {}The enthalpy difference ...

Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


Overfull \hbox (34.23499pt too wide) detected at line 2842
[][][][] \OT1/lmr/m/n/10.95 + \OML/lmm/m/it/10.95 water \OT1/lmr/m/n/10.95 + \O
ML/lmm/m/it/10.95 energy \OMS/lmsy/m/n/10.95 ! [][] \OT1/lmr/m/n/10.95 + [][]
 []


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.2842 ...(aq)}\end{equation*}\end{center}\newline
                                                  {}The enthalpy difference ...

Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


Underfull \vbox (badness 10000) detected at line 2843
 []

[147


] <../images/106.png, id=2799, 1244.65pt x 854.19125pt>
File: ../images/106.png Graphic file (type png)

<use ../images/106.png>
Package pdftex.def Info: ../images/106.png used on input line 2854.
(pdftex.def)             Requested size: 433.35501pt x 297.40735pt.
 [148 <../images/106.png>]
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Overfull \hbox (95.70973pt too wide) in paragraph at lines 2906--2916
\T1/lmr/m/n/10.95 (-20) w:Reactivity se-ries[][][]  $[]$
 []


Underfull \hbox (badness 10000) in paragraph at lines 2906--2916

 []
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]
Underfull \vbox (badness 10000) detected at line 2921
 []
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Underfull \vbox (badness 10000) detected at line 2961
 []

[151


]
Underfull \vbox (badness 10000) detected at line 2980
 []


Underfull \vbox (badness 10000) detected at line 2999
 []


Underfull \vbox (badness 10000) detected at line 3005
 []

[152]
Underfull \vbox (badness 10000) detected at line 3013
 []

<../images/107.png, id=2855, 1036.87375pt x 280.04625pt>
File: ../images/107.png Graphic file (type png)

<use ../images/107.png>
Package pdftex.def Info: ../images/107.png used on input line 3026.
(pdftex.def)             Requested size: 433.36394pt x 117.046pt.
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Underfull \hbox (badness 10000) in paragraph at lines 3141--3142

 []

[159] [160] <../images/108.png, id=2915, 632.3625pt x 627.34375pt>
File: ../images/108.png Graphic file (type png)

<use ../images/108.png>
Package pdftex.def Info: ../images/108.png used on input line 3196.
(pdftex.def)             Requested size: 433.36833pt x 429.9289pt.
 [161 <../images/108.png>] [162]
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Underfull \vbox (badness 10000) detected at line 3250
 []
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] <../images/109.png, id=2968, 1244.65pt x 1244.65pt>
File: ../images/109.png Graphic file (type png)

<use ../images/109.png>
Package pdftex.def Info: ../images/109.png used on input line 3260.
(pdftex.def)             Requested size: 433.35501pt x 433.35501pt.
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[169] [170]
Underfull \vbox (badness 10000) detected at line 3399
 []

[171]
Underfull \vbox (badness 1466) detected at line 3421
 []

[172] <../images/110.jpg, id=3040, 525.46312pt x 343.2825pt>
File: ../images/110.jpg Graphic file (type jpg)

<use ../images/110.jpg>
Package pdftex.def Info: ../images/110.jpg used on input line 3449.
(pdftex.def)             Requested size: 433.37611pt x 283.1225pt.
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]
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<../images/111.jpg, id=3066, 480.79625pt x 602.25pt>
File: ../images/111.jpg Graphic file (type jpg)
 <use ../images/111.jpg>
Package pdftex.def Info: ../images/111.jpg used on input line 3513.
(pdftex.def)             Requested size: 375.03423pt x 469.77148pt.

[177]
Overfull \vbox (3.0122pt too high) has occurred while \output is active []


[178 <../images/111.jpg>] [179]
<../images/112.png, id=3092, 1244.65pt x 297.11pt>
File: ../images/112.png Graphic file (type png)
 <use ../images/112.png>
Package pdftex.def Info: ../images/112.png used on input line 3571.
(pdftex.def)             Requested size: 433.35501pt x 103.44603pt.

<../images/113.png, id=3093, 1244.65pt x 777.90625pt>
File: ../images/113.png Graphic file (type png)
 <use ../images/113.png>
Package pdftex.def Info: ../images/113.png used on input line 3599.
(pdftex.def)             Requested size: 433.35501pt x 270.84688pt.
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<../images/114.png, id=3102, 1104.125pt x 980.66376pt>
File: ../images/114.png Graphic file (type png)
 <use ../images/114.png>
Package pdftex.def Info: ../images/114.png used on input line 3627.
(pdftex.def)             Requested size: 433.35318pt x 384.89641pt.
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Underfull \vbox (badness 10000) detected at line 3688
 []


Underfull \vbox (badness 10000) detected at line 3703
 []

[184] <../images/115.jpg, id=3131, 298.716pt x 253.6677pt>
File: ../images/115.jpg Graphic file (type jpg)

<use ../images/115.jpg>
Package pdftex.def Info: ../images/115.jpg used on input line 3721.
(pdftex.def)             Requested size: 433.39601pt x 368.0371pt.
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Underfull \vbox (badness 10000) detected at line 3743
 []

[187] <../images/116.png, id=3156, 750.805pt x 131.49126pt>
File: ../images/116.png Graphic file (type png)

<use ../images/116.png>
Package pdftex.def Info: ../images/116.png used on input line 3776.
(pdftex.def)             Requested size: 270.85095pt x 47.43512pt.

Overfull \hbox (156.4616pt too wide) in paragraph at lines 3778--3778
[][][] $[]$| 
 []

[188 <../images/116.png>] [189] [190
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Underfull \hbox (badness 10000) in paragraph at lines 3871--3871
[][]$\T1/lmtt/m/n/9 http : / / en . wikibooks . org / wiki / General % 20Chemis
try % 2FProperties % 20and % 20Theories % 20of %
 []
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<../images/117.png, id=3195, 731.73375pt x 698.61pt>
File: ../images/117.png Graphic file (type png)
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Package pdftex.def Info: ../images/117.png used on input line 3925.
(pdftex.def)             Requested size: 325.02315pt x 310.31017pt.
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Underfull \hbox (badness 10000) in paragraph at lines 3971--3972

 []
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Underfull \vbox (badness 10000) detected at line 4018
 []

[197] [198]
Chapter 40.
[199


] [200] [201] [202]
Underfull \vbox (badness 10000) detected at line 4219
 []

[203]
Underfull \hbox (badness 10000) in paragraph at lines 4248--4248
[][]$\T1/lmtt/m/n/9 http : / / en . wikibooks . org / wiki / General % 20Chemis
try % 2FReactions % 20of % 20Acids % 20and %
 []
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 <use ../images/118.png>
Package pdftex.def Info: ../images/118.png used on input line 4278.
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<../images/119.png, id=3309, 1104.125pt x 1097.09875pt>
File: ../images/119.png Graphic file (type png)
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Package pdftex.def Info: ../images/120.jpg used on input line 4332.
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File: ../images/121.jpg Graphic file (type jpg)
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Package pdftex.def Info: ../images/122.jpg used on input line 4357.
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<../images/123.png, id=3336, 582.175pt x 441.65pt>
File: ../images/123.png Graphic file (type png)
 <use ../images/123.png>
Package pdftex.def Info: ../images/123.png used on input line 4386.
(pdftex.def)             Requested size: 433.37003pt x 328.76346pt.
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 <../images/123.png>] <../images/124.jpg, id=3342, 298.716pt x 224.2779pt>
File: ../images/124.jpg Graphic file (type jpg)

<use ../images/124.jpg>
Package pdftex.def Info: ../images/124.jpg used on input line 4409.
(pdftex.def)             Requested size: 433.39601pt x 325.3965pt.
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<../images/125.jpg, id=3356, 458.84175pt x 259.97798pt>
File: ../images/125.jpg Graphic file (type jpg)

<use ../images/125.jpg>
Package pdftex.def Info: ../images/125.jpg used on input line 4429.
(pdftex.def)             Requested size: 216.67784pt x 122.76883pt.
 <../images/126.png, id=3357, 1244.65pt x 1260.71pt>
File: ../images/126.png Graphic file (type png)

<use ../images/126.png>
Package pdftex.def Info: ../images/126.png used on input line 4439.
(pdftex.def)             Requested size: 216.6775pt x 219.47334pt.
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Underfull \hbox (badness 10000) in paragraph at lines 4492--4492
[][]$\T1/lmtt/m/n/9 http : / / en . wikipedia . org / wiki / Standard % 20condi
tions % 20for % 20temperature % 20and %
 []


Underfull \hbox (badness 10000) in paragraph at lines 4494--4496

 []

<../images/127.jpg, id=3384, 555.92308pt x 772.73308pt>
File: ../images/127.jpg Graphic file (type jpg)

<use ../images/127.jpg>
Package pdftex.def Info: ../images/127.jpg used on input line 4503.
(pdftex.def)             Requested size: 337.95044pt x 469.75113pt.
 [217] [218 <../images/127.jpg>]
Underfull \hbox (badness 10000) in paragraph at lines 4539--4541

 []

[219]
Underfull \vbox (badness 10000) detected at line 4603
 []

[220]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.4614 \newline
               {}
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.
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<../images/128.png, id=3450, 1244.65pt x 1040.88875pt>
File: ../images/128.png Graphic file (type png)
 <use ../images/128.png>
Package pdftex.def Info: ../images/128.png used on input line 4714.
(pdftex.def)             Requested size: 433.35501pt x 362.4106pt.
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File: ../images/129.png Graphic file (type png)
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Package pdftex.def Info: ../images/129.png used on input line 4730.
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File: ../images/130.png Graphic file (type png)
 <use ../images/130.png>
Package pdftex.def Info: ../images/130.png used on input line 4759.
(pdftex.def)             Requested size: 433.38074pt x 260.02843pt.
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File: ../images/131.png Graphic file (type png)
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Package pdftex.def Info: ../images/131.png used on input line 4785.
(pdftex.def)             Requested size: 433.39601pt x 303.3772pt.
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Package pdftex.def Info: ../images/132.png used on input line 4799.
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[233] [234]
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] [236] [237] [238] <../images/133.jpg, id=3543, 356.33125pt x 192.72pt>
File: ../images/133.jpg Graphic file (type jpg)

<use ../images/133.jpg>
Package pdftex.def Info: ../images/133.jpg used on input line 4986.
(pdftex.def)             Requested size: 433.37506pt x 234.38875pt.
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] [242]
Underfull \vbox (badness 10000) detected at line 5138
 []


Underfull \vbox (badness 10000) detected at line 5150
 []

[243] [244] [245] [246]
Chapter 49.
[247


]
Runaway argument?
{81. If this reaction happens at a very high temperature, what will h\ETC.
! Paragraph ended before \textsuperscript  was complete.
<to be read again> 
                   \par 
l.5323 
       
I suspect you've forgotten a `}', causing me to apply this
control sequence to too much text. How can we recover?
My plan is to forget the whole thing and hope for the best.

[248]
Chapter 50.
! Extra }, or forgotten \endgroup.
l.5327 }
        
I've deleted a group-closing symbol because it seems to be
spurious, as in `$x}$'. But perhaps the } is legitimate and
you forgot something else, as in `\hbox{$x}'. In such cases
the way to recover is to insert both the forgotten and the
deleted material, e.g., by typing `I$}'.

[249


] [250] [251] [252


]
Chapter 51.
[253]

Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `\mathsurround' on input line 5480.


Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `\z@' on input line 5480.


Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `math shift' on input line 5480.


Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `subscript' on input line 5480.


Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `math shift' on input line 5480.


Overfull \vbox (1.12292pt too high) detected at line 5501
 []

[254]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5532 ...{-6}~mol~\hbox{Ag}^+$}\newline{}\newline
                                                  {}{$\frac{.001~g~\hbox{NaC...

Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5532 ...{-5}~mol~\hbox{Cl}^-$}\newline{}\newline
                                                  {}{$Q = (5.9 \times 10^{-6...

Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.
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Package pdftex.def Info: ../images/136.png used on input line 5644.
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[263] [264]
Overfull \vbox (0.87839pt too high) has occurred while \output is active []


[265] [266]
Chapter 54.
<../images/137.png, id=3752, 210.7875pt x 225.84375pt>
File: ../images/137.png Graphic file (type png)
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Package pdftex.def Info: ../images/137.png used on input line 5752.
(pdftex.def)             Requested size: 433.36833pt x 464.32318pt.
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[271] [272]
Chapter 56.

Underfull \hbox (badness 10000) in paragraph at lines 5870--5871

 []


Underfull \hbox (badness 1584) in paragraph at lines 5881--5881
[]|| |  $\OT1/lmr/m/n/10.95 (+20) 3[] + 4[][] \OMS/lmsy/m/n/10.95 ! [][][][] \O
T1/lmr/m/n/10.95 (+20) (^^A\OML/lmm/m/it/10.95 H \OT1/lmr/m/n/10.95 (+20) = 
 []


Underfull \hbox (badness 2359) in paragraph at lines 5881--5881
[]|| |  $[][] \OT1/lmr/m/n/10.95 (+20) + [][] \OMS/lmsy/m/n/10.95 ! \OT1/lmr/m/
n/10.95 (+20) 2[] (^^A\OML/lmm/m/it/10.95 H \OT1/lmr/m/n/10.95 (+20) = 
 []
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] [276]
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Overfull \hbox (15.95256pt too wide) in paragraph at lines 5971--5971
[][][] $[]$| 
 []
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[279] [280] [281] [282] [283] [284


]
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Underfull \vbox (badness 10000) detected at line 6087
 []

[285]
Underfull \vbox (badness 10000) detected at line 6106
 []
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File: ../images/138.jpg Graphic file (type jpg)
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 <use ../images/140.jpg>
Package pdftex.def Info: ../images/140.jpg used on input line 6199.
(pdftex.def)             Requested size: 216.68129pt x 361.19376pt.

<../images/141.png, id=3921, 57.4145pt x 170.6375pt>
File: ../images/141.png Graphic file (type png)
 <use ../images/141.png>
Package pdftex.def Info: ../images/141.png used on input line 6209.
(pdftex.def)             Requested size: 158.06906pt x 469.78569pt.

[289] [290 <../images/139.png>] [291 <../images/140.jpg>] [292 <../images/141.p
ng>]
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<../images/142.jpg, id=3946, 1244.65pt x 937.5025pt>
File: ../images/142.jpg Graphic file (type jpg)
 <use ../images/142.jpg>
Package pdftex.def Info: ../images/142.jpg used on input line 6235.
(pdftex.def)             Requested size: 433.35501pt x 326.41417pt.

[293


 <../images/142.jpg>] [294] [295] [296]
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<../images/143.jpg, id=4023, 411.136pt x 321.2pt>
File: ../images/143.jpg Graphic file (type jpg)
 <use ../images/143.jpg>
Package pdftex.def Info: ../images/143.jpg used on input line 6297.
(pdftex.def)             Requested size: 433.36172pt x 338.56384pt.

[297


] <../images/144.png, id=4034, 933.4875pt x 826.58812pt>
File: ../images/144.png Graphic file (type png)

<use ../images/144.png>
Package pdftex.def Info: ../images/144.png used on input line 6307.
(pdftex.def)             Requested size: 108.33875pt x 95.9322pt.
 [298 <../images/143.jpg> <../images/144.png>]
Runaway argument?
{3-{}) are examples of boron\textquotesingle {}s tendency to form thr\ETC.
! Paragraph ended before \textsuperscript  was complete.
<to be read again> 
                   \par 
l.6327 
       
I suspect you've forgotten a `}', causing me to apply this
control sequence to too much text. How can we recover?
My plan is to forget the whole thing and hope for the best.

<../images/145.jpg, id=4051, 481.8pt x 310.761pt>
File: ../images/145.jpg Graphic file (type jpg)
 <use ../images/145.jpg>
Package pdftex.def Info: ../images/145.jpg used on input line 6334.
(pdftex.def)             Requested size: 433.36603pt x 279.52109pt.

[299] <../images/146.png, id=4064, 1244.65pt x 404.51125pt>
File: ../images/146.png Graphic file (type png)

<use ../images/146.png>
Package pdftex.def Info: ../images/146.png used on input line 6351.
(pdftex.def)             Requested size: 433.35501pt x 140.84036pt.
 [300 <../images/145.jpg>]
<../images/147.jpg, id=4087, 1042.31662pt x 781.73746pt>
File: ../images/147.jpg Graphic file (type jpg)

<use ../images/147.jpg>
Package pdftex.def Info: ../images/147.jpg used on input line 6370.
(pdftex.def)             Requested size: 433.34856pt x 325.01141pt.
 [301 <../images/146.png>]
! Extra }, or forgotten \endgroup.
l.6380 ...lOH that completely dissociates into Tl}
                                                  + and OH\textsuperscript{-...
I've deleted a group-closing symbol because it seems to be
spurious, as in `$x}$'. But perhaps the } is legitimate and
you forgot something else, as in `\hbox{$x}'. In such cases
the way to recover is to insert both the forgotten and the
deleted material, e.g., by typing `I$}'.

[302 <../images/147.jpg>] [303] [304


]
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[305] <../images/148.png, id=4144, 1244.65pt x 1339.0025pt>
File: ../images/148.png Graphic file (type png)

<use ../images/148.png>
Package pdftex.def Info: ../images/148.png used on input line 6421.
(pdftex.def)             Requested size: 216.6775pt x 233.10306pt.
 [306 <../images/148.png>]
<../images/149.png, id=4150, 393.47pt x 158.5925pt>
File: ../images/149.png Graphic file (type png)
 <use ../images/149.png>
Package pdftex.def Info: ../images/149.png used on input line 6467.
(pdftex.def)             Requested size: 162.5065pt x 65.50006pt.

<../images/150.png, id=4151, 1244.65pt x 313.17pt>
File: ../images/150.png Graphic file (type png)
 <use ../images/150.png>
Package pdftex.def Info: ../images/150.png used on input line 6480.
(pdftex.def)             Requested size: 419.35805pt x 105.51588pt.

[307 <../images/149.png> <../images/150.png>]
<../images/151.png, id=4159, 1244.65pt x 694.595pt>
File: ../images/151.png Graphic file (type png)
 <use ../images/151.png>
Package pdftex.def Info: ../images/151.png used on input line 6501.
(pdftex.def)             Requested size: 108.32925pt x 60.45471pt.

<../images/152.png, id=4160, 1104.125pt x 778.91pt>
File: ../images/152.png Graphic file (type png)
 <use ../images/152.png>
Package pdftex.def Info: ../images/152.png used on input line 6516.
(pdftex.def)             Requested size: 108.32986pt x 76.4218pt.

<../images/153.png, id=4161, 200.24812pt x 194.97844pt>
File: ../images/153.png Graphic file (type png)

<use ../images/153.png>
Package pdftex.def Info: ../images/153.png used on input line 6525.
(pdftex.def)             Requested size: 108.34015pt x 105.48909pt.
 <../images/154.jpg, id=4165, 485.012pt x 417.56pt>
File: ../images/154.jpg Graphic file (type jpg)

<use ../images/154.jpg>
Package pdftex.def Info: ../images/154.jpg used on input line 6541.
(pdftex.def)             Requested size: 433.36147pt x 373.09265pt.
 [308 <../images/151.png> <../images/152.png> <../images/153.png>] <../images/1
55.png, id=4174, 1244.65pt x 1280.785pt>
File: ../images/155.png Graphic file (type png)

<use ../images/155.png>
Package pdftex.def Info: ../images/155.png used on input line 6566.
(pdftex.def)             Requested size: 162.49388pt x 167.21144pt.
 [309 <../images/154.jpg>]
<../images/156.jpg, id=4185, 512.91624pt x 387.4475pt>
File: ../images/156.jpg Graphic file (type jpg)
 <use ../images/156.jpg>
Package pdftex.def Info: ../images/156.jpg used on input line 6584.
(pdftex.def)             Requested size: 433.35901pt x 327.35141pt.

[310 <../images/155.png>] [311 <../images/156.jpg>]
<../images/157.jpg, id=4199, 298.716pt x 442.0515pt>
File: ../images/157.jpg Graphic file (type jpg)
 <use ../images/157.jpg>
Package pdftex.def Info: ../images/157.jpg used on input line 6600.
(pdftex.def)             Requested size: 238.35321pt x 352.72433pt.

Overfull \hbox (188.96208pt too wide) in paragraph at lines 6602--6602
[][][] $[]$| 
 []


Overfull \hbox (188.96208pt too wide) in paragraph at lines 6602--6602
[][][] $[]$| 
 []


Overfull \hbox (188.96208pt too wide) in paragraph at lines 6602--6602
[][][] $[]$| 
 []

[312 <../images/157.jpg>]
Underfull \hbox (badness 1132) in paragraph at lines 6620--6620
[]|| |  $[][] \OT1/lmr/m/n/10.95 (+20) + 2[][] + [][][][] \OMS/lmsy/m/n/10.95 !
 
 []

[313] [314


]
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[315] <../images/158.jpg, id=4256, 357.58594pt x 278.54062pt>
File: ../images/158.jpg Graphic file (type jpg)

<use ../images/158.jpg>
Package pdftex.def Info: ../images/158.jpg used on input line 6662.
(pdftex.def)             Requested size: 433.38417pt x 337.58345pt.
 [316 <../images/158.jpg>]
<../images/159.jpg, id=4267, 725.71124pt x 677.53125pt>
File: ../images/159.jpg Graphic file (type jpg)

<use ../images/159.jpg>
Package pdftex.def Info: ../images/159.jpg used on input line 6695.
(pdftex.def)             Requested size: 97.5017pt x 91.02856pt.
 [317]
<../images/160.jpg, id=4275, 298.716pt x 380.622pt>
File: ../images/160.jpg Graphic file (type jpg)
 <use ../images/160.jpg>
Package pdftex.def Info: ../images/160.jpg used on input line 6728.
(pdftex.def)             Requested size: 368.69473pt x 469.78844pt.

[318 <../images/159.jpg>] [319 <../images/160.jpg>] [320]
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<../images/161.jpg, id=4298, 264.99pt x 172.39406pt>
File: ../images/161.jpg Graphic file (type jpg)
 <use ../images/161.jpg>
Package pdftex.def Info: ../images/161.jpg used on input line 6774.
(pdftex.def)             Requested size: 433.38956pt x 281.94943pt.

[321


] [322 <../images/161.jpg>]
<../images/162.jpg, id=4321, 505.89pt x 369.38pt>
File: ../images/162.jpg Graphic file (type jpg)
 <use ../images/162.jpg>
Package pdftex.def Info: ../images/162.jpg used on input line 6802.
(pdftex.def)             Requested size: 433.3664pt x 316.42625pt.

[323 <../images/162.jpg>] <../images/163.png, id=4330, 1104.125pt x 807.015pt>
File: ../images/163.png Graphic file (type png)

<use ../images/163.png>
Package pdftex.def Info: ../images/163.png used on input line 6844.
(pdftex.def)             Requested size: 433.35318pt x 316.74178pt.
 [324] [325 <../images/163.png>] [326


]
Chapter 67.
<../images/164.png, id=4363, 630.355pt x 236.885pt>
File: ../images/164.png Graphic file (type png)
 <use ../images/164.png>
Package pdftex.def Info: ../images/164.png used on input line 6891.
(pdftex.def)             Requested size: 216.67438pt x 81.4254pt.

<../images/165.jpg, id=4364, 75.73294pt x 135.65681pt>
File: ../images/165.jpg Graphic file (type jpg)
 <use ../images/165.jpg>
Package pdftex.def Info: ../images/165.jpg used on input line 6901.
(pdftex.def)             Requested size: 216.71817pt x 388.19702pt.

<../images/166.jpg, id=4365, 76.48575pt x 156.28387pt>
File: ../images/166.jpg Graphic file (type jpg)
 <use ../images/166.jpg>
Package pdftex.def Info: ../images/166.jpg used on input line 6911.
(pdftex.def)             Requested size: 216.68178pt x 442.74754pt.

<../images/167.jpg, id=4366, 298.716pt x 224.037pt>
File: ../images/167.jpg Graphic file (type jpg)
 <use ../images/167.jpg>
Package pdftex.def Info: ../images/167.jpg used on input line 6921.
(pdftex.def)             Requested size: 216.68433pt x 162.51324pt.

[327] [328 <../images/164.png> <../images/165.jpg>] [329 <../images/166.jpg>]
[330 <../images/167.jpg>] [331] [332


]
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<../images/168.jpg, id=4432, 246.6816pt x 185.0112pt>
File: ../images/168.jpg Graphic file (type jpg)
 <use ../images/168.jpg>
Package pdftex.def Info: ../images/168.jpg used on input line 6979.
(pdftex.def)             Requested size: 216.68524pt x 162.51393pt.

<../images/169.jpg, id=4433, 246.6816pt x 185.0112pt>
File: ../images/169.jpg Graphic file (type jpg)
 <use ../images/169.jpg>
Package pdftex.def Info: ../images/169.jpg used on input line 6989.
(pdftex.def)             Requested size: 216.68524pt x 162.51393pt.

<../images/170.jpg, id=4434, 246.6816pt x 185.0112pt>
File: ../images/170.jpg Graphic file (type jpg)
 <use ../images/170.jpg>
Package pdftex.def Info: ../images/170.jpg used on input line 6999.
(pdftex.def)             Requested size: 216.68524pt x 162.51393pt.

<../images/171.jpg, id=4435, 246.6816pt x 185.0112pt>
File: ../images/171.jpg Graphic file (type jpg)
 <use ../images/171.jpg>
Package pdftex.def Info: ../images/171.jpg used on input line 7009.
(pdftex.def)             Requested size: 216.68524pt x 162.51393pt.

<../images/172.jpg, id=4436, 246.6816pt x 185.0112pt>
File: ../images/172.jpg Graphic file (type jpg)
 <use ../images/172.jpg>
Package pdftex.def Info: ../images/172.jpg used on input line 7019.
(pdftex.def)             Requested size: 216.68524pt x 162.51393pt.

[333] [334 <../images/168.jpg> <../images/169.jpg> <../images/170.jpg>]
<../images/173.png, id=4455, 1244.65pt x 1728.4575pt>
File: ../images/173.png Graphic file (type png)
 <use ../images/173.png>
Package pdftex.def Info: ../images/173.png used on input line 7037.
(pdftex.def)             Requested size: 129.9989pt x 180.53073pt.

[335 <../images/171.jpg> <../images/172.jpg>] [336 <../images/173.png>]
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] [338] [339] [340


]
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<../images/174.png, id=4510, 199.1693pt x 73.97717pt>
File: ../images/174.png Graphic file (type png)
 <use ../images/174.png>
Package pdftex.def Info: ../images/174.png used on input line 7124.
(pdftex.def)             Requested size: 433.38419pt x 160.97125pt.

[341] [342 <../images/174.png>]
<../images/175.jpg, id=4527, 264.99pt x 97.3236pt>
File: ../images/175.jpg Graphic file (type jpg)
 <use ../images/175.jpg>
Package pdftex.def Info: ../images/175.jpg used on input line 7165.
(pdftex.def)             Requested size: 433.38956pt x 159.17212pt.

[343 <../images/175.jpg>] <../images/176.jpg, id=4547, 289.08pt x 192.72pt>
File: ../images/176.jpg Graphic file (type jpg)

<use ../images/176.jpg>
Package pdftex.def Info: ../images/176.jpg used on input line 7191.
(pdftex.def)             Requested size: 216.67712pt x 144.4514pt.
 <../images/177.jpg, id=4548, 361.35pt x 242.9075pt>
File: ../images/177.jpg Graphic file (type jpg)

<use ../images/177.jpg>
Package pdftex.def Info: ../images/177.jpg used on input line 7201.
(pdftex.def)             Requested size: 216.67934pt x 145.65665pt.
 <../images/178.jpg, id=4549, 642.4pt x 450.68375pt>
File: ../images/178.jpg Graphic file (type jpg)

<use ../images/178.jpg>
Package pdftex.def Info: ../images/178.jpg used on input line 7211.
(pdftex.def)             Requested size: 216.67812pt x 152.01323pt.
 [344 <../images/176.jpg> <../images/177.jpg> <../images/178.jpg>] <../images/1
79.jpg, id=4563, 262.48062pt x 240.9pt>
File: ../images/179.jpg Graphic file (type jpg)

<use ../images/179.jpg>
Package pdftex.def Info: ../images/179.jpg used on input line 7252.
(pdftex.def)             Requested size: 216.68535pt x 198.86992pt.
 <../images/180.jpg, id=4564, 289.08pt x 150.3216pt>
File: ../images/180.jpg Graphic file (type jpg)

<use ../images/180.jpg>
Package pdftex.def Info: ../images/180.jpg used on input line 7262.
(pdftex.def)             Requested size: 216.67712pt x 112.67209pt.

<../images/181.jpg, id=4565, 285.39745pt x 227.85765pt>
File: ../images/181.jpg Graphic file (type jpg)

<use ../images/181.jpg>
Package pdftex.def Info: ../images/181.jpg used on input line 7272.
(pdftex.def)             Requested size: 216.6822pt x 172.99628pt.
 [345] [346 <../images/179.jpg> <../images/180.jpg> <../images/181.jpg>] [347] 
<../images/182.jpg, id=4590, 561.7788pt x 454.8192pt>
File: ../images/182.jpg Graphic file (type jpg)

<use ../images/182.jpg>
Package pdftex.def Info: ../images/182.jpg used on input line 7335.
(pdftex.def)             Requested size: 216.67552pt x 175.42169pt.
 <../images/183.jpg, id=4591, 1244.65pt x 825.0825pt>
File: ../images/183.jpg Graphic file (type jpg)

<use ../images/183.jpg>
Package pdftex.def Info: ../images/183.jpg used on input line 7345.
(pdftex.def)             Requested size: 216.6775pt x 143.63622pt.
 <../images/184.jpg, id=4592, 144.54pt x 166.6225pt>
File: ../images/184.jpg Graphic file (type jpg)

<use ../images/184.jpg>
Package pdftex.def Info: ../images/184.jpg used on input line 7355.
(pdftex.def)             Requested size: 216.69034pt x 249.79582pt.
 <../images/185.jpg, id=4593, 509.905pt x 901.3675pt>
File: ../images/185.jpg Graphic file (type jpg)

<use ../images/185.jpg>
Package pdftex.def Info: ../images/185.jpg used on input line 7365.
(pdftex.def)             Requested size: 216.67952pt x 383.02797pt.
 [348] [349 <../images/182.jpg> <../images/183.jpg> <../images/184.jpg>] [350 <
../images/185.jpg>] [351] [352


]
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[353] <../images/186.png, id=4644, 1244.65pt x 1940.24875pt>
File: ../images/186.png Graphic file (type png)

<use ../images/186.png>
Package pdftex.def Info: ../images/186.png used on input line 7443.
(pdftex.def)             Requested size: 301.34297pt x 469.75482pt.
 [354 <../images/186.png>]
<../images/187.png, id=4651, 1244.65pt x 1772.6225pt>
File: ../images/187.png Graphic file (type png)
 <use ../images/187.png>
Package pdftex.def Info: ../images/187.png used on input line 7475.
(pdftex.def)             Requested size: 329.83067pt x 469.74274pt.

[355] [356 <../images/187.png>] [357] [358


]
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[359] [360


]
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[361]
Overfull \hbox (17.02148pt too wide) in paragraph at lines 7565--7565
[]|| |  \T1/lmr/bx/n/10.95 Group|  
 []


Overfull \hbox (1.38036pt too wide) in paragraph at lines 7565--7565
[]|| |  \T1/lmr/m/n/10.95 (-20) VIII|  
 []


Overfull \hbox (66.95612pt too wide) in alignment at lines 7564--7565
 [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] 
 []


Overfull \hbox (1.76509pt too wide) in paragraph at lines 7565--7565
[]|| | \T1/lmr/m/n/10.95 (-20) *[]\T1/lmr/bx/n/10.95 Lanthanides 
 []


Overfull \hbox (66.95612pt too wide) in alignment at lines 7565--7566
 [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] 
 []

[362

]
Underfull \hbox (badness 10000) in paragraph at lines 7574--7574
[][]$\T1/lmtt/m/n/9 http : / / en . wikibooks . org / wiki / General % 20Chemis
try % 2FChemistries % 20of % 20Various %
 []


Underfull \hbox (badness 10000) in paragraph at lines 7574--7574
[][]$\T1/lmtt/m/n/9 http : / / en . wikibooks . org / wiki / General % 20Chemis
try % 2FChemistries % 20of % 20Various %
 []


Underfull \hbox (badness 10000) in paragraph at lines 7574--7574
[][]$\T1/lmtt/m/n/9 http : / / en . wikibooks . org / wiki / General % 20Chemis
try % 2FChemistries % 20of % 20Various %
 []

[363

] [364


]
Chapter 74.

Underfull \vbox (badness 10000) detected at line 7596
 []


Underfull \vbox (badness 10000) detected at line 7604
 []


Underfull \vbox (badness 10000) detected at line 7612
 []

[365]
Underfull \vbox (badness 10000) detected at line 7620
 []


Underfull \vbox (badness 10000) detected at line 7629
 []


Underfull \vbox (badness 10000) detected at line 7636
 []

[366]
Underfull \vbox (badness 10000) detected at line 7645
 []

[367] [368


]
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[369] [370


]
Chapter 76.

Underfull \vbox (badness 10000) detected at line 7691
 []


Underfull \vbox (badness 10000) detected at line 7703
 []

[371]
Underfull \vbox (badness 10000) detected at line 7716
 []


Underfull \vbox (badness 10000) detected at line 7728
 []

[372]
Chapter 77.
[373


] [374


]
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[375]
Underfull \vbox (badness 10000) detected at line 7764
 []


Overfull \hbox (3.99258pt too wide) in paragraph at lines 7764--7764
[]|| | \T1/lmr/m/n/10.95 (-20) Chromium|  
 []


Overfull \hbox (5.1562pt too wide) in paragraph at lines 7764--7764
[]|| | \T1/lmr/m/n/10.95 (-20) 18.9984032|  
 []

[376

] [377]
Overfull \hbox (10.82532pt too wide) in paragraph at lines 7764--7764
[]|| | \T1/lmr/m/n/10.95 (-20) Neodymium|  
 []


Overfull \hbox (23.88135pt too wide) in paragraph at lines 7764--7764
[]|| | \T1/lmr/m/n/10.95 (-20) Praseodymium|  
 []

[378]
Overfull \hbox (9.06668pt too wide) in paragraph at lines 7764--7764
[]|| | \T1/lmr/m/n/10.95 (-20) Seaborgium|  
 []

[379] [380] [381] [382] [383

] [384


]
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[385] [386


]
Chapter 80.
[387] [388] [389] [390] [391] [392] [393] [394]
Package tocbasic Info: character protrusion at lof deactivated on input line 79
76.
 (./main.lof)
\tf@lof=\write6
\openout6 = `main.lof'.

 [395


] [396]
Underfull \vbox (badness 10000) detected at line 8092
 []

[397] [398] [399]
Underfull \hbox (badness 10000) in paragraph at lines 8529--8531
[]|\T1/lmr/m/n/10 (+20) me Orig-i-nal up-loader was Matthieu-marechal[][][] at
 []

LaTeX Font Info:    Calculating math sizes for size <7.4> on input line 8558.
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <5.47603> on input line 8558.
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <4.44003> on input line 8558.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <5.47603> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 8558.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <4.44003> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 8558.

LaTeX Font Warning: Font shape `U/wasy/m/n' in size <5.47603> not available
(Font)              size <5> substituted on input line 8558.


LaTeX Font Warning: Font shape `U/wasy/m/n' in size <4.44003> not available
(Font)              size <5> substituted on input line 8558.

[400] [401] [402] [403]

Class scrbook Warning: Using fallback calculation to setup font sizes
(scrbook)              for basic size `9pt' on input line 8774.


Package typearea Warning: \typearea used at group level 2.
(typearea)                Using \typearea inside any group, e.g.
(typearea)                environments, math mode, boxes, etc. may result in
(typearea)                many type setting problems.
(typearea)                You should move the command \typearea
(typearea)                outside all groups on input line 8774.


Package typearea Warning: Bad type area settings!
(typearea)                The detected line width is about 66%
(typearea)                larger than the heuristically detected line width.
(typearea)                You should e.g. decrease DIV, increase fontsize
(typearea)                or change papersize.

Package typearea Info: These are the values describing the layout:
(typearea)             DIV  = 90
(typearea)             BCOR = 34.1433pt
(typearea)             \paperwidth      = 597.50793pt
(typearea)              \textwidth      = 544.58585pt
(typearea)              DIV departure   = -66%
(typearea)              \evensidemargin = -59.7508pt
(typearea)              \oddsidemargin  = -31.8671pt
(typearea)             \paperheight     = 845.04694pt
(typearea)              \textheight     = 818.99794pt
(typearea)              \topmargin      = -92.58049pt
(typearea)              \headheight     = 13.49995pt
(typearea)              \headsep        = 16.19995pt
(typearea)              \topskip        = 9.0pt
(typearea)              \footskip       = 37.7999pt
(typearea)              \baselineskip   = 10.79997pt
(typearea)              on input line 8774.

Package typearea Warning: Typearea changed!
(typearea)                You should do this only at preamble, because only
(typearea)                \begin{document} calculates output dimensions!
(typearea)                Trying to calculate new output dimensions, but
(typearea)                this is only a dirty hack on input line 8774.


Package typearea Warning: \typearea used at group level 2.
(typearea)                Using \typearea inside any group, e.g.
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st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.348} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.347} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.346} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.345} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.344} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.343} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.342} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.341} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.340} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.339} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.338} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.337} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.336} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.335} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.334} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.333} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.332} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.331} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.330} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.329} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.328} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.327} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.326} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.325} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.324} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.323} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.322} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.321} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.320} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.319} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.318} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.317} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.316} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.315} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.314} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.313} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.312} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.311} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.310} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.309} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.308} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.307} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.306} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.305} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.304} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.303} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.302} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.301} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.300} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.299} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.298} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.297} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.296} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.295} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.294} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.293} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.292} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.291} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.290} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.289} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.288} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.287} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.286} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.285} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.284} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.283} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.282} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.281} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.280} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.279} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.278} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.277} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.276} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.275} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.274} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.273} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.272} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.271} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.270} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.269} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.268} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.267} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.262} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.261} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.260} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.259} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.258} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.257} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.256} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.255} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.254} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.253} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.229} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.218} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.217} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.216} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.215} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.199} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.191} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.175} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.174} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.173} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.172} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.171} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.170} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.167} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.166} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.165} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.157} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.156} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.155} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.154} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.145} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.144} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.143} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.142} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.141} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.133} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.129} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.128} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.125} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.72} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.71} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.70} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.69} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.68} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.62} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.61} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.58} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.46} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.45} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.41} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.40} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.39} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.33} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.20} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.19} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.18} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.9} has been referenced but does not exist
, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.8} has been referenced but does not exist
, replaced by a fixed one
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main/etoolbox.sty

% $Id: etoolbox.sty,v 2.1 2011/01/03 19:14:10 lehman stable $

% Copyright (c) 2007-2011 Philipp Lehman.
%
% Permission is granted to copy, distribute and/or modify this
% software under the terms of the LaTeX Project Public License
% (LPPL), version 1.3.
%
% The LPPL maintenance status of this software is
% 'author-maintained'.
%
% This software is provided 'as is', without warranty of any kind,
% either expressed or implied, including, but not limited to, the
% implied warranties of merchantability and fitness for a
% particular purpose.

\def\etb@rcsid$#1: #2 #3 #4 #5${#4 v#3}

\NeedsTeXFormat{LaTeX2e}
\ProvidesPackage{etoolbox}
[\etb@rcsid $Id: etoolbox.sty,v 2.1 2011/01/03 19:14:10 lehman stable $
 e-TeX tools for LaTeX]

\begingroup
\@ifundefined{eTeXversion}
  {\PackageError{etoolbox}
     {Not running under e-TeX}
     {This package requires e-TeX. Try compiling the document
      with\MessageBreak 'elatex' instead of 'latex'. When using
      pdfTeX, try 'pdfelatex'\MessageBreak instead of 'pdflatex'.
      This is a fatal error. I'm aborting now.}%
   \aftergroup\endinput}
  {}
\endgroup

\RequirePackage{etex}

\def\etb@catcodes{\do\&\do\|\do\:\do\-\do\=\do\<\do\>}
\def\do#1{\catcode\number`#1=\the\catcode`#1\relax}
\edef\etb@catcodes{\etb@catcodes}
\let\do\noexpand
\AtEndOfPackage{\etb@catcodes\undef\etb@catcodes}

\catcode`\&=3
\catcode`\|=3
\@makeother\:
\@makeother\-
\@makeother\=
\@makeother\<
\@makeother\>

\protected\def\etb@error{\PackageError{etoolbox}}
\protected\def\etb@warning{\PackageWarning{etoolbox}}
\protected\def\etb@info{\PackageInfo{etoolbox}}
\newcount\etb@tempcnta

% {<cstoken>}[<arguments>][<optarg default>]{<definition>}

\newcommand*{\newrobustcmd}{}
\protected\def\newrobustcmd{\@star@or@long\etb@new@command}

\def\etb@new@command#1{\@testopt{\etb@newcommand#1}0}

\def\etb@newcommand#1[#2]{%
  \@ifnextchar[%]
    {\etb@xargdef#1[#2]}
    {\ifx\l@ngrel@x\relax
       \let\l@ngrel@x\protected
     \else
       \protected\def\l@ngrel@x{\protected\long}%
     \fi
     \@argdef#1[#2]}}

\long\def\etb@xargdef#1[#2][#3]#4{%
  \@ifdefinable#1{%
    \expandafter\protected
    \expandafter\def
    \expandafter#1%
    \expandafter{%
      \expandafter\@testopt
      \csname\string#1\endcsname{#3}}%
    \expandafter\@yargdef\csname\string#1\endcsname\tw@{#2}{#4}}}

% {<cstoken>}[<arguments>][<optarg default>]{<definition>}

\newrobustcmd*{\renewrobustcmd}{\@star@or@long\etb@renew@command}

\def\etb@renew@command#1{%
  \ifundef{#1}
     {\etb@error{\string#1 undefined}\@ehc}
     {}%
  \let\@ifdefinable\@rc@ifdefinable
  \etb@new@command#1}

% {<cstoken>}[<arguments>][<optarg default>]{<definition>}

\newrobustcmd*{\providerobustcmd}{\@star@or@long\etb@provide@command}

\def\etb@provide@command#1{%
  \ifundef{#1}
    {\def\reserved@a{\etb@new@command#1}}
    {\def\reserved@a{\etb@renew@command\reserved@a}}%
  \reserved@a}

% {<csname>}

\newrobustcmd*{\csshow}[1]{%
  \begingroup\expandafter\endgroup
  \expandafter\show\csname#1\endcsname}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifdef}[1]{%
  \ifdefined#1%
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifundef}[1]{%
  \ifdefined#1%
    \ifx#1\relax
      \expandafter\expandafter
      \expandafter\@firstoftwo
    \else
      \expandafter\expandafter
      \expandafter\@secondoftwo
    \fi
  \else
    \expandafter\@firstoftwo
  \fi}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsdef}[1]{%
  \ifcsname#1\endcsname
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsundef}[1]{%
  \ifcsname#1\endcsname
    \expandafter\ifx\csname#1\endcsname\relax
      \expandafter\expandafter
      \expandafter\@firstoftwo
    \else
      \expandafter\expandafter
      \expandafter\@secondoftwo
    \fi
  \else
    \expandafter\@firstoftwo
  \fi}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefmacro}{}
\long\edef\ifdefmacro#1{%
  \noexpand\expandafter\noexpand\etb@ifdefmacro
  \noexpand\meaning#1\detokenize{macro}:&}
\edef\etb@ifdefmacro{%
  \def\noexpand\etb@ifdefmacro##1\detokenize{macro}:##2&}
\etb@ifdefmacro{\notblank{#2}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsmacro}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefmacro\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefprefix}[1]{%
  \ifdefmacro{#1}
    {\etb@ifdefprefix{#1}}
    {\@secondoftwo}}
\long\edef\etb@ifdefprefix#1{%
  \noexpand\expandafter\noexpand\etb@ifdefprefix@i
  \noexpand\meaning#1\detokenize{macro}:&}
\edef\etb@ifdefprefix@i{%
  \def\noexpand\etb@ifdefprefix@i##1\detokenize{macro}:##2&}
\etb@ifdefprefix@i{\notblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsprefix}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefprefix\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefparam}{}
\long\edef\ifdefparam#1{%
  \noexpand\expandafter\noexpand\etb@ifdefparam
  \noexpand\meaning#1\detokenize{macro}:->&}
\edef\etb@ifdefparam{%
  \def\noexpand\etb@ifdefparam##1\detokenize{macro}:##2->##3&}
\etb@ifdefparam{\notblank{#2}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsparam}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefparam\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefprotected}{}
\long\edef\ifdefprotected#1{%
  \noexpand\expandafter\noexpand\etb@ifdefprotected
  \noexpand\meaning#1\string\protected&}
\edef\etb@ifdefprotected{%
  \def\noexpand\etb@ifdefprotected##1\string\protected##2&}
\etb@ifdefprotected{\notblank{#2}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsprotected}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefprotected\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newrobustcmd{\ifdefltxprotect}[1]{%
  \begingroup
  \edef\etb@resrvda{%
    \noexpand\protect\expandafter\noexpand
    \csname\expandafter\@gobble\string#1 \endcsname}%
  \expandafter\endgroup\ifx#1\etb@resrvda
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<csname>}{<true>}{<false>}

\newrobustcmd*{\ifcsltxprotect}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefltxprotect\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifdefempty}[1]{%
  \ifundef{#1}
    {\@secondoftwo}
    {\ifdefmacro{#1}
       {\ifdefparam{#1}
	  {\@secondoftwo}
	  {\etb@ifdefempty{#1}}}
       {\@secondoftwo}}}

\def\etb@ifdefempty#1{%
  \expandafter\expandafter
  \expandafter\ifblank
  \expandafter\expandafter
  \expandafter{%
  \expandafter\strip@prefix\meaning#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsempty}[1]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\expandafter\ifdefparam\csname#1\endcsname
       {\@secondoftwo}
       {\expandafter\etb@ifdefempty\csname#1\endcsname}}}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifdefvoid}[1]{%
  \ifundef{#1}
    {\@firstoftwo}
    {\ifdefmacro{#1}
       {\ifdefparam{#1}
	  {\@secondoftwo}
	  {\etb@ifdefempty{#1}}}
       {\@secondoftwo}}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsvoid}[1]{%
  \ifcsundef{#1}
    {\@firstoftwo}
    {\expandafter\ifdefparam\csname#1\endcsname
       {\@secondoftwo}
       {\expandafter\etb@ifdefempty\csname#1\endcsname}}}

% {<cstoken1>}{<cstoken2>}{<true>}{<false>}

\newcommand{\ifdefequal}[2]{%
  \ifundef{#1}
    {\@secondoftwo}
    {\ifundef{#2}
       {\@secondoftwo}
       {\ifx#1#2%
          \expandafter\@firstoftwo
        \else
          \expandafter\@secondoftwo
        \fi}}}

% {<csname1>}{<csname2>}{<true>}{<false>}

\newcommand*{\ifcsequal}[2]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\ifcsundef{#2}
       {\@secondoftwo}
       {\expandafter\ifx
        \csname#1\expandafter\endcsname
        \csname#2\endcsname
          \expandafter\@firstoftwo
        \else
          \expandafter\@secondoftwo
        \fi}}}

% {<cstoken1>}{<cstoken2>}{<true>}{<false>}

\newrobustcmd{\ifdefstrequal}[2]{%
  \ifdefmacro{#1}
    {\ifdefmacro{#2}
       {\begingroup
	\edef\etb@tempa{\expandafter\strip@prefix\meaning#1}%
	\edef\etb@tempb{\expandafter\strip@prefix\meaning#2}%
	\ifx\etb@tempa\etb@tempb
	  \aftergroup\@firstoftwo
	\else
	  \aftergroup\@secondoftwo
	\fi
	\endgroup}
       {\@secondoftwo}}
    {\@secondoftwo}}

% {<csname1>}{<csname2>}{<true>}{<false>}

\newcommand*{\ifcsstrequal}[2]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\ifcsundef{#2}
       {\@secondoftwo}
       {\expandafter\ifdefstrequal
        \csname#1\expandafter\endcsname
	\csname#2\endcsname}}}

% {<cstoken>}{<string>}{<true>}{<false>}

\newrobustcmd{\ifdefstring}[2]{%
  \ifdefmacro{#1}
    {\begingroup
     \edef\etb@tempa{\expandafter\strip@prefix\meaning#1}%
     \edef\etb@tempb{\detokenize{#2}}%
     \ifx\etb@tempa\etb@tempb
       \aftergroup\@firstoftwo
     \else
       \aftergroup\@secondoftwo
     \fi
     \endgroup}
    {\@secondoftwo}}

% {<csname>}{<string>}{<true>}{<false>}

\newrobustcmd{\ifcsstring}[2]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\expandafter\ifdefstring\csname#1\endcsname{#2}}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefcounter}[1]{\etb@ifcounter#1&}
\long\def\etb@ifcounter#1#2&{%
  \ifx\count#1%
    \expandafter\@secondoftwo
  \else
    \expandafter\etb@ifcounter@i\meaning#1:%
  \fi}
\edef\etb@ifcounter@i#1:#2\fi{\noexpand\fi
  \noexpand\etb@ifcounter@ii#1\string\count&}
\edef\etb@ifcounter@ii{%
  \def\noexpand\etb@ifcounter@ii##1\string\count##2&}
\etb@ifcounter@ii{\ifblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcscounter}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefcounter\csname#1\endcsname}
    {\@secondoftwo}}

% {<name>}{<true>}{<false>}

\newcommand*{\ifltxcounter}[1]{%
  \ifcsdef{c@#1}
    {\expandafter\ifdefcounter\csname c@#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdeflength}[1]{\etb@iflength#1&}
\long\def\etb@iflength#1#2&{%
  \ifx\skip#1%
    \expandafter\@secondoftwo
  \else
    \expandafter\etb@iflength@i\meaning#1:%
  \fi}
\edef\etb@iflength@i#1:#2\fi{\noexpand\fi
  \noexpand\etb@iflength@ii#1\string\skip&}
\edef\etb@iflength@ii{%
  \def\noexpand\etb@iflength@ii##1\string\skip##2&}
\etb@iflength@ii{\ifblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcslength}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdeflength\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefdimen}[1]{\etb@ifdimen#1&}
\long\def\etb@ifdimen#1#2&{%
  \ifx\dimen#1%
    \expandafter\@secondoftwo
  \else
    \expandafter\etb@ifdimen@i\meaning#1:%
  \fi}
\edef\etb@ifdimen@i#1:#2\fi{\noexpand\fi
  \noexpand\etb@ifdimen@ii#1\string\dimen&}
\edef\etb@ifdimen@ii{%
  \def\noexpand\etb@ifdimen@ii##1\string\dimen##2&}
\etb@ifdimen@ii{\ifblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsdimen}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefdimen\csname#1\endcsname}
    {\@secondoftwo}}

% {<string1>}{<string2>}{<true>}{<false>}

\newrobustcmd{\ifstrequal}[2]{%
  \begingroup
  \edef\etb@tempa{\detokenize{#1}}%
  \edef\etb@tempb{\detokenize{#2}}%
  \ifx\etb@tempa\etb@tempb
    \aftergroup\@firstoftwo
  \else
    \aftergroup\@secondoftwo
  \fi
  \endgroup}

% {<string>}{<true>}{<false>}

\newcommand{\ifstrempty}[1]{%
  \expandafter\ifx\expandafter&\detokenize{#1}&%
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<string>}{<true>}{<false>}

\newcommand{\ifblank}[1]{% from url.sty
  \etb@ifblank@i#1&&\@secondoftwo\@firstoftwo:}
\long\def\etb@ifblank@i#1#2&#3#4#5:{#4}

\newcommand{\notblank}[1]{%
  \etb@ifblank@i#1&&\@firstoftwo\@secondoftwo:}

% {<numexpr>}{<comp>}{<numexpr>}{<true>}{<false>}

\newcommand*{\ifnumcomp}[3]{%
  \ifnum\numexpr#1\relax#2\numexpr#3\relax
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<numexpr>}{<numexpr>}{<true>}{<false>}

\newcommand*{\ifnumequal}[1]{%
  \ifnumcomp{#1}=}

\newcommand*{\ifnumgreater}[1]{%
  \ifnumcomp{#1}>}

\newcommand*{\ifnumless}[1]{%
  \ifnumcomp{#1}<}

% {<numexpr>}{<true>}{<false>}

\newcommand*{\ifnumodd}[1]{%
  \ifodd\numexpr#1\relax
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<dimexpr>}{<comp>}{<dimexpr>}{<true>}{<false>}

\newcommand*{\ifdimcomp}[3]{%
  \ifdim\dimexpr#1\relax#2\dimexpr#3\relax
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<dimexpr>}{<dimexpr>}{<true>}{<false>}

\newcommand*{\ifdimequal}[1]{%
  \ifdimcomp{#1}=}

\newcommand*{\ifdimgreater}[1]{%
  \ifdimcomp{#1}>}

\newcommand*{\ifdimless}[1]{%
  \ifdimcomp{#1}<}

% {<expr>}{<true>}{<false>}

\newcommand{\ifboolexpe}[1]{%
  \etb@be@beg\etb@be@bgroup#1(&\etb@be@end}

\let\etb@be@true\@empty
\def\etb@be@false{-\@ne}

\def\etb@be@beg{%
  \ifnum\numexpr\z@\ifnum\numexpr\z@}

\def\etb@be@end{%
  <\z@
    \expandafter\etb@be@false
  \fi
  <\z@
    \expandafter\@secondoftwo
  \else
    \expandafter\@firstoftwo
  \fi}

\long\def\etb@be@bgroup#1(#2&{%
  \etb@be@egroup#1)&%
  \ifblank{#2}
    {}
    {\etb@be@beg
     \etb@be@bgroup#2&}}

\long\def\etb@be@egroup#1)#2&{%
  \etb@be@and#1and&%
  \ifblank{#2}
    {}
    {\etb@be@end\etb@be@true\etb@be@false
     \etb@be@egroup#2&}}

\long\def\etb@be@and#1and#2&{%
  \etb@be@or#1or&%
  \ifblank{#2}
    {}
    {<\z@
       \expandafter\@firstofone
     \else
       \expandafter\@gobble
     \fi
     {=\z@\fi\ifnum\numexpr\m@ne}%
     \ifnum\numexpr\z@
     \etb@be@and#2&}}

\long\def\etb@be@or#1or#2&{%
  \etb@be@not#1not&%
  \ifblank{#2}
    {}
    {<\z@
       \expandafter\@secondoftwo
     \else
       \expandafter\@firstoftwo
     \fi
     {=\z@\fi\ifnum\numexpr\z@
      \ifnum\numexpr\@ne}
     {=\z@\fi\ifnum\numexpr\z@
      \ifnum\numexpr\z@}%
     \etb@be@or#2&}}

\long\def\etb@be@not#1not#2&{%
  \etb@be@togl#1togl&%
  \ifblank{#2}
    {}
    {>\z@
       \expandafter\@firstoftwo
     \else
       \expandafter\@secondoftwo
     \fi
     {\unless\ifnum\numexpr\m@ne}
     {\unless\ifnum\numexpr\z@}%
     \etb@be@not#2&}}

\long\def\etb@be@togl#1togl#2&{%
  \etb@be@bool#1bool&%
  \ifblank{#2}
    {}
    {\etb@be@togl@i#2&}}

\long\def\etb@be@togl@i#1#2&{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname\etb@be@true\etb@be@false}
    {\etb@be@err{Toggle '#1' undefined}{}}%
  \etb@be@togl#2&}

\long\def\etb@be@bool#1bool#2&{%
  \etb@be@test#1test&%
  \ifblank{#2}
    {}
    {\etb@be@bool@i#2&}}

\long\def\etb@be@bool@i#1#2&{%
  \ifcsundef{if#1}
    {\etb@be@err{Boolean '#1' undefined}{}}
    {\csname if#1\endcsname
     \else
       \etb@be@false
     \fi}%
  \etb@be@bool#2&}

\long\def\etb@be@test#1test#2&{%
  \ifblank{#1}
    {}
    {\etb@be@err{The invalid part is: '\detokenize{#1}'}{}}%
  \ifblank{#2}
    {}
    {\etb@be@test@i#2&}}

\long\def\etb@be@test@i#1#2&{%
  #1\etb@be@true\etb@be@false
  \etb@be@test#2&}

\long\def\etb@be@err#1#2{%
  \expandafter\ifnum\the\numexpr
    \expandafter\ifnum\the\currentiftype=-3
      \expandafter\thr@@
    \else
      \expandafter\currentiftype
    \fi
  =\thr@@
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi
  {=\z@\fi
   \etb@be@err{#1}{#2\ifnum\numexpr\m@ne}}
  {\etb@err@expr{#1}#2}}

% {<expr>}{<true>}{<false>}

\newrobustcmd{\ifboolexpr}[1]{\etb@boolexpr{#1}}

\long\def\etb@boolexpr#1{%
  \begingroup
  \let\etb@br@neg\@firstoftwo
  \etb@tempcnta\z@
  \etb@br@beg
  \etb@br@bgroup#1(&%
  \etb@br@end
  \etb@br@eval}

\def\etb@br@beg{%
  \begingroup
  \let\etb@br@neg\@firstoftwo
  \etb@tempcnta\z@}

\def\etb@br@end{%
  \etb@br@eval\etb@br@true\etb@br@false}

\def\etb@br@eval{%
  \ifnum\etb@tempcnta<\z@
    \aftergroup\@secondoftwo
  \else
    \aftergroup\@firstoftwo
  \fi
  \endgroup}

\def\etb@br@true{%
  \advance\etb@tempcnta\etb@br@neg\z@\m@ne
  \let\etb@br@neg\@firstoftwo}

\def\etb@br@false{%
  \advance\etb@tempcnta\etb@br@neg\m@ne\z@
  \let\etb@br@neg\@firstoftwo}

\long\def\etb@br@bgroup#1(#2&{%
  \etb@br@egroup#1)&%
  \ifblank{#2}
    {}
    {\etb@br@beg
     \etb@br@bgroup#2&}}

\long\def\etb@br@egroup#1)#2&{%
  \etb@br@and#1and&%
  \ifblank{#2}
    {}
    {\etb@br@end
     \etb@br@egroup#2&}}

\long\def\etb@br@and#1and#2&{%
  \etb@br@or#1or&%
  \ifblank{#2}
    {}
    {\ifnum\etb@tempcnta<\z@
       \etb@tempcnta\m@ne
     \else
       \etb@tempcnta\z@
     \fi
     \etb@br@and#2&}}

\long\def\etb@br@or#1or#2&{%
  \etb@br@not#1not&%
  \ifblank{#2}
    {}
    {\ifnum\etb@tempcnta<\z@
       \etb@tempcnta\z@
     \else
       \etb@tempcnta\@ne
     \fi
     \etb@br@or#2&}}

\long\def\etb@br@not#1not#2&{%
  \etb@br@togl#1togl&%
  \ifblank{#2}
    {}
    {\let\etb@br@neg\@secondoftwo
     \etb@br@not#2&}}

\long\def\etb@br@togl#1togl#2&{%
  \etb@br@bool#1bool&%
  \ifblank{#2}
    {}
    {\etb@br@togl@i#2&}}

\long\def\etb@br@togl@i#1#2&{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname\etb@br@true\etb@br@false}
    {\etb@err@expr{Toggle '#1' undefined}\etb@br@false}%
  \etb@br@togl#2&}

\long\def\etb@br@bool#1bool#2&{%
  \etb@br@test#1test&%
  \ifblank{#2}
    {}
    {\etb@br@bool@i#2&}}

\long\def\etb@br@bool@i#1#2&{%
  \ifcsundef{if#1}
    {\etb@err@expr{Boolean '#1' undefined}\etb@br@false}
    {\csname if#1\endcsname
       \etb@br@true
     \else
       \etb@br@false
     \fi}%
  \etb@br@bool#2&}

\long\def\etb@br@test#1test#2&{%
  \ifblank{#1}
    {}
    {\etb@err@expr{The invalid part is: '\detokenize{#1}'}}%
  \ifblank{#2}
    {}
    {\etb@br@test@i#2&}}

\long\def\etb@br@test@i#1#2&{%
  \ignorespaces#1\etb@br@true\etb@br@false
  \etb@br@test#2&}

\long\def\etb@err@expr#1{%
  \etb@error
    {Invalid boolean expression}
    {#1.}}

% {<expr>}{<code>}

\newrobustcmd{\whileboolexpr}[2]{%
  \etb@boolexpr{#1}{#2\whileboolexpr{#1}{#2}}{}}

% {<expr>}{<code>}

\newrobustcmd{\unlessboolexpr}[2]{%
  \etb@boolexpr{#1}{}{#2\unlessboolexpr{#1}{#2}}}

% {<cstoken>}

\newcommand{\expandonce}[1]{%
  \unexpanded\expandafter{#1}}

% {<csname>}

\newcommand*{\csexpandonce}[1]{%
  \expandafter\expandonce\csname#1\endcsname}

% {<code>}

\newcommand*{\protecting}{}
\def\protecting#{%
  \ifx\protect\@typeset@protect
    \etb@protecting\@firstofone
  \fi
  \ifx\protect\@unexpandable@protect
    \etb@protecting\etb@unexpandable
  \fi
  \ifx\protect\noexpand
    \etb@protecting\unexpanded
  \fi
  \ifx\protect\string
    \etb@protecting\detokenize
  \fi
  \relax\@firstofone}

\def\etb@protecting#1#2\relax\@firstofone{\fi#1}
\long\def\etb@unexpandable#1{\unexpanded{\protecting{#1}}}

% {<csname>}

\newrobustcmd*{\csdef}[1]{\expandafter\def\csname#1\endcsname}
\newrobustcmd*{\csedef}[1]{\expandafter\edef\csname#1\endcsname}
\newrobustcmd*{\csgdef}[1]{\expandafter\gdef\csname#1\endcsname}
\newrobustcmd*{\csxdef}[1]{\expandafter\xdef\csname#1\endcsname}
\newrobustcmd*{\protected@csedef}{\etb@protected\csedef}
\newrobustcmd*{\protected@csxdef}{\etb@protected\csxdef}

\def\etb@protected{%
  \let\@@protect\protect
  \let\protect\@unexpandable@protect
  \afterassignment\restore@protect}

% {<csname>}{<cstoken>}

\newrobustcmd{\cslet}[2]{%
  \expandafter\let\csname#1\endcsname#2}

% {<cstoken>}{<csname>}

\newrobustcmd{\letcs}[2]{%
  \ifcsdef{#2}
    {\expandafter\let\expandafter#1\csname#2\endcsname}
    {\undef#1}}

% {<csname>}{<csname>}

\newrobustcmd*{\csletcs}[2]{%
  \ifcsdef{#2}
    {\expandafter\let
     \csname#1\expandafter\endcsname
     \csname#2\endcsname}
    {\csundef{#1}}}

% {<csname>}

\newcommand*{\csuse}[1]{%
  \ifcsname#1\endcsname
    \csname#1\expandafter\endcsname
  \fi}

% {<cstoken>}

\newrobustcmd{\undef}[1]{\let#1\etb@undefined}

% {<csname>}

\newrobustcmd*{\csundef}[1]{\cslet{#1}\etb@undefined}

% {<cstoken>}{<code>}

\newrobustcmd{\appto}[2]{%
  \ifundef{#1}
    {\edef#1{\unexpanded{#2}}}
    {\edef#1{\expandonce#1\unexpanded{#2}}}}
\newrobustcmd{\eappto}[2]{%
  \ifundef{#1}
    {\edef#1{#2}}
    {\edef#1{\expandonce#1#2}}}
\newrobustcmd{\gappto}[2]{%
  \ifundef{#1}
    {\xdef#1{\unexpanded{#2}}}
    {\xdef#1{\expandonce#1\unexpanded{#2}}}}
\newrobustcmd{\xappto}[2]{%
  \ifundef{#1}
    {\xdef#1{#2}}
    {\xdef#1{\expandonce#1#2}}}

\newrobustcmd*{\protected@eappto}{\etb@protected\eappto}
\newrobustcmd*{\protected@xappto}{\etb@protected\xappto}

% {<cstoken>}{<code>}

\newrobustcmd{\preto}[2]{%
  \ifundef{#1}
    {\edef#1{\unexpanded{#2}}}
    {\edef#1{\unexpanded{#2}\expandonce#1}}}
\newrobustcmd{\epreto}[2]{%
  \ifundef{#1}
    {\edef#1{#2}}
    {\edef#1{#2\expandonce#1}}}
\newrobustcmd{\gpreto}[2]{%
  \ifundef{#1}
    {\xdef#1{\unexpanded{#2}}}
    {\xdef#1{\unexpanded{#2}\expandonce#1}}}
\newrobustcmd{\xpreto}[2]{%
  \ifundef{#1}
    {\xdef#1{#2}}
    {\xdef#1{#2\expandonce#1}}}

\newrobustcmd*{\protected@epreto}{\etb@protected\epreto}
\newrobustcmd*{\protected@xpreto}{\etb@protected\xpreto}

% {<csname>}{<code>}

\newrobustcmd*{\csappto}[1]{\expandafter\appto\csname#1\endcsname}
\newrobustcmd*{\cseappto}[1]{\expandafter\eappto\csname#1\endcsname}
\newrobustcmd*{\csgappto}[1]{\expandafter\gappto\csname#1\endcsname}
\newrobustcmd*{\csxappto}[1]{\expandafter\xappto\csname#1\endcsname}
\newrobustcmd*{\protected@cseappto}{\etb@protected\cseappto}
\newrobustcmd*{\protected@csxappto}{\etb@protected\csxappto}

% {<csname>}{<code>}

\newrobustcmd*{\cspreto}[1]{\expandafter\preto\csname#1\endcsname}
\newrobustcmd*{\csepreto}[1]{\expandafter\epreto\csname#1\endcsname}
\newrobustcmd*{\csgpreto}[1]{\expandafter\gpreto\csname#1\endcsname}
\newrobustcmd*{\csxpreto}[1]{\expandafter\xpreto\csname#1\endcsname}
\newrobustcmd*{\protected@csepreto}{\etb@protected\csepreto}
\newrobustcmd*{\protected@csxpreto}{\etb@protected\csxpreto}

% {<cstoken>}{<numexpr>}

\newrobustcmd*{\numdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \edef#1{\the\numexpr#2}}
\newrobustcmd*{\numgdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \xdef#1{\the\numexpr#2}}

% {<csname>}{<numexpr>}

\newrobustcmd*{\csnumdef}[1]{%
  \expandafter\numdef\csname#1\endcsname}
\newrobustcmd*{\csnumgdef}[1]{%
  \expandafter\numgdef\csname#1\endcsname}

% {<cstoken>}{<dimexpr>}

\newrobustcmd*{\dimdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \edef#1{\the\dimexpr#2}}
\newrobustcmd*{\dimgdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \xdef#1{\the\dimexpr#2}}

% {<csname>}{<dimexpr>}

\newrobustcmd*{\csdimdef}[1]{%
  \expandafter\dimdef\csname#1\endcsname}
\newrobustcmd*{\csdimgdef}[1]{%
  \expandafter\dimgdef\csname#1\endcsname}

% {<cstoken>}{<glueexpr>}

\newrobustcmd*{\gluedef}[2]{%
  \ifundef#1{\let#1\z@skip}{}%
  \edef#1{\the\glueexpr#2}}
\newrobustcmd*{\gluegdef}[2]{%
  \ifundef#1{\let#1\z@skip}{}%
  \xdef#1{\the\glueexpr#2}}

% {<csname>}{<glueexpr>}

\newrobustcmd*{\csgluedef}[1]{%
  \expandafter\gluedef\csname#1\endcsname}
\newrobustcmd*{\csgluegdef}[1]{%
  \expandafter\gluegdef\csname#1\endcsname}

% {<cstoken>}{<muexpr>}

\newrobustcmd*{\mudef}[2]{%
  \ifundef#1{\def#1{0mu}}{}%
  \edef#1{\the\muexpr#2}}
\newrobustcmd*{\mugdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \xdef#1{\the\muexpr#2}}

% {<csname>}{<muexpr>}

\newrobustcmd*{\csmudef}[1]{%
  \expandafter\mudef\csname#1\endcsname}
\newrobustcmd*{\csmugdef}[1]{%
  \expandafter\mugdef\csname#1\endcsname}

% {<counter>}{<numexpr>}

\newrobustcmd*{\defcounter}[2]{%
  \ifcsundef{c@#1}
    {\etb@noglobal\@nocounterr{#1}}%
    {\csname c@#1\endcsname\numexpr#2\relax}}

% {<length>}{<glueexpr>}

\newrobustcmd*{\deflength}[2]{%
  \ifundef{#1}
    {\etb@noglobal\etb@err@nolen{#1}}%
    {#1\glueexpr#2\relax}}

\protected\def\etb@err@nolen#1{%
  \etb@error{Length '\string#1' undefined}\@eha}

% {<name>}

\newrobustcmd*{\newbool}[1]{%
  \expandafter\@ifdefinable\csname if#1\endcsname{%
    \expandafter\newif\csname if#1\endcsname}}

% {<name>}

\newrobustcmd*{\providebool}[1]{%
  \ifcsundef{if#1}
    {\expandafter\newif\csname if#1\endcsname}
    {\begingroup
     \edef\@tempa{\expandafter\meaning\csname if#1\endcsname}%
     \ifx\@tempa\etb@isfalse
     \else
       \ifx\@tempa\etb@istrue
       \else
         \etb@error{\@backslashchar if#1 not a boolean}\@eha
       \fi
     \fi
     \endgroup}}

% {<name>}{<true>|<false>}

\newrobustcmd*{\setbool}[2]{%
  \ifcsundef{if#1}
    {\etb@noglobal\etb@err@nobool{#1}}
    {\ifcsundef{#1#2}
       {\etb@noglobal\etb@err@boolval{#2}}
       {\csname#1#2\endcsname}}}

% {<name>}

\newrobustcmd*{\booltrue}[1]{%
  \ifcsundef{if#1}
    {\etb@noglobal\etb@err@nobool{#1}}
    {\csname#1true\endcsname}}

% {<name>}

\newrobustcmd*{\boolfalse}[1]{%
  \ifcsundef{if#1}
    {\etb@noglobal\etb@err@nobool{#1}}
    {\csname#1false\endcsname}}

\edef\etb@istrue{\meaning\iftrue}
\edef\etb@isfalse{\meaning\iffalse}
\protected\def\etb@noglobal{\let\relax\relax}

% {<name>}{<true}{<false>}

\newcommand*{\ifbool}[1]{%
  \ifcsundef{if#1}
    {\etb@err@nobool{#1}\@gobbletwo}
    {\csname if#1\endcsname
       \expandafter\@firstoftwo
     \else
       \expandafter\@secondoftwo
     \fi}}

% {<name>}{<not true}{<not false>}

\newcommand*{\notbool}[1]{%
  \ifcsundef{if#1}
    {\etb@err@nobool{#1}\@gobbletwo}
    {\csname if#1\endcsname
       \expandafter\@secondoftwo
     \else
       \expandafter\@firstoftwo
     \fi}}

\protected\def\etb@err@nobool#1{%
  \etb@error{Boolean '\@backslashchar if#1' undefined}\@eha}

\def\etb@err@boolval#1{%
  \etb@error
    {Invalid boolean value '#1'}
    {Valid boolean values are 'true' and 'false'.}}

% {<name>}

\newrobustcmd*{\newtoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\etb@error{Toggle '#1' already defined}\@eha}
    {\cslet{etb@tgl@#1}\@secondoftwo}}

% {<name>}

\newrobustcmd*{\providetoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {}
    {\cslet{etb@tgl@#1}\@secondoftwo}}

% {<name>}{<true>|<false>}

\newrobustcmd*{\settoggle}[2]{%
  \ifcsdef{etb@tgl@#1}
    {\ifcsdef{etb@toggle#2}
       {\csletcs{etb@tgl@#1}{etb@toggle#2}}
       {\etb@noglobal\etb@err@boolval{#2}}}
    {\etb@noglobal\etb@err@notoggle{#1}}}

% {<name>}

\newrobustcmd*{\toggletrue}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\cslet{etb@tgl@#1}\etb@toggletrue}
    {\etb@noglobal\etb@err@notoggle{#1}}}

% {<name>}

\newrobustcmd*{\togglefalse}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\cslet{etb@tgl@#1}\etb@togglefalse}
    {\etb@noglobal\etb@err@notoggle{#1}}}

\let\etb@toggletrue\@firstoftwo
\let\etb@togglefalse\@secondoftwo

% {<name>}{<true}{<false>}

\newcommand*{\iftoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname}
    {\etb@err@notoggle{#1}\@gobbletwo}}

% {<name>}{<not true}{<not false>}

\newcommand*{\nottoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname\@secondoftwo\@firstoftwo}
    {\etb@err@notoggle{#1}\@gobbletwo}}

\protected\def\etb@err@notoggle#1{%
  \etb@error{Toggle '#1' undefined}\@eha}

% {<cstoken>}{<true}{<false>}

\protected\def\etb@ifscanable#1{%
  \begingroup
  \edef\etb@resrvda{%
    \def\noexpand\etb@resrvda####1\detokenize{macro}:####2->####3&{%
      ####1\def\string\etb@resrvda####2{####3}}%
    \edef\noexpand\etb@resrvda{\noexpand\etb@resrvda\meaning#1&}}%
  \etb@resrvda
  \makeatletter
  \scantokens\expandafter{\etb@resrvda}%
  \expandafter\endgroup\ifx#1\etb@resrvda
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<cstoken>}{<search>}{<true}{<false>}

\protected\long\def\etb@ifpattern#1#2{%
  \begingroup
  \edef\etb@resrvda{%
    \def\noexpand\etb@resrvda####1\detokenize{#2}####2&{%
      \endgroup\noexpand\noexpand\noexpand\ifblank{####2}}%
    \edef\noexpand\etb@resrvda{\noexpand\etb@resrvda
      \expandafter\strip@prefix\meaning#1\detokenize{#2}&}%
    \noexpand\etb@resrvda}
  \etb@resrvda\@secondoftwo\@firstoftwo}

% {<string>}{<true}{<false>}

\protected\long\def\etb@ifhashcheck#1{%
  \begingroup
  \edef\etb@resrvda{\detokenize{#1}}%
  \expandafter\endgroup
  \expandafter\etb@ifhashcheck@i\meaning\etb@resrvda&}

\edef\etb@ifhashcheck@i#1&{%
  \noexpand\expandafter
  \noexpand\etb@ifhashcheck@ii
  \noexpand\strip@prefix#1\string#\string#&}

\edef\etb@ifhashcheck@ii{%
  \def\noexpand\etb@ifhashcheck@ii##1\string#\string###2&}
\etb@ifhashcheck@ii{\ifblank{#2}}

% {<cstoken>}

\newrobustcmd*{\robustify}[1]{%
  \ifundef{#1}
    {\etb@error{\string#1 undefined}\@eha}
    {\ifdefmacro{#1}
       {\ifdefltxprotect{#1}
          {\letcs\etb@resrvda{\expandafter\@gobble\string#1 }%
           \@tempswatrue}
          {\let\etb@resrvda#1%
           \@tempswafalse}%
        \ifdefparam\etb@resrvda
          {\etb@ifscanable\etb@resrvda
             {\etb@robustify\etb@resrvda
              \let#1\etb@resrvda}
             {\etb@error{Failed to robustify \string#1}
                {The command is special and cannot be
                 handled by \string\robustify.}%
              \@tempswafalse}}
          {\protected\edef#1{\expandonce\etb@resrvda}}
        \if@tempswa
          \ifcsdef{\string#1 }
            {}
            {\csundef{\expandafter\@gobble\string#1 }}%
        \fi
        \undef\etb@resrvda}
       {\etb@error{\string#1 not a macro}\@eha}}}

\def\etb@robustify#1{%
  \begingroup
  \edef\etb@resrvdb{%
    \def\noexpand\etb@resrvdb####1\detokenize{macro}:####2->####3&{%
      \protected####1\def\string#1\space####2{####3}}%
    \edef\noexpand\etb@resrvdb{%
      \noexpand\etb@resrvdb\meaning#1&}}%
  \etb@resrvdb
  \etb@patchcmd@scantoks\etb@resrvdb}

%  {<cstoken>}{<search>}{<true}{<false>}
% *{<cstoken>}{<true}{<false>}

\newrobustcmd{\ifpatchable}{%
  \etb@dbg@trce\ifpatchable
  \begingroup
  \@makeother\#%
  \@ifstar\etb@ifpatchable@i\etb@ifpatchable}

\long\def\etb@ifpatchable#1#2{%
  \endgroup
  \etb@dbg@init#1%
  \ifundef{#1}
    {\etb@dbg@fail{def}\@secondoftwo}
    {\etb@dbg@info{def}%
     \ifdefmacro{#1}
       {\etb@dbg@info{mac}%
        \etb@ifscanable{#1}
          {\etb@ifhashcheck{#2}
             {\etb@dbg@info{tok}%
              \etb@ifpattern#1{#2}
                 {\etb@dbg@info{pat}%
                  \etb@dbg@info{pos}\@firstoftwo}
                 {\etb@dbg@fail{pat}\@secondoftwo}}
             {\etb@dbg@fail{hsh}\@secondoftwo}}
          {\etb@dbg@fail{tok}\@secondoftwo}}
       {\etb@dbg@fail{mac}\@secondoftwo}}}

\long\def\etb@ifpatchable@i#1{%
  \endgroup
  \etb@dbg@init#1%
  \ifundef{#1}
    {\etb@dbg@fail{def}\@secondoftwo}
    {\etb@dbg@info{def}%
     \ifdefmacro{#1}
       {\etb@dbg@info{mac}%
        \ifdefparam{#1}
          {\etb@dbg@info{prm}%
           \etb@ifscanable{#1}
             {\etb@dbg@info{tok}%
              \etb@dbg@info{pos}\@firstoftwo}
             {\etb@dbg@fail{tok}\@secondoftwo}}
          {\etb@dbg@info{prl}%
           \ifdefprotected{#1}
             {\etb@dbg@info{pro}}
             {}%
           \etb@dbg@info{pos}\@firstoftwo}}
       {\etb@dbg@fail{mac}\@secondoftwo}}}

% [<prefix>]{<cstoken>}{<search>}{<replace>}{<success>}{<failure>}

\newrobustcmd*{\patchcmd}{%
  \etb@dbg@trce\patchcmd
  \begingroup
  \@makeother\#%
  \etb@patchcmd}

\newcommand{\etb@patchcmd}[4][########1]{%
  \etb@ifpatchable#2{#3}
    {\etb@dbg@succ{ret}%
     \begingroup
     \edef\etb@resrvda{%
       \def\noexpand\etb@resrvda####1\detokenize{macro:}####2->####3&{%
         #1\def\string\etb@resrvda\space####2{\noexpand\etb@resrvdb####3&}}%
       \def\noexpand\etb@resrvdb####1\detokenize{#3}####2&{%
         ####1\detokenize{#4}####2}%
       \edef\noexpand\etb@resrvda{%
         \noexpand\etb@resrvda\meaning#2&}}%
     \etb@resrvda
     \etb@patchcmd@scantoks\etb@resrvda
     \let#2\etb@resrvda
     \undef\etb@resrvda
     \@firstoftwo}
    {\@secondoftwo}}

\def\etb@patchcmd@scantoks#1{%
  \edef\etb@resrvda{\endgroup
    \unexpanded{\makeatletter\scantokens}{#1}%
    \catcode\number`\@=\the\catcode`\@\relax}%
  \etb@resrvda}

% {<cstoken>}{<code>}{<success>}{<failure>}

\newrobustcmd*{\apptocmd}{%
  \etb@dbg@trce\apptocmd
  \begingroup
  \@makeother\#%
  \etb@hooktocmd\etb@append}

\newrobustcmd*{\pretocmd}{%
  \etb@dbg@trce\pretocmd
  \begingroup
  \@makeother\#%
  \etb@hooktocmd\etb@prepend}

\long\def\etb@hooktocmd#1#2#3{%
  \endgroup
  \etb@dbg@init#2%
  \ifundef{#2}
    {\etb@dbg@fail{def}\@secondoftwo}
    {\etb@dbg@info{def}%
     \ifdefmacro{#2}
       {\etb@dbg@info{mac}%
        \ifdefparam{#2}
          {\etb@dbg@info{prm}%
           \etb@ifscanable{#2}
             {\etb@ifhashcheck{#3}
                {\etb@dbg@info{tok}%
                 \etb@dbg@succ{ret}%
                 \etb@hooktocmd@i#1#2{#3}%
                 \@firstoftwo}
                {\etb@dbg@fail{hsh}\@secondoftwo}}
             {\etb@dbg@fail{tok}\@secondoftwo}}
          {\etb@dbg@info{prl}%
           \ifdefprotected{#2}
             {\etb@dbg@info{pro}%
              \etb@dbg@succ{red}%
              \protected}
             {\etb@dbg@succ{red}}%
           \edef#2{#1{\expandonce#2}{\unexpanded{#3}}}%
           \@firstoftwo}}
       {\etb@dbg@fail{mac}\@secondoftwo}}}

\long\def\etb@hooktocmd@i#1#2#3{%
  \begingroup
  \edef\etb@resrvda{%
    \def\noexpand\etb@resrvda####1\detokenize{macro}:####2->####3&{%
      ####1\def\string\etb@resrvda\space####2{#1{####3}{\detokenize{#3}}}}%
    \edef\noexpand\etb@resrvda{%
      \noexpand\etb@resrvda\meaning#2&}}%
  \etb@resrvda
  \etb@patchcmd@scantoks\etb@resrvda
  \let#2\etb@resrvda
  \undef\etb@resrvda}

\long\def\etb@append#1#2{#1#2}
\long\def\etb@prepend#1#2{#2#1}

\newrobustcmd*{\tracingpatches}{%
  \etb@info{Enabling tracing}%
  \input{etoolbox.def}%
  \global\let\tracingpatches\relax}
\@onlypreamble\tracingpatches

\let\etb@dbg@trce\@gobble
\let\etb@dbg@init\@gobble
\let\etb@dbg@info\@gobble
\let\etb@dbg@succ\@gobble
\let\etb@dbg@fail\@gobble

% {<numeral>}

\newcommand{\rmntonum}[1]{%
  \ifblank{#1}
    {}
    {\expandafter\etb@rti@end\number\numexpr
     \expandafter\etb@rti@prs\detokenize{#1}&\relax}}

\def\etb@rti@prs#1#2{%
  \ifx&#1%
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi
  {#1#2}
  {\ifx&#2%
     \expandafter\@firstoftwo
   \else
     \expandafter\@secondoftwo
   \fi
   {\etb@rti@chk#1+\etb@rti@num#1#2}
   {\etb@rti@chk#1\etb@rti@chk#2%
    \ifnum\etb@rti@num#1<\etb@rti@num#2 %
      \expandafter\@firstoftwo
    \else
      \expandafter\@secondoftwo
    \fi
    {+\etb@rti@num#2-\etb@rti@num#1\etb@rti@prs}
    {+\etb@rti@num#1\etb@rti@prs#2}}}}

\def\etb@rti@chk#1{%
  \ifcsname etb@rmn@#1\endcsname
  \else
    \expandafter\etb@rti@brk
  \fi}

\def\etb@rti@brk#1&{+\z@&-1}
\def\etb@rti@end#1&#2\relax{\ifblank{#2}{#1}{#2}}
\def\etb@rti@num#1{\csname etb@rmn@#1\endcsname}

\chardef\etb@rmn@i=1
\chardef\etb@rmn@I=1
\chardef\etb@rmn@v=5
\chardef\etb@rmn@V=5
\chardef\etb@rmn@x=10
\chardef\etb@rmn@X=10
\chardef\etb@rmn@l=50
\chardef\etb@rmn@L=50
\chardef\etb@rmn@c=100
\chardef\etb@rmn@C=100
\mathchardef\etb@rmn@d=500
\mathchardef\etb@rmn@D=500
\mathchardef\etb@rmn@m=1000
\mathchardef\etb@rmn@M=1000

% {<numeral>}{<true>}{<false>}

\newcommand{\ifrmnum}[1]{%
  \ifblank{#1}
    {\@secondoftwo}
    {\expandafter\etb@ifr@prs\detokenize{#1}\relax}}

\def\etb@ifr@prs#1{%
  \ifx\relax#1%
    \expandafter\@firstoftwo
  \else
    \ifcsname etb@rmn@#1\endcsname
      \expandafter\expandafter
      \expandafter\etb@ifr@prs
    \else
      \expandafter\expandafter
      \expandafter\etb@ifr@brk
    \fi
  \fi}

\def\etb@ifr@brk#1\relax{\@secondoftwo}

% <*>{<command>}{<separator>}

\newrobustcmd*{\DeclareListParser}{%
  \@ifstar
    {\etb@defparser\etb@defparser@arg}
    {\etb@defparser\etb@defparser@do}}

\def\etb@defparser#1#2#3{%
  \@ifdefinable#2{#1{#2}{#3}}}

\def\etb@defparser@do#1#2{%
  \begingroup
  \edef\@tempa{\endgroup
    \long\def\noexpand#1####1{%
      \expandafter\noexpand
      \csname etb@lst@\expandafter\@gobble\string#1\endcsname
      \space####1\noexpand#2&}%
    \long\csdef{etb@lst@\expandafter\@gobble\string#1}####1\noexpand#2####2&{%
      \noexpand\etb@listitem\noexpand\do{####1}%
      \noexpand\ifblank{####2}
        {\noexpand\listbreak}
        {\expandafter\noexpand
         \csname etb@lst@\expandafter\@gobble\string#1\endcsname
	 \space####2}&}}%
  \@tempa}

\def\etb@defparser@arg#1#2{%
  \begingroup
  \edef\@tempa{\endgroup
    \long\def\noexpand#1####1####2{%
      \expandafter\noexpand
      \csname etb@lst@\expandafter\@gobble\string#1\endcsname
      {####1}\space####2\noexpand#2&}%
    \long\csdef{etb@lst@\expandafter\@gobble\string#1}####1####2\noexpand#2####3&{%
      \noexpand\etb@listitem{####1}{####2}%
      \noexpand\ifblank{####3}
        {\noexpand\listbreak}
        {\expandafter\noexpand
         \csname etb@lst@\expandafter\@gobble\string#1\endcsname
	 {####1}\space####3}&}}%
  \@tempa}

\long\def\etb@listitem#1#2{%
  \ifblank{#2}
    {}
    {\expandafter\etb@listitem@i
     \expandafter{\@firstofone#2}{#1}}}
\long\def\etb@listitem@i#1#2{#2{#1}}

\newcommand*{\listbreak}{}
\long\def\listbreak#1&{}

% {<item1>,<item2>,...} => \do{<item1>}\do{<item2>}...

\DeclareListParser{\docsvlist}{,}

% {<handler>}{<item1>,<item2>,...} => <handler>{<item1>}<handler>{<item2>}...

\DeclareListParser*{\forcsvlist}{,}

% {<listmacro>}{<string>}

\newrobustcmd{\listadd}[2]{%
  \ifblank{#2}{}{\appto#1{#2|}}}
\newrobustcmd{\listeadd}[2]{%
  \begingroup
  \edef\etb@tempa{\endgroup\noexpand\ifblank{#2}}%
  \etb@tempa{}{\eappto#1{#2|}}}
\newrobustcmd{\listgadd}[2]{%
  \ifblank{#2}{}{\gappto#1{#2|}}}
\newrobustcmd{\listxadd}[2]{%
  \begingroup
  \edef\etb@tempa{\endgroup\noexpand\ifblank{#2}}%
  \etb@tempa{}{\xappto#1{#2|}}}

% {<listcsname>}{<string>}

\newrobustcmd{\listcsadd}[1]{%
  \expandafter\listadd\csname#1\endcsname}
\newrobustcmd{\listcseadd}[1]{%
  \expandafter\listeadd\csname#1\endcsname}
\newrobustcmd{\listcsgadd}[1]{%
  \expandafter\listgadd\csname#1\endcsname}
\newrobustcmd{\listcsxadd}[1]{%
  \expandafter\listxadd\csname#1\endcsname}

% {<string>}{<listmacro>}{<true>}{<false>}

\newrobustcmd{\ifinlist}[2]{%
  \begingroup
  \def\etb@tempa##1|#1|##2&{\endgroup
    \ifblank{##2}\@secondoftwo\@firstoftwo}%
  \expandafter\etb@tempa\expandafter|#2|#1|&}

\newrobustcmd{\xifinlist}[1]{%
  \begingroup
  \edef\etb@tempa{\endgroup\ifinlist{#1}}%
  \etb@tempa}

% {<string>}{<listcsname>}{<true>}{<false>}

\newrobustcmd{\ifinlistcs}[2]{%
  \expandafter\etb@ifinlistcs@i\csname #2\endcsname{#1}}
\long\def\etb@ifinlistcs@i#1#2{\ifinlist{#2}{#1}}

\newrobustcmd{\xifinlistcs}[1]{%
  \begingroup
  \edef\etb@tempa{\endgroup\ifinlistcs{#1}}%
  \etb@tempa}

% {<handler>}{<listmacro>} => <handler>{<item1>}<handler>{<item2>}...

\newcommand*{\forlistloop}[2]{%
  \expandafter\etb@forlistloop\expandafter{#2}{#1}}

\long\def\etb@forlistloop#1#2{\etb@forlistloop@i{#2}#1|&}

\long\def\etb@forlistloop@i#1#2|#3&{%
  \ifblank{#2}
    {}
    {#1{#2}}%
  \ifblank{#3}
    {\listbreak}
    {\etb@forlistloop@i{#1}#3}%
  &}

% {<handler>}{<listcsname>} => <handler>{<item1>}<handler>{<item2>}...

\newcommand*{\forlistcsloop}[2]{%
  \expandafter\expandafter\expandafter\etb@forlistloop
  \expandafter\expandafter\expandafter{\csname#2\endcsname}{#1}}

% {<listmacro>} => \do{<item1>}\do{<item2>}...

\newcommand*{\dolistloop}{\forlistloop\do}

% {<listcsname>} => \do{<item1>}\do{<item2>}...

\newcommand*{\dolistcsloop}{\forlistcsloop\do}

% {<code>}

\newrobustcmd*{\AtEndPreamble}{\gappto\@endpreamblehook}
\newcommand*{\@endpreamblehook}{}

\preto\document{%
  \endgroup
  \let\AtEndPreamble\@firstofone
  \@endpreamblehook
  \protected\def\AtEndPreamble{\@notprerr\@gobble}%
  \undef\@endpreamblehook
  \begingroup}

% {<code>}

\newrobustcmd*{\AfterPreamble}{\AtBeginDocument}
\AtEndPreamble{\let\AfterPreamble\@firstofone}

% {<code>}

\newrobustcmd*{\AfterEndPreamble}{\gappto\@afterendpreamblehook}
\newcommand*{\@afterendpreamblehook}{}

\appto\document{%
  \let\AfterEndPreamble\@firstofone
  \@afterendpreamblehook
  \protected\def\AfterEndPreamble{\@notprerr\@gobble}%
  \undef\@afterendpreamblehook
  \ignorespaces}

\AtEndDocument{\let\AfterEndPreamble\@gobble}

% {<code>}

\newrobustcmd*{\AfterEndDocument}{\gappto\@afterenddocumenthook}
\newcommand*{\@afterenddocumenthook}{}

\patchcmd\enddocument
  {\deadcycles}
  {\let\AfterEndDocument\@firstofone
   \@afterenddocumenthook
   \deadcycles}
  {}
  {\let\etb@@end\@@end
   \def\@@end{%
     \let\AfterEndDocument\@firstofone
     \@afterenddocumenthook
     \etb@@end}}

% {<environment>}{<code>}

\newrobustcmd{\AtBeginEnvironment}[1]{%
  \csgappto{@begin@#1@hook}}

\patchcmd\begin
  {\csname #1\endcsname}
  {\csuse{@begin@#1@hook}%
   \csname #1\endcsname}
  {}
  {\etb@warning{%
     Patching '\string\begin' failed!\MessageBreak
     '\string\AtBeginEnvironment' will not work\@gobble}}

% {<environment>}{<code>}

\newrobustcmd{\AtEndEnvironment}[1]{%
  \csgappto{@end@#1@hook}}

\patchcmd\end
  {\csname end#1\endcsname}
  {\csuse{@end@#1@hook}%
   \csname end#1\endcsname}
  {}
  {\etb@warning{%
     Patching '\string\end' failed!\MessageBreak
     '\string\AtEndEnvironment' will not work\@gobble}}

% {<environment>}{<code>}

\newrobustcmd{\BeforeBeginEnvironment}[1]{%
  \csgappto{@beforebegin@#1@hook}}

\pretocmd\begin
  {\csuse{@beforebegin@#1@hook}}
  {}
  {\etb@warning{%
     Patching '\string\begin' failed!\MessageBreak
     '\string\BeforeBeginEnvironment' will not work\@gobble}}

% {<environment>}{<code>}

\newrobustcmd{\AfterEndEnvironment}[1]{%
  \csgappto{@afterend@#1@hook}}

\patchcmd\end
  {\if@ignore}
  {\csuse{@afterend@#1@hook}%
   \if@ignore}
  {}
  {\etb@warning{%
     Patching '\string\end' failed!\MessageBreak
     '\string\AfterEndEnvironment' will not work\@gobble}}

\endinput







main/mdframed.sty

%%==================================================%%
%%========Is based on the idea of framed.sty========%%
%%==================================================%%
%%===== Currently the package has a beta-Status ====%%
%%==================================================%%
%% WITH THANKS TO (alphabetically):
%% ROLF NIEPRASCHK
%% HEIKO OBERDIEK
%% HERBERT VOSS

%% Copyright (c) 2010 Marco Daniel
%
%% This package may be distributed under the terms of the LaTeX Project
%% Public License, as described in lppl.txt in the base LaTeX distribution.
%% Either version 1.0 or, at your option, any later version.
%%
%%
%%==================================================%%
%% Erstellung eines Rahmens, der am Seitenende keine
%% horizontale Linie einfuegt
%%>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>%%
%%      _______________                            %%
%%      |    page 1   |                            %%  
%%      |    Text     |                            %%
%%      |  __Text__   |                            %%
%%      |  | Text |   |                            %%
%%     P A G E B R E A K                           %%
%%      |  | Text |   |                            %%
%%      |  |_Text_|   |                            %%
%%      |    Text     |                            %%
%%      |____page 2___|                            %%
%%                                                 %%
%%>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>%%


%%$Id: mdframed.sty 103 2010-12-22 16:46:10Z marco $
%%$Rev: 103 $
%%$Author: marco $
%%$Date: 2010-12-22 17:46:10 +0100 (Mi, 22. Dez 2010) $

%% Allgemeine Angaben
\def\mdversion{v0.6a}
\def\mdframedpackagename{mdframed}
\def\md@maindate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }
\NeedsTeXFormat{LaTeX2e}
\ProvidesPackage{mdframed}[\md@maindate@svn$Id: mdframed.sty 103 2010-12-22 16:46:10Z marco $ \mdversion: \mdframedpackagename]

%%==================================================%%
%%=============== Benoetigte Pakete ================%%
%%==================================================%%

\newcommand*\md@PackageWarning[1]{\PackageWarning{\mdframedpackagename}{#1}}
\newcommand*\md@PackageInfo[1]{\PackageInfo{\mdframedpackagename}{#1}}
\newcommand*\md@LoadFile@IfExist[1]{%
 \IfFileExists{#1.sty}{%
          \RequirePackage{#1}%
        }{%
        \md@PackageWarning{The package #1 does not exist\MessageBreak
                           but it is required by \mdframedpackagename}%
       }
}
\md@LoadFile@IfExist{kvoptions}

\md@LoadFile@IfExist{etex}

\md@LoadFile@IfExist{calc}

\md@LoadFile@IfExist{color}


%Eingearbeitet in Optionen
%\md@LoadFile@IfExist{pstricks}
%\md@LoadFile@IfExist{pstricks}

\md@LoadFile@IfExist{etoolbox}

\SetupKeyvalOptions{family=mdf,prefix=mdf@}

%%==================================================%%
%%========Hilfsmakro zur Bestimmung ob Laenge=======%%
%%============= IDEE: Martin Scharrer ==============%%
%%==================================================%%

%%%\md@iflength{<EINGABE>}{<IST LAENGE>}{<IST KEINE LAENGE>}
\newlength{\md@templength}
\def\md@iflength#1{%
  \afterassignment\md@iflength@check%
  \md@templength=#1\mdf@defaultunit\relax\relax
  \expandafter\endgroup\next
}
\def\md@iflength@check#1{%
  \begingroup
  \ifx\relax#1\@empty
    \def\next{\@secondoftwo}
  \else
    \def\next{\@firstoftwo}
    \expandafter\md@iflength@cleanup
  \fi
}
\def\md@iflength@cleanup#1\relax{}

%%\def\md@@iflength#1{
%%       \begingroup
%%       \def\@tempa{#1}
%%       \md@iflength{\@tempa}{%
%%             \expandafter\global\expandafter%
%%             \edef\csname #1\endcsname{\the\md@templength}%
%%            }{%
%%             \expandafter\global\expandafter%
%%             \edef\csname #1\endcsname{\the\md@templength}%
%%            }%
%%       \endgroup%
%%}

%%==================================================%%
%%==================== Optionen ====================%%
%%==================================================%%


%Festlegung welcher Stildatei
%% 0 := tex-Kommandos -- rule
%% 1 := tikz
%% 2 := tikz-erweitert
%% 3 := pstricks-einfach
%% 4 := pstricks-erweitert

\DeclareStringOption[0]{style}

\define@key{mdf}{globalstyle}[\mdf@style]{%
      \renewcommand*{\do}[1]{%
          \def\@tempa{##1}
          \ifcase\number\@tempa\relax
             %0 <- kein Grafikpaket
          \or
             \md@LoadFile@IfExist{tikz}
             %1 <- tikz wird benoetigt
          \or
             \md@LoadFile@IfExist{tikz}
             %2 <- tikz wird benoetigt
          \or
             \md@LoadFile@IfExist{pstricks-add}
             %3 <- pstricks wird benoetigt
          \or
             \md@LoadFile@IfExist{pstricks-add}
             %4 <- pstricks wird benoetigt
          \else
            \md@PackageWarning{Unknown global style \@tempa}
          \fi
      }%
      \docsvlist{\mdf@style,#1}%
 }

%%%%Optionen mit Laengen

\newcommand*\mdf@skipabove{\z@}
\newcommand*\mdfl@skipabove{}
\newlength\mdf@skipabove@length
\deflength\mdf@skipabove@length{\z@}
\define@key{mdf}{skipabove}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@skipabove{\the\md@templength}}%
            {\global\edef\mdfl@skipabove{\the\md@templength}}
\let\mdf@skipabove\mdfl@skipabove
\setlength\mdf@skipabove@length{\mdf@skipabove}
}

\newcommand*\mdf@skipbelow{\z@}
\newcommand*\mdfl@skipbelow{}
\newlength\mdf@skipbelow@length
\deflength\mdf@skipbelow@length{\z@}
\define@key{mdf}{skipbelow}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@skipbelow{\the\md@templength}}%
            {\global\edef\mdfl@skipbelow{\the\md@templength}}
\let\mdf@skipbelow\mdfl@skipbelow
\setlength\mdf@skipbelow@length{\mdf@skipbelow}
}

\newcommand*\mdf@leftmargin{\z@}
\newcommand*\mdfl@leftmargin{}
\newlength\mdf@leftmargin@length
\deflength\mdf@leftmargin@length{\z@}
\define@key{mdf}{leftmargin}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@leftmargin{\the\md@templength}}%
            {\global\edef\mdfl@leftmargin{\the\md@templength}}
\let\mdf@leftmargin\mdfl@leftmargin
\setlength\mdf@leftmargin@length{\mdf@leftmargin}
}

\newcommand*\mdf@rightmargin{\z@}
\newcommand*\mdfl@rightmargin{}
\newlength\mdf@rightmargin@length
\deflength\mdf@rightmargin@length{\z@}
\define@key{mdf}{rightmargin}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@rightmargin{\the\md@templength}}%
            {\global\edef\mdfl@rightmargin{\the\md@templength}}
\let\mdf@rightmargin\mdfl@rightmargin
\setlength\mdf@rightmargin@length{\mdf@rightmargin}
}

\newcommand*\mdf@margin{20pt}
\newcommand*\mdfl@margin{}
\newlength\mdf@margin@length
\deflength\mdf@margin@length{20pt}
\define@key{mdf}{margin}[20pt]{%
     \md@PackageWarning{The option margin is obsolote and no longer used\MessageBreak
                        use instead innerleftmargin and innerrightmargin\MessageBreak
                        For more details look at the documentation \mdframedpackagename}%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@margin{\the\md@templength}}%
            {\global\edef\mdfl@margin{\the\md@templength}}
\let\mdf@margin\mdfl@margin
\setlength\mdf@margin@length{\mdf@margin}
}

\newcommand*\mdf@innerleftmargin{10pt}
\newcommand*\mdfl@innerleftmargin{}
\newlength\mdf@innerleftmargin@length
\deflength\mdf@innerleftmargin@length{10pt}
\define@key{mdf}{innerleftmargin}[10pt]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerleftmargin{\the\md@templength}}%
            {\global\edef\mdfl@innerleftmargin{\the\md@templength}}
\let\mdf@innerleftmargin\mdfl@innerleftmargin
\setlength\mdf@innerleftmargin@length{\mdf@innerleftmargin}
}

\newcommand*\mdf@innerrightmargin{10pt}
\newcommand*\mdfl@innerrightmargin{}
\newlength\mdf@innerrightmargin@length
\deflength\mdf@innerrightmargin@length{10pt}
\define@key{mdf}{innerrightmargin}[10pt]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerrightmargin{\the\md@templength}}%
            {\global\edef\mdfl@innerrightmargin{\the\md@templength}}
\let\mdf@innerrightmargin\mdfl@innerrightmargin
\setlength\mdf@innerrightmargin@length{\mdf@innerrightmargin}
}



\newcommand*\mdf@innertopmargin{0.4\baselineskip}
\newcommand*\mdfl@innertopmargin{}
\newlength\mdf@innertopmargin@length
\deflength\mdf@innertopmargin@length{0.4\baselineskip}
\define@key{mdf}{innertopmargin}[0.4\baselineskip]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innertopmargin{\the\md@templength}}%
            {\global\edef\mdfl@innertopmargin{\the\md@templength}}
\let\mdf@innertopmargin\mdfl@innertopmargin
\setlength\mdf@innertopmargin@length{\mdf@innertopmargin}
}

\newcommand*\mdf@innerbottommargin{0.4\baselineskip}
\newcommand*\mdfl@innerbottommargin{}
\newlength\mdf@innerbottommargin@length
\deflength\mdf@innerbottommargin@length{0.4\baselineskip}
\define@key{mdf}{innerbottommargin}[0.4\baselineskip]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerbottommargin{\the\md@templength}}%
            {\global\edef\mdfl@innerbottommargin{\the\md@templength}}
\let\mdf@innerbottommargin\mdfl@innerbottommargin
\setlength\mdf@innerbottommargin@length{\mdf@innerbottommargin}
}


\newcommand*\mdf@splittopskip{\z@}
\newcommand*\mdfl@splittopskip{}
\newlength\mdf@splittopskip@length
\deflength\mdf@splittopskip@length{\z@}
\define@key{mdf}{splittopskip}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@splittopskip{\the\md@templength}}%
            {\global\edef\mdfl@splittopskip{\the\md@templength}}
\let\mdf@splittopskip\mdfl@splittopskip
\setlength\mdf@splittopskip@length{\mdf@splittopskip}
}



\newcommand*\mdf@splitbottomskip{\z@}
\newcommand*\mdfl@splitbottomskip{}
\newlength\mdf@splitbottomskip@length
\deflength\mdf@splitbottomskip@length{\z@}
\define@key{mdf}{splitbottomskip}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@splitbottomskip{\the\md@templength}}%
            {\global\edef\mdfl@splitbottomskip{\the\md@templength}}
\let\mdf@splitbottomskip\mdfl@splitbottomskip
\setlength\mdf@splitbottomskip@length{\mdf@splitbottomskip}
}


%% Linienstaerken
\newcommand*\mdf@linewidth{0.4pt}
\newcommand*\mdfl@linewidth{}
\newlength\mdf@linewidth@length
\deflength\mdf@linewidth@length{0.4pt}
\define@key{mdf}{linewidth}[0.4pt]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@linewidth{\the\md@templength}}%
            {\global\edef\mdfl@linewidth{\the\md@templength}}
\let\mdf@linewidth\mdfl@linewidth
\setlength\mdf@linewidth@length{\mdf@linewidth}%
\ifnumequal{\mdf@style}{1}{%
\deflength\mdf@middlelinewidth@length{\mdf@linewidth@length}%
}{}%
}

\newcommand*\mdf@innerlinewidth{\z@}
\newcommand*\mdfl@innerlinewidth{}
\newlength\mdf@innerlinewidth@length
\deflength\mdf@innerlinewidth@length{\z@}
\define@key{mdf}{innerlinewidth}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerlinewidth{\the\md@templength}}%
            {\global\edef\mdfl@innerlinewidth{\the\md@templength}}
\let\mdf@innerlinewidth\mdfl@innerlinewidth
\setlength\mdf@innerlinewidth@length{\mdf@innerlinewidth}
}

\newcommand*\mdf@middlelinewidth{\mdf@linewidth}
\newcommand*\mdfl@middlelinewidth{}
\newlength\mdf@middlelinewidth@length
\deflength\mdf@middlelinewidth@length{\mdf@linewidth@length}
\define@key{mdf}{middlelinewidth}[\mdf@linewidth]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@middlelinewidth{\the\md@templength}}%
            {\global\edef\mdfl@middlelinewidth{\the\md@templength}}
\let\mdf@middlelinewidth\mdfl@middlelinewidth
\setlength\mdf@middlelinewidth@length{\mdf@middlelinewidth}
}

\newcommand*\mdf@outerlinewidth{\z@}
\newcommand*\mdfl@outerlinewidth{}
\newlength\mdf@outerlinewidth@length
\deflength\mdf@outerlinewidth@length{\z@}
\define@key{mdf}{outerlinewidth}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@outerlinewidth{\the\md@templength}}%
            {\global\edef\mdfl@outerlinewidth{\the\md@templength}}
\let\mdf@outerlinewidth\mdfl@outerlinewidth
\setlength\mdf@outerlinewidth@length{\mdf@outerlinewidth}
}

\newcommand*\mdf@roundcorner{\z@}
\newcommand*\mdfl@roundcorner{}
\newlength\mdf@roundcorner@length
\deflength\mdf@roundcorner@length{\z@}
\define@key{mdf}{roundcorner}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@roundcorner{\the\md@templength}}%
            {\global\edef\mdfl@roundcorner{\the\md@templength}}
\let\mdf@roundcorner\mdfl@roundcorner
\setlength\mdf@roundcorner@length{\mdf@roundcorner}
}

%Unterstuetzung der Optionen fuer pstricks
\def\mdf@psset@local{}
\define@key{mdf}{pstrickssetting}{%
  \def\mdf@psset@local{#1}
}


%%Defaulunit
\DeclareStringOption[pt]{defaultunit}

%%mdframed umfasst ntheorem-Umgebung ja/nein
\DeclareBoolOption{ntheorem}

\DeclareBoolOption[true]{topline}
\DeclareBoolOption[true]{leftline}
\DeclareBoolOption[true]{bottomline}
\DeclareBoolOption[true]{rightline}


%%FARBEN
\DeclareStringOption[none]{xcolor}
\DeclareStringOption[black]{linecolor}
\DeclareStringOption[white]{backgroundcolor}
\DeclareStringOption[black]{fontcolor}
\DeclareStringOption[\mdf@linecolor]{innerlinecolor}
\DeclareStringOption[\mdf@linecolor]{outerlinecolor}
\DeclareStringOption[\mdf@backgroundcolor]{middlelinecolor}


\DeclareDefaultOption{%
   \md@PackageWarning{Unknown Option '\CurrentOption' for mdframed}}


%%==================================================%%
%%========== ENDE DER OPTIONENDEKLARATION ==========%%
%%==================================================%%

\ProcessKeyvalOptions*
\newcommand*{\mdfsetup}{\setkeys{mdf}}
\mdfsetup{globalstyle=0}

%%==================================================%%
%%========Sicherstellen der key-value-Syntax========%%
%%==================================================%%
\AtBeginDocument{
 \@ifpackageloaded{xcolor}{%
    \let\mdf@xcolor\@empty %ignoriere die Eingabe der Optionen
    }{%
     \def\@tempa{none}
    \ifx\mdf@xcolor\@tempa
    \else
     \PassOptionsToPackage{\mdf@xcolor}{xcolor}
     \RequirePackage{xcolor}
   \fi
 }
}



%%Farbabkuerzungen:
\newcommand*\mdf@@linecolor{\color{\mdf@linecolor}}
\newcommand*\mdf@@backgroundcolor{
    \ifx\mdf@backgroundcolor\@empty
    \else
         \color{\mdf@backgroundcolor}
    \fi}
\newcommand*\mdf@@fontcolor{\color{\mdf@fontcolor}}
\newcommand*\mdf@@innerlinecolor{\color{\mdf@innerlinecolor}}
\newcommand*\mdf@@outerlinecolor{\color{\mdf@outerlinecolor}}
\newcommand*\mdf@@middlelinecolor{\color{\mdf@middlelinecolor}}

%%==================================================%%
%%======= Laden der gewuenschten Style-Datei =======%%
%%==================================================%%
\ifcase\mdf@style\relax%
        \input{md-frame-0.mdf}%
      \or%
        \input{md-frame-1.mdf}%
      \or%        
        \md@PackageWarning{The style number\mdf@style does not exist\MessageBreak
                           mdframed ues instead style=0 \mdframedpackagename}%
        \input{md-frame-1.mdf}%
      \or% 
        \input{md-frame-3.mdf}%
      \else%
       \IfFileExists{md-frame-\mdf@style.mdf}{%
             \input{md-frame-\mdf@style.mdf}%
           }{%
            \input{md-frame-1.mdf}%
            \md@PackageWarning{The style number \mdf@style does not exist\MessageBreak
                           mdframed ues instead style=0 \mdframedpackagename}%
          }%
\fi%


%%==================================================%%
%%===Globale Umgebung -- noch keine Modifikation ===%%
%%==================================================%%
\def\md@margin@startenv{% latex.ltx -> \@startsection
    \if@noskipsec \leavevmode  \fi
    \par%\kern-\lastskip%
    \@tempskipa -\mdf@skipabove@length\relax
    \@afterindenttrue
    \ifdim \@tempskipa < \z@
      \@tempskipa -\@tempskipa \@afterindentfalse%
    \fi
    \if@nobreak
      \everypar{}%
    \else
      \addpenalty\@secpenalty\addvspace\@tempskipa%
      \par\kern-\ht\strutbox
    \fi%
}%


\def\mdframed{%
   \@ifnextchar[%]
       \mdframed@i\mdframed@ii}%

\def\mdframed@ii{\mdframed@i[]}%
\def\mdframed@i[#1]{% default-Umgebung
   \mdfsetup{#1}%%
   \md@margin@startenv%
   \ifmdf@ntheorem%       %%% Pruefen ob ntheorem gesetzt ist
   \ifundef{\theorempreskipamount}%
          {\md@PackageWarning{You have not loaded ntheorem yet}}%
          {\setlength{\theorempreskipamount}{0pt}%
           \setlength{\theorempostskipamount}{0pt}}%
   \fi%
   \ifnumequal{\mdf@style}{0}% 
   {\deflength{\mdf@innerlinewidth@length}{\z@}%
    \deflength{\mdf@middlelinewidth@length}{\mdf@linewidth@length}%
    \deflength{\mdf@outerlinewidth@length}{\z@}%
    \let\mdf@innerlinecolor\mdf@linecolor%
    \let\mdf@middlelinecolor\mdf@linecolor%
    \let\mdf@outerlinecolor\mdf@linecolor%
   }{}%
   \ifnumequal{\mdf@style}{3}% 
   {\deflength{\mdf@innerlinewidth@length}{\z@}%
   \deflength{\mdf@middlelinewidth@length}{\mdf@linewidth}%
    \deflength{\mdf@outerlinewidth@length}{\z@}%
    \let\mdf@innerlinecolor\mdf@linecolor%
   }{}%
   \mdframed@global@env%
   }%

\def\endmdframed{\endmdframed@global@env\endtrivlist%
\vspace{\mdf@skipbelow@length}}%

%%==================================================%%
%%==Deklaration diverser Eingabe und Hilfsparameter=%%
%%==================================================%%

\newskip\md@temp@skip@a      \md@temp@skip@a\z@    %% Hilfslaenge

\newlength\md@verticalmarginwhole@length

\newlength\mdf@xmargin@length%
\newlength\mdf@ymargin@length%
\newlength\mdfboxheight%                            %% Berechnungsvariable tikz
\newlength\mdfboxwidth%                             %% Berechnungsvariable tikz


\newlength\mdfboundingboxheight
\newlength\mdfboundingboxwidth
\newlength\mdfpositionx
\newlength\mdfpositiony



\providecommand*\ptTps{}


%%==================================================%%
%%=================== Kommentare ===================%%
%%==================================================%%

\chardef\md@arrayparboxrestore=\catcode`\|   % for debug
\catcode`\|=\catcode`\%                      % (debug: insert space after backslash)
%% Kommentare werden im Code mit | gekennzeichnet


%%==================================================%%
%%================= Platz auf Seite ================%%
%%==================================================%%
\newlength\md@freevspace@length
\def\md@freepagevspace{%
     \ifdimequal{\pagegoal}{\maxdimen}%
          {%
            \setlength{\md@freevspace@length}{\vsize}%
          }{
            \setlength{\md@freevspace@length}{\pagegoal}%
            \addtolength{\md@freevspace@length}{-\pagetotal}%
          }%
}

%%==================================================%%
%================= Breite der BOX =================%%
%%==================================================%%

% edge-leftmargin-outerlinewith-middlelinewidth-innerlinewidth-innerleftmargin-TEXTBREITE-
% innerrightmargin-innerlinewidth-middlelinewidth-outelinewith-edge
\newlength\md@horizontalspaceofbox
\def\md@horizontalmargin@equation{%
    \setlength{\md@horizontalspaceofbox}{\hsize}
    \addtolength{\md@horizontalspaceofbox}{%
                         -\mdf@leftmargin@length%
                         -\mdf@outerlinewidth@length%
                         -\mdf@middlelinewidth@length%
                         -\mdf@innerlinewidth@length%
                         -\mdf@innerleftmargin@length%
                         -\mdf@innerrightmargin@length%
                         -\mdf@innerlinewidth@length%
                         -\mdf@middlelinewidth@length%      
                         -\mdf@outerlinewidth@length%
                         -\mdf@rightmargin@length%
                        }%
  \ifboolexpr{ test {\ifnumequal{\mdf@style}{0}} or test {\ifnumequal{\mdf@style}{3}}}%
           {
           \notbool{mdf@leftline}{\addtolength{\md@horizontalspaceofbox}{%
                                    \mdf@innerlinewidth@length%
                                    +\mdf@middlelinewidth@length%      
                                    +\mdf@outerlinewidth@length%
                                 }}{}%
           \notbool{mdf@rightline}{\addtolength{\md@horizontalspaceofbox}{%
                                    \mdf@innerlinewidth@length%
                                    +\mdf@middlelinewidth@length%      
                                    +\mdf@outerlinewidth@length%
                                  }}{}%
    }{}%
    \advance\md@horizontalspaceofbox by - \width\md@arrayparboxrestore%
    %%% Beruecksichtigung, dass Auszaehlung bzw. list-Umgebung enthalten
    \ifdimless{\md@horizontalspaceofbox}{3cm}{\md@PackageWarning{You have only a width of 3cm}}{}
    \hsize=\md@horizontalspaceofbox%
}




%%==================================================%%
%%========= Seitenparameter und Strafpunkte ========%%
%%==================================================%%
\def\md@penalty@startenv{%
 \begingroup%
   \skip@\lastskip%                             %%% lastskip nur ungleich null nach section, list, figure, usw.
   \if@nobreak%
   \else 
      \penalty9999 % updates \page parameters <-pruefen
      \ifdim\pagefilstretch=\z@                 %%% pagefilstretch ist ein internes Register fuer den
                                                %%% Seitenumbruch. Es entaehlt den akkumulierten (gespeicherten) fil-Anteil
                                                %%% auf der aktuellen Seite
         \ifdim\pagefillstretch=\z@             %%% pagefillstretch ist ein internes Register fuer den
                                                %%% Seitenumbruch. Es entaehlt den akkumulierten (gespeicherten) fill-Anteil
                                                %%% auf der aktuellen Seite
            %%% nicht unendlich dehnbar, so hier foerdern eines Seitenumbruches
            \edef\@tempa{\the\skip@}%
            \edef\@tempb{\the\z@skip}%
            \ifx\@tempa\@tempb                  %%% ???????
                  \penalty-30%
            \else
                  \vskip-\skip@%
                  \penalty-30%
                  \vskip\skip@%
            \fi
         \fi
      \fi
    \penalty\z@%
    % Give a stretchy breakpoint that will always be taken in preference
    % to the \penalty 9999 used to update page parameters.  The cube root
    % of 10000/100 indicates a multiplier of 0.21545, but the maximum 
    % calculated badness is really 8192, not 10000, so the multiplier
    % is 0.2301. 
    \advance\skip@ \z@ plus-.5\baselineskip%
    \advance\skip@ \z@ plus-.231\height%
    \advance\skip@ \z@ plus-.231\skip@%
    \advance\skip@ \z@ plus-.231\topsep%
    \vskip-\skip@ \penalty 1800 \vskip\skip@%
  \fi
 \addvspace{\topsep}%
 \endgroup%
 % clear out pending page break
 \nobreak \vskip 2\baselineskip \vskip\height%     %%%\@M=10000
 \penalty9999 \vskip -2\baselineskip \vskip-\height%
 \penalty9999 % updates \pagetotal
}%


%%==================================================%%
%%============Start der globalen Umgebung===========%%
%%==================================================%%
\newskip\md@temp@frame@hsize \md@temp@frame@hsize=0pt%
\newskip\md@temp@frame@vsize \md@temp@frame@vsize=0pt%

\def\mdframed@global@env{\relax%
   \let\width\z@%
   \let\height\z@%
   \md@penalty@startenv%
   \def\@doendpe{\@endpetrue%                      %%% SIEHE LATEX.ltx -- ersten Absatz ignorieren
                 \def\par{\@restorepar\par\@endpefalse}%
                 \everypar{{\setbox\z@\lastbox}\everypar{}\@endpefalse}%
                }%
   \md@horizontalmargin@equation%
   \setbox\@tempboxa%
       \vbox\bgroup\@doendpe%
                 \begingroup%                %%% zweites begingroup noetig, dass fontcolor gesetzt werden kann
                 \mdf@@fontcolor%            %%% Setzen der Schriftfarbe
                 \textwidth\md@horizontalspaceofbox \columnwidth\md@horizontalspaceofbox%
}%

\def\endmdframed@global@env{\par%
     \kern\z@%
     \hrule\@width\md@horizontalspaceofbox\@height\z@%   
     \penalty-100 % put depth into height
   \endgroup%
 \egroup%
 \begingroup%
  \mdf@@fontcolor%
  \setbox\@tempboxa\vbox{\unvbox\@tempboxa}
  \md@put@frame%
 \endgroup%
}

%%==================================================%%
%%===========Ausgaberoutine -> Berechnung===========%%
%%==================================================%%

%% \md@put@frame nimmt den Inhalt der \@tempboxa und packt alles oder nur einen Teil
%% auf die Seite mit dem Rahmen.
%% Es ist rekursiv, solange alles von der \@tempboxa aufgebraucht ist (\@tempboxa muss die Tiefe 0 haben.)
%% Erste Iteration: Versuche alles in einen Rahmen zu bekommen. Falls es nicht passt, 
%% splitte es fuer die erste Rahmenumgebung
%% Spaetere Iteration: Versuche alles in den letzten Rahmen zu bekommen. Falls es nicht passt,
%% splitte es erneut. (Versuchsstadium -- Da bisher nur Anfang und Ende enthalten)



\def\md@put@frame{\relax%
   \md@freepagevspace
   \ifdimless{\md@freevspace@length}{1.999\baselineskip}
             {\md@PackageInfo{Not enough space on this page}%die Seite hat nur noch minimal Platz
              \clearpage%
              \md@put@frame
             }{%
               %Hier berechnung Box-Inhalt+Rahmen oben und unten
              \setlength{\md@verticalmarginwhole@length}{\ht\@tempboxa+\dp\@tempboxa}%
              \addtolength{\md@verticalmarginwhole@length}{%
                 \mdf@outerlinewidth@length%
                +\mdf@middlelinewidth@length%
                +\mdf@innerlinewidth@length%
                +\mdf@innertopmargin@length%
                +\mdf@innerbottommargin@length%
                +\mdf@innerlinewidth@length%
                +\mdf@middlelinewidth@length%
                +\mdf@outerlinewidth@length%
                }%
                \ifnumequal{\mdf@style}{0}%
                {\ifbool{mdf@topline}{}%
                   {\addtolength{\md@verticalmarginwhole@length}{-\mdf@middlelinewidth@length}%
                   }%
                 \ifbool{mdf@bottomline}{}%
                   {\addtolength{\md@verticalmarginwhole@length}{-\mdf@middlelinewidth@length}%
                   }%
                }{}              
                \ifnumequal{\mdf@style}{3}%
                {\ifbool{mdf@topline}{}%
                   {\addtolength{\md@verticalmarginwhole@length}{-\mdf@middlelinewidth@length}%
                   }%
                 \ifbool{mdf@bottomline}{}%
                   {\addtolength{\md@verticalmarginwhole@length}{-\mdf@middlelinewidth@length}%
                   }%
                }{}
                \ifdimless{\md@verticalmarginwhole@length}{\md@freevspace@length}%
                {\md@putbox@single}%passt auf Seite
                {\md@put@frame@i}%passt nicht auf Seite
             }
}

\def\md@put@frame@i{%Box muss gesplittet werden -- Ausgabe der ersten Teilbox
      %Berechnung der Splittgroesse -- Linien und Abstand oben
      \md@freepagevspace
      \setlength{\dimen@}{\md@freevspace@length}%
      \addtolength{\dimen@}{%
                -\mdf@outerlinewidth@length%
                -\mdf@middlelinewidth@length%
                -\mdf@innerlinewidth@length%
                -\mdf@innertopmargin@length%
                -\mdf@splitbottomskip@length%
                }%
      \ifnumequal{\mdf@style}{0}%
                {\ifbool{mdf@topline}{}%
                   {\addtolength{\dimen@}{+\mdf@middlelinewidth@length}%
                   }%
                }{}
       \ifnumequal{\mdf@style}{3}%
                {\ifbool{mdf@topline}{}%
                   {\addtolength{\dimen@}{\mdf@middlelinewidth@length}%
                   }%
                }{}
       \ifdimless{\ht\@tempboxa+\dp\@tempboxa}{\dimen@}%
         {\md@PackageWarning{You got a bad break\MessageBreak
                             you have to change it manually\MessageBreak
                             by changing the text, the space\MessageBreak
                             or something else}%
         \addtolength{\dimen@}{-1.8\baselineskip}
         }{}%
         \addtolength{\dimen@}{-\pageshrink}%Box darf nicht zu GroÃ� werden.
         \boxmaxdepth\z@ \splittopskip\mdf@splittopskip@length%
         \setbox\tw@\vsplit\@tempboxa to \dimen@
         \setbox\tw@\vbox{\unvbox\tw@}%
         \ifdimgreater{\ht\tw@+\dp\tw@}{\dimen@}{%Falsch gesplittet
             \setlength\dimen@i{\dimen@}
             \addtolength{\dimen@}{-\ht\tw@-\dp\tw@}
             \addtolength\dimen@i{0.5\dimen@}
             \boxmaxdepth\z@ \splittopskip\z@%
             \setbox\@tempboxa\vbox{\unvbox\tw@\unvbox\@tempboxa}
             \boxmaxdepth\z@ \splittopskip\mdf@splittopskip@length%
             \setbox\tw@\vsplit\@tempboxa to \dimen@i
             \setbox\tw@\vbox{\unvbox\tw@}%
             }{}%
         \setbox\@tempboxa\vbox{\unvbox\@tempboxa}%PRUEFEN!!!!
         \ifvoid\@tempboxa
           \md@PackageWarning{You got a bad break\MessageBreak
                               because the splittet box is empty\MessageBreak
                               You have to change the page settings\MessageBreak
                               like enlargethispage or something else}%
         \fi
         \ifdimequal{\wd\tw@}{0pt}%%pruefe, ob erste Box leer ist
            {\clearpage%
             \md@put@frame}%
          {\md@putbox@first%%Groesse des Splittens passt
           \eject%\clearpage%
           \md@put@frame@ii}%
}


\def\md@put@frame@ii{%Ausgabe der mittleren Box(en) wenn vorhanden
  \setlength{\md@freevspace@length}{\vsize}%
  \setlength{\dimen@}{\ht\@tempboxa+\dp\@tempboxa}%
  \addtolength{\dimen@}{%%Addition der Linien unten
                 \mdf@outerlinewidth@length%
                +\mdf@middlelinewidth@length%
                +\mdf@innerlinewidth@length%
                +\mdf@innerbottommargin@length%
                }%
   \ifboolexpr{( bool {mdf@bottomline} )
               and
               (  test {\ifnumequal{\mdf@style}{0}} 
                  or
                  test {\ifnumequal{\mdf@style}{3}}
              )
              }%
              {}{\addtolength{\dimen@}{-\mdf@middlelinewidth@length}}%
    \ifdimgreater{\dimen@}{\md@freevspace@length}%
    {%
        \addtolength{\md@freevspace@length}{%%Abzug der Linien unten
                    -\mdf@splitbottomskip@length%
                    }%
        \boxmaxdepth\z@ \splittopskip\mdf@splittopskip@length%
        \setbox\tw@\vsplit\@tempboxa to \md@freevspace@length%
        \setbox\tw@\vbox{\unvbox\tw@}%PRUEFEN!!!
        \setbox\@tempboxa\vbox{\unvbox\@tempboxa}%PRUEFEN!!!!
        \ifvoid\@tempboxa\relax%
           \md@PackageWarning{You got a bad break\MessageBreak
                               because the splittet box is empty\MessageBreak
                               You have to change the settings}%
         \fi%
        \md@putbox@middle%
        \clearpage\md@put@frame@ii%
     }%Hier die Ausgabe der mittleren Box
     {\ifdimequal{\wd\@tempboxa}{\z@}{\md@PackageWarning{You got a bad break\MessageBreak
                               because the splittet box is empty\MessageBreak
                               You have to change the settings}%
                   }{}%
      \md@putbox@second}%Hier kommt die Ausgabe der letzten Box
}




\catcode`\|=\md@arrayparboxrestore  %%%????




% \md@arrayparboxrestore has parts of \@parboxrestore, performing a similar but 
% less complete restoration of a default layout.  See how it is used in the 
% "settings" argument of \MakeFrame.  Though not a parameter, \hsize 
% should be set to the desired total line width available inside the
% frame before invoking \md@arrayparboxrestore.  
\def\md@arrayparboxrestore{%
   %%%AUS ltboxes.dtx -> \@arrayparboxrestore
   \let\if@nobreak\iffalse
   \let\if@noskipsec\iffalse  
   \let\-\@dischyph                         %%%Default \let\@dischyph=\-
   \let\'\@acci\let\`\@accii\let\=\@acciii  %%%Default: \let\@acci\' \let\@accii\` \let\@acciii\= <- Sicher gehen
                                            %%%dass Defaultwerte erhalten sind
                                            %%%Scheinen Mathesymbole zu sein ???
   % Test ob Listenumgebung enthalten ist
   \ifnum \ifdim\@totalleftmargin>\z@ 1\fi  %%%In latex.ltx->totalleftmargin=\z@, ausser in list-Umgebung:
                                            %%%\advance\@totalleftmargin \leftmargin
          \ifdim\rightmargin     >\z@ 1\fi  %%%Default \rightmargin=\z@, Ausnahme: quote usw.
          \ifnum\@listdepth      >0   1\fi  %%%Zaehler fuer Listentiefe -> Keine Liste \@listdepth=0 sonst, je Ebene +1
           0>\z@                            %%%Ist ein Parameter erfuellt, dann ist es eine Listenumgebung
     \@setminipage                          %%%Passform rund um das Element
     % Nun wird versucht, Aenderungen der Breite von \hsize entsprechend der Listenparameter zu uebergeben.
     % Dies ist defizitaer, denn eine erweiterte Moeglichkeit, Aenderungen der Textdimension anzugegeben
     % ist (noch) nicht vorgesehen, insbesondere keine getrennte linke / rechte Einstellung.
     \advance\linewidth-\columnwidth \advance\linewidth\md@horizontalspaceofbox
     \parshape\@ne \@totalleftmargin \linewidth %%% parshape definiert das Aussehen  eines Absatzes Zeile fuer Zeile.
                                                %%% Seine Parameterversorgung geschieht mittels der folgenden Syntax:
                                                %%% \parshape = n i1 l1 i2 l2 ... in ln.
                                                %%% Dabei gibt der Parameter n an, fuer wieviele Zeilen Definitionspaare folgen.
                                                %%% Jedes Definitionspaar besteht aus der Angabe i_j fuer den Einzug und
                                                %%% der Laengenangabe l_j fuer die entsprechende Zeile. Sind mehr als n Zeilen
                                                %%% vorhanden, so wird die letzte Angabe stets weiter verwendet
   \else % Not in list
     \linewidth=\md@horizontalspaceofbox
   \fi
   \sloppy
}

%%==================================================%%
%%= Sicherstellen, dass Optionen nur global setzbar=%%
%%==================================================%%

\DisableKeyvalOption[%  
  action=warning,  
  package=mdframed,    
]{mdf}{globalstyle}%


\DisableKeyvalOption[%  
  action=warning,  
  package=mdframed,    
]{mdf}{xcolor}%


\endinput
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
EOF
EOF
EOF
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{\bfseries What is a computer?}  A {\bfseries computer} is an automatic, electronic, data-{}processing machine that takes in facts and figures known as {\bfseries data}, and then {\bfseries processes} or organizes it in some useful way.  Afterwards it {\bfseries outputs}, or displays, the results for you to see as information. Keep in mind that data is not information but rather information is derived from accurate data that are entered into a computer. Only after processing, is data transformed into information which is then used for decision making. 


When talking about computers, there are two terms which must be correctly distinguished, {\bfseries hardware} and {\bfseries software}.  Hardware is all the parts of a computer that can be seen and touched. Hardware includes the internal components that we do not usually see unless we open up our machine.  Software is all of the instructions that a computer uses to do what you ask it to do.  Pieces of software are often called {\bfseries programs} and an {\bfseries operating system} is a suite of  programs that help all the other {\bfseries programs} run. Think of software as the power behind the hardware. Without software your computer is useless. Likewise, without hardware the software can\textquotesingle{}t exist. Computers do not think for themselves so they need software, which is made to manipulate the computer\textquotesingle{}s hardware in such a way that you, the user, can understand.

A calculator is a simple computer. It is not as complex or versatile as your net book, laptop or desktop computer though. It acquires information as series of key presses and computes the result which is displayed on a small screen. Since calculators are faster than humans this creates utility in the form of time saved. They can also repeat processes much more easily than humans can. 


Many people mistakenly think that the part of the computer that normally displays pictures and text is the computer.  This is usually not true.  That part is called the {\bfseries monitor}.  The computer is usually a box .  Also, you may call the whole assembly of all the hardware (the computer and the monitor, for example) the computer.  Occasionally though, the computer and monitor are built together, for example, certain Apple computers.

There are different types of monitors.  One of these is the one already shown.  It is called a {\bfseries CRT} monitor.  It takes more power than the other popular kind, called {\bfseries LCD}s .  However, CRT monitors work faster, which makes them better for fast games because the movement will blur less.  LCDs are thinner than CRTs, but they are generally more expensive.


Monitors are only one way the computer can output information for you to see.  Another popular output device is called a {\bfseries printer} .  Printers are used to put data on paper.  This is called {\bfseries hard copy}, what monitors show is called {\bfseries soft copy}.  Computers can also output sounds through speakers; this is also soft copy.


There are also different kinds of input hardware.  The two most important of which are the {\bfseries mouse} and the {\bfseries keyboard}.  A mouse is used to move the {\bfseries cursor} (or arrow) around the {\bfseries screen} (monitor display).  A keyboard is used to enter ({\bfseries type}) letters, numbers, and other symbols  into a computer. 

Computers store all data in {\bfseries binary code}, which is a number system that only uses ones and zeros.  One digit in binary code is called a {\bfseries bit}, eight bits is called a {\bfseries byte}.  A byte is the amount of space one letter takes up.  One thing to bear in mind is that all the extra detail about how the letter looks must also be stored in binary code and so {\bfseries word processor} documents use more space than one byte per letter.

There are many different kinds of computers. The ones that most people use are called {\bfseries Personal Computers} (PCs). {\bfseries Desktop PCs} are computers that you don\textquotesingle{}t move around; they generally are a box with a monitor attached.  Smaller, portable, computers that are about the size of a briefcase are called {\bfseries laptops} or {\bfseries notebooks}.  There are also computers that are around the same size, but they have a special screen: {\bfseries Text} (letters and numbers) is written directly on the screen, these are called {\bfseries Tablet PCs}. They also do not require a mouse; the mouse gestures and clicks are done right on the screen with your finger, or a {\bfseries Stylus}.  {\bfseries Personal Digital Assistants} (PDAs) are computers so small that you can hold them in one hand. They generally also have a {\bfseries Touch Screen}, like the Tablets.  Notebooks, PDAs, and most Tablets have batteries so that you can use them where there is no power. These batteries generally last for about three to four hours before needing to be recharged.  They use LCD screens because LCDs are thinner and take less power, so the batteries will last longer, and so that they are not, say, a foot thick.  There are also much more powerful computers called {\bfseries mainframes} that can be as big as a room or a house! This is what, say, Google and Wikimedia run their websites off of. 

Now we will do something basic with the computer, turn it on and back off again!  First, turn the power on (using the button or switch on the computer), and turn the monitor on too.  After awhile and an assortment of on-{}screen pictures and words that may flash by, some form of login screen or {\bfseries dialog box} should come up.  You do not need to worry much about what it is for now. It may not appear at all, or it may be in another variation.

If it comes up, and it is like this one, you must type the correct {\bfseries login name} and {\bfseries password} in the respective boxes.  Then press the {\bfseries enter} key, or {\bfseries click} on (put the cursor on top of and push the left button on the mouse) the OK {\bfseries button} if there is one.  If the box does not come up, do not worry, nothing is wrong.  That just means the computer is set not to have a password.  We will learn more about this later.  If this box did not come up, but instead a screen that says ‘Welcome’ somewhere came up, click the picture with the correct user name beside it, type in the password (if there is one), and push the key on your keyboard that says ‘Enter’ or ‘Return’.

To turn the computer off, move your mouse to the bottom of the screen.  Usually, in the bottom left-{}hand corner it will say ‘Start’.  Click on that, and a {\bfseries menu} should pop up.  In the bottom of the menu you will see ‘Turn Off Computer\textquotesingle{}.  Click on this.  A box like Figure 1.8 will come up, just click on (1).  If a screen comes up that says ‘It is now safe to turn off your computer’, then flip the power-{}switch, otherwise your computer will turn off automatically.  It can often damage the hardware of your computer to switch it off at the plug without following this procedure first.
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{\bfseries Software}

Software is the set of instructions that tell a computer what it needs to do.


There are two kinds of software: the {\bfseries System Software} which includes the Operating System and {\bfseries Applications Software}.


{\bfseries Operating System}

Abbreviated OS, the Operating System is the resource manager which transforms sectors, bytes, interrupts and ports into files, folders, processes, and the user-{}interfaces with which you can interact.  Examples include: Microsoft Windows (XP, Vista, or 7), any flavor of Linux, and Mac OS X (An apple version of Unix).

{\bfseries Applications Software}

Also called user programs, pieces of applications software do the specific things you want.


The Operating System runs the computer and the Applications Software.  It makes sure that the Hardware and the Applications Software understand each other.  This makes it the most important piece of software on the computer.  The Operating System also comes with {\bfseries utilities}.  These are pieces of Applications Software that mostly deal with managing data.  You can also buy {\bfseries Third Party} utilities, which means a different company made them than made the Operating System.


{\bfseries Utilities}
Programs that manage, repair, and optimize data on a computer.  A basic set comes with every OS.


Applications Software does the specific things you want the computer to do, Whereas the Operating System is general instructions to the computer for controlling the Hardware, Applications Software is specific instructions that work together with the Operating System to do work for you.

There are as many different kinds of Applications Software as there are things you could want to do with a computer, however the most common are {\bfseries word processing}, {\bfseries spreadsheet}, {\bfseries presentation}, and {\bfseries database} software and all computer games.  Word processing software is used to create {\bfseries documents}, which are formatted pages of text, such as letters, memos, reports or essays.  Spreadsheet software organizes data, usually numbers, into columns and rows.  It is used mostly for accounting and has many features for doing mathematical operations.  Presentation software is used to make {\bfseries virtual} (or, simulated) slide shows and usually have all sorts of exciting features for animations and sounds that you just can’t do in a normal slide show.  Database software is an advanced way of organizing complicated information in simple formats. A database is your electronic filing cabinet.

Most computers come pre-{}installed with an OS called {\bfseries Microsoft® Windows®}.  Most OS\textquotesingle{}s and programs have the same features whether they use Windows or not, but all computers running Windows will have these features with these names.  The thing we did in the last chapter with the box that comes up when you turn on your computer is called {\bfseries logging in}.  The screen you see after logging in is called the {\bfseries Desktop}.  Most things on a computer are named after things in real life, and they are usually used similarly too.  Just like a real desktop the desktop on a computer is where you go to access all your data. However, a real desktop has a flat horizontal surface.

You can replace the Operating System with another whether or not your system gets a virus.  The most common replacement Operating System is called Linux.  It is free to download and install and software for it is freely available via the Internet.


{\bfseries Desktop}
The desktop is the area that appears right after logging in.  It contains a background picture (wallpaper),icons and the taskbar.


On the desktop are pictures with text labels under them, these pictures are called {\bfseries icons} because they represent something else.  If you move or get rid of an icon, all that means is that you have to access what they represent a different way, you haven’t gotten rid of the application software the icon is representing.  Icons usually represent programs, but sometimes they represent collections of data.  {\bfseries Double-{}clicking} (clicking twice in rapid succession) on one of these icons will open whatever it represents, the text tells you what it represents.


{\bfseries Icons}
A tiny picture that represents a program, folder, or program function.


There is a bar that is usually at the bottom of the desktop, however it may also be on any other side.  If you cannot see it, then move the cursor to the edge where it is and it will come up.  It is called the {\bfseries task-{}bar}.


{\bfseries Taskbar}
The taskbar is the bar along one side of the desktop.  It is used for launching programs or opening the window of an open program.


Along the main part of the task-{}bar is a list of all open programs, clicking on one element of this list will put that program’s {\bfseries window} (the box that a program is viewed in) on top of all other open windows.  Over on one side of the task-{}bar is a clock; beside the clock are a bunch of icons that represent open ‘invisible’ programs.  These are programs that are always running and do things ‘behind the scenes’.  This area is called the {\bfseries system tray}.  On the main part of the task-{}bar there is sometimes a small group of icons, this is called the {\bfseries quick-{}launch bar}.  Clicking on one of these icons opens whatever it represents.


{\bfseries System Tray}
The system tray holds icons for programs currently running ‘behind-{}the-{}scenes’.


On the opposite side of the task-{}bar from the clock and the system tray is a button.  A {\bfseries button} (or {\bfseries command button}) is just like a real button, when it is pushed (clicked) it does something.  Some buttons have text on them that say what they do, and some have icons representing what they do.  Some have both.


{\bfseries (Command) Buttons}
Buttons do something when you click on them.  They may be labeled by text, an icon, or both.


The quick-{}launch icons are also buttons.  Some buttons are raised to look like real buttons and some only raise up when you {\bfseries hover} (put the cursor on top of) them.  The button on the other side of the start-{}bar from the clock and system tray is called the {\bfseries start-{}button}.  When you click the start-{}button it opens the {\bfseries start-{}menu}.  The start-{}menu has icons for more programs and data collections, although it is usually programs.


{\bfseries Start button}
The Start button is a button that opens the start-{}menu.

{\bfseries Start menu}
The Start menu contains icons for all installed programs and data collections, usually for programs.


The icons that are on the desktop, the quick-{}launch bar, and the start-{}menu are usually {\bfseries shortcuts}.  On the desktop shortcuts are often indicated by a small symbol on top of the icon (

\begin{minipage}{1.0\linewidth}
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).  Shortcuts are what I meant earlier when I said ‘if you move or get rid of an icon, all that means is that you have to access what they represent a different way, you haven’t gotten rid of the actual thing’.  Icons represent all data collections and programs even if they are not shortcuts, however normally the ones on the desktop and in the start-{}menu are shortcuts.


{\bfseries Shortcuts}
Icons that are only links to the things those icons represent.


The difference between icons and shortcuts is important so be sure you understand it.  An icon is any picture that is meant to convey what something is.  The icon on the start-{}button represents the fact that it is a major part of Windows, which is why it is a Windows logo.  Shortcuts are a link to a program or data collection; the icon on a shortcut represents whatever the shortcut opens, however the same icon would be on the real thing as well.  A Venn Diagram can maybe better show this, see Figure 2.2.

You open whatever is linked to by each shortcut on the start-{}menu by clicking on it.  If any icon has a right-{}arrow beside it, then hovering over it or clicking on it will make a {\bfseries sub-{}menu} (a menu inside a menu) come out with more shortcuts on it.

Everything we just talked about is part of the Windows {\bfseries interface}.  An interface is just anything that goes between two or more things.  This interface goes between you and the computer, you could also say that the Operating System is the interface between the hardware and software.


{\bfseries Interface}
An interface, just as the name suggests, is anything that acts as or creates a medium of interaction or communication between multiple things. A {\bfseries user-{}interface} is the means of interaction between (you)the user and the computer.


There are some standard things that are on most user-{}interfaces.  We have already talked about one, buttons.  These things are called {\bfseries controls}.  Below is a table of some of the more common controls, starting with buttons:

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Name of control and picture &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Description\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} (Command) Button \begin{minipage}{1.0\linewidth}\begin{center}\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/2.png}\end{center}\myfigurewithoutcaption{2}\end{minipage} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Buttons (also called command buttons) do something when clicked.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Check box \begin{minipage}{1.0\linewidth}\begin{center}\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/3.png}\end{center}\myfigurewithoutcaption{3}\end{minipage} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} A check box turns something on or off.  There is a check in the box if it is on, to change it click on it.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Text box \begin{minipage}{1.0\linewidth}\begin{center}\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/4.png}\end{center}\myfigurewithoutcaption{4}\end{minipage} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Also called edit boxes, these boxes let you type text in them.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Radio button &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Also called option buttons, these boxes come in groups, you can only pick one per group.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} List box &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} These boxes contain lists of things: you can select one.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Combo box &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Also called drop-{}down boxes, these boxes are like text boxes, but they have a button on the side that, when clicked, brings up a list of things that you can pick from.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Spin button &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} These buttons increase or decrease numerical values by one when the up or down arrow half is clicked.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Scroll bar &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Click on the arrows at the top and bottom of these bars to move the screen, you can also drag the box that is on the bar.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Label &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Often overlooked, labels don’t do anything, but they sit near other controls with text in them to tell you what those things are. 
\end{longtable}


You can get a basic description of what any control does by hovering your mouse over it.  A little thing with text will pop up.  This is called a {\bfseries tool-{}tip} (or a {\bfseries ToolTip}).

Besides these there are also {\bfseries menu}s.  Menus all operate the same way as the start-{}menu.  Some of them are found at the tops of programs.  These are called {\bfseries main-{}menus} or simply menus.  Other menus are opened by {\bfseries right-{}clicking} (pushing the right mouse button over something).  These are called {\bfseries popup-{}menus}.
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There are no \textquotesingle{}real\textquotesingle{} layers though; you can’t peel off the wallpaper and see the Desktop! However there are ‘virtual’ layers, arranged with the Desktop on the bottom.  What you see behind the icons on the Desktop is called the {\bfseries wallpaper}, whereas the whole thing is the Desktop, not just the picture/colour that you see behind the icons.  Application windows are layered on top.

You can add shortcuts to your Desktop in a number of ways.  The most common way is to right-{}click on the desktop, which brings up the popup-{}menu.  On the popup-{}menu there should be a sub-{}menu labelled ‘New’, hover over this.  When the sub-{}menu pops out find the item labelled ‘Shortcut’ and click it.  A dialogue-{}box will come up asking you where the program or data collection is found.  Later we will get into how to form something to type in the box, however it is easier to just click the button beside labelled ‘Browse...’.

The {\bfseries Browse button} is a standard button that you will see often, clicking it always brings up a dialogue-{}box in which you can select programs and data collections.  Select the program or data collection you want to make a shortcut to and click the button labelled ‘OK’.  The {\bfseries OK button} is also a standard button on dialogue-{}boxes that you click to tell it that you are done filling in information and it can use that data now.  ‘OK’ is usually paired with ‘Cancel’, ‘Cancel’ closes the dialogue-{}box without doing anything.

When you have selected the correct program or data collection click the button marked ‘Next >{}’.  The {\bfseries Next button} is, again, a standard button that tells the dialogue box you are done this step and to go on to the next step in the process.  It usually comes with the {\bfseries Back button} to go to the previous step.  This dialogue-{}box also has a {\bfseries Cancel button}.  After you have clicked ‘Next’ the dialogue-{}box comes up with a text-{}box asking what you want the text under the icon to be for this shortcut.  When you have typed what you want into the box click ‘Finish’, another standard button.


{\bfseries NOTE:}  The true name of these buttons is above in bold.  However it is common computer shorthand to say Click ‘OK’ instead of Click the OK button.  We will be using this shorthand in this book.


If you do not like the text under a shortcut, you can change it.  There are three primary ways to do this.  The first one is to click on the shortcut, {\bfseries selecting} it, and then push the ‘F2’ key on your keyboard.  The text will become a text-{}box that you can type in to change what it says.  The second way is to right-{}click on the shortcut, bringing up its popup-{}menu, and select ‘Rename’ from the popup-{}menu.  The same thing will happen.  Another way to cause it to happen is to select the icon and then click on it.  Do not double-{}click!  That will open whatever it links to, select it and then click.

If you want to change the icon (picture) one your shortcut, bring up its popup-{}menu and select ‘Properties’.  Across the top of the window, just below the bar with the ‘X’ button on it (the {\bfseries title bar}), there are a bunch of {\bfseries tabs}, click the one labelled ‘Shortcut’.  Then, click the button labelled ‘Change Icon…’, in the dialogue-{}box that comes up select the new icon that you want, or click ‘Browse’ to find more files with icons.  In this same window where the ‘Change Icon’ button is, there is a text-{}box labelled ‘Target:’.  It is the same as the box with a Browse button on the first step of adding a shortcut to the Desktop, only there is no browse button.  That it what you change if you want the shortcut to link to something else.

You can also move or sort icons on the Desktop.  To sort them right-{}click on the Desktop and hover over the sub-{}menu called ‘Arrange Icons By’.  Then click on the way you want them sorted.  If you want them automatically sorted make sure the ‘Auto Arrange’ option is checked (you can check or uncheck it by clicking on it).  If you have Auto Arrange off, you can put the icons wherever you want them.  Click on one and don’t let the button go back up.  Move the cursor over to where you want the icon to be and it will move right along with it.  When you have it where you want it, let go of the mouse button.  This is called {\bfseries dragging-{}and-{}dropping}.

If you want to take an icon off the desktop there are three major ways to do it.  You can select the icon you want to remove and push the ‘Delete’ key on your keyboard.  A dialogue-{}box will come up, click ‘Yes’.  You can also drag-{}and-{}drop the icon onto the {\bfseries recycle bin}, which is an icon on the Desktop labelled exactly that.  Or you can right-{}click on the icon and click ‘Delete’.  The same dialogue-{}box will come up for you to click ‘Yes’ on.  If you did it by accident you can click ‘No’ and it won’t remove the icon.

There are other settings you can change on the Desktop.  To access them right-{}click on the Desktop and select ‘Properties’ from the popup-{}menu.  To change the wallpaper select the tab labelled ‘Wallpaper’ or ‘Desktop’.  To change what picture is displayed for wallpaper select it from the list or if it is not in the list click ‘Browse…’.  There is a combo box from which you can select whether to stretch, {\bfseries tile} (repeat by picture with itself together likes tiles), or centre the picture.  If you just want a colour for your wallpaper, then select ‘(None)’ from the list.  Sometimes there is a combo-{}type box to select the colour right there and sometimes you have to change it under the ‘Appearance’ tab.

You can also change the {\bfseries Screen-{}Saver}.  The Screen-{}Saver is a program that shows up after your computer has not been used for so long so that the monitor will not get wrecked (which can happen if the same picture is displayed on it for hours at a time).  To change the Screen-{}Saver click the tab labelled ‘Screen-{}Saver’.  There will be a combo box that lists all the Screen-{}Savers on your computer.  After you have selected the one you want you can change how long the computer waits before bringing it up in the text box with a spin button that is below the combo box.

You can also change the colour scheme of all the controls in almost all programs.  Click the ‘Appearance’ tab.  There is one or more combo boxes on this page that allow you to select different combinations of default colour schemes.  On this same page, or sometimes you have to click ‘Advanced’ to get there, are other settings.  You can select an element from one combo box, and then change it’s colour and how its text looks.  You can try experimenting with this if you want, just be sure to save your current settings so you can change back (which some versions of windows don’t allow, so don’t worry then).  You do this by clicking the ‘Save As…’ button and typing the name you want to call the colour scheme.

There is one final tab common to most versions of Windows.   It is the ‘Settings’ tab.  It is not recommended to change settings in this tab unless you know what you are doing.  Some games will give errors when you try to start them like ‘256 colours required’ or ‘This program needs 640 × 480 to run’.  This is where you set those.  There is a combo box here, selecting a different option from this box changes the number of colours your computer can display.  More colours mean more quality.  There is also a {\bfseries slider} labelled ‘Screen resolution’.  It increases or decreases the size of everything displayed on your monitor.  The larger the numbers, the smaller things are, and the smaller things are the more you can fit.  When this is set to make things smaller, some programs (or you can manually) change their stuff so that it looks the same size, allowing them to have more quality in display.
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Before we get into anything else we need a basic understanding of how a computer stores data.  Inside the computer box there are many different pieces of hardware used for storing data.  One of these is the {\bfseries memory}.  A Computer’s memory is where it stores the data that is currently in use.  So, for example, when you have a letter open and are looking at or working on it the computer stores it in memory.  All the software currently running is stored in memory too.  This kind of memory is called {\bfseries RAM} ({\bfseries Random-{}Access Memory}).  Random-{}access means that any part of the information may be read or changed randomly, the computer does not have to look through all the data in order so that it can find the right piece.  There is another kind of memory called {\bfseries ROM} ({\bfseries Read-{}Only Memory}).  {\bfseries Read-{}only} means that the data on it cannot be changed.  ROM is used to store basic information that every computer needs.


{\bfseries Random-{}access memory}
RAM is used to store the data the computer is currently using.

{\bfseries Read-{}only memory}
ROM is used to store the basic information that every computer needs.


When a computer is turned off, everything in RAM is erased.  Because this would cause you to lose your work all the time, {\bfseries disks} were created.  Disks are round flat objects, but in computer slang they are pieces of data storage hardware that do not need electricity to keep the data stored.  There are other things that do this that are not disks, however the things inside of all things called disks are round and flat, so that is how the term came to be.  All disks need to be in another piece of hardware that acts as an interface between them and the rest of the computer called a {\bfseries drive}.

There are two main kinds of disks: {\bfseries Magnetic} and {\bfseries Optical}.  Magnetic disks are the old kind and are slowly being replaced.  They store data by aligning little pieces of metal inside differently using a magnet.  Because of the way they store data magnetic disks can be erased or completely destroyed by magnets, heat, and dust.  The two most popular forms of magnetic disks are {\bfseries Hard Disks} and {\bfseries Floppy Disks}.  Hard disks are stored permanently inside their drive, which is normally installed into the computer box where you cannot see any part of it.  Hard Disks can store a lot of data, and are used to store most of the information on computers.  Floppy disks are small disks that you can pop in and out of their drive.  All you can see of their drive is a slit in the computer box with a button and a light.  You can put in different disks and then take them out and give them to someone so that you can transfer data between your computers.


{\bfseries Hard disks}
Hard disks are used to store most of the data on a computer, and can store more than anything else can.

{\bfseries Floppy disks}
Floppy disks are used to transfer data between computers, but are very small.


Optical disks are the newer kind of disk.  The most popular kind of optical disk is the {\bfseries Compact Disc} ({\bfseries CD}).  CDs can still be put into and taken out of their drive, making them good for buying programs on, and nowadays for transferring data.  Normal CDs that you buy with programs on them are {\bfseries CD-{}ROM}s.  They are called that because, like ROM, they are read-{}only.  You can also get {\bfseries CD-{}R}s and {\bfseries CD-{}RW}s, which are not read-{}only and are not erasable and erasable, respectively.  Unlike floppy disks that can store only 1.44 megabytes (MB, that’s 1 048 576 bytes, usually we estimate that it is one million), CDs can store around 700MB!  And, because CDs store their information with variations in the shape of the disk that reflects a laser differently they cannot be damaged as easily.  However, you should still never touch the shiny surface of the CD.  {\bfseries Digital Versatile Discs} ({\bfseries DVD}s) are another kind of Optical disc that work identically to CDs, however they can store much more information and transfer it at much higher speeds.  There is also a new format coming in from Japan that is smaller and faster than DVDs and stores much more information!  Today you can also get memory cards that are called {\bfseries flash memory} or, more properly, {\bfseries EEPROM}s.  These are cards that operate just like ROM that isn’t read-{}only, so they don’t lose their information when the power is cut.


{\bfseries Compact Discs}
CDs are the most popular form of optical discs.

{\bfseries Digital Versatile Discs}
Sometimes called Digital Video Discs because of their extensive use in video, DVDs can store more than CDs.


All data on a computer is stored in collections called {\bfseries file}s and {\bfseries folder}s.  A file is the most basic collection of data on a computer.  A file can store the instructions for a single program, or the data for a single letter.  Folders are collections of files.  So a file is like a piece of paper and you put it in a folder.


{\bfseries Files}
Files are the most basic data collections, they store the data for a single thing.

{\bfseries Folders}
Also called directories, folders are collections of files.


It is very necessary to sort files properly into folders so that you can find them again.  Many people have had to redo entire projects because they lost their file by putting it into the wrong folder.  Most files are named with two parts.  The first part of the filename is a description of the file.  After this comes a ‘.’ followed by the second part.  The second part of a filename is called the {\bfseries extension}.  Extensions are often three letters long and they tell you what kind of file it is.  For example ‘exe’ files (files with an extension of ‘exe’) are programs.  ‘Doc’ files are Microsoft Word documents.

Besides {\bfseries saving} (taking a file you have open in a program and writing it from memory onto a disk) there are many other file operations.  These can all be done using the same program.  This program is a utility called a {\bfseries file manager}.  There is a file manager that comes with Windows called {\bfseries Windows Explorer}, or sometimes just Explorer.  To open Explorer go to ‘Start-{}>{}Programs-{}>{}Windows Explorer’ or Right Click Start, Click Explore, and the Directory should show. Yet in Windows XP, You go ‘Start-{}>{}All Programs-{}>{}Accessories-{}>{}Windows Explorer’.


{\bfseries NOTE:}  This is a standard computer notation for menus.  When you see something that goes ‘M1-{}>{}M2-{}>{}...’ or sometimes ‘M1 >{} M2 >{} ...’ it means that you are to open the menu item M1 and then open the sub-{}menu M2 etc. and the final item is the menu item to click on.  Obviously, ‘Start’ is the start-{}menu.


Sometimes Explorer will start you off looking at your ‘My Documents’ folder, and sometimes it will start you off looking at drive C (C:).

Don’t worry if your window doesn’t look exactly like this.  Since this is our first screenshot, let’s make sure we know what were talking about.  (1) is the title bar and (2) is the main menu.  Below the menu is the {\bfseries toolbar}.  (3) is the icon representing a folder and (5) is the icon representing a file.  (4) is the icon representing a hard disk, also called hard drive, because the disks and the drive are in one, sealed, box, (this one is called ‘C:’, all drives have a letter).  (6) is what you click to view sub-{}folders.  So, if there isn’t a {\bfseries tree} (the part in the circle) below your hard drive (which should be the icon in the left-{}hand {\bfseries pane}, the part in the square, and should have a name followed by ‘(C:)’ as seen above with (4)) then click the ‘+’ (6) beside it.  This is a lot of new stuff so it may be a little bit confusing.

Now we have a tree open below our hard drive showing us all the folders that are directly in the {\bfseries root} of the hard drive.  Now should be a good time to look at the standard conventions for drives and {\bfseries path}s.  As you can see above, the {\bfseries drive letter} is always is brackets after the name of a drive.  The first (or only) floppy drive is almost always ‘A:’.  If you have a second floppy drive it will be ‘B:’.  Your first hard drive is ‘C:’ and your CD drive is ‘D:’.  If you have more hard drives the other drives change accordingly (i.e. if you have a second hard drive that is ‘D:’ and your CD drive will become ‘E:’).  You can have folders inside folders as well as files, and the drive itself acts like a folder.  So if you wanted to designate a file called ‘Letter.rtf’ that is in the folder ‘My Documents’ and that folder is found in the root of the hard drive ‘C:’, you separate the elements with a back-{}slash ‘\textbackslash{}’ and come up with ‘C:\textbackslash{}My Documents\textbackslash{}Letter.rtf’.

Now {\bfseries navigate} to your ‘My Documents’ directory.  It should be found at ‘C:\textbackslash{}My Documents’ or ‘C:\textbackslash{}Documents and Settings\textbackslash{}{$\text{[}$}Your Name{$\text{]}$}\textbackslash{}My Documents’.


{\bfseries NOTE:}  Navigate means to make it so you are looking at that in your file manager.  For example to navigate to ‘C:\textbackslash{}My Documents’ you would open the tree on ‘C:’ like we did before (or by double-{}clicking on it in the right-{}hand pane).   Then you would click the icon that is labeled ‘My Documents’, or double-{}click on this icon in the right-{}hand pane (that is, the part in the octagon).


Now, to open a file in its program, double-{}click on its icon in the right-{}hand pane.  To {\bfseries delete} (remove) files is the same as removing shortcuts from the desktop.  If you accidentally delete a file you wanted, open the Recycle Bin (double-{}click on its desktop icon) right-{}click on the file and select ‘restore’ from the popup-{}menu.  If you want to permanently get rid of all files in the Recycle Bin, right-{}click on the Recycle Bin and select ‘Empty Recycle Bin’ from the popup-{}menu.  Deleting or restoring folders works the same way.

If you are going to sort your files properly into folders, you need to know how to create them.  To create a folder, navigate to the folder you want the new folder in.  Then, right-{}click on a blank area of the right-{}hand pane to bring up the popup-{}menu.  Then select ‘New-{}>{}Folder’ from the menu.  Type the name of the folder and press ‘Enter’.  To arrange file in folders, you also need to be able to {\bfseries copy} and {\bfseries move} both files and folders.  Moving means that the file or folder goes to the new location and is no longer in the old location.  To move a file or folder, simply drag-{}and-{}drop the file or folder from where it is in the right-{}hand pane on top of the folder where you want it to be in either the right or left-{}hand pane.  Copying means that the file or folder stays where it is, and a duplicate is created in the new location.  To copy a file or folder you {\bfseries right-{}drag-{}and-{}drop} (that is, drag-{}and-{}drop by holding down the right mouse button instead of the left one) from its old location on top of the new one.  A popup-{}menu will come up asking if you want to copy, move, or create a shortcut to the file or folder.  If you want to copy, select ‘Copy Here’.

If you want to search the whole computer for a specific file or folder there are two possible ways to do it.  Some versions of Windows Explorer have a button on the toolbar that says ‘Find’, click on this.  In all versions of Windows you can go to ‘Start-{}>{}Find-{}>{}Files or Folders’ or ‘Start-{}>{}Search’.  Some versions of the search have extra features to make it easier that it displays first.  To bypass these click ‘All files and folders’.  If your version came up with text boxes right away you don’t have to do this.  Once the text boxes are up you can select what drive or folder to search from the combo box.  The topmost text box is where you type all or part of the filename.  You can also create {\bfseries wildcard searches}.  To do this you type letters that are in the filename along with symbols called {\bfseries wildcards}.  The wildcards are ‘*’ and ‘?’.  ‘*’ represents an infinite number of characters or nothing.  ‘?’ represents exactly one character.  So ‘?ello.doc’ would find ‘Hello.doc’ and ‘jello.doc’.  ‘Si*.*’ would find all files that start with ‘Si’.

Finally there are file properties.  Different kinds of files have different properties and different versions of Windows can have different kinds of properties allowed.  You can experiment with these if you want.  To open the properties for any file, right-{}click on it and select ‘Properties’.  In the window that comes up you can change all the properties of the file that can be changed.  In this window it also shows the name and location of the file and its size in bytes, kilobytes (KB, 1 024 bytes, usually estimated at 1 000 bytes), or megabytes.  It also shows the attributes, the most commonly used and useful of which is the read-{}only attribute.  When you check the read-{}only check box and click OK, Windows won’t let any program change the file.  If you uncheck the box Windows will let programs change it again.
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We’ve been moving extremely fast and covering a lot of potentially new and confusing material, so let’s take a second to review (some of you may remember this better if you try thinking about the pictures in brackets instead of the words):

\begin{myitemize}
\item{}  Computers are machines that process data (picture a giant contraption with sheets of paper containing information being fed in, and ice cream coming out)
\item{}  Go back to the table of controls in Chapter 2 and review all of those (picture something really obvious for each one, like the control panel of a sci/fi spaceship for buttons)
\item{}  The desktop is behind everything and is your access panel to everything (picture an office desk covered in switches, buttons, and knobs)
\item{}  Shortcuts are only links to other files (picture a whirlpool that looks like Mars sucking you to Mars)
\item{}  Everything, programs, shortcuts, letters, and data of all kinds is stored on the computer as files (come up with your own picture, make it interesting)
\item{}  You copy and move files by drag-{}and-{}drop (picture a ball, you pick it up and move it, then you pick it up and put it down somewhere else while it stays in the second place)
\end{myitemize}


There was much more covered (especially terms and the hardware from \mylref{2}{Chapter 1}) but this should help you get oriented and give you a good handle on where we’ve been.

Now we’re moving forward again.  The next big centre to tackle in Windows is the {\bfseries Control Panel} ({\bfseries CP}).  The Control Panel is where you change almost all the main things in Windows.  “But didn’t we change a lot of things, like the wallpaper and colours and screensaver, without going through there?”  Yes, but we took a shortcut.  Go to ‘Start-{}>{}Settings-{}>{}Control Panel’ or ‘Start-{}>{}Control Panel’ (it may come up with a window or be a sub-{}menu), then double-{}click (click if it’s a sub-{}menu) on ‘Display’.  There it is; the box that we used to change the wallpaper, screensaver, and colours


{\bfseries NOTE:}  Your Control Panel may come up looking totally different and you may be lost.  If there is no icon in your control panel called ‘Display’ then your computer is running in a ‘User Friendly’ mode.  To switch out of it into the ‘normal’ view, look at the left-{}hand side of the Control Panel window and find the option called ‘Switch to classic view’ and click this.  If you can’t find it, look at \mylref{17}{Appendix A}.


So now we’ve reached the main control centre of Windows, what’s the first thing?  How about a severe warning?  The options in the Control Panel are necessary and useful, however do not change anything unless you understand it and know what you are doing.  Blindly changing any setting can wreck havoc with your computer.

Now, on to the next item.  {\bfseries Desktop themes}!  We have already changed the way Windows looks, however Desktop Themes (or just {\bfseries Themes}) are designed to make it easier.  Navigate to ‘Start-{}>{}Settings-{}>{}Control Panel-{}>{}Desktop Themes’ or ‘Start-{}>{}Control Panel-{}>{}Display’.  These two versions of Desktop Themes are implemented very differently.  If you have a ‘Desktop Themes’ item on your Control Panel, the double click on this icon.  In the window that opens, you can select a theme from the drop down box near the top.  In the centre area, the different items will change to show you what that Theme looks like.  There are two buttons in the top right-{}hand corner of the window that allow you to preview the Screen Saver, sounds, and cursors.  The check boxes below these buttons are for selecting which parts of the Theme to apply.  So if you only want, say, the wallpaper from one Theme and everything else from another, then you would uncheck everything except for ‘Desktop wallpaper’.

If you don’t have a ‘Desktop Themes’ item on your Control Panel, then Desktop Themes for you are integrated into the Display box.  Go to the tab labelled ‘Themes’ and select the one you want from the ‘Theme:’ combo box.  Just as with the other version there is an area below that will show a preview of what the wallpaper, colours, and some of the icons will be changed to.  Click ‘Apply’ or ‘OK’ to change your settings to those determined by the Theme.

Now to get to something really useful, {\bfseries install}ing and {\bfseries uninstall}ing programs!  Most programs nowadays come on one or more CDs.  You put the CD (or the first CD) in the drive and it {\bfseries auto-{}starts} (automatically runs the installation program).  You follow the instructions, answer the questions, and voila!  Your program is ready to use.  Sometimes, however, this does not work, and what if you want to remove a program?  So, navigate to the Control Panel and open ‘Add/Remove Programs’ or ‘Add or Remove Programs’.  No matter what your version of Windows, a list will be displayed of most of the programs on your computer.  To remove a program (uninstall it), click on it in the list and then click ‘Add/Remove’ or ‘Change/Remove’ and answer the questions, if there are any.  To add (install) a new program make sure that its CD or Floppy disk is in the drive and then click ‘Install…’ or ‘Add New Programs’ and answer the questions.

Okay, that was easy, wasn’t it?  All automated and simple.  Now remember back to Chapter 1 when we logged on to the computer.  Some computers don’t have a password to log on: some never show the box.  Some computers can be set up to have multiple usernames and passwords (accounts) so that you can log into different desktops.  How can we set all this up?  From the Control Panel, of course!  Open ‘Passwords’ or ‘User Accounts’ on your Control Panel.  These two work very differently, and they are both presented below.

If your computer has the ‘Users’ item, then you have to check something before you can change the accounts.  Open the Control Panel item called ‘Passwords’.  In the window that pops up, click the ‘User Profiles’ tab ({\bfseries profile} is another word for account).  There are two radio buttons here.  Click the first one if you want to have only one account on the computer, click the second one if you want to have multiple accounts.  Then use the check boxes at the bottom to specify what things can be customised on each account.  It is recommended to check all of these.

Once you have enabled using multiple accounts, it becomes easy to create a new account.  To create a new account, just type in a different name and password when you start the computer.  Windows will automatically create the new account with that username and password to be used every time you log on with them.

If your computer has the ‘User Accounts’ item then you have a much easier way to change all of these options.  To create a new desktop click ‘Create a new account’.  The computer will ask you what you want to call the new account, this is the username.  Click ‘Next’.  The computer will then ask you if you want this to be a ‘Computer administrator’ or ‘Limited’ account.  It is recommended to run most desktops as limited accounts, however there are some programs that do not function well this way.  There are also many things you cannot do from a limited account (like create a new account, so if the instructions in this paragraph don’t work for you, then it is because you have a limited account).  Click ‘Create Account’ and you have a new desktop of that type under that name!

To change an account in ‘User Accounts’, click on it in the list at the bottom of the window.  The window will then give you the list of options of what you can change.  You can change the account name by clicking on the first option.  You can also change the password by clicking the second option or you can make your account password-{}less with the third option.   To change the picture representing the account you use the fourth option.  You change the account type from administrator to limited and vice-{}versa with the fifth option, and you assign a ‘.NET Passport’ to the account with the fifth option.  All of these options save the last one should be self-{}explanatory.  The final option will be discussed when we discuss the Internet.  If you have multiple desktops on your computer and the account selected is not the account that is currently logged on, then there appears a sixth option ‘Delete the account’.  This options starts a wizard to remove the user from the computer.

You can change the ‘Welcome screen’ (which is the log-{}on screen variation that fills the whole screen talked about in Chapter 1) to the normal log-{}on box.  To do this select ‘Change the way users log on or off’ from the main ‘User Accounts’ screen.  Then uncheck ‘Use the Welcome screen’ and click ‘Apply Options’.

All right, was that a lot of stuff or what?  Now for some concepts, first of all, {\bfseries viruses}, {\bfseries hackers},{\bfseries crackers}, {\bfseries scanners}, and {\bfseries firewalls}.  You may have heard some of these terms before.  Viruses are what people often like to blame (wrongly) for computer problems.  Computer viruses work much the same way as normal ones.  They ‘infect’ a computer by getting their files on its hard disk.  They then begin to copy themselves all over the computer and onto anything that might carry them to another computer, such as floppy disks and emails (more on emails when we talk about the Internet).  They also do damage while they are on the computer.  Many viruses do annoying things, like playing a song or slowing the computer down, however some of them delete files and erase crucial data.  Therefore many people get Virus Scanners.  There are some major benefits to scanners.  The biggest one being that they will destroy many (and maybe all) of the viruses on your computer.  Their disadvantages are that they must be updated regularly, and they slow your computer down.  They also give a false sense of security, making you think you are well protected when they may have missed something.

Crackers are people who break into computers.  Sometimes they do it for fun, sometimes for profit, sometimes to show off.  They often touch nothing.  Sometimes they will take data or erase it.  They tend to prefer government or corporate targets and seldom do serious hackers target normal people.  However, to protect against the theft of data, many people run firewalls.  Firewalls are pieces of software that identify hacker-{}like things and cut them off, providing a huge measure of protection for the home user.  A similar term, hacker, is often used to refer to crackers, however the term hacker more properly refers to someone who knows how to exploit a computer system for beneficial purposes.

We’re almost done, now for error messages.  Error messages do not always indicate an error (or at least, not what {\itshape you} call error messages).  Many so-{}called error messages are simply the program asking for more information.  The first thing to do when you see an error message is to {\itshape read it}.  Many computer experts may seem to violate this rule: that is often because they recognise common messages and know what they say without reading it.  Below is a list of common error message buttons and what they usually do:

\begin{longtable}{>{\RaggedRight}p{0.17262\linewidth}>{\RaggedRight}p{0.74702\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries Button label} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries What it does}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} OK &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Confirms the operation and shuts the box\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Yes &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}It performs the operation the message box says it is going to\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} No &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} It does not perform the operation the message box says it is going to\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cancel &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Stops the operation and shuts the box (any data is lost)\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Abort &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} It stops the operation you were trying to do\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Retry &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Tries again giving to time to make changes\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ignore &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cancels an error message. 
\end{longtable}


Most error boxes have icons beside them to indicate their nature as well:
\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries Icon} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries What it means}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{minipage}{1.0\linewidth}\begin{center}\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/5.png}\end{center}\myfigurewithoutcaption{5}\end{minipage} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The computer have some information for you.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{minipage}{1.0\linewidth}\begin{center}\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/6.png}\end{center}\myfigurewithoutcaption{6}\end{minipage} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The computer is warning you that there may be something you forgot to do or did wrong.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{minipage}{1.0\linewidth}\begin{center}\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/7.png}\end{center}\myfigurewithoutcaption{7}\end{minipage} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} There has been a major computer error. 
\end{longtable}


Computers can break.  Things can go wrong, viruses can destroy information, and the person using the computer can do something wrong.  To protect your data just in case this happens it is necessary to back it up.  {\bfseries Backing up} is making a second copy of data.  If you are changing something and do not want to lose the original you can create a second copy on the hard drive to work with, this is a back up.  However to protect your data in the case of major computer error it is necessary to back it up {\itshape off} of the hard drive.  The most common way to do this is to put all of your data on CDs or DVDs.
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We have now covered all the basic concepts using a computer.  In this chapter we are going to cover the concepts related to networking and using the Internet.

A {\bfseries network} is a way of connecting two or more computers together so that they can share peripherals (hardware like printers) and data.  The most common form of network uses {\bfseries Ethernet}.  Ethernet is a system of data transfer that uses two different kinds of wire, the older one being like a cable television wire and the newer one being like telephone wire.  The newer one is faster and uses an end called {\bfseries RJ-{}45}, which looks like a fat telephone cable end.  Normally, computers are plugged into a {\bfseries hub}, or {\bfseries switch} using an internal piece of hardware called an {\bfseries Ethernet card} or simply a {\bfseries network card} and one of these cables.  Then they can all communicate with each other.

Once the computers can communicate, each item (i.e. printer or folder) that needs to be accessed on the network must be {\bfseries shared}, allowing it to be visible to the other computers.  Any shared item may be blocked off from general use by a password.  One of the other benefits of networks is {\bfseries email} (electronic mail).  Email allows users to send messages and files to each other.  When a new message is received it goes into the users {\bfseries inbox} for storage until it is read, so that a user may receive mail while away from the computer.

Ethernet networks create what is called {\bfseries Local Area Network}s ({\bfseries LAN}s).  This means that they are used within one area (i.e. a house or business building) and that is it.  All the computers in that area may be connected, but no one else.  This can be a problem depending on what you want to do, and a larger network could open up immense possibilities.  Enter the {\bfseries Internet}.  In 1957, just after the USSR launched Sputnik, the American government created ARPA, a scientific research branch for the military.  In 1969 ARPA decided to attempt the creation of a national computer network for communications by the military.  They did not want to use any standard system, however, not just because of the distance, but because of the fear of nuclear attack.  They wanted a network where there was not central hub that could be taken out, but where all remaining parts would function if any other part were destroyed.

After their success, the idea spread.  Different government and educational institutions started connecting into the network.  Because they all used the same {\bfseries protocol} (a set of rules that computers use to communicate, in this case {\bfseries TCP/IP}) and the same wires that carried telephone across the country as soon as they plugged in it was the same network.  Soon different institutions were creating their own {\bfseries server}s (computers that store information meant to be accessed on a network).  By 1989 there were more than 100 000 servers on what was becoming known as ‘the Internet’.  After the Cold War the American government no longer needed a specifically protected portion of this network they had started for their own and the Internet became completely public domain.

In 1990 Tim Berners-{}Lee invented a protocol based on TCP/IP that could work with it on the Internet and was more flexible.  Soon after this, the NCSA (National Centre for Supercomputing Applications) developed Mosaic, a graphical interface for this protocol called the {\bfseries World Wide Web} ({\bfseries WWW}).

The rest of this chapter is going to be spent looking at the WWW (or ‘{\bfseries the Web}’).  To view {\bfseries Web pages} (the electronic documents with pictures and formatted text that you view on the Web) you need to have a {\bfseries Web browser}.  The two most popular browsers are Mozilla Firefox and Internet Explorer.  You can use either one or any other Web browser.  If you are not sure what you have, then you will still have Internet Explorer, it comes with Windows.

To do anything {\bfseries online} (on the Internet), you must first connect to the Internet.  If you don’t know how, see Appendix B.  After you have connected to the Internet, open your Web browser.  Every computer connected to the Internet has an address, called an {\bfseries IP address} to identify it.  This is a number like ‘207.194.50.216’.  To have to remember something like that to access a web page would be a pain, so {\bfseries Domain Name}s were created.  Domain names are names that you can type in the {\bfseries location bar} (more on this below) in your browser.  The name is then sent to a server on the Internet called a {\bfseries DNS} ({\bfseries Domain Name Service}) {\bfseries server} that then returns the correct IP address.

You should be connected to the Internet and have your browser open.  (You may not have access to the Internet where you live.  Your teacher will provide a substitute.)  First we should identify the parts of a browser so that we know what we’re talking about.  Figure 6.1 is a picture of Internet Explorer.  If your browser looks a little different, that is okay.


The location bar can also be called the address bar, and it is where you type the {\bfseries URL} ({\bfseries Universal Resource Locator }or {\bfseries Uniform Resource Locator}), which is laid out as follows:


\begin{center}

\begin{longtable}{>{\RaggedRight}p{0.22283\linewidth}>{\RaggedRight}p{0.21452\linewidth}>{\RaggedRight}p{0.44211\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \myplainurl{http://} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} home.golden.net &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} /\~{}psweber/\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} The protocol name &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The domain name &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The folder and/or file name on the server 
\end{longtable}


\end{center}


After you type the URL press the Enter key and you web browser will take you to the page.  The first button on the toolbar is the ‘Back’ button.  It does the same thing as the ‘<{} Back’ button that we saw before, it goes to the previous screen you were looking at.  In this case, the previous web page you were at.  The back arrow on the button is a {\bfseries universal icon}.  Universal icons are ones that are always used to represent the same function.  This is different from a program icon like on your desktop or from an icon that only occurs in one program.  Even the ‘<{} Back’ button has a back arrow, that’s what the ‘<{}’ is for.  Note that universal icons do not always look exactly the same (i.e. the arrow can look different, as long as it points left).

A universal icon also identifies the next button on the toolbar, the ‘Next’ button.  If you push the back button, then you can go forwards again by pushing this button.  The next button on the toolbar has two universal icons used together.  A sheet of paper represents a file.  An ‘X’ represents stop.  So the sheet of paper with an ‘X’ on it represents stop loading the file, which is what this button does.  Some web browsers have just and ‘X’ or have a red stoplight on this button.  They mean the same thing, stop.

Two icons are also used on the next toolbar button.  The paper means the same thing, and the arrows going around mean refresh or reload.  This is actually typically a Microsoft icon, although some other companies also use it.  The reload button in Netscape as a bent up-{}arrow, signifying looking at the server again.  This button forces the web browser to look at the server and download all the data for a web page again.  This is primarily used for when the {\bfseries cache} (the place where a web browser stores web pages on your hard drive for quicker access) has an old version of the page that the web browser is displaying and you want to see the newest version of the page.

The next two buttons on the toolbar are the last ones with universal icons.  They have a house, and a magnifying glass.  A house represents ‘home’ and this button takes you to your home page.  A home page is a web page that you have set up for your browser to take you to when it first starts or when you click this button.  The magnifying class represents ‘search’ and this button will take you to a web page from which to search the Internet.

There is one more thing you need to know about if you are going to be using web pages, {\bfseries hyperlinks}.  Hyperlinks (one is labelled in the picture above) can be either text or pictures.  When they are text they are often a different colour and underlined.  When you click on them they take you to a different web page.  The text ones are a different colour once you have been to the web page they point to.  Some text hyperlinks are formatted differently, though, and many hyperlinks are pictures.  How can you know if something is a hyperlink?  Hover your cursor over it and if it is a hyperlink your cursor will turn into a hand, and usually the URL that the hyperlink (or just {\bfseries link}) points to will be displayed in the status bar.

The web is very useful for getting information this way, but what if you don’t know the URL you need?  That is why {\bfseries search engines} were created.  There are more than 10 billion web pages on the Internet, not all of them are catalogued in all search engines and when you search for something you will tend to get pages that have nothing to do with what you want.  However there are some ways to improve your search results.

Go to a search engine.  They all work much the same but if you don’t know of one go to \myhref{http://www.google.com}{ http://www.google.com}.  In the text box you can type {\bfseries keywords} (words that have something to do with what you want to find).  Some search engines have more advanced features that you can explore on your own, but all of them support {\bfseries Boolean operators}.  The two most useful for web searches are AND and OR.  It is best to type them in all caps.  AND tells the search engine that the things on both sides must be in the web page (they may be in its text or in its {\bfseries META} {\bfseries tag}s).  OR tells the search engine that one or the other must be in the web page.  So typing ‘boats AND models’ will look for all pages containing both words, whereas ‘boats OR models’ will find any page with either word.  You can also use NOT, ‘boats NOT Titanic’ returns everything containing ‘boats’ that does not contain ‘Titanic’

You can do more complicated strings too, like ‘boats AND models OR ships AND kits’ which finds all pages containing both ‘boats’ and ‘models’ or both ‘ships’ and ‘kits’.  You can also do something like this, ‘boats OR ships AND models OR kits’ which finds anything containing the word ‘boats’ or ‘ships’ along with either ‘models’ or ‘kits’.
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Email was already partially explained when we talked about networks.  The Internet is often called a ‘network of networks’ but it still has many of the things a network has.  One of those things is the ability to do email.  The problem with email over the Internet is that it would be impossible to list every person on the Internet in one place, have it current with their names, have those names be unique, and still have it be useful.  Since this is the way email on LANs works there needed to be a better addressing system.  Email addresses on the Internet work with domain names, but not with URLs.  All email addresses go by the format ‘username@domain.name’.  Thus ‘julia@yahoo.ca’ is the email address for the person who signed up with Yahoo! Canada for an email address under the username of ‘julia’.  ‘julia62@yahoo.ca’ is what happens when a name was already taken and someone else wants it.

Email typically operates on two sub-{}protocols of TCP/IP, {\bfseries SMTP} and {\bfseries POP3}.  SMTP is used for sending email, and POP3 is used for {\bfseries download}ing (taking off the Internet and putting on your computer) email.  Many different email programs exist.  Three of the most popular are {\bfseries Qualcomm Eudora}, {\bfseries Microsoft Outlook}, and {\bfseries Windows Mail}.  Another popular way to access email is through a web page interface.  There are many differences between all the major programs, however there are some things that are standard.

You can create and email, usually by clicking on a button or link labeled ‘new message’.  The universal icon for an email message (or just for email) is an envelope and the universal icon for ‘new’ is a star.  So there may be an icon of an envelope with a star or something like that.  Remember to use tool-{}tips to find out what buttons with no labels are called.  You type one (or more than one separated by a comma) email address in the box labeled ‘To:’.  The ‘From:’ box is filled in automatically, and then there are ‘Cc:’ and ‘Bcc:’.  You can put email addresses in them and the email will be copied to them so that they can see it was copied or so that they cannot, respectively.  You then type the text for your message into the big text box at the bottom.

If you are connected to the Internet when you click the ‘Send’ button (or other similar button) on the email it will go immediately.  If you are not (or if the button is called ‘Queue’) then the messages go into you {\bfseries Outbox} until you check your mail.  To check your email (that is, to download new messages and send the ones in the outbox) click the ‘Check Mail’, ‘Send and Receive’ or other similar button.  A progress bar will appear in the status bar or a window will come up with one so that you can know when it is finished.  All new messages go into your Inbox, unless you have {\bfseries filter}s set up (we will not be discussing filters in this book).  You can then move them into other mailboxes that you have created by drag-{}and-{}drop.  (To create a new mailbox there should be a ‘Create new mailbox’ on the menu or on a popup-{}menu for the Inbox.)

Some emails have {\bfseries attachment}s, these are files that are in the email that you can open and/or save.  The universal icon for attachments is a paper clip.  You can attach file to you emails by clicking the ‘Attach’ or similar button.  You can open files in email that you receive by either clicking on their icon at the end of an email, or double clicking on it in the ‘Attachments:’ spot at the top, depending on your program.

Email is very useful, but what if you want to talk to someone directly?  So {\bfseries chat-{}rooms} were invented.  Chat-{}rooms are found on web pages all over the place, some are public, and some you need a membership for.  Once you are in, to use it is simple.  There is (usually) as list of the {\bfseries nickname}s (or {\bfseries handle}s, fake names people use on the Internet) somewhere on the page, and when you sign in you give it the one you use.  You type something in a text box at the bottom and press either the ‘Enter’ key or the ‘Send’ or ‘Say’ button and your messages is visible to everyone in the chat-{}room in the text box above, including yourself.   {\bfseries IRC chat} was designed to go a step further.  You need a program for it and it has a few more features (like the ability to ‘whisper’ to only one person in the room).

{\bfseries IM} (Instant Messaging) was designed for one-{}on-{}one or conferencing, much like telephones.  Everyone has a unique nickname or number that you must know in order to contact them with a message, send them a file, or do a real-{}time chat, depending on what your program supports.  You add people to your {\bfseries contact list} or {\bfseries buddy list} and then if you are online, the program notifies you when they are too.  Then you can send them messages, chat with messages, or do other things.

Some IM programs also let you send them messages when they are offline that they will get when they come online.  Something like email, but it works faster.  You can also usually invite other people on your list into an existing chat (or messaging) session so that you can have a little chat room with only people you want.  There are new features coming out for computers all the time.  Many IM programs now let you talk with the people while chatting or even see them!  The biggest advantage over telephones?  You can talk to anyone in the world for any length of time without paying more than your monthly Internet bill.  No long-{}distance charges!
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\item cc-by-sa-1.0:  Creative Commons Attribution ShareAlike 1.0 License. \url{http://creativecommons.org/licenses/by-sa/1.0/} 
\item cc-by-2.0:  Creative Commons Attribution 2.0 License.  \url{http://creativecommons.org/licenses/by/2.0/}  
\item cc-by-2.0:  Creative Commons Attribution 2.0 License. \url{http://creativecommons.org/licenses/by/2.0/deed.en}  
\item cc-by-2.5:  Creative Commons Attribution 2.5 License. \url{http://creativecommons.org/licenses/by/2.5/deed.en}  
\item cc-by-3.0:  Creative Commons Attribution 3.0 License. \url{http://creativecommons.org/licenses/by/3.0/deed.en}  
\item GPL:  GNU General Public License. \url{http://www.gnu.org/licenses/gpl-2.0.txt} 
\item LGPL:  GNU Lesser General Public License. \url{http://www.gnu.org/licenses/lgpl.html}
 \item PD: This image is in the public domain.
\item ATTR:  The copyright holder of this file allows anyone to use it for any purpose, provided that the copyright holder is properly attributed. Redistribution, derivative work, commercial use, and all other use is permitted. 
\item EURO: This is the common (reverse) face of a euro coin. The copyright on the design of the common face of the euro coins belongs to the European Commission. Authorised is reproduction in a format without relief (drawings, paintings, films) provided they are not detrimental to the image of the euro.
\item LFK: Lizenz Freie Kunst. \url{http://artlibre.org/licence/lal/de} 
\item CFR: Copyright free use. 
\item EPL: Eclipse Public License. \url{http://www.eclipse.org/org/documents/epl-v10.php} 
\end{itemize}
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\section {GNU GENERAL PUBLIC LICENSE}
\begin{multicols}{4}

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
Preamble

The GNU General Public License is a free, copyleft license for software and other kinds of works.

The licenses for most software and other practical works are designed to take away your freedom to share and change the works. By contrast, the GNU General Public License is intended to guarantee your freedom to share and change all versions of a program--to make sure it remains free software for all its users. We, the Free Software Foundation, use the GNU General Public License for most of our software; it applies also to any other work released this way by its authors. You can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public Licenses are designed to make sure that you have the freedom to distribute copies of free software (and charge for them if you wish), that you receive source code or can get it if you want it, that you can change the software or use pieces of it in new free programs, and that you know you can do these things.

To protect your rights, we need to prevent others from denying you these rights or asking you to surrender the rights. Therefore, you have certain responsibilities if you distribute copies of the software, or if you modify it: responsibilities to respect the freedom of others.

For example, if you distribute copies of such a program, whether gratis or for a fee, you must pass on to the recipients the same freedoms that you received. You must make sure that they, too, receive or can get the source code. And you must show them these terms so they know their rights.

Developers that use the GNU GPL protect your rights with two steps: (1) assert copyright on the software, and (2) offer you this License giving you legal permission to copy, distribute and/or modify it.

For the developers' and authors' protection, the GPL clearly explains that there is no warranty for this free software. For both users' and authors' sake, the GPL requires that modified versions be marked as changed, so that their problems will not be attributed erroneously to authors of previous versions.

Some devices are designed to deny users access to install or run modified versions of the software inside them, although the manufacturer can do so. This is fundamentally incompatible with the aim of protecting users' freedom to change the software. The systematic pattern of such abuse occurs in the area of products for individuals to use, which is precisely where it is most unacceptable. Therefore, we have designed this version of the GPL to prohibit the practice for those products. If such problems arise substantially in other domains, we stand ready to extend this provision to those domains in future versions of the GPL, as needed to protect the freedom of users.

Finally, every program is threatened constantly by software patents. States should not allow patents to restrict development and use of software on general-purpose computers, but in those that do, we wish to avoid the special danger that patents applied to a free program could make it effectively proprietary. To prevent this, the GPL assures that patents cannot be used to render the program non-free.

The precise terms and conditions for copying, distribution and modification follow.
TERMS AND CONDITIONS
0. Definitions.

“This License” refers to version 3 of the GNU General Public License.

“Copyright” also means copyright-like laws that apply to other kinds of works, such as semiconductor masks.

“The Program” refers to any copyrightable work licensed under this License. Each licensee is addressed as “you”. “Licensees” and “recipients” may be individuals or organizations.

To “modify” a work means to copy from or adapt all or part of the work in a fashion requiring copyright permission, other than the making of an exact copy. The resulting work is called a “modified version” of the earlier work or a work “based on” the earlier work.

A “covered work” means either the unmodified Program or a work based on the Program.

To “propagate” a work means to do anything with it that, without permission, would make you directly or secondarily liable for infringement under applicable copyright law, except executing it on a computer or modifying a private copy. Propagation includes copying, distribution (with or without modification), making available to the public, and in some countries other activities as well.

To “convey” a work means any kind of propagation that enables other parties to make or receive copies. Mere interaction with a user through a computer network, with no transfer of a copy, is not conveying.

An interactive user interface displays “Appropriate Legal Notices” to the extent that it includes a convenient and prominently visible feature that (1) displays an appropriate copyright notice, and (2) tells the user that there is no warranty for the work (except to the extent that warranties are provided), that licensees may convey the work under this License, and how to view a copy of this License. If the interface presents a list of user commands or options, such as a menu, a prominent item in the list meets this criterion.
1. Source Code.

The “source code” for a work means the preferred form of the work for making modifications to it. “Object code” means any non-source form of a work.

A “Standard Interface” means an interface that either is an official standard defined by a recognized standards body, or, in the case of interfaces specified for a particular programming language, one that is widely used among developers working in that language.

The “System Libraries” of an executable work include anything, other than the work as a whole, that (a) is included in the normal form of packaging a Major Component, but which is not part of that Major Component, and (b) serves only to enable use of the work with that Major Component, or to implement a Standard Interface for which an implementation is available to the public in source code form. A “Major Component”, in this context, means a major essential component (kernel, window system, and so on) of the specific operating system (if any) on which the executable work runs, or a compiler used to produce the work, or an object code interpreter used to run it.

The “Corresponding Source” for a work in object code form means all the source code needed to generate, install, and (for an executable work) run the object code and to modify the work, including scripts to control those activities. However, it does not include the work's System Libraries, or general-purpose tools or generally available free programs which are used unmodified in performing those activities but which are not part of the work. For example, Corresponding Source includes interface definition files associated with source files for the work, and the source code for shared libraries and dynamically linked subprograms that the work is specifically designed to require, such as by intimate data communication or control flow between those subprograms and other parts of the work.

The Corresponding Source need not include anything that users can regenerate automatically from other parts of the Corresponding Source.

The Corresponding Source for a work in source code form is that same work.
2. Basic Permissions.

All rights granted under this License are granted for the term of copyright on the Program, and are irrevocable provided the stated conditions are met. This License explicitly affirms your unlimited permission to run the unmodified Program. The output from running a covered work is covered by this License only if the output, given its content, constitutes a covered work. This License acknowledges your rights of fair use or other equivalent, as provided by copyright law.

You may make, run and propagate covered works that you do not convey, without conditions so long as your license otherwise remains in force. You may convey covered works to others for the sole purpose of having them make modifications exclusively for you, or provide you with facilities for running those works, provided that you comply with the terms of this License in conveying all material for which you do not control copyright. Those thus making or running the covered works for you must do so exclusively on your behalf, under your direction and control, on terms that prohibit them from making any copies of your copyrighted material outside their relationship with you.

Conveying under any other circumstances is permitted solely under the conditions stated below. Sublicensing is not allowed; section 10 makes it unnecessary.
3. Protecting Users' Legal Rights From Anti-Circumvention Law.

No covered work shall be deemed part of an effective technological measure under any applicable law fulfilling obligations under article 11 of the WIPO copyright treaty adopted on 20 December 1996, or similar laws prohibiting or restricting circumvention of such measures.

When you convey a covered work, you waive any legal power to forbid circumvention of technological measures to the extent such circumvention is effected by exercising rights under this License with respect to the covered work, and you disclaim any intention to limit operation or modification of the work as a means of enforcing, against the work's users, your or third parties' legal rights to forbid circumvention of technological measures.
4. Conveying Verbatim Copies.

You may convey verbatim copies of the Program's source code as you receive it, in any medium, provided that you conspicuously and appropriately publish on each copy an appropriate copyright notice; keep intact all notices stating that this License and any non-permissive terms added in accord with section 7 apply to the code; keep intact all notices of the absence of any warranty; and give all recipients a copy of this License along with the Program.

You may charge any price or no price for each copy that you convey, and you may offer support or warranty protection for a fee.
5. Conveying Modified Source Versions.

You may convey a work based on the Program, or the modifications to produce it from the Program, in the form of source code under the terms of section 4, provided that you also meet all of these conditions:

    * a) The work must carry prominent notices stating that you modified it, and giving a relevant date.
    * b) The work must carry prominent notices stating that it is released under this License and any conditions added under section 7. This requirement modifies the requirement in section 4 to “keep intact all notices”.
    * c) You must license the entire work, as a whole, under this License to anyone who comes into possession of a copy. This License will therefore apply, along with any applicable section 7 additional terms, to the whole of the work, and all its parts, regardless of how they are packaged. This License gives no permission to license the work in any other way, but it does not invalidate such permission if you have separately received it.
    * d) If the work has interactive user interfaces, each must display Appropriate Legal Notices; however, if the Program has interactive interfaces that do not display Appropriate Legal Notices, your work need not make them do so.

A compilation of a covered work with other separate and independent works, which are not by their nature extensions of the covered work, and which are not combined with it such as to form a larger program, in or on a volume of a storage or distribution medium, is called an “aggregate” if the compilation and its resulting copyright are not used to limit the access or legal rights of the compilation's users beyond what the individual works permit. Inclusion of a covered work in an aggregate does not cause this License to apply to the other parts of the aggregate.
6. Conveying Non-Source Forms.

You may convey a covered work in object code form under the terms of sections 4 and 5, provided that you also convey the machine-readable Corresponding Source under the terms of this License, in one of these ways:

    * a) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by the Corresponding Source fixed on a durable physical medium customarily used for software interchange.
    * b) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by a written offer, valid for at least three years and valid for as long as you offer spare parts or customer support for that product model, to give anyone who possesses the object code either (1) a copy of the Corresponding Source for all the software in the product that is covered by this License, on a durable physical medium customarily used for software interchange, for a price no more than your reasonable cost of physically performing this conveying of source, or (2) access to copy the Corresponding Source from a network server at no charge.
    * c) Convey individual copies of the object code with a copy of the written offer to provide the Corresponding Source. This alternative is allowed only occasionally and noncommercially, and only if you received the object code with such an offer, in accord with subsection 6b.
    * d) Convey the object code by offering access from a designated place (gratis or for a charge), and offer equivalent access to the Corresponding Source in the same way through the same place at no further charge. You need not require recipients to copy the Corresponding Source along with the object code. If the place to copy the object code is a network server, the Corresponding Source may be on a different server (operated by you or a third party) that supports equivalent copying facilities, provided you maintain clear directions next to the object code saying where to find the Corresponding Source. Regardless of what server hosts the Corresponding Source, you remain obligated to ensure that it is available for as long as needed to satisfy these requirements.
    * e) Convey the object code using peer-to-peer transmission, provided you inform other peers where the object code and Corresponding Source of the work are being offered to the general public at no charge under subsection 6d.

A separable portion of the object code, whose source code is excluded from the Corresponding Source as a System Library, need not be included in conveying the object code work.

A “User Product” is either (1) a “consumer product”, which means any tangible personal property which is normally used for personal, family, or household purposes, or (2) anything designed or sold for incorporation into a dwelling. In determining whether a product is a consumer product, doubtful cases shall be resolved in favor of coverage. For a particular product received by a particular user, “normally used” refers to a typical or common use of that class of product, regardless of the status of the particular user or of the way in which the particular user actually uses, or expects or is expected to use, the product. A product is a consumer product regardless of whether the product has substantial commercial, industrial or non-consumer uses, unless such uses represent the only significant mode of use of the product.

“Installation Information” for a User Product means any methods, procedures, authorization keys, or other information required to install and execute modified versions of a covered work in that User Product from a modified version of its Corresponding Source. The information must suffice to ensure that the continued functioning of the modified object code is in no case prevented or interfered with solely because modification has been made.

If you convey an object code work under this section in, or with, or specifically for use in, a User Product, and the conveying occurs as part of a transaction in which the right of possession and use of the User Product is transferred to the recipient in perpetuity or for a fixed term (regardless of how the transaction is characterized), the Corresponding Source conveyed under this section must be accompanied by the Installation Information. But this requirement does not apply if neither you nor any third party retains the ability to install modified object code on the User Product (for example, the work has been installed in ROM).

The requirement to provide Installation Information does not include a requirement to continue to provide support service, warranty, or updates for a work that has been modified or installed by the recipient, or for the User Product in which it has been modified or installed. Access to a network may be denied when the modification itself materially and adversely affects the operation of the network or violates the rules and protocols for communication across the network.

Corresponding Source conveyed, and Installation Information provided, in accord with this section must be in a format that is publicly documented (and with an implementation available to the public in source code form), and must require no special password or key for unpacking, reading or copying.
7. Additional Terms.

“Additional permissions” are terms that supplement the terms of this License by making exceptions from one or more of its conditions. Additional permissions that are applicable to the entire Program shall be treated as though they were included in this License, to the extent that they are valid under applicable law. If additional permissions apply only to part of the Program, that part may be used separately under those permissions, but the entire Program remains governed by this License without regard to the additional permissions.

When you convey a copy of a covered work, you may at your option remove any additional permissions from that copy, or from any part of it. (Additional permissions may be written to require their own removal in certain cases when you modify the work.) You may place additional permissions on material, added by you to a covered work, for which you have or can give appropriate copyright permission.

Notwithstanding any other provision of this License, for material you add to a covered work, you may (if authorized by the copyright holders of that material) supplement the terms of this License with terms:

    * a) Disclaiming warranty or limiting liability differently from the terms of sections 15 and 16 of this License; or
    * b) Requiring preservation of specified reasonable legal notices or author attributions in that material or in the Appropriate Legal Notices displayed by works containing it; or
    * c) Prohibiting misrepresentation of the origin of that material, or requiring that modified versions of such material be marked in reasonable ways as different from the original version; or
    * d) Limiting the use for publicity purposes of names of licensors or authors of the material; or
    * e) Declining to grant rights under trademark law for use of some trade names, trademarks, or service marks; or
    * f) Requiring indemnification of licensors and authors of that material by anyone who conveys the material (or modified versions of it) with contractual assumptions of liability to the recipient, for any liability that these contractual assumptions directly impose on those licensors and authors.

All other non-permissive additional terms are considered “further restrictions” within the meaning of section 10. If the Program as you received it, or any part of it, contains a notice stating that it is governed by this License along with a term that is a further restriction, you may remove that term. If a license document contains a further restriction but permits relicensing or conveying under this License, you may add to a covered work material governed by the terms of that license document, provided that the further restriction does not survive such relicensing or conveying.

If you add terms to a covered work in accord with this section, you must place, in the relevant source files, a statement of the additional terms that apply to those files, or a notice indicating where to find the applicable terms.

Additional terms, permissive or non-permissive, may be stated in the form of a separately written license, or stated as exceptions; the above requirements apply either way.
8. Termination.

You may not propagate or modify a covered work except as expressly provided under this License. Any attempt otherwise to propagate or modify it is void, and will automatically terminate your rights under this License (including any patent licenses granted under the third paragraph of section 11).

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, you do not qualify to receive new licenses for the same material under section 10.
9. Acceptance Not Required for Having Copies.

You are not required to accept this License in order to receive or run a copy of the Program. Ancillary propagation of a covered work occurring solely as a consequence of using peer-to-peer transmission to receive a copy likewise does not require acceptance. However, nothing other than this License grants you permission to propagate or modify any covered work. These actions infringe copyright if you do not accept this License. Therefore, by modifying or propagating a covered work, you indicate your acceptance of this License to do so.
10. Automatic Licensing of Downstream Recipients.

Each time you convey a covered work, the recipient automatically receives a license from the original licensors, to run, modify and propagate that work, subject to this License. You are not responsible for enforcing compliance by third parties with this License.

An “entity transaction” is a transaction transferring control of an organization, or substantially all assets of one, or subdividing an organization, or merging organizations. If propagation of a covered work results from an entity transaction, each party to that transaction who receives a copy of the work also receives whatever licenses to the work the party's predecessor in interest had or could give under the previous paragraph, plus a right to possession of the Corresponding Source of the work from the predecessor in interest, if the predecessor has it or can get it with reasonable efforts.

You may not impose any further restrictions on the exercise of the rights granted or affirmed under this License. For example, you may not impose a license fee, royalty, or other charge for exercise of rights granted under this License, and you may not initiate litigation (including a cross-claim or counterclaim in a lawsuit) alleging that any patent claim is infringed by making, using, selling, offering for sale, or importing the Program or any portion of it.
11. Patents.

A “contributor” is a copyright holder who authorizes use under this License of the Program or a work on which the Program is based. The work thus licensed is called the contributor's “contributor version”.

A contributor's “essential patent claims” are all patent claims owned or controlled by the contributor, whether already acquired or hereafter acquired, that would be infringed by some manner, permitted by this License, of making, using, or selling its contributor version, but do not include claims that would be infringed only as a consequence of further modification of the contributor version. For purposes of this definition, “control” includes the right to grant patent sublicenses in a manner consistent with the requirements of this License.

Each contributor grants you a non-exclusive, worldwide, royalty-free patent license under the contributor's essential patent claims, to make, use, sell, offer for sale, import and otherwise run, modify and propagate the contents of its contributor version.

In the following three paragraphs, a “patent license” is any express agreement or commitment, however denominated, not to enforce a patent (such as an express permission to practice a patent or covenant not to sue for patent infringement). To “grant” such a patent license to a party means to make such an agreement or commitment not to enforce a patent against the party.

If you convey a covered work, knowingly relying on a patent license, and the Corresponding Source of the work is not available for anyone to copy, free of charge and under the terms of this License, through a publicly available network server or other readily accessible means, then you must either (1) cause the Corresponding Source to be so available, or (2) arrange to deprive yourself of the benefit of the patent license for this particular work, or (3) arrange, in a manner consistent with the requirements of this License, to extend the patent license to downstream recipients. “Knowingly relying” means you have actual knowledge that, but for the patent license, your conveying the covered work in a country, or your recipient's use of the covered work in a country, would infringe one or more identifiable patents in that country that you have reason to believe are valid.

If, pursuant to or in connection with a single transaction or arrangement, you convey, or propagate by procuring conveyance of, a covered work, and grant a patent license to some of the parties receiving the covered work authorizing them to use, propagate, modify or convey a specific copy of the covered work, then the patent license you grant is automatically extended to all recipients of the covered work and works based on it.

A patent license is “discriminatory” if it does not include within the scope of its coverage, prohibits the exercise of, or is conditioned on the non-exercise of one or more of the rights that are specifically granted under this License. You may not convey a covered work if you are a party to an arrangement with a third party that is in the business of distributing software, under which you make payment to the third party based on the extent of your activity of conveying the work, and under which the third party grants, to any of the parties who would receive the covered work from you, a discriminatory patent license (a) in connection with copies of the covered work conveyed by you (or copies made from those copies), or (b) primarily for and in connection with specific products or compilations that contain the covered work, unless you entered into that arrangement, or that patent license was granted, prior to 28 March 2007.

Nothing in this License shall be construed as excluding or limiting any implied license or other defenses to infringement that may otherwise be available to you under applicable patent law.
12. No Surrender of Others' Freedom.

If conditions are imposed on you (whether by court order, agreement or otherwise) that contradict the conditions of this License, they do not excuse you from the conditions of this License. If you cannot convey a covered work so as to satisfy simultaneously your obligations under this License and any other pertinent obligations, then as a consequence you may not convey it at all. For example, if you agree to terms that obligate you to collect a royalty for further conveying from those to whom you convey the Program, the only way you could satisfy both those terms and this License would be to refrain entirely from conveying the Program.
13. Use with the GNU Affero General Public License.

Notwithstanding any other provision of this License, you have permission to link or combine any covered work with a work licensed under version 3 of the GNU Affero General Public License into a single combined work, and to convey the resulting work. The terms of this License will continue to apply to the part which is the covered work, but the special requirements of the GNU Affero General Public License, section 13, concerning interaction through a network will apply to the combination as such.
14. Revised Versions of this License.

The Free Software Foundation may publish revised and/or new versions of the GNU General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Program specifies that a certain numbered version of the GNU General Public License “or any later version” applies to it, you have the option of following the terms and conditions either of that numbered version or of any later version published by the Free Software Foundation. If the Program does not specify a version number of the GNU General Public License, you may choose any version ever published by the Free Software Foundation.

If the Program specifies that a proxy can decide which future versions of the GNU General Public License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Program.

Later license versions may give you additional or different permissions. However, no additional obligations are imposed on any author or copyright holder as a result of your choosing to follow a later version.
15. Disclaimer of Warranty.

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM “AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.
16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
17. Interpretation of Sections 15 and 16.

If the disclaimer of warranty and limitation of liability provided above cannot be given local legal effect according to their terms, reviewing courts shall apply local law that most closely approximates an absolute waiver of all civil liability in connection with the Program, unless a warranty or assumption of liability accompanies a copy of the Program in return for a fee.

END OF TERMS AND CONDITIONS
How to Apply These Terms to Your New Programs

If you develop a new program, and you want it to be of the greatest possible use to the public, the best way to achieve this is to make it free software which everyone can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the start of each source file to most effectively state the exclusion of warranty; and each file should have at least the “copyright” line and a pointer to where the full notice is found.

    <one line to give the program's name and a brief idea of what it does.>
    Copyright (C) <year>  <name of author>

    This program is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    This program is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with this program.  If not, see <http://www.gnu.org/licenses/>.

Also add information on how to contact you by electronic and paper mail.

If the program does terminal interaction, make it output a short notice like this when it starts in an interactive mode:

    <program>  Copyright (C) <year>  <name of author>
    This program comes with ABSOLUTELY NO WARRANTY; for details type `show w'.
    This is free software, and you are welcome to redistribute it
    under certain conditions; type `show c' for details.

The hypothetical commands `show w' and `show c' should show the appropriate parts of the General Public License. Of course, your program's commands might be different; for a GUI interface, you would use an “about box”.

You should also get your employer (if you work as a programmer) or school, if any, to sign a “copyright disclaimer” for the program, if necessary. For more information on this, and how to apply and follow the GNU GPL, see <http://www.gnu.org/licenses/>.

The GNU General Public License does not permit incorporating your program into proprietary programs. If your program is a subroutine library, you may consider it more useful to permit linking proprietary applications with the library. If this is what you want to do, use the GNU Lesser General Public License instead of this License. But first, please read <http://www.gnu.org/philosophy/why-not-lgpl.html>.
\end{multicols}

\section{GNU Free Documentation License}
\begin{multicols}{4}

Version 1.3, 3 November 2008

Copyright © 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful document "free" in the sense of freedom: to assure everyone the effective freedom to copy and redistribute it, with or without modifying it, either commercially or noncommercially. Secondarily, this License preserves for the author and publisher a way to get credit for their work, while not being considered responsible for modifications made by others.

This License is a kind of "copyleft", which means that derivative works of the document must themselves be free in the same sense. It complements the GNU General Public License, which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free software needs free documentation: a free program should come with manuals providing the same freedoms that the software does. But this License is not limited to software manuals; it can be used for any textual work, regardless of subject matter or whether it is published as a printed book. We recommend this License principally for works whose purpose is instruction or reference.
1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the copyright holder saying it can be distributed under the terms of this License. Such a notice grants a world-wide, royalty-free license, unlimited in duration, to use that work under the conditions stated herein. The "Document", below, refers to any such manual or work. Any member of the public is a licensee, and is addressed as "you". You accept the license if you copy, modify or distribute the work in a way requiring permission under copyright law.

A "Modified Version" of the Document means any work containing the Document or a portion of it, either copied verbatim, or with modifications and/or translated into another language.

A "Secondary Section" is a named appendix or a front-matter section of the Document that deals exclusively with the relationship of the publishers or authors of the Document to the Document's overall subject (or to related matters) and contains nothing that could fall directly within that overall subject. (Thus, if the Document is in part a textbook of mathematics, a Secondary Section may not explain any mathematics.) The relationship could be a matter of historical connection with the subject or with related matters, or of legal, commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being those of Invariant Sections, in the notice that says that the Document is released under this License. If a section does not fit the above definition of Secondary then it is not allowed to be designated as Invariant. The Document may contain zero Invariant Sections. If the Document does not identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover Texts, in the notice that says that the Document is released under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25 words.

A "Transparent" copy of the Document means a machine-readable copy, represented in a format whose specification is available to the general public, that is suitable for revising the document straightforwardly with generic text editors or (for images composed of pixels) generic paint programs or (for drawings) some widely available drawing editor, and that is suitable for input to text formatters or for automatic translation to a variety of formats suitable for input to text formatters. A copy made in an otherwise Transparent file format whose markup, or absence of markup, has been arranged to thwart or discourage subsequent modification by readers is not Transparent. An image format is not Transparent if used for any substantial amount of text. A copy that is not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input format, LaTeX input format, SGML or XML using a publicly available DTD, and standard-conforming simple HTML, PostScript or PDF designed for human modification. Examples of transparent image formats include PNG, XCF and JPG. Opaque formats include proprietary formats that can be read and edited only by proprietary word processors, SGML or XML for which the DTD and/or processing tools are not generally available, and the machine-generated HTML, PostScript or PDF produced by some word processors for output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such following pages as are needed to hold, legibly, the material this License requires to appear in the title page. For works in formats which do not have any title page as such, "Title Page" means the text near the most prominent appearance of the work's title, preceding the beginning of the body of the text.

The "publisher" means any person or entity that distributes copies of the Document to the public.

A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely XYZ or contains XYZ in parentheses following text that translates XYZ in another language. (Here XYZ stands for a specific section name mentioned below, such as "Acknowledgements", "Dedications", "Endorsements", or "History".) To "Preserve the Title" of such a section when you modify the Document means that it remains a section "Entitled XYZ" according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies to the Document. These Warranty Disclaimers are considered to be included by reference in this License, but only as regards disclaiming warranties: any other implication that these Warranty Disclaimers may have is void and has no effect on the meaning of this License.
2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided that this License, the copyright notices, and the license notice saying this License applies to the Document are reproduced in all copies, and that you add no other conditions whatsoever to those of this License. You may not use technical measures to obstruct or control the reading or further copying of the copies you make or distribute. However, you may accept compensation in exchange for copies. If you distribute a large enough number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.
3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering more than 100, and the Document's license notice requires Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover. Both covers must also clearly and legibly identify you as the publisher of these copies. The front cover must present the full title with all words of the title equally prominent and visible. You may add other material on the covers in addition. Copying with changes limited to the covers, as long as they preserve the title of the Document and satisfy these conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as many as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must either include a machine-readable Transparent copy along with each Opaque copy, or state in or with each Opaque copy a computer-network location from which the general network-using public has access to download using public-standard network protocols a complete Transparent copy of the Document, free of added material. If you use the latter option, you must take reasonably prudent steps, when you begin distribution of Opaque copies in quantity, to ensure that this Transparent copy will remain thus accessible at the stated location until at least one year after the last time you distribute an Opaque copy (directly or through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redistributing any large number of copies, to give them a chance to provide you with an updated version of the Document.
4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3 above, provided that you release the Modified Version under precisely this License, with the Modified Version filling the role of the Document, thus licensing distribution and modification of the Modified Version to whoever possesses a copy of it. In addition, you must do these things in the Modified Version:

    * A. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from those of previous versions (which should, if there were any, be listed in the History section of the Document). You may use the same title as a previous version if the original publisher of that version gives permission.
    * B. List on the Title Page, as authors, one or more persons or entities responsible for authorship of the modifications in the Modified Version, together with at least five of the principal authors of the Document (all of its principal authors, if it has fewer than five), unless they release you from this requirement.
    * C. State on the Title page the name of the publisher of the Modified Version, as the publisher.
    * D. Preserve all the copyright notices of the Document.
    * E. Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.
    * F. Include, immediately after the copyright notices, a license notice giving the public permission to use the Modified Version under the terms of this License, in the form shown in the Addendum below.
    * G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the Document's license notice.
    * H. Include an unaltered copy of this License.
    * I. Preserve the section Entitled "History", Preserve its Title, and add to it an item stating at least the title, year, new authors, and publisher of the Modified Version as given on the Title Page. If there is no section Entitled "History" in the Document, create one stating the title, year, authors, and publisher of the Document as given on its Title Page, then add an item describing the Modified Version as stated in the previous sentence.
    * J. Preserve the network location, if any, given in the Document for public access to a Transparent copy of the Document, and likewise the network locations given in the Document for previous versions it was based on. These may be placed in the "History" section. You may omit a network location for a work that was published at least four years before the Document itself, or if the original publisher of the version it refers to gives permission.
    * K. For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the section, and preserve in the section all the substance and tone of each of the contributor acknowledgements and/or dedications given therein.
    * L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section numbers or the equivalent are not considered part of the section titles.
    * M. Delete any section Entitled "Endorsements". Such a section may not be included in the Modified Version.
    * N. Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title with any Invariant Section.
    * O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections and contain no material copied from the Document, you may at your option designate some or all of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the Modified Version's license notice. These titles must be distinct from any other section titles.

You may add a section Entitled "Endorsements", provided it contains nothing but endorsements of your Modified Version by various parties—for example, statements of peer review or that the text has been approved by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements made by) any one entity. If the Document already includes a cover text for the same cover, previously added by you or by arrangement made by the same entity you are acting on behalf of, you may not add another; but you may replace the old one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their names for publicity for or to assert or imply endorsement of any Modified Version.
5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms defined in section 4 above for modified versions, provided that you include in the combination all of the Invariant Sections of all of the original documents, unmodified, and list them all as Invariant Sections of your combined work in its license notice, and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant Sections may be replaced with a single copy. If there are multiple Invariant Sections with the same name but different contents, make the title of each such section unique by adding at the end of it, in parentheses, the name of the original author or publisher of that section if known, or else a unique number. Make the same adjustment to the section titles in the list of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the various original documents, forming one section Entitled "History"; likewise combine any sections Entitled "Acknowledgements", and any sections Entitled "Dedications". You must delete all sections Entitled "Endorsements".
6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this License, and replace the individual copies of this License in the various documents with a single copy that is included in the collection, provided that you follow the rules of this License for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this License, provided you insert a copy of this License into the extracted document, and follow this License in all other respects regarding verbatim copying of that document.
7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or works, in or on a volume of a storage or distribution medium, is called an "aggregate" if the copyright resulting from the compilation is not used to limit the legal rights of the compilation's users beyond what the individual works permit. When the Document is included in an aggregate, this License does not apply to the other works in the aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the Document is less than one half of the entire aggregate, the Document's Cover Texts may be placed on covers that bracket the Document within the aggregate, or the electronic equivalent of covers if the Document is in electronic form. Otherwise they must appear on printed covers that bracket the whole aggregate.
8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document under the terms of section 4. Replacing Invariant Sections with translations requires special permission from their copyright holders, but you may include translations of some or all Invariant Sections in addition to the original versions of these Invariant Sections. You may include a translation of this License, and all the license notices in the Document, and any Warranty Disclaimers, provided that you also include the original English version of this License and the original versions of those notices and disclaimers. In case of a disagreement between the translation and the original version of this License or a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History", the requirement (section 4) to Preserve its Title (section 1) will typically require changing the actual title.
9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided under this License. Any attempt otherwise to copy, modify, sublicense, or distribute it is void, and will automatically terminate your rights under this License.

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, receipt of a copy of some or all of the same material does not give you any rights to use it.
10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns. See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that a particular numbered version of this License "or any later version" applies to it, you have the option of following the terms and conditions either of that specified version or of any later version that has been published (not as a draft) by the Free Software Foundation. If the Document does not specify a version number of this License, you may choose any version ever published (not as a draft) by the Free Software Foundation. If the Document specifies that a proxy can decide which future versions of this License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Document.
11. RELICENSING

"Massive Multiauthor Collaboration Site" (or "MMC Site") means any World Wide Web server that publishes copyrightable works and also provides prominent facilities for anybody to edit those works. A public wiki that anybody can edit is an example of such a server. A "Massive Multiauthor Collaboration" (or "MMC") contained in the site means any set of copyrightable works thus published on the MMC site.

"CC-BY-SA" means the Creative Commons Attribution-Share Alike 3.0 license published by Creative Commons Corporation, a not-for-profit corporation with a principal place of business in San Francisco, California, as well as future copyleft versions of that license published by that same organization.

"Incorporate" means to publish or republish a Document, in whole or in part, as part of another Document.

An MMC is "eligible for relicensing" if it is licensed under this License, and if all works that were first published under this License somewhere other than this MMC, and subsequently incorporated in whole or in part into the MMC, (1) had no cover texts or invariant sections, and (2) were thus incorporated prior to November 1, 2008.

The operator of an MMC Site may republish an MMC contained in the site under CC-BY-SA on the same site at any time before August 1, 2009, provided the MMC is eligible for relicensing.
ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document and put the following copyright and license notices just after the title page:

    Copyright (C)  YEAR  YOUR NAME.
    Permission is granted to copy, distribute and/or modify this document
    under the terms of the GNU Free Documentation License, Version 1.3
    or any later version published by the Free Software Foundation;
    with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
    A copy of the license is included in the section entitled "GNU
    Free Documentation License".

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the "with … Texts." line with this:

    with the Invariant Sections being LIST THEIR TITLES, with the
    Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these examples in parallel under your choice of free software license, such as the GNU General Public License, to permit their use in free software.
\end{multicols}

\section{GNU Lesser General Public License}
\begin{multicols}{4}


GNU LESSER GENERAL PUBLIC LICENSE

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.

This version of the GNU Lesser General Public License incorporates the terms and conditions of version 3 of the GNU General Public License, supplemented by the additional permissions listed below.
0. Additional Definitions.

As used herein, “this License” refers to version 3 of the GNU Lesser General Public License, and the “GNU GPL” refers to version 3 of the GNU General Public License.

“The Library” refers to a covered work governed by this License, other than an Application or a Combined Work as defined below.

An “Application” is any work that makes use of an interface provided by the Library, but which is not otherwise based on the Library. Defining a subclass of a class defined by the Library is deemed a mode of using an interface provided by the Library.

A “Combined Work” is a work produced by combining or linking an Application with the Library. The particular version of the Library with which the Combined Work was made is also called the “Linked Version”.

The “Minimal Corresponding Source” for a Combined Work means the Corresponding Source for the Combined Work, excluding any source code for portions of the Combined Work that, considered in isolation, are based on the Application, and not on the Linked Version.

The “Corresponding Application Code” for a Combined Work means the object code and/or source code for the Application, including any data and utility programs needed for reproducing the Combined Work from the Application, but excluding the System Libraries of the Combined Work.
1. Exception to Section 3 of the GNU GPL.

You may convey a covered work under sections 3 and 4 of this License without being bound by section 3 of the GNU GPL.
2. Conveying Modified Versions.

If you modify a copy of the Library, and, in your modifications, a facility refers to a function or data to be supplied by an Application that uses the facility (other than as an argument passed when the facility is invoked), then you may convey a copy of the modified version:

    * a) under this License, provided that you make a good faith effort to ensure that, in the event an Application does not supply the function or data, the facility still operates, and performs whatever part of its purpose remains meaningful, or
    * b) under the GNU GPL, with none of the additional permissions of this License applicable to that copy.

3. Object Code Incorporating Material from Library Header Files.

The object code form of an Application may incorporate material from a header file that is part of the Library. You may convey such object code under terms of your choice, provided that, if the incorporated material is not limited to numerical parameters, data structure layouts and accessors, or small macros, inline functions and templates (ten or fewer lines in length), you do both of the following:

    * a) Give prominent notice with each copy of the object code that the Library is used in it and that the Library and its use are covered by this License.
    * b) Accompany the object code with a copy of the GNU GPL and this license document.

4. Combined Works.

You may convey a Combined Work under terms of your choice that, taken together, effectively do not restrict modification of the portions of the Library contained in the Combined Work and reverse engineering for debugging such modifications, if you also do each of the following:

    * a) Give prominent notice with each copy of the Combined Work that the Library is used in it and that the Library and its use are covered by this License.
    * b) Accompany the Combined Work with a copy of the GNU GPL and this license document.
    * c) For a Combined Work that displays copyright notices during execution, include the copyright notice for the Library among these notices, as well as a reference directing the user to the copies of the GNU GPL and this license document.
    * d) Do one of the following:
          o 0) Convey the Minimal Corresponding Source under the terms of this License, and the Corresponding Application Code in a form suitable for, and under terms that permit, the user to recombine or relink the Application with a modified version of the Linked Version to produce a modified Combined Work, in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.
          o 1) Use a suitable shared library mechanism for linking with the Library. A suitable mechanism is one that (a) uses at run time a copy of the Library already present on the user's computer system, and (b) will operate properly with a modified version of the Library that is interface-compatible with the Linked Version.
    * e) Provide Installation Information, but only if you would otherwise be required to provide such information under section 6 of the GNU GPL, and only to the extent that such information is necessary to install and execute a modified version of the Combined Work produced by recombining or relinking the Application with a modified version of the Linked Version. (If you use option 4d0, the Installation Information must accompany the Minimal Corresponding Source and Corresponding Application Code. If you use option 4d1, you must provide the Installation Information in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.)

5. Combined Libraries.

You may place library facilities that are a work based on the Library side by side in a single library together with other library facilities that are not Applications and are not covered by this License, and convey such a combined library under terms of your choice, if you do both of the following:

    * a) Accompany the combined library with a copy of the same work based on the Library, uncombined with any other library facilities, conveyed under the terms of this License.
    * b) Give prominent notice with the combined library that part of it is a work based on the Library, and explaining where to find the accompanying uncombined form of the same work.

6. Revised Versions of the GNU Lesser General Public License.

The Free Software Foundation may publish revised and/or new versions of the GNU Lesser General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Library as you received it specifies that a certain numbered version of the GNU Lesser General Public License “or any later version” applies to it, you have the option of following the terms and conditions either of that published version or of any later version published by the Free Software Foundation. If the Library as you received it does not specify a version number of the GNU Lesser General Public License, you may choose any version of the GNU Lesser General Public License ever published by the Free Software Foundation.

If the Library as you received it specifies that a proxy can decide whether future versions of the GNU Lesser General Public License shall apply, that proxy's public statement of acceptance of any version is permanent authorization for you to choose that version for the Library.
\end{multicols}
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headers/options.tex~

% Festlegungen für minitoc
% \renewcommand{\myminitoc}{\minitoc}
% \renewcommand{\mtctitle}{Überblick}
% \setcounter{minitocdepth}{1}
% \dominitoc   % diese Zeile aktiviert das Erstellen der minitocs, sie muss vor \tableofcontents kommen

% Seitenformat
% ------------
%\KOMAoption{paper}{A5}          % zulässig: letter, legal, executive; A-, B-, C-, D-Reihen
\KOMAoption{open}{right}			% zulässig: right (jedes Kapitel beginnt rechts), left, any
\KOMAoption{numbers}{auto}
% Satzspiegel jetzt neu berechnen, damit er bei Kopf- und Fußzeilen beachtet wird
\KOMAoptions{DIV=13}

% Kopf- und Fusszeilen
% --------------------
% Breite und Trennlinie
%\setheadwidth[-6mm]{textwithmarginpar}
%\setheadsepline[textwithmarginpar]{0.4pt}
\setheadwidth{text}
\setheadsepline[text]{0.4pt}

% Variante 1: Kopf: links Kapitel, rechts Abschnitt (ohne Nummer); Fuß: außen die Seitenzahl
\ohead{\headmark}
\renewcommand{\chaptermark}[1]{\markleft{#1}{}}
\renewcommand{\sectionmark}[1]{\markright{#1}{}}
\ofoot[\pagemark]{\pagemark}

% Variante 2: Kopf außen die Seitenzahl, Fuß nichts
%\ohead{\pagemark}
%\ofoot{}

% Standardschriften
% -----------------
%\KOMAoption{fontsize}{18pt}
\addtokomafont{disposition}{\rmfamily}
\addtokomafont{title}{\rmfamily} 
\setkomafont{pageheadfoot}{\normalfont\rmfamily\mdseries}

% vertikaler Ausgleich
% -------------------- 
% nein -> \raggedbottom
% ja   -> \flushbottom    aber ungeeignet bei Fußnoten
%\raggedbottom
\flushbottom

% Tiefe des Inhaltsverzeichnisses bestimmen
% -----------------------------------------
% -1   nur \part{}
%  0   bis \chapter{}
%  1   bis \section{}
%  2   bis \subsection{} usw.
\newcommand{\mytocdepth}{1}

% mypart - Teile des Buches und Inhaltsverzeichnis
% ------------------------------------------------
% Standard: nur im Inhaltsverzeichnis, zusätzlicher Eintrag ohne Seitenzahl
% Variante: nur im Inhaltsverzeichnis, zusätzlicher Eintrag mit Seitenzahl 
%\renewcommand{\mypart}[1]{\addcontentsline{toc}{part}{#1}}
% Variante: mit eigener Seite vor dem ersten Kapitel, mit Eintrag und Seitenzahl im Inhaltsverzeichnis
\renewcommand{\mypart}[1]{\part{#1}}


% maketitle
% -----------------------------------------------
% Bestandteile des Innentitels
%\title{Einführung in SQL}
%\author{Jürgen Thomas}
%\subtitle{Datenbanken bearbeiten}
\date{}
% Bestandteile von Impressum und CR
% Bestandteile von Impressum und CR

\uppertitleback{
%Detaillierte Daten zu dieser Publikation sind bei Wikibooks zu erhalten:\newline{} \url{http://de.wikibooks.org/}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet  zu erhalten: \newline{}\url{https://portal.d-nb.de/opac.htm?method=showSearchForm#top}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet unter der Katalog-Nr. 1008575860 zu erhalten: \newline{}\url{http://d-nb.info/1008575860}

%Namen von Programmen und Produkten sowie sonstige Angaben sind häufig geschützt. Da es auch freie Bezeichnungen gibt, wird das Symbol \textregistered{} nicht verwendet.

%Erstellt am 
\today{}
}

\lowertitleback{
{\footnotesize
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\renewcommand{\mysubtitle}[1]{}
\renewcommand{\mymaintitle}[1]{}
\renewcommand{\myauthor}[1]{}

\newenvironment{myshaded}{%
  \def\FrameCommand{ \hskip-2pt \fboxsep=\FrameSep \colorbox{shadecolor}}%
  \MakeFramed {\advance\hsize-\width \FrameRestore}}%
 {\endMakeFramed}








headers/packages1.tex~

% Standard für Formatierung
%\usepackage[utf8]{inputenc} % use \usepackage[utf8]{inputenc} for tex4ht
\usepackage[usenames]{color}
\usepackage{textcomp} 
\usepackage{alltt} 
\usepackage{syntax}
\usepackage{parskip} 
\usepackage[normalem]{ulem}
\usepackage[pdftex,unicode=true]{hyperref}
\usepackage{tocstyle}
\usepackage[defblank]{paralist}
\usepackage{trace}
%\usepackage{bigstrut}
% Minitoc
%\usepackage{minitoc}

% Keystroke
\usepackage{keystroke}
\usepackage{supertabular}

\usepackage{wrapfig}
%\newcommand{\bigs}{\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut{}}







headers/packages2.tex~

% für Zeichensätze


%replacemnt for pslatex
\usepackage{mathptmx}
\usepackage[scaled=.92]{helvet}
\usepackage{courier}


\usepackage[T1]{fontenc} % disable this line for tex4ht

% für Tabellen
\usepackage{multirow}
\usepackage{multicol}
\usepackage{array,ragged2e}
\usepackage{longtable}

% für Kopf- und Fußzeilen, Fußnoten
\usepackage{scrpage2}
\usepackage{footnote}

% für Rahmen
\usepackage{verbatim}
\usepackage{framed}
\usepackage{mdframed}
\usepackage{listings}
\usepackage{lineno}

% für Symbole
\usepackage{amsmath}
\usepackage{amssymb}
\usepackage{amsfonts}

\usepackage{pifont}
\usepackage{marvosym}
\let\Cross\undefined 
\usepackage{fourier-orns}  % disable this line for tex4ht   % für weitere Logos, z.B. \danger

% für Grafik-Einbindung
\usepackage[pdftex]{graphicx}
\usepackage{wasysym}
\let\Square\undefined 

% unklare Verwendung
\usepackage{bbm}
\usepackage{skull}

%arabtex
\usepackage[T1]{tipa}  % disable this line for tex4ht

\usepackage{fancyvrb}
\usepackage{bbding} 
\usepackage{textcomp}
\usepackage[table]{xcolor}
\usepackage{microtype}
\usepackage{lscape}
\usepackage{amsthm}







headers/templates.tex~

\newcommand{\wbtempcolora}{white}
\newcommand{\wbtempcolorb}{white}
\newcommand{\wbtempcolorc}{white}
\newcommand{\wbtemptexta}{}
\newcommand{\wbtemptextb}{}
\newcommand{\wbtemptextc}{}
\newlength{\wbtemplengtha}
\setlength{\wbtemplengtha}{0pt}
\newlength{\wbtemplengthb}
\setlength{\wbtemplengthb}{0pt}
\newlength{\wbtemplengthc}
\setlength{\wbtemplengthc}{0pt}
\newlength{\wbtemplengthd}
\setlength{\wbtemplengthd}{0pt}
\newlength{\wbtemplengthe}
\setlength{\wbtemplengthe}{0pt}
\newcount\wbtempcounta
\wbtempcounta=0
\newcount\wbtempcountb
\wbtempcountb=0
\newcount\wbtempcountc
\wbtempcountc=0

\newcommand{\CPPAuthorsTemplate}[4]{
\LaTeXZeroBoxTemplate{
The following people are authors to this book:

#3

You can verify who has contributed to this book by examining the history logs at Wikibooks (http://en.wikibooks.org/).

Acknowledgment is given for using some contents from other works like #1, as from the authors #2.

The above authors release their work under the following license:

This work is licensed under the Creative Commons Attribution-Share Alike 3.0 Unported license. In short: you are free to share and to make derivatives of this work under the conditions that you appropriately attribute it, and that you only distribute it under the same, similar or a compatible license. Any of the above conditions can be waived if you get permission from the copyright holder.
Unless otherwise noted, #4 used in this book have their own copyright, may use different licenses than the one used here, and were not created by the above authors. The authors, contributors, and licenses used should be acknowledged separately.}
}


\newcommand{\tlTemplate}[1]{{\{\{{\ttfamily #1}\}\}}}

\newcommand{\matrixdimTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
{\bfseries Matrix Dimensions: }\\
A: $p \times p$ \\
B:  $p \times q$\\
C:  $r \times p$\\
D:  $r \times q$\\
\end{myshaded}
}

\newcommand{\matlabTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
This operation can be performed using this MATLAB command:
{\ttfamily #1}
\end{myshaded}}

\newcommand{\PrintUnitPage}[3]{\pagebreak
\begin{flushleft}
{\bfseries \Large #1}
\end{flushleft}

\begin{longtable}{>{\RaggedRight}p{0.5\linewidth}>{\RaggedRight}p{0.5\linewidth}}
& #2
\end{longtable}}

\newcommand{\LaTeXCodeTipTemplate}[3]{

\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
#1 \\
#2 \\
#3
\end{myshaded}
}

\newcommand{\DisassemblySyntax}[1]{

\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
This code example uses #1 Syntax
\end{myshaded}}


\newcommand{\LaTeXDeutschTemplate}[1]{ {\bfseries deutsch:} #1 }



\newcommand{\LaTeXNullTemplate}[1]{}
\newcommand{\LatexSymbol}[1]{\LaTeX}

\newcommand{\LaTeXDoubleBoxTemplate}[2]{

\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}
\end{minipage}

}


\newcommand{\LaTeXSimpleBoxTemplate}[2]{
{\bfseries #1} \\
#2
}

\newcommand{\SolutionBoxTemplate}[2]{
#2
}


\newcommand{\LaTeXDoubleBoxOpenTemplate}[2]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}

}


\newcommand{\LaTeXLatinExcerciseTemplate}[3]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries Excercise: #1} \\
#2 \\
{\bfseries Solution}
#3
\end{myshaded}

}


\newcommand{\LaTeXShadedColorBoxTemplate}[2]{
{\linewidth}#1\begin{myshaded}
#2
\end{myshaded}
}


\newcommand{\LaTeXZeroBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}
#1
\end{myshaded}
\end{minipage}
}

\newcommand{\LaTeXZeroBoxOpenTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}
#1
\end{myshaded}
}

\newcommand{\PDFLink}[1]{
\textbf{PDF} #1
}

\newcommand{\SonnensystemFakten}[3]{
#1 \\
\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #2}  \\
#3 \\
\end{myshaded}
}


\newcommand{\VorlageReferenzenEintrag}[3]{
\begin{longtable}{p{0.2\linewidth}p{0.6\linewidth}}

{[\bfseries #1]} & {\itshape #2} #3 \\
\end{longtable}

}

\newcommand{\MBOX}[3]{\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
\begin{longtable}{p{0.2\linewidth}p{0.8\linewidth}}
#1 & #2 \\
\end{longtable}
\end{myshaded}}



\newcommand{\LaTeXIdentityTemplate}[1]{#1
}

\newcommand{\TychoBrahe}[1]{Tycho Brahe}

\newcommand{\LaTeXPlainBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded} 
#1
\end{myshaded}
\end{minipage}
}


\newcommand{\Hinweis}[1]{
\begin{TemplateInfo}{{\Huge \textcircled{\LARGE !}}}{Hinweis}
#1
\end{TemplateInfo}}



\newcommand{\LaTexInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}}

\newcommand{\EqnTemplate}[1]{
\begin{flushright}
\textbf{[#1]}
\end{flushright}}

\newcommand{\RefTemplate}[1]{[#1]}


\newcommand{\LaTeXGCCTakeTemplate}[1]{
\LaTeXDoubleBoxTemplate{Take home:}{#1}
}

\newcommand{\LaTeXEditorNote}[1]{\LaTeXDoubleBoxTemplate{Editor's note}{#1}}

\newcommand{\BNPForVersion}[1]{
\LaTeXInfoTemplateOne{Applicable Blender version: #1}
}

\newcommand{\LaTeXInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}
}


\newcommand{\LaTexHelpFulHintTemplate}[1]{
\LaTeXDoubleBoxTemplate{Helpful Hint:}{#1}
}

\newcommand{\MyLaTeXTemplate}[3]{
\LaTeXDoubleBoxTemplate{MyLaTeXTemplate1:}{#1 \\ #2 \\ #3}
}

\newcommand{\TemplatePreformat}[1]{
\par
\begin{scriptsize}
%\setlength{\baselineskip}{0.9\baselineskip}
\ttfamily
#1
\par
\end{scriptsize}
}

\newcommand{\TemplateSpaceIndent}[1]{
\begin{scriptsize}
\begin{framed}
\ttfamily
#1
\end{framed}
\end{scriptsize}
}

\newcommand{\GenericColorBox}[2]
{
\newline
\begin{tabular}[t]{p{0.6cm}p{4cm}}
#1&#2\\  
\end{tabular}
}

\newcommand{\legendNamedColorBox}[2]
{
  \GenericColorBox{
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{#1}{
          \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}

\newcommand{\legendColorBox}[2]
{
  \GenericColorBox{
    \definecolor{tempColor}{rgb}{#1}
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{tempColor}{
           \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}



%\newcommand{\ubung} {{\LARGE $\triangleright$}}
\newcommand{\ubung}{\ding{228} \textbf{Aufgabe:}\,}

\newcommand{\TemplateSource}[1]
{
%\begin{TemplateCodeInside}{}{\baselineskip}{\baselineskip}{}{}{true}
\begin{scriptsize}
\begin{myshaded}\ttfamily
#1
\end{myshaded}
\end{scriptsize}
%\end{TemplateCodeInside}
}


\newenvironment{TemplateInfo}[2]
% no more parameters
%****************************************************
% Template Info
% Kasten mit Logo, Titelzeile, Text
% kann für folgende Wiki-Vorlagen benutzt werden:
%          Vorlage:merke, Vorlage:Achtung u.ä.
%
% #1 Logo  (optional) default: \Info
% #2 Titel (optional) default: Information; könnte theoretisch auch leer sein,
%                     das ist aber wegen des Logos nicht sinnvoll
%****************************************************
{
% Definition des Kastens mit Standardwerten
% u.U. ist linewidth=1pt erorderlich
\begin{mdframed}[ skipabove=\baselineskip, skipbelow=\baselineskip,
linewidth=1pt,
innertopmargin=0, innerbottommargin=0 ]
% linksbündig ist besser, weil es in der Regel wenige Zeilen sind, die teilweise kurz sind
\begin{flushleft}
% Überschrift größer darstellen
\begin{Large}
% #1 wird als Logo verwendet, Vorgabe ist \Info aus marvosym
%    für andere Logos muss ggf. das Package eingebunden werden
%    das Logo kann auch mit einer Größe verbunden werden, z.B. \LARGE\danger als #1
{#1 } \
% #2 wird als Titelzeile verwendet, Vorgabe ist 'Information'
{\bfseries #2}
\medskip \end{Large} \\
} % Ende der begin-Anweisungen, es folgenden die end-Anweisungen
{ \end{flushleft}\end{mdframed} }


\newcommand{\TemplateHeaderExercise}[3]
% no more parameters
%****************************************************
% Template Header Exercise
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
% ist gedacht für folgende Wiki-Vorlage:
%          Vorlage:Übung4
% kann genauso für den Aufgaben-Teil folgender Vorlagen verwendet werden:
%          Vorlage:Übung    (wird zz. nur einmal benutzt)
%          Vorlage:Übung2   (wird zz. gar nicht benutzt)
%          Vorlage:Übung3   (wird zz. in 2 Büchern häufig benutzt)
%          C++-Programmierung/ Vorlage:Aufgabe  (wird zz. nur selten benutzt,
%                            ist in LatexRenderer.hs schon erledigt)
%
% #1 Text   (optional) 'Aufgabe' oder 'Übung', kann auch leer sein
% #2 Nummer (Pflicht)  könnte theoretisch auch leer sein, aber dann sieht die Zeile
%                      seltsam aus; oder die if-Abfragen wären unnötig komplex
% #3 Titel  (optional) Inhaltsangabe der Aufgabe, kann auch leer sein
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}
 
\newcommand{\TemplateHeaderSolution}[3]
% no more parameters
%****************************************************
% Template Header Solution
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
%
% ist gedacht für den Lösungen-Teil der Vorlagen und wird genauso
% verwendet wie \TemplateHeaderExercise
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, Lösung zu #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}

\newcommand{\TemplateUbungDrei}[4]
{
\TemplateHeaderExercise{Übung}{#1}{#2}
#3
\TemplateHeaderSolution{Übung}{#1}{#2}
#4
}

\newcommand{\Mywrapfigure}[2]
{
\begin{wrapfigure}{r}{#1\textwidth}
\begin{center}
#2
\end{center}
\end{wrapfigure}
}



\newcommand{\Mymakebox}[2]
{
\begin{minipage}{#1\textwidth}
#2
\end{minipage}
}

\newcommand{\MyBlau}[1]{
\textcolor{darkblue}{#1}
} 
\newcommand{\MyRot}[1]{
\textcolor{red}{#1}
} 
\newcommand{\MyGrun}[1]{
\textcolor{mydarkgreen}{#1}
} 
\newcommand{\MyBg}[2]{
\fcolorbox{#1}{#1}{#2} 
} 

\newcommand{\BNPModule}[1]{
the "#1" module
} 


\newcommand{\LaTeXMerkeZweiTemplate}[1]{\LaTeXDoubleBoxTemplate{Merke}{#1}}

\newcommand{\LaTeXDefinitionTemplate}[1]{\LaTeXDoubleBoxTemplate{Definition}{#1}}

\newcommand{\LaTeXAnorganischeChemieFuerSchuelerVorlageMerksatzTemplate}[1]{\LaTeXDoubleBoxTemplate{Merksatz}{#1}}

\newcommand{\LaTeXTextTemplate}[1]{\LaTeXDoubleBoxTemplate{}{#1}}

\newcommand{\LaTeXExampleTemplate}[1]{\LaTeXDoubleBoxTemplate{Example:}{#1}}

\newcommand{\LaTeXexampleTemplate}[1]{\LaTeXDoubleBoxTemplate{Example:}{#1}}

\newcommand{\LaTeXPTPBoxTemplate}[1]{\LaTeXDoubleBoxTemplate{Points to ponder:}{#1}}

\newcommand{\LaTeXNOTETemplate}[2]{\LaTeXDoubleBoxTemplate{Note:}{#1 #2}}

\newcommand{\LaTeXNotizTemplate}[1]{\LaTeXDoubleBoxTemplate{Notiz:}{#1}}

\newcommand{\LaTeXbodynoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXcquoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Quote:}{#1}}

\newcommand{\LaTeXCquoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Quote:}{#1}}

\newcommand{\LaTeXSideNoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXsideNoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXExercisesTemplate}[1]{\LaTeXDoubleBoxTemplate{Exercises:}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageTippTemplate}[1]{\LaTeXDoubleBoxTemplate{Tip}{#1}}

\newcommand{\LaTeXTipTemplate}[1]{\LaTeXDoubleBoxTemplate{Tip}{#1}}
\newcommand{\LaTeXUnknownTemplate}[1]{unknown}

\newcommand{\LaTeXCppProgrammierungVorlageHinweisTemplate}[1]{\LaTeXDoubleBoxTemplate{Hinweis}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageSpaeterImBuchTemplate}[1]{\LaTeXDoubleBoxTemplate{Thema wird später näher erläutert...}{#1}}

\newcommand{\SGreen}[1]{This page uses material from Dr. Sheldon Green's Hypertext Help with LaTeX.}
\newcommand{\ARoberts}[1]{This page uses material from Andy Roberts' Getting to grips with LaTeX with permission from the author.}

\newcommand{\LaTeXCppProgrammierungVorlageAnderesBuchTemplate}[1]{\LaTeXDoubleBoxTemplate{Buchempfehlung}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageNichtNaeherBeschriebenTemplate}[1]{\LaTeXDoubleBoxTemplate{Nicht Thema dieses Buches...}{#1}}

\newcommand{\LaTeXPythonUnterLinuxVorlagenVorlageDetailsTemplate}[1]{\LaTeXDoubleBoxTemplate{Details}{#1}}

\newcommand{\LaTeXChapterTemplate}[1]{\chapter{#1}
\myminitoc
}

\newcommand{\Sample}[2]{
\begin{longtable}{|p{\linewidth}|}
\hline
#1 \\ \hline
#2 \\ \hline
\end{longtable}
}

\newcommand{\Syntax}[1]{
\LaTeXDoubleBoxTemplate{Syntax}{#1}}


\newcommand{\LaTeXTT}[1]{{\ttfamily #1}}
\newcommand{\LaTeXBF}[1]{{\bfseries #1}}
\newcommand{\LaTeXCenter}[1]{
\begin{center}
#1
\end{center}}


\newcommand{\BNPManual}[2]{The Blender Manual page on #1 at \url{http://wiki.blender.org/index.php/Doc:Manual/#1}}
\newcommand{\BNPWeb}[2]{#1 at \url{#2}}

\newcommand{\Noframecenter}[2]{
\begin{tablular}{p{\linewidth}}
#2\\ 
#1 
\end{tabluar}
}


\newcommand{\LaTeXTTUlineTemplate}[1]{{\ttfamily \uline{#1}}
}



\newcommand{\PythonUnterLinuxDenulltails}[1]{
\begin{tabular}{|p{\linewidth}|}\hline
\textbf{Denulltails} \\ \hline
#1 \\ \hline 
\end{tabular}}

\newcommand{\GNURTip}[1]{
\begin{longtable}{|p{\linewidth}|}\hline
\textbf{Tip} \\ \hline
#1 \\ \hline 
\end{longtable}}

\newcommand{\PerlUebung}[1]{
\begin{longtable}{|p{\linewidth}|}\hline
#1 \\ \hline 
\end{longtable}}

\newcommand{\PerlNotiz}[1]{
\begin{table}{|p{\linewidth}|}\hline
#1 \\ \hline 
\end{table}}

\newcommand{\ACFSZusatz}[1]{\textbf{ Zusatzinformation }}
\newcommand{\ACFSVorlageB}[1]{\textbf{ Beobachtung }}
\newcommand{\ACFSVorlageV}[1]{\textbf{ Versuchsbeschreibung }}
\newcommand{\TemplateHeaderSolutionUebung}[2]{\TemplateHeaderSolution{Übung}{#1}{#2}}
\newcommand{\TemplateHeaderExerciseUebung}[2]{\TemplateHeaderExercise{Übung}{#1}{#2}}

\newcommand{\ChemTemplate}[9]{\texttt{     
#1#2#3#4#5#6#7#8#9}}


\newcommand{\WaningTemplate}[1]{     
\begin{TemplateInfo}{\danger}{Warning}
#1
\end{TemplateInfo}}


\newcommand{\WarnungTemplate}[1]{     
\begin{TemplateInfo}{\danger}{Warnung}
#1
\end{TemplateInfo}}


\newcommand{\BlenderAlignedToViewIssue}[1]{     
\begin{TemplateInfo}{\danger}{Blender3d Aligned to view issue}
This tutorial relies on objects being created so that they are aligned to the view that you’re looking through. Versions 2.48 and above have changed the way this works. Visit Aligned (\url{http://en.wikibooks.org/wiki/Blender_3D:_Noob_to_Pro/Aligned_to_view_issue}) to view issue to understand the settings that need to be changed.
\end{TemplateInfo}}


\newcommand{\BlenderVersion}[1]{     
{\itshape Diese Seite bezieht sich auf }{\bfseries \quad Blender Version #1}}

\newcommand{\Literal}[1]{{\itshape #1}}

\newcommand{\JavaIllustration}[3]{
\begin{tablular}
{Figure #1: #2}
\\
#3
\end{ltablular}
}

\newcommand{\PDFLink}[1]{#1 PDF}

\newcommand{\Ja}[1]{\Checkmark {\bfseries Ja}}
\newcommand{\Nein}[1]{\XSolidBrush {\bfseries Nein}}

\newcommand{\SVGVersions}[8]{
{\scriptsize
\begin{tabular}{|p{0.45\linewidth}|p{0.13\linewidth}|}\hline
Squiggle (Batik) & #1 \\ \hline
Opera (Presto) & #2 \\ \hline
Firefox (Gecko; auch SeaMonkey, Iceape, Iceweasel etc) & #3 \\ \hline
Konqueror (KSVG) & #4 \\ \hline
Safari (Webkit) & #5 \\ \hline
Chrome (Webkit) & #6 \\ \hline
Microsoft Internet Explorer (Trident) & #7 \\ \hline
librsvg & #8 \\\hline
\end{tabular}}

}


\theoremstyle{plain}
\newtheorem{satz}{Satz}
\newtheorem{beweis}{Beweis}
\newtheorem{beispiel}{Beispiel}

\theoremstyle{definition}
\newtheorem{mydef}{Definition}

\newcommand{\NFSatz}[2]{\begin{satz}#1\end{satz}#2}

\newcommand{\NFDef}[2]{\begin{mydef}#1\end{mydef}#2}

\newcommand{\NFBeweis}[2]{\begin{beweis}#1\end{beweis}#2}

\newcommand{\NFBeispiel}[2]{\begin{beweis}#1\end{beweis}#2}

\newcommand{\NFFrage}[3]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\itshape \uline{#1}: #2} \\
#3
\end{myshaded}

}

\newcommand{\NFFrageB}[2]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\itshape \uline{Frage}: #1} \\
#2
\end{myshaded}

}


\newcommand{\NFVertiefung}[1]{
{\bfseries Vertiefung:} \\
Der Inhalt des folgenden Abschnitts ist eine Vertiefung des Stoffes. Für die nächsten Kapitel ist es nicht notwendig, dass du dieses Kapitel gelesen hast.

}
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\select@language {english}
\contentsline {section}{\numberline {0.1}About {\itshape General Chemistry}}{2}{section.0.1}
\contentsline {section}{\numberline {0.2}Beyond General Chemistry}{2}{section.0.2}
\contentsline {section}{\numberline {0.3}About Wikibooks}{2}{section.0.3}
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\contentsline {subsection}{\numberline {1.0.2}Chemistry is Everywhere}{3}{subsection.1.0.2}
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\contentsline {subsection}{\numberline {1.0.5}This Book: General Chemistry}{4}{subsection.1.0.5}
\contentsline {chapter}{\numberline {2}Basic Properties of Matter}{7}{chapter.2}
\contentsline {section}{\numberline {2.1}What is Matter?}{7}{section.2.1}
\contentsline {section}{\numberline {2.2}Atoms, Elements, and Compounds}{8}{section.2.2}
\contentsline {section}{\numberline {2.3}Properties of Matter}{10}{section.2.3}
\contentsline {section}{\numberline {2.4}States of Matter}{11}{section.2.4}
\contentsline {subsection}{\numberline {2.4.1}Solids}{13}{subsection.2.4.1}
\contentsline {subsection}{\numberline {2.4.2}Liquids}{14}{subsection.2.4.2}
\contentsline {subsection}{\numberline {2.4.3}Gases}{14}{subsection.2.4.3}
\contentsline {chapter}{\numberline {3}Changes in Matter}{15}{chapter.3}
\contentsline {section}{\numberline {3.1}Chemical or Physical?}{16}{section.3.1}
\contentsline {chapter}{\numberline {4}Classification of Matter}{19}{chapter.4}
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