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PREF ACE.

Tris work has been prepared with special reference to
the wants of students in Academies, Seminaries, and Col-
leges, aiming to furnish just that information which will
prove most useful and practical in their future employ-
ments and relations of life.

The great general principles of Chemistry, and the
more important of the elements and their compounds, have
been accordingly very fully discussed ; while, on the other
hand, the custom adopted in many text-books of enumer-
ating and describing compounds which have no practical
value and little scientific interest, has been disregarded.

To enable the student to understand more clearly the
relations which Chemistry sustains to "the industrial ope-
rations of the age, and to the past and present progress
of civilization, greater attention has been given to the his-
tory of the science than has heretofore been customary in
elementary text-books.

Special care has also been taken to present the verylatest
results of scientific discovery and research, in this country
and Europe, and to take advantage of the most approved
methods of experimentation and instruction.

An unusually large number of illustrations has been
introduced, with the double purpose of reudering the
study of the science more intelligible and attractive to
the pupil, and of facilitating the instructions of teachers,
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iv’ PREFACE.

especially of those not enjoying the advantage of large ap-
paratus.

In respect to originality the author makes little pre-
tension beyond the arrangement and classification of sub-
jects, and the selection of illustrations. Among the
authorities to which he is especially indebted he would
mention FARADAY, Prof. MILLER, of King’s College, Lon-
don, GrRaEAM, REGNAULT, and HAYES.

New YoORrk, May, 1858.
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PRINCIPLES OFl CHEMISTRY.

INTRODUCTION.

1. Matter is the general name which has been given
to that substance which, under an infinite variety of
forms, affects our senses. We apply the term matter to
every thing that occupies space, or that has length,
breadth, and thickness.

The forms and combinations of matter seen in the animal, vegetable, and
mineral kingdoms of nature, are numberless, yet they are all composed of a
very few simple substances or elements.

2. Simple Substances—By a simple substance, or ele-
ment, we mean one which has never been denved from,
or separated into, any other kind of matter.

Sulphur, gold, silver, iron, oxygen, and hydrogen, are
examples of simple substances or elements; and are so
considered because we are unable to decompose them,

convert them into, or create them from, other bodies.
No known force has yet extracted any thing from sulphur but sulphur, or
from gold but gold; but if by any method these substances could be broken

up into two or more factors, or component parts, they would cease to be re-
garded as elementary.

The number of the elements, or simple substances, with
which we are at present acquainted, is sixty-two.

These substances are not all equally distributed over
the surface of the earth: many of them are exceedingly
rare, and known only to chemists. Of the whole number,
from ten to fifteen only are concerned in the formation of

QuEsTroNs.—What is matter? What is a simple substance, or element? What is the
number of the elements? How are the elements distributed ?

1*



10 PRINCIPLES OF CHEMISTRY.

the great;bplk of all . the .familiar objects we sce around
us. 2 3 " : :~" W u

The zx‘mosphécqis wrado up of two-~cxygen and nitrogen—with, compar-
atively speaking, fhére.dTacps of ea.r'bon and hydrogen: two of these, again—
oxygen and hydrogen—give rise to water, a substance covering three fourths
of the surface of our planet; while the great rock masses of the earth, are
mainly compounds of eight simple substances, viz., oxygen, silicon, alumin-
ium, calcium, potassium, sodium, chlorine, and irom. In the composition
also of animal or vegetable structures, the same, or a still greater simplicity
is observed. .

3. Compound Bodies.—A Compound Body is one that
can be separated into two or more elements, or simple
substances.

4. Moms.—All matter is supposed to be composed of
exceedingly minute particles, which can not be subdi-
vided, or separated imteo parts. Such ultimate particles
are termed AToMS.

No one has ever seen an atom ; no one has ever been able to recognize
through the agency of the senses a portion of matter so small that it could
not in some way be made smaller; yet the evidence on this subject, derived
mainly from modern investigations in chemisiry, is of such a character that
there can be no reasonable doubt that all matter is ultimately composed of

indivisible parts, or atoms. The nature of this evidence will be mentioned
hereafter.

Simple, or elementary bodies, have simple atoms, and
‘compouand bodies compound atoms. The atoms of each
substance undoubtedly differ in weight, and may possibly
differ in size and form.

Mol”e-cules—We use the term MoLECULE, or PARTICLE
of matter, to designate very small quantities of a substaunce,
not meaning, however, the ultimate atoms. A molecule,
or particle of matter, may be supposed to be formed of
several atoms anited together.

The extent to which matter can be divided, and perceived by the semses, is
most wonderful. A grain of musk will fill the air of a room for years with
fragrant particles, without suffering any considerable Toss of weight. In the

manufacture of gilt wire, used for embroidery, the amount of gold employed
to cover a foot of wire does not exceed the 720,606th part of an ounce.

QUESTIONS.-—~What is 2 Compound Body? What is supposed fo be the ultimate comr-

stitution of matter? Whatare atoms? Whatisa molecule? Ilustrate the divisibility
of matter.
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The manufacturers know this to be a fact, and regulate the price of their wire
accordingly. But if the gold which covers one foot is the 720,000th part of
an ouuce, the gold on an inch of the same wire will be only the 8,640,000th
partof an ounce. ‘We may divide this inch into one hundred pieces, and yet s¢o
each piece distinctly without the aid of a microscope: in other words, we see
the 864,000,000th part of an ounce, If e now use a microscope, magnifying
five hundred times, we may clearly distinguish the 432,000,000,000th part of
an ounce of gold, each of which parts will be found to have all the characters
and qualities which are found in the largest masses of gold.

Some years since, a distinguished English chemist made a series of experi-
ments to determine how small a guantity of matter eould be rendered vis-
ible to the eye, and by selecting & peculiar chemical compound, small portions
of which were easily discernible, he came to the conclusion that he could dis-
tinctly see the billionth part of a grain. Thig quantity may be represented in
figures thus, 1 000,000,000,000, but the mind can form no rational coneeption
of it. ~

5. POI’D%IW —No two atoms of matter are supposed to
touch, or be in actual contact with each other, and the
openings or spaces which exist between them are called
Pores, This property of bodies, according to which their
atoms are thus separated by vacant places, is called Po-
ROSITY. —

The reasons for believing that the atoms or particles of
matter do not actually touch each other, are, that every
form of matter, so far as we are acquainted with it, can, by
pressure, be made to occupy a smaller space than it origin-
ally filled. Therefore, as no two particles of matter can
occupy the same space at the same time, the space, by
which the size or volume of a body may be diminished by
pressure, must, before such diminution took place, have
been filled with openings, or pores. Again, all bodies ex-
pand or contract under the influence of heat and cold.
Now, if the atoms were in absolute contact with each
other, no such movements could take place.

The porogity of liquids may be proved by mixing together equal measures
of strong alcohol and water ; when the resulting compound will be found to oc-
cupy considerably lesd space than its two constituents did separately i—in other
words, a gallon of each liquid mixed will not form two gallons of compound.

6. Inertia.—Matter of itself has no power to change its

QursTIoNs.—What are pores? Are the patticles of matter in absolute ¢ontact? How

may the porosity of liquids be shown? Has matter any power in itself to chauge its con-
dition ?
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state, or form. If a body is at rest, it can not of itself
commence moving ; and if a body be in motion, it can
not of itself stop, or come to rest. Motion, or cessation
of motion in a body, or any other change of its condition,
requires a power to exist independent of itself. :

As the cause of all the changes observed to take place
in the material world, we admit the existence of certain
forces, or agents, which govern and control all matter.

7. Force is whatever produces or opposes motion or
change in matter.

Causes of Change.—All the changes which we observe to
take place in matter may be referred to the following causes,
or forces :—The ATTRACTION OF GRAVITATION, MoOLECU-
LAR ForcEs—or forces acting only between molecules, or
particles of matter at insensible distances—FoRcEs devel-
oped through the agencies of LicaT and HEeAT, the AT-
TRACTIVE and RepuLsive Forces of ErecrriciTY and
MaeNETISM—and finally, a force or power which exists only
in living animals and plants, which is called ViTar Force.

Concerning the real nature of these forces, we are entirely ignorant. We
suppose, or say, they exist, because we see their effects upon matter. Inthe
present state of science, it is impossible to know whether they are merely
properties of matter, or whether they are forms of matter itself, existing in
an exceedingly minute, subtile condition, without weight, and diffused
throughout the whole universe. The general opinion, however, among scien-
tific men, at the present day, is, that these forces, or agents, are not matter,
but properties, or qualities, of matter.

8. Gravitation.—The Force of Gravitation, or the At-
traction of Gravitation, is the name applied to that force by
which all the bodies in the universe at sensible distances
attract and tend to approach each other. Gravitation dif-
fers from all other forces in the fact that its influence is
universal ; that it acts at all times, upon all matter, and
at all distances.

The force of gravitation belongs equally to the smallest atom and to the
largest world, producing those attractions which bind masses of matter to-

QUESTIONS.—What occasions change in matter? What is force? Enumerate the great
forces of nature. What do we know concerning these forces? What is gravitation? Is
the forgp of gravitation universal ?
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gether, and restrict the motions of the planets to regular orbits. It is the
force which draws a small body, free to move, toward a larger.

Terrestrial Gravitation is that force by which all bodies
upon the earth are attracted toward its center.

The measure of this force, or the strength with which
a body upon the earth is attracted toward its center, is
called Weight,

The attractive force which the earth exerts upon a body is proportioned to
its mass, or to the quantity of matter contained in it, and as weight is merely
the measure of such attraction, it follows that a body of a large mass will be
attracted strongly, and possess great weight, while, on the contrary, a body
made up of a small quantity of matter, will be attracted in a less degree, and
possess less weight. We recognize this difference of attraction by calling
the one body heavy and the other light.

9. Varieties of Force. — Mo-lec'ular, or, as they are
sometimes called, Internal Forces, are distinguished from
all the other Forces which act upon matter, in this respect
—that they act upon particles or molecules of matter at
immeasurably small distances only.

The forces developed through the agencies of heat,
light, electricity, and magnetism, are diverse in their na-
ture, and affect different forms of matter differently. They
differ from the force of gravitation inasmuch as their in-
fluence does not appear to be universal or constant, and
is apparently limited by distance. They differ, especially,
from molecular forces, inasmuch as their influence upon
matter is exerted at sens1b1e distances.

It is not at all certain that the forces which act upon matter, as above enu-
merated, are all separate and independent. Their connection with each other
is most intimate, and there is reason for believing that some of them are only
different manifestations of the same agent, or principle.

10. Molecular Forces—Under the designation of molec-
- ular forces are especially included four different manites-
tations of force, or, as they are usually called, varieties of

QursTions.—What is Terrestrial Gravitation? What is Weight? What are the pecu-
liarities of molecular forces? What are the peculiarities of the forces developed by the
agevcies of light, heat, clectricity, and maenetism? Is it certain that the forces enu-

merated are all independent principles? What are included under the head of mole-
cular forces ?
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attraction. These are ConESION, ADHESION, CAPTLLARY
ATTRACTION, and AFFINITY.

Although essentially differing from each other, these forces all agree in one
remarkable particular—and that is, their influence upon matter is exerted
only at distances which are immeasurable, or insensible, If the particlés of
a body are separated from each other to the slightest appreciable degree, the
influence of these attractive forces is instantly neutralized or destroyed.

11. Cohesion, or CoHESIVE ATTRACTION, is that force
which binds together atoms of the same kind of matter
to form one uniform mass.

The force which holds together the atoms of a mass of iron, wood, or stone,
is cohesion, and the atoms are said to cohere to each other.

The effort required to break a substance is & measure
of the intensity or strength of the cohesive force exerted
by its particles.

When the Attraction of Cohesion between the particles
of a substance is once destroyed, it is generally impossible
torestoreit. Having once reduced a mass of wood or stone
to powder, we can not make the minute particles cohere
again by merely pushing them into their former position.

In some instances, however, this may be accomplished by resorting to va-
rious expedients, Iron may be made to coherc to iron by heating the metal
to a high degree, and hammering the two pieces together. The particles
are thus driven into such intimate contact, that they cohere and form one

uniform mass, Thig property is called WELDING, and belongs only to two
metals, iron and platinum,

12. Adhesion, or Adhesive Attraction, is that force
which causes unlike particles of matter to adhere, or re-
main attached to each other when united.

Dast floating in the air sticks to the wall or ceiling, through the force of
adhesion. When we write on a wall with a piece of chalk, or charcoal, the
particles, worn off from the material, stick to the wall and leave a mark,
through the force of adhesion. Two pieces of wood may be fastened to-
gether by means of glue, in consequence of the adhesive attraction between
the particles of the wood and the particles of glue.

13. Cap’illary Attraction is that variety of molecular
force which manifests itself between the surfaces of solids
and liquids.

QuEsTIONS.—What is cohesion? What is a measure of the force of cohesion? What
iswelding? Whatisadhesion? Give examples of adhesion. Whatis capillary attraction?
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The ordinary definition of Cap'illary Attraction is, that form of attraction
which causes liquids to ascend above their level in capillary tubes. This, how-
ever, is not strictly correct, as this force not only causes an elevation, but also
a depression of . liquids in tubes, and is at work wherever fluids are in contact
with solid bodies.

The name *“ Capillary Attraction” originated from the cir- Fre. 1.
cumstance that this class of phenomena was first observed in
small glass tubes, the bore of which was not thicker than a
hair, and which were hence called Capillary Tubes, from the
Latin word capille, which signifies a hair.

The simplest method of exhibiting capillary attraction is to
immerse the end of a piece of thermometer tube in water (see
Fig. 1) which has been tinted with ink. The liquid will be
scen to ascend, and will remain elevated in the tube at a con-
siderable height above the surface of the liquid in the vessel.

The height to which water will rise in ca-
pillary tubes is in proportion to the smallness

of their diameters.

! This is clearly shown by the
F16. 2. following simple experiment. I
two plates of glass, A and B,
Fig. 2, be plunged into water
at their lower extremities, with
their faces vertical and parallel,
and at z certain distance asun-
der, the water will rigse at the
points m and n, where it is in
contact with the glass; but at
all intermediate points, beyornd a small distance from the plates, the general
level of the surfaces E, C, and D, will eorre-
spond.

If the two plates, A and B, are brought near
to each other, as in Fig. 3, the two curves, m
and #, will unite, so as to form a concave sur-
= face, and the water at the same time between
them will be raised above the general level, B
and D, of the water in the vessel. If the
plates be brought still nearer together, as in
Fig. 4, the water between them will rise still higher, the force which sustains
the columm being increased as the distatice between the plates is diminished.

Hlustrations of capillary attraction are most familiar in the experience of
every-day life. The wick of a lamp, or candle, lifts the oil, or melted grease

Fia. 3.

QuesTioNg.—How may the phenomena of cap/fllary attraction be fllustrated? To what
height will water rise in capillary tubes? What are familiar examples of capillary at-
traction ?
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Tro. 4. which supplies the flame from a surface
often two or three inches below the point
of combustion.

‘When one end of a sponge, or a lump of
sugar is brought into contact with water,
= the liquid, by capillary attraction, will rise,
or soak up above its level, into the interior
of the sponge, or sugar, until all its pores
are filled.

14. Affinily is that variety of molec’ular force or attrac-
tion which unites atoms of unlike substances into com-
pounds possessing new and distinct properties.

Oxygen, for example, unites with iron, and forms oxyd of iron, or iron-
rust, a substance possessing different and distinct properties from either iron
or oxgyen. In like manner, oxygen and hydrogen, two gases not to be dis-
tinguished in appearance from common air, unite to form water, a liquid.

When the particles of different substances are united together by the force
of affinity, the compound formed possesses properties entirely different from
that of its constituents, and in no respect resembles a mixture, which is
merely a mechanical union of bodies—as when salt is mixed with sand. The
forces of adhesion or capillary attraction may closely unite unlike particles of
matter together, but they do not effect any change in the nature or properties
of the particles acted upon. Affinity, on the contrary, entirely changes the
properties of the unlike particles which it unites, and by so doing produces
combinations which possess entirely different qualities.

The action of gravity and of the several molecular forces may be 111ustrated
by referring to a particular form of matter, ag, for example, water. The force
of affinity binds together the atoms of the elements, oxygen and hydrogen, to
constitute an atom, or molecule of water; cohesion unites the particles of
water thus formed into drops, or larger masses; adhesion causes the union of
water with the surfaces of different substances, thereby producing the pheno-
menon which we call “wetling;" capillary attraction causes water to rise
above its level, or “soak up” as it is termed, in a sponge, or other porous
substance; while the force of gravity causes coherent quantities of water to
fall as rain, or to move down inclined surfaces in the form of rivers, brooks, etc.

15. Repulsion—In opposition to the several attractive
forces which act upon matter, a repulsive force also ex-
ists, the tendency of which is to separate the particles of

matter from one another.

QUEBTIONS.—What i8 affinity? What are illustrations of affinity? How do the com-
pounds of matter formed through the force of affinity differ from a mixture? How do
the forces of adhesion and capillary attraction differ from affinity? How may the ac:
tion of gravity and the molecular forces be illustrated ? What force acts in opposition to
the attractive forces ?
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The resistance experienced in attempting to compress a substance is the
result of the opposition of the repulsive force which pervades its particles
and the effort required to effect a compression is a measure of the intensity
of the repulsive force.

A dew-drop resting upon a leaf is not in actual contact with its surface,
but is sustained at a little distance above it by the force of repulsion. In-
genious experimentation has proved that when two glasses, one slightly con-
veox and the other flat, are placed upon each other, and pressed together with
a force of 1,000 pounds to the square inch, they still remain at a distance
from each other of the thickness of the top of a soap-bubble before it bursts,
or at least 1-4450th of an inch. If we compress a certain quantity of gas, as
common air, and then allow it to dilate, by removing all restraint, it will ex-
pand without limit, and fill every really empty space which is open to it.
This takes place through the agency of an internal repulsive force, which
tends to drive the particles from one another.

It is not definitely known whether the repulsive force, which appears to
influence, under certain circumstances, the particles of all matter, is a separate
and independent principle, or whether it is the result of the action of heat or
of electricity, or of both these forces combined. Heat, in its influence upon
matter, always acts as.a repulsive force, and is always opposed to the influ-
ence of cohesion.

16. Elasticity.—That property of bodies known as Elas-
ticity is the result of the joint action of the repulsive and
attractive forces ; and substances are said to be more or
less elastic, according to the facility with which they re-
gain their original form and dimension after the force
which has compressed or extended them is removed.

17. Three Forms of Matter.—According as the attractive
or repulsive forces prevail, all bodies will assume one of
three forms or conditions—tlie soLID, the LIQUID, or the
A’ER-I-FORM,* or GASEOUS condition.

18. Nolids.—A solid body is one in which the particles
are so strongly held together by the attractive force of
cohesion, that the body maintains its form or figure under
all ordmary circumstances.

If the force of cohesion acted exclusively upon matter, every substance
would possess insuperable solidity, hardness, and tenacity.

* A’er-i-form, having the form, or resemblance, of air.

QuesTroNs.—What evidence is there of the existence of a repulsive force? What is
elasticity? 'What are illustrations of the influence of a repulsive force? Under what
three forms or conditions does matter exist? 'What is a solid body ?
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19. Liquids.—A liquid body is one in which the particles
of matter are held together so slightly by the force of co-
hesion that they move upon each other with the greatest
facility.

Hence a liquid can never be made to assume any particular form except
that of the vessel in which it is inclosed.

20. Gaseous Bodies—An a'er-i-form or gaseous body is
one in which the particles of matter are not held together by
any force of cohesive attraction, and but for the restrain-
ing influence of the force of gravity would entirely sepa-
rate and move off from one another.

A gaseous body is generally invisible, and, like the air surrounding us,
affords to the sense of touch no evidence of its existence when in a state of
complete repose. Gaseous bodies may be confined in vessels, whence they
exclude liquids, or other bodies, thus demonstrating their existence, though
invisible, and also their impenetrability.

21. Change of Condition.—Most substances can be made to assume
successively the form of a solid, a liquid, or a gas. In solids, the attractivo
force is the strongest; the particles keep their places, and the solid retains its
form. Butif we heata solid body, as forexample a piece of ice, or sulphur, we
weaken the force of cobesion which binds the particles together, and allow
the repulsive force to prevail; the particles of the solid thereby become mov-
able upon themselves, and we say the body melts, or becomes liquid. In
liquids the attractive and repulsive forces are nearly balanced, but if we sup-

Fi6. b. ply an additional quantity of heat, we de-
stroy the attractive force altogether, and
increase the repulsive force to sach an ex-
tent that the liquid assumes the form of a
gas, or vapor, in which the separate par-
ticles tend to fly off from each other. By
reversing the progess, or, in other words,
by withdrawing the heat, we can diminish
or destroy the repulsive force, and cause
the attractive force again to predominate—
the body returning to its former conditions,
first of a liquid, then of a solid.

The power of the repulsive force gen-
erated by heat is strikingly illustrated in
the conversion of water into steam. In a cubic inch of water converted into
steam, the particles will repel each other to such an extent, that the space

QUESTIONS.—What is a liquid? What is an a’er-i-form, or gaseous body? Under what
circumstances will & body assume the form of a solid, & liquid, or & gas? What experi-
ment illustrates the repulsive power of heat.
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oceupied by the steam will be 1700 times greater than that ocenpied by the
water. Fig. 5 illustrates the comparative difference between the bulk of steam
and the bulk of water.

922. Ethereal Condition.—Recent investigations in science have ren-
dered it probable, that matter, in addition to the three separate states or con-
sistencies in which it is ordinarily presented to us—solid, liquid, and gaseous—
exists also in a fourth state, which is called the ethereal. It ig supposed that
all space—that existing between the planets and other heavenly bodies,
equally with that existing between the atoms, or molecules of every sub-
stance, even the most dense—is pervaded by an extremely rare, imponder-
able, and highly elastic medium, or fluid form of matter, termed ETHER.
This substance, like air, is believed to be capable of motion, and of receiving
and transmitting vibrations, which vibrations by their action on the ordinary
forms of matter, are supposed to produce the phenomena of heat, light, elec-
tricity, etc., in the same manner as the vibrations of air occasioned by a
sounding body produce the phenomena of sound.

23. Matter Indestructible.—All the researches and in-
vestigations of science teach us that it is impossible by nat-
ural operations, to either create or destroy a single particle
of matter, The power to create and destroy matter belongs
to the DErry alone. The quantity of matter which exists,
in and upon the earth has never been diminished by the

annihilation of a single atom.

‘When a body is consumed by fire, there is no destruction of matter ;: it has
only changed its form and position. When an animal or vegetable dies and
decays, the original form vanishes, but the particles of matter, of which it was
ence composed, have merely passed off to form new bodies and enter into new
combinations.

24. Foree Indestructible.— Recent investigations in
science seem to prove that force is equally as indestructible
as matter ; or, in other words, that there is no such thing
as a destruction of force ; consequently the amount of force
in operation in the earth, and possibly throughout the
universe, never varies in quantity, but remains always the
same.

Some of the reasons which have led to a belief in the indestructibility of
force may be stated as follows :—

The only mode in which we can judge of the existence of a force is from
the effects it produces, and of these effects, that which is the most evident to

QuesTIONs.—What is the supposed ethereal condition of matter, or what are the peculi-
arities of matter in this condition? Is matter indestructible? Is force indestruetible?
‘What reasons induce us to believe that a force can not be destroyed ?
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our senses is the power either of producing motion, of arresting it, or of alter-
ing its direction: whatever is capable of effecting these results is considered
ag a form of force. Motion, therefore, may be considered as the indicator of
force, and wherever we perceive motion, we may be certain that some force is
operating. Now it will be found, that in all cases in which work is performed
—or, to state it in other words, in all cases in which force is exerted and ap-
parently made to disappear—that it has expended itself either in setting into
action some other force, or else it has produced a definite and certain amount
of motion. This motion when used will again give rise to an equal amount
of the force which originally produced it. For example, we burn coal in the
air; the force of affinity causes the particles of coal to unite with the oxygen
of the air; the coal changes its form, and a quantity of heat remains, which
heat represents the chemical force expended. The heat thus developed is now
ready to do work: it may be employed in converting water into steam, and
the steam so obtained can, through the medium of machinery, be applied to
the production of motion. Motion may again be made to produce heat—as
through friction, for example——and recent experiments seem to show that the
amount-of heat so developed by motion, would, if collected and measured,
prove to be equal in amount to that which produced the motion. The heat
produced by motion is generally dissipated and lost for practical purposes, but
it is not absolutely lost. It has been absorbed, or diffused through space, or
converted into some other form of force, which in turn takes part in some of
the great operations of nature, or again ministers to the wants and necessities
of man. Numerous other facts in support of the view. that force, like matter,
changes but is never destroyed, might be adduced. The subject is one of
great interest, and has a practical bearing on many of the operations of chem-
istry.

25. Classification of Forces,—All the changes which take placein
matter through the agency of the several forces which act upon it are considered
under three general divisions, or departments of science, viz, Physics, or
Natural Philosophy, Animal and Vegetable Physiology, and Chemistry.

26. Natural Philosophy.—Physics, or Natural Philoso-
phy, is that department of science which considers generally,
all those changes and phenomena which are observed to take
place in matter through the agency of the forces of gravi-
tation, cohesion, adhesion, capillary attraction, molecular
repulsion, light, heat, electricity, and magnetism, and
these several forces have been termed the Physical
Forces.

27. Physiology.—Animal and Vegetable Physiology is

anons —Under what three general divisions are the forces which act upon matter
considered? What forces are considered under the department of Natural Philosophy ?
‘What forces under the department of Animal and Vegetable Physiology ?
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department of science which treats of the changes and
phenomena observed to take place in matter through the
agency of the vital force.

28. Chemistry.—Chemistry is that department of science
which relates exclusively to all those changes and pheno-
mena which take place in matter through the agency or
influence of the force of affinity.

29. Chemical Action—Chemical Action is the term used
to designate all those operations—the result of the force of
affinity—by which the form, solidity, color, taste, smell, and
action of substances become changed ; so that new bodies,
with quite different properties, are formed from the old.

30. Properties of Matter.—The properties which char-

acterize material objects in general, may be classed under
two heads, viz., physical and chemical properties.
. Physical Properties.—The Physical Properties of an ob-
ject are those by which it is most readily defined, or dis-
tinguished from some other object. The form of a body ; its
condition as a solid, a liquid, or a gas ; its color, hardness,
tenacity, and its relations to heat and electricity, are ex-
amples of its physical properties. Physical properties are
independent of the action which the body exerts upon
other bodies.

Chemical Properties.—The Chemical Properties of a
body are those which relate essentially to its action upon
other bodies, and to the changes which the body either
experiences itself, or causes to take place in other bodies

by contact with them.

The physical properties of such a substance as sulphur, are, its peculiar odor,
its yellow color, its brittleness, its crystalline structure, its specific gravity, the
facility with which it exhibits electrical attraction when rubbed, and the like
similar qualities, all of which are independent in a great degree of each other,
and are so distinctive in their character that our senses inform us at once
that the substance in question is sulphur, and not some other form of matter.

If we would now enumerate the chemical properties of sulphur, it would

QuESTIONS.—What is chemistry? Define chemical action. Under what two heads
may the properties of material objects be classed? What are the physical properties
of & body? What are chemical properties? Illustrate the distinction between the
physical and chemical properties of sulphur.
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be necessary to refer to those operations by which the body becomes changed
and loses its distinctive character—such as tho ease with which it takes fire,
its insolubility in water, and its sclubi]ity in oil of turpentine, and the ra-
pidity with which it unites with iron, silver, copper, and many other of the
metals.

Had there been but one kind of matter in the universe, it could have pos-
gessed only physical properties, and the laws of Natural Philosophy would
have explained all the phenomena and changes which could possibly have
taken place in it. As the character or composition of this one form of mat-
ter, moreover, could not, under the circumstances, have been changed by the
action of any different substance upon it, it could not have possessed any
chemical properties, and no idea could have been formed by an intelligent
being of any such department of knowledge as chemistry. =

The connection, however, between Chemistry and Natural Philosophy iy
most intimate; and all chemical changes are influexed to such an extent by
the action of the physical. forces, that a knowledge of the principles of Nat-
ural Philosophy is requisite for a proper understanding of the nature of
chemical phenomena. Especially i8 this the case as respects the forces mani-
fested through the agency of Heat, Light, Electricity, and Magnetism; and a
brief review of these subjects is generally regarded as a necessary infroduction
to the study of the science of Chemistry. The first part of this work is there-
fore devoted to a consideration of the nature and action of the physical forces
so far as they are concerned in producing chemical changes, or in character-
izing chemical phenomena.*

CHAPTER I,

ON THE CONNECTION OF GRAVITY, COHESION, ADHESION,
AND CAPILLARY ATTRACTION WITH CHEMICAL ACTION,
SECTION 1.

GRAVITY.

3L Conmection of Gravity with Chemical Phenomena.—
The influence of the force of gravity on matter is never

* It has been assumed, in the preparation of this work, that the student is conversant
with the general principles of Natural Philosophy, and no attempt has therefore been
made to treat the subjects of Heat, Light, Electricity, and Magnetism in any other than
& general manner, and with special reference to their tion with chemical ph
mend.

QUESTIONS.—~What connection is there between Natural Philosophy l.nd Chemistry ?
Is gravity influenced by changes in the condition of matter ?
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affected by any change which may take place in the form

or condition of the matter itself.

A pound of water is attracted by the influence of gravity toward the cen-
ter of the earth with a certain degree of force, and as weight is the measure
of gravity, we express the exact amount of this attractive force, by saying
‘that the water weighs a pound. If we deprive this particular quantity of
water of heat; sufficient to freeze and convert it into ice—a solid—it will
.still weigh a pound ; if we convert the same quantity of water into steam by
the addition of heat, it will occupy a space seventeen hundred times greater
than before—yet the steam produced will be attracted by the force of gravity
equally with the water from which it is derived, and will continue to weigh a
pound.

As the action of gravity, therefore, is never suspended, and as the smallest
particle of matter can not be annihilated by any operation, we are enabled fo
test the accuracy of every chemical process, and ascertain the true composition
of bodies by proving the weight of the compound to be equal to the weight
of the substances which produce it.

32. Use of the Batance.—The balance is to the chemist
what the compass is to the mariner, and before its intro-
duction as a means of verifying experiments, the whole
science of Chemistry was a collection of disconnected and
separate facts and theories.

Until within a comparatively recent period it was supposed that common
air, or gases, did not possess weight; and this error, which was necessarily
accompanied with most absurd notions respecting the constitution of air and
‘gases, prevailed until the experiment of weighing them was tried, when
‘they were found to be attracted by gravity equally with all other kinds of
Iatter.

Less than a hundred years ago it was generally taught and believed that
when a body was burned, a portion of its substance was lost. Lavoisier,
an éminent French philosopher, proved the contrary by carefuﬁy burning a
body, and then weighing all that was left unconsumed by the fire, and all
the invisible products that escaped. He found, that instead of there being
a loss of matter, there was a gain, and thus by a simple experiment overthrew
at once ideas respecting the natare of fire and combustion that had prevailed
for centuries previous.

The great distinction, according to Professor Liebig, between Chemistry and
Natural Philosophy, is that the one weighs and the other measures. 5

33. TwoGreat Systems of Weights.—Two great systems
of weights are recognized throughout the civilized world in

QuUESTIONS.—Give an illustration. What relation does the balance sustain f6 the opera~
fions of the chemist? What facts illustrate the use of the bal in effecting chemical
discoveries? 'What two systems of weights are recognized ?
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Chemistry and in all other operations. These are known
as the English and French Systems.

34. The English System of Weights.—The smallest de-
nomination of weight made use of in the English System
(the one generally used in the United States) is a grain.
The Parliament of England passed a law in 1286, that
32 grains of wheat, well dried, should weigh a penny-
weight. Hence the name grain applied to this measure
of weight.

It was afterward ordered that a pennyweight should be divided into only
24 grains. Grain weights for practical purposes are made by weighing a thin
plate of metal of uniform thickness, and cutting out, by measurement, such a
proportion of the whole as will weigh one grain. In a like manner, weights
may be obtained for chemical purposes which weigh only the 1,000th part of
a grain.

Seven thousand grains constitute a pound avoirdupois,
and from this pound all measures of capacity have been
derived by Act of the English Parliament.

Thus a standard gallon is by law as much distilled water as will weigh ten
pounds, or 70,000 grains; and a measure holding exactly this quantity of
water is a gallon measure. By subdividing the gallon we obtain smaller
measures, quarts, pints, ete.

85. French System of Weights.—The French System of
‘Weights is constructed on a different plan, and is distin-
guished for its great simplicity—all its divisions being
made by ten. It is, therefore, sometimes called the deci-

mal system.

On the continent of Europe this system of weights is almost universally
adopted for all scientific operations, and is gradually being introduced into
England and the United States. It is, therefore, highly important that the
principles upon which it is based should be understood.

The basis of the French System is an invariable dimen-
sion of the globe, viz., a fourth part of the earth’s merid-
ian, or a fourth part of a circle passing round the earth

(Iengthwise), and intersecting at the poles.

QUESTIONS.—What is the smallest weight recognized In the English System ? - What
is a pound avoirdupois? How are measures of capacity derived from measures of
weight? What is an English gallon? What is the distinguishing peculiarity of the
French system of weighta? Where is the French system nsed? What is its basis?
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T1c. 6. The circle N E S W, Fig. 6, represents a
. W eridian of the earth; and a fourth part of

| this circle, or the distance N B, constitutes

g the dimension on which the French System
is founded.

This distance, which was accu-
rately measured, is divided into
ten million equal parts ; and a
/2 single ten millionth part adopted
SRS a5 a measure of length, and called

a metre.

A metre is about three fcet and a quarter in length, or about thirty-nine
English inches. By multiplying or dividing the metre by ten, all the larger
and smaller measures of length are obtained. For indicating measures smaller
than a metre, Latin terms are used; for indicating measures larger than a
metre, Greek terms.  Thus—

Smaller Measures. Larger Measures.
Metre. 3 Metre.
Decimétre = 1-10th metre. Decametre = 10 metres.
Centimetre= 1-100th metre. Heectometre== 100 metres.
Millimetre =1-1000th metre. Kilometre == 1,000 metres.

Myriametre==10,000 metres.

The system of weights was formed from measures of length in the follow-
ing manner. A box, in the form of a cube, was taken, measuring one centi-
metre jn every direction. This, filled with distilled water at its greatest
density (at a temperature of 39° Falrenheit’s thermometer), was taken as the
unit of the decimal weights, and called a gramme*—a quantity equal to about
fifteen English graing. The gramme, multiplied and divided by ten, gives all
the other larger or smaller weights. Thus—

Smaller Weights, Larger Weights.
Gramme. Gramme.
Decigramme == 1-10th gramme. Decagramme == 10 grammes.
Centigramme=1-100th grammc. Hectogramme== 100 grammes.
Milligramme =1-1,000th gramme. Kilogramme == 1,000 grammes.
Myriagramme==10,000 grammes.

The kilogramme corresponds in its use in all commercial transactions with
the English pound. Its weight is equal to about 2} pounds avoirdupois.

* Pronounced Gram.

QuEsTIONS.—~What is the Metre of the French system? How are the larger and
smaller measures of length derived from the Metre ? How is the system of weights de-
rived from the measures of length? What is a Kilogramme ?

%
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36. Construction of
the Balance—The bal-
ance used for all deli-
cate chemical experi-
ments is constructed in
the most perfect man-
ner. The point of sup-
port of the beam (see Fig. T) is a wedge of hardened
steel with a sharp, knife-like edge, which rests upon a flat
plate of polished agate. The points of support of the two
scale-pans are often constructed in a similar manner.

In all nice experiments the balance must be screened from currents, of air,
and the bodies weighed must have nearly the same temperature as that of the
surrounding atmosphere—otherwise currents of air, ascending and descending,
will be produced, which will impair the accuracy of the weight.

Balances are at the present time constructed for chemieal operations, so

delicate and exact, that they are able to indicate the weight of a thousandth
part of a grain.

For the experiments described in this book, a common apothecaries’ balance
ig all that is requisite.

37. Weight Compared with Bulk.—If equal bulks of matter of
different kinds be compared together, they will be found to differ greatly in
weight. Platinum, the heaviest body known, is upward of 200,000 times as
dense, bulk for bulk, as hydrogen. 2

Specific Gravity.—The specific gravity, or specific weight
of a body, is its weight as compared with the weight of
an equal bulk of some other substance, assumed as the
standard of comparison.

Absolute Weight.—The absolute weight of a body is the
weight of its entire mass, considered without any reference
to its bulk, or volume.

The weight of a body, as deterinined by the ordinary process of weighing,
is its absolute weight.

Pure water, at a temperature of 60° Fahrenheit, has been selected as the
standard for comparing the weights of equal bulks of different solids and
liquids; and common air, dry, and at a temperature of 600 Fahrenheit, and

QUEETIONS.— W hat are the pecnliarities of the balance as used for chemical investiga-
tions? What precautions are to be observed in nice experiments? How do equal bulks
of different substances compare? What is specific gravity, or specific weight? What
is absolute weight ? %
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30 inches pressure of the barometer; as the standard for comparing the weights
of equal volumes of different gases and vapors.

Attention is given to temperature, and to the pressure of the atmosphere,
because the bulk of all substances sensibly varies with changes in these con-
ditions.

Water having been selected as the standard of comparison, the question to
be setiled in the determination of the specific gravity of a body is simply this
—how much heavier or lighter is a given bulk of a substance, than an equal
bulk of water? The solution of the problem may be found by the following
general rule:

38. Weigh first the body in air, and’ afterward weigh it
when suspended in water. It will be observed to weigh
less in water than in air. Subtract the weight in water
from the weight in air, and divide the weight in air by
the difference ; the quotient will be the specific gravity
required.

This rule is based upon the fact, that
a solid when weighed in water loses
weight equal to the water it displaces;
and the bulk of the water displaced is
exactly equal to its own.

Suppose a piece of gold weighs in the
air 19 grains, and in water 18 grains;
the loss of weight in water will be 1;
19-+1==19, the specific gravity of gold.

Fig. 8 represents the arrangement of
the balance for taking specific gravities,
and the manner of suspending the body
in water from the scale-pan, or beam,
by means of a fine thread, or hair.

39. The specific gravity of
liquids is easily determined in
the following manner. A bottle capable of holding ex-
actly 1,000 grains of distilled water is obtained, filled with
water, and balanced upon the scales. The water is then
removed, and its place supplied with the liquid whose spe-
cific gravity we wish to determine, and the bottle and con-
tents again weighed. The weight of the fluid, divided by

the weight of the water, gives the specific gravity required.

QUESTIONS.—What are the standards of specific gravity ?  How may the specific gravity
of solids be determined ? Upon what principle is thisrule founded ? How may the specific
“gravity of liguids be determined ?
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Thus, a bottle holding 1,000 grains of distilled water, will hold 1,845 graing
of sulphuric acid ; 1,845-1,000==1.845, the specific gravity of sulphuric acid ;
or this liquid is 1.845 times heavier than an equal bulk of water.

40. The specific gravity of liquids may also be obtained without the aid of
a balance, by means of an instrument called the HYDROMETER.

The Hydro'meter.—This consistsof a hol-
low glass tube, on the lower part of which
a spherical bulb is blown, the latter being
filled with a suitable quantity of small
shot, or quicksilver, in order to cause it
to float in a vertical position. 'The upper
part of the tube contains a scale gradu-

ated into suitable divisions. (See Fig. 9.)

It isobvious that the hydrometer will sink to a greater
or less depth in different liquids; deeper in the lighter
ones, or those of small specific gravity, and not so deep
in those which are denser, or which have great specific
gravity. The specific gravity of a liquid may, there-
= fore, be estimated by the number of divisions on the
scale which remain above the surface of the liquid.
Tables are constructed, so that, by their aid, when the
number on the scale at which the hydrometer floats in a given liquid is de-
termiried by experiment, the speclﬁo gravity is expressed by figures in a col-
umn directly opposite that number in the table.

The liquid whose specific gravity is to be determined, is usually, for conve-
nience, placed in a narrow vessel or jar (see Fig. 9), and the zero point on the
scale of the hydrometer is always placed at that point where the instrument
will float in pure water. The numbers on the scale read cither up or down,
according as the liquid to be tested is either heavier or lighter than water.

For the testing of alcohol and spirituous liquors, a particular form of hy-
drometer is used, called the *“alcoholo'meter.” This is so graduated as to
indicate the number of parts of pure alcohol in a hundred of liquid ;—perfectly
pure, or, as it is called, “ abselute” alcohol, being 100, and pure water 1.

In the arts, a French hydro'meter, known as Beaumé’s, and an English in-
strument known as Twaddell’s, so called from their makers, are much used.
Dealers and manufacturers of spirituous liquors, syrups, oils, leys for soap-
making, ete., inbuying, selling, or compounding, are accustomed to indicate
the strength or quality of their products, by.saying that they stand at so many
degrees Beaumé, or Twaddell.

Fia. 9

Qm-‘.?'n?xs.——“’hat is & hydrometer? Upon what principle may the specific gravity
of a liquid be determined by the hydrometer? Tow is the hydrometer graduated?
:Vlli;t is an alcoholometer? What are the fnstrumetits known as Beaum¢ and Twad-

el
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The practical valuo of the bydrometer in the arts as a labor-saving inven-
tion, is very great. The soap-maker, by dipping the instrument into his ley,
and noticing the point at which it floats, knows at once by experience whether
it is of sufficient strength to convert his grease into soap; the salt-boiler, by
a like observation, is enabled to judge how long his brine must be boiled be-
fore salt will deposit at the bottom of his kettles; and the bleacher has in a
like manner a sure check against the use of bleaching liquors of strength suf-
ficient to damage his fabrics. So in very many other industrial processes also
the hydrometer is equally useful.

41. Specifie Gravity of Gases.—In principle, the method
of determining the specific gravity of gases is the same
as that used in the case of solids. A flask, or globe, is
first weighed empty, then when filled with air, and a third
time, when the gas whose specific gravity is sought. for,
has been substituted for air. The difference between these
respective weights furnishes the data for calculating the
specific gravity required.

42. The specific gravity of a body constitutes one of its most important and
distinguishing physical characteristics. ~ Thus, for instance, the mineral known
as iron pyri‘tes resembles gold in color so closely, that it is often mistaken
by the unskilled for that metal. It may, however, be at once distinguished
from gold by the difference in specific gravity, an equal bulk of gold being
nearly four times as heavy. .

’
SECTION II.
COHESION.

43. Cohesion and Chemical Action—~The force with
which like particles of matter are held together by the in-
fluence of cohesion, or what is termed the ¢ strength of ma-
terials,” although of great importance in all the operations
of the mechanic, the engineer, and the architect, has com-
paratively little to do with Chemistry. Variations, how-
ever, in the cohesion and aggregation of the particles of
a particular substance, modify, to a considerable extent, the

nature and rapidity of chemical action upon it.
Thus gunpowder, for example, when in the form of a hard cake, or as fine
dust, burns comparatively slowly, as in what is termed a slow match, or fuse;

QUESTIC Explain the practical value of the hydrometer as a labor-saving expedient.
How may the specific gravity of a gas be determined? Is the specific gravity of a sub-
stance one of its important characteristics? What is the relation of the force of cohesion
to chemical action ?
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but in the form of fine grains, each portion quickly ignites, and an almost in-
stantaneous explosion occurs.

As a general rule, the cohesion of a body diminishes as
its temperature increases. A heated liquid forms smaller
drops than a cold one. Sulphur, of all bodies, is an ‘ex-
ception to this rule, its consistency increasing, after melt-
ing, as its temperature rises.

In liquids, notwithstanding the freedom with which their particles glide
over each other, there still exists an appreciable amount of cohesion. This is
shown by the fact that every detached drop of a liquid, as a dew-drop upon
a leaf always assumes a rounded form—a globe or sphere being the figure
which will contain the greatest amount of matter within a given surface.

This influence of cohesion is beautifully shown in the case of two liquids
which do not mix with each other, but which have precisely the same specific
gravity, as is the case with oil and alcohol of a certain degree of dilution.
If a little oil be poured into weak alcohol, it remains suspended within it in
the form of a perfect spherical mass.*

44, Limpid and Vis’cous Liquids.—Liquids, according to
the difference of cohesive force which exists among their
particles, have received the distinctive names of limpid
and vis'cous. /

Limpid Liquids are those which, like ether, alcohol, etc.,
display great mobility of their particles. Bubbles pro-
duced in such liquids by agitation, quickly rise to the sur-
face, break, and disappear. .

Vis’cous Liquids are thosein which the particles are held
together so strongly, by the force of cohesion, that they
move sluggishly upon one another. Oil, syrup, gum-
water, etc., are examples of viscous liquids.

*® This experiment may be successfully and easily performed by the teacher in the fol-
lowing manner :—Oil will float upon the snrface of water, but will sink to the bottom of
strong alcohol ; if we, therefore, pour a portion of alcohol into a glass, and put in a glo-
bule of oil (olive oil is preferable), the spirit will float above it, and the oil will have the
form of a flattened spheroid. If we now add a little water, and mix it carefully with the
spirit without breaking the floating mass of the oil, it will be seen to swim higher up in
the spirituous medium and present less flatness, and by continning to carefully add water,
we may at last bring the oil to the very center of the fluid, where 1t will assume the form
of a perfect sphere.

QuEsTIONS.—What relation exists between cohesion and temperature? Does the cohe-
sive force influence the particles of liquids? Why is a dew-drop spherical in shape?
‘What experiment illustrates the cohesion of liquids? Into what two classes may liquids
be divided? What is a limpid liquid ? What is a viscous liquid ?
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45. Variations of Cohesion in Solids.—Those proper-
ties of solid bodies which we denominate hardness, soft-
ness, brittleness, malleability, and duectility, are occasioned .
by variations of the cohesive force. The cause of these va-
riations, or the reason why one metal should be malleable
and another ductile, or why the same substances should
possess, under different circumstances, different degrees of
hardness, is not fully understood.

The most trifling variations in the external circumstances to which a body
is subjected, will often produce the most extraordinary differences in its hard-
ness, brittleness, ductility, and malleability. A piece of steel slowly cooled
from a red heat i3 soft, and may be easily cut with a file, or stamped with a
die; but the same piece of steel, if heated to redness and suddenly cooled,
becomes extremely hard, and as brittle as glass. Gold is one of the most
ductile of metals, but if a mass of melted gold be exposed to the mere fumes
of antimony, it loses its ductility altogether.®

46. Hardness.—The hardness of a body is measured by
its power of scratching other substances.

The variations in the degree of hardness presented by
different bodies, often furnish the mineralogist and chem-
ist with a valuable physical test, by which they are en-
abled to distinguish one mineral from another. For:the
purpose of facilitating such comparisons a table has been
constructed, by taking ten well-known minerals, and ar-
ranging them in such a way that each is scratched by the
one that follows it. Such a table is known as the Scale
of Hardness; and by comparing any unknown mineral
with this scale, its comparative degree of hardness may
be at once determined.

For example, suppose a body neither to scratch nor to be scratched by
pure quartz, or rock crystal, which is No. 7 of the table, its hardness is said
to be 7; if, however, it should scratch quartz, and not scratch the topaz,
which is No. 8 of the table, its hardness would be said to be between 7 and

8. Very many different minerals have the same external appearance, and by
the sight alone can not be distinguished from each other; but by the employ-

* See Crystallization.

QUEsTIONR.—What physical properties of bodies are due to variations of the eohesive
force? How is the harduess of a body measured? What is the scale of hardness?
How is the scale of hardness used, and what are its advantages in determining the char-
acter of minerals? 4



32 PRINCIPLES OF CHEMISTERY.

ment of this test, a difference in their physical or ¢hemical composition may
be at once recognized.*

SECTION III.

ADHESION AND CAPILLARY ATTRACTION.

47, Adhesion and Chemical Action.—The force of ad-
hesion is exerted between substances in every form or
condition. When it occurs between solids, it is the prin-
cipal cause of that resistance to motion which is termed
Jriction.

As a general rule, friction is greater between surfaces
of the same substances than between those of unlike sub-
stances. Thus an iron axle moving in an irom box or
socket, experiences a greater amount of friction than if
revolving in a brass socket. ;

‘We reduce the amount of friction between two surfaces by interposing some

substances, Jike-grease, oil, black-lead; ete., the particles of which have very
little cohesion.

The valuable properties of cements and mortars depend
entirely upon the operation of the force of adhesion. The
fact, also, that different kinds of cement are required for
joining together different materials, proves that adhesion
acts with varying degrees of force between different kinds
of matter.

Thus, glue or gum may be used for joining pieces of paper or wood; but

# The following is the scale of hardness generally adopted :—

1. Tale. 6. Feldspar.

2. Compact gypsum. 7. Limpid quartz.

3. Calcareous spar. 8. Topaz.

4. Fluor spar. 9. Sapphire, or Corundum.

5. Apatite (phosphate of lime). 10. Diamond.

Each of these minerals is harder than those which precede it, and is softer than amy
which follow it.

Teachers and pupils can, with the exception of No. 10, the diamond, easily obtain the
materials necessary to construct the scale of hardness as above given. It may also be ob-
tained, put up in a neat box, of most philosophical instruments dealers, at a trifling ex-
pense.

L 3

QuEsTiONs.—In what manner is the force of adhesiom exerted? What is friction?
Under what cireumstances is friction the greatest? How may friction be diminished? To
what are the valuable properties of cements and mortars due? What facts prove the
varying force of adhesion? A .-
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they will not answer for cementing glass or chinaj while for the union of
marble, brick, or stone, a cement containing lime is required.

Geenerally, the force of adhesion is inferior in strength
to the force of cohesion : but in some instances the oppo-

site is true.

Thus, in detaching glue from the surface of wood, it not unfrequently hap-
pens that portions of the wood are torn off by the glue, on- account of the
force of adhesion between the two bodies proving stronger than the force of
cohesion between the particles of the wood.

The property of water to adhere to solid surfices and wet them, and the
rapid diffusion of a drop of oil over the surface of water, are illustrations of
the force of adhesion between “solids and liquids, and between different
liquids.

Some experiments seem to show that the force of adhesion may even over-
come the force of affinity under some circumstances, Thus, when vinegar
fs filtered through pure quartz sand, the first portion that runs through is de-
prived of nearly all its acid, and the vinegar will not pass through unchanged
until the sand has become charged with acid,

48, Surface Action.—As adhesion takes place solely be-
tween the surfaces of bodies, it is evident that whatever
circumstances affect surface must essentially influence the
exertion of the force of adhesion. It has accordingly been
found that by minutely subdividing a body, and thus in-
creasing its extent of surface, we generally increase the

effect of adhesion.

A cubic inch of matter cut into little cubes, each 1-2400th of an inch on
the edge, will exhibit a surface of exactly 100 square feet.

All pulverized bodies, by reason of their great extent of sutface, attract
moisture, or the vapor of water, and also air, so that by exposure to the at~
mosphere they increase in weight to a considerable extent.

A most striking illustration of the fact that extent of surface facilitates the
action of adhesion is found in the case of charcoal. When wood is heated
apart from the air, certain portions of matter which compose its structure are
driven off by the action of the heat, and the charcoal, which remains behind,
is left full of little pores, or openings. In this way an enormous extent of
surface is acquired, so much so, that a cubic inch of good charcoal is esti-
mated to have & surface of at least a hundred square feet. By reason of such
an extended surface, the effoct of the force of adhesion existing between char-

QUESTIONA.-~Why is not glue suitable for cementing glass or china? Does the forcg of
edhesion ever prove supericr to the force of coheslon? What are illustrations of adhe-
sion between solids and liquids? What influence has surface spon adhesion? Why do
most pulverized substances attract moisttire? How does chattoal illustrate the influence
of surface upon the force of adhesion?



34 PRINCIPLES OF CHEMISTRY,

coal and various liquids and gases is greatly increased. Thus, it has been
found that freshly-burned charcoal is capable, through the force of adhesion
alone, of absorbing or condensing upon its surface from 80 to 90 times its own
bulk of certain gases; and that it absorbs, when exposed to moist air, so much
watet, as to increase in weight by nearly one fifth.

All coloring matters of vegetable or animal origin, and many other sub-
stances, have likewise tlie property of adhering to charcoal—a circumstance
which has been turned to great practical advantage in the arts.

Other substances beside charcoal, exert, by reason of their peculiar ex-
tension of surface, a similar influence on the force of adhesion. Metallic
platinum, finely divided, is even more remarkable in its effects than charcoal,
and is capable of absotbing eight hundred times its bulk of oxygen gas.
This oxygen must be contained within it in a state of condensation very
like that of a liquid. In a like manner, every porous body attracts, through
the force of adhesion, air and moisture to a greater or less degree, the action
of the force being proportioned to the extent of the porosity, or the surface
exposed. A fleld whose soil is finely divided and kept porous by a high state
of cultivation, suffers less from drought than one similarly situated which is
partially or wholly uncultivated. It is not improbable, also, that plants are
assisted in obtaining nutriment from the air, through the influence of an ad-
hesive force acting between the surfaces of their leaves and the constituents
of the atmosphere.

49, Capillary Attraction—The phenomena produced by
the agency of the force of capillary attraction are similar
in character to those produced by the force of adhesion.
Indeed, according to some authorities, capillary attraction
is merely a variety of adhesion.* The fact, however, that
capillary attraction both elevates and depresses the sur-
faces of liguids, seems to prove that there are essential

differences between these two forces.

The two distinguishing manifestations of capillary attraction may be clearly
illustrated by the following experiments :—

If a liquid be poured into a vessel, as water in glass, whose sides are of such
a nature as to be wetted by it, the liquid will be elevated above the general

* According to the latest and best sustained hypothesia on this subject, the phenomena
of capillary attraction are due not only to an adhesive attraction between the liquid and
the solid, but also to a contractile force existing on the free surface of every liquid, and
which is increased or diminished in & given direction by the convexity or concavity of this
surface.

QUESTIONS.—What other facts illustrate the influence of surface action? Do the phe-
nomena of capillary attraction resembie those of adhesion? How may the two distin-
guishing manifestations of capillary force be exhibited ?
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level of its surface at the points where ii; touches the
. sides of the vessel. This is shown in Fig. 10.

If, however, the liquid is poured into a vessel whose
sides are of such a nature that they are not wetted by
i, as in the case of quicksilver in glass vessel, then the
liquid will be depressed below the general level of its
surface at the points Where it comes in contact with
the sides of the vessel. This is shown in Fig. 11.

In like manner, if we plunge a small tube of glass into
water, the liquid will rise in it above the general level ; Fie. 1L
but if we plunge it into mercury, the liquid will be de-
pressed below the general level, or will not enter the
tube at all.

It has been proved by experiment, that water, through £
the force of capillary attraction, can be made to pass
through a crevice the width of which is less than one
half of the millionth of an inch.

Notwithstanding the force which capillary attraction
exerts to cause liquids to rise, or pass into tubes of small
diameter, it can not of itself establish a flowage, or con-
tinuous current. If, however, a part of the liquid be re-
moved from the end of the capillary tube by evaporation,
or other agency, an additional portion will be pushed for-
ward by capillary force to supply its place, and in this
way a current may be established. :

An illustration of this is seen in the case of an oil-lamp, the wick of which
may be regarded as a bundle of capillary tubes. So long as the lamp remains
unlighted, the wick, although full of oil never overflows; but when the lamp
is lighted, and the cil burned off from the top, a current is at once created.

Different liquids do not appear to be equally suscept-
ible to the action of the capillary force. Thus, if we rep-
resent the height to which water will ascend in a capillary
tube by 100, the height to which alecohol will ascend in the
same tube will be only 40, and a solution of common salt
in water, 88.

50. Filtration.—The process of filtration, or the separa-
tion of impurities from liguids by straining, or filtering
them through some porous substance, is the result of the

Fig. 10.

QuEsTIONS.—Can capillary force preduce'a current of liquid through the pores of a sub-
stance? Areail liquids elevated to the same height in capillary tubes? Upon what does
the procesg of filtratien depend ?
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action of capillary force. The pores, or interstices which
exist between the particles of the substance used as a
filter, are really little capillary tubes through which the
liquid passes, leaving the solid impurities contained in it

behind.
‘When a drop of ink, or chocotate falls upon eloth, er blotting-paper, it pro-

duces a dark central spot surrounded by a cirele of a paler colored liquid.
This is due to the fact that the particles of the liquid only are enabled to dif
fuse themselves, or “ spread,” as it is termed, through the pores of the ma~
terial. That appearance of the skin which accompanies a contusion, and is
termed “black and blue,” is a similar phenomenon—the result of a separation
of the coloring and denser matters of the blood from the watery portions, by
a process of filtration through the pores of the tissues.

In chemical operations, eoarse sand, or cloth, is sometimes used to form
filters, but most generally a variety of porous, or unsized papcr (blotting-
paper), is employed. Writing-paper ean not be used for filtration, as its pores
are filled up with glue, or starch. For a like reason, ink does not ‘ spread”’
on this kind of paper.

A paper filter is prepared by folding a clrcular plece of unsized paper into
the form of a quadrant, which is theu opened to form a cone. It is generally
fitted into & funnel, which is supported upon a stand. (See Fig. 12.)

Fia. 12.

A filtered liquid is termed a filirate.
51. En’dosmosis.— When two liquids which are capable
of mixing with each other, as alcohol and water, are sep-

QUESTIONS,—Why can not * sized,” or writing-paper, be used for filtration? How is &
paper filter prepared? What s a filtrate ? What is endosmosis ?
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arated by a substance, or partition which is porous, each
will pass through the partition in opposite directions, in
order to mix with the other. The exchange, however,
always takes place in unequal proportions, so that the
volume of one liquid increases while that of the other
diminishes. This phenomenon is known by the name

of Fndosmosis.

The name Endosemose, derived from the Greek, and signifying “fo go in,”
i applicd to designate the stronger current, because it penetrates into the
opposite liquid ; while the name Exosmose, which signifies ““to go out,” is ap-
plied to the weaker current,

The phenomena of endosmosis may be illustrated by the following ex-

Tre. 13. periments :—If some alcohol be placed in a
Z bladder, the neck of which ig tightly tied,
and the bladder be sunk in a vessel of
water, the water will pass into the bladder
to such an extent as to distend it, even to
bursting.

The same result may be also shown more
effectively by means of an instrument called
the endosmometer. This consists (seo Fig.
13) of a bladder filled with alcohol, which
is tightly fastened to one end of a tube and
inserted in a vessel of water—the tube being
sustained in a vertical position. As the
water introduces itself through the pores
of tho bladder the liquid rises in the glass
tube, and, if the action be continuved suffi-
ciently long, it will rise to the top and over-
flow. Such an instrument as this may be
kept in operation a long time, the liquid
flowing continually over the top of the tube.
At the same time that the water is passing
from without into the bladder to reach the
lcohol, a very small quantity of alcohol is
passing through the bladder in a comtrary
directionr to reach the water.

The explanation of this phenomenon of endosmosis is as follows:—The
pores of the bladder, or any other Tike substance, are merely short capillary
tubes through which the water passes by the force of eapillary attraction.
If the bladder be distended with air and sunk under water, the water will fill
the tubes, but will not discharge itself in the interior, since ecapillary force

QuEsTION8.—~What is the origin an-d derivation of the name? What experiments illus-
trate the ph of end is 2 How is endosmosis explained ?
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alone can not establish a continuous movement. But when the bladder is
filled with alcohol, the case is different ; since the alcohol dissolves away the
water as fast as it reaches the interior, and, thus produces a constant and rapld
current.

The reason that the water passes ¢n more rapidly than the alcohol passes
out, is due to the fact that the water adheres more strongly to the walls of
the bladder than the alcohol does—and of any two liquids, that which most
freely wets the porous dividing partition will always flow in the stronger
current.

Any two liquids may be used to exhibit the action of endosmosis, provided
that they have different degrees of attraction for the bladder, and a strong
tendency to mix with each other. Thus, in the above experiment & solution
of gum, of salt, or of sugar in water, might have been substituted in place of
the alcohol.

Very thin plates of slate-stone, or of baked clay, may be also used in place
of a bladder, or membrane.

The force with which a liquid will pass through a pore
to mlngle with another hquld beyond is very great—oc-
curring in some instances in opposition to a pressure of
from forty to seventy pounds upon a square inch.

An India-rubber bottle, filled with sulphuric ether, and carefully closed,
will gradually empty itself if placed in either alcohol or water. If filled with
alcohol, it distends itself in ether, but empties itself in water; if filled with
water, it distends when placed in either alcohol or ether.

If a bladder containing equal parts of aleohol and water be hung up in the
air, the water will gradually escape through the membrane, leaving the strong
spirit behind. In the same manner, if strong alcohol be placed in a wine-
glass covered with porous paper, the water contained in it escapes and the
spirit increases in strength.

Endosmotic action exercises an important influence in
many of the operations of chemistry, and of animal and
vegetable life.

The power which plants possess of absorbing nutritive matter from the
soil, through the delicate tibers of their roots, is supposed to be due in part
to the action of endosmosis.

All nutriment taken up by the organs of the hody, reaches the interior of
the system by passing through animal membranes in the fluid state. The
food we eat passes from the mouth through the throat to the stomach. The
structure of the membranes which line the throat is such, that fluids can not
pass through them, but the walls of the stomach and of the intestines are

QuEsTIONS.—What determines the rapidity of the two currents in endosmotic action?
Under what circumstances will different liquids exert this action? Does endosmosis
exertan influence upon chemical and physiological operations? What are illustrations
of this fact?
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differently constituted, and at these points endosmotic action is continually
and energetically going on within us.

Endosmotic action takes place between different gases
much more powerfully than between ditferent liquids. No
matter what the thickness, or thinness of the porous sub-
stance separating two gases may be, currents are estab-
lished through it, until the media on both sides have the
same chemlcal composition.

The following simple experiment shows this action :—If we tie over the
mouth of a glass jar filled with carbonic acid gas, a thin sheet of India rubber,
and expose the whole to the air, the car- F1g. 14
bonic acid will pass out so fast that the iE
cover will be depressed by the external
pressure of the atmosphere almost to the
bottom of the jar. (See g, Fig. 14) 1If
on the contrary, we fill the jar with air,
and place it in an atmosphere of carbonic
acid, the movement takes place in an
opposite direction—a little air flows out
of the bottle into the carbonic acid, but so
largo a quantity of the gas passes the
opposite way, that the India rubber swells
out, and caps the bottle like a dome. (Sce
b, Fig. 14)

52. Diffusion of Gases.—Connected with this subject
is another interesting class of phenomena, known as the
diffusion of gases.

When two liquids which are wanting in any attraction
for each other, as oil and water, arc mixed together, they
separate after standing at rest, and arrange themsclves
according to their specific gravities, the heaviest at the
bottom and the lightest at the top. If, however, a
light and heavy gas are once mixed together, no sepa-
ration takes place, but the two remain permanently in-
termingled.

It has also been found that every gas, or gaseous mix-
ture, possesses the power of diffusing itself equally

QursTroNs.—Does endosmotic action take place between different gases? What are
illustrations of it? What is meant by the diffusion of gases? How is each gas affected.
as regards the presence of another gas?
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through every other gas with which it is brought in con-
tact, and this, too, in opposition to the action of their
weight, or gravity. ,

Fra. 15 Thus, carbonic acid gas is twenty-two times heaviet than
hydrogen gas, but if a jar filled with hydrogen be placed with
its mouth downward over the mouth of a jar filled with car-
bonic acid, as shown in Fig. 15, the two will diffuse them-
selves so completely that in a few moments each jar will con«
tain equal quantities of both gases.

Each gas appears to act as void, or
empty space for another, or, in other words,
it spreads, or expands into the space occu-
pied by another gas, as if it were a vacuum.

The same law applies also to vapors.

Thus, as much steam can be forced into a space filled with
dry air, as into a space absolutely devoid of air, or any other
substance,

This force, or law, regulating the diffusion of gases, is one
of great practical importance in the operations of nature, and
is often referred to as a most remarkable evidence of design
on the part of the Creator. Thus, carbonic acid, which is a
deadly poison when inhaled, is one and a half times heavier than common
air. The atmosphere contains about one part in two thousand of this gas,
uniformly diffused through it~——the same quantity being present in air col-
lected on the tops of the highest mountains and on the level surface of the
earth. If the law which produces such a complete diffusion were suspended,
this heavy gas would accumulate under the influence of gravitation as a bed
or layer in the lower part of the atmosphere, and render the immediate sur-
face of the earth uninhabitable,

By reason of this same law of diffusion, the carbonic acid gas which is
abundantly formed in every process of combustion and ix respiration, and the
noxious gases discharged from sewers, and from all decaying matter, are si-
lently and speedily dispersed, and prevented from accumulating.

The equable diffusion of vapor of water through the atmosphere, in ac-
cordance with the same law, is no less important than the diffusion of gases.
But for such diffusion, the whole surface of the earth would have assumed
the condition of an arid desert. Water is 800 times more dense than air; yet
the particles of water in the form of vapor ascend into the atmosphere, and
diffusing themselves everywhere throughout its substance, give rise to the
phenomena of dew and rain.

It is through the operation of this principle, also, that we are enabled to

QursTIONS.—What practical bearing has the law of diffusion upon the constitution of
the atmosphere ? What upon the condition of the earth’s surface? How i8 it that we
are enabled to perceive the odor of volatile substances at a distance ¥
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perceive and enjoy at a distance the fragrant odors which afise from volatile
substances ; and were its action suspended, the sense of smell would be nearly
unknown to us.

53. Diffusion of Liquids.—Liquidsof different densities,
which are susceptible of mixing, will, when brought in
contact, gradually become intermingled, by a law some-
what resembling that which governs the diffusion of gases.

Thus, if pure water be carefully poured upon a strong solution of salt or of
sugar, the lighter fluid will at first float upon the surface of the heavier; but
after a time the two will mingle together more or less uniformly. In like
manner, & drop of ink, or other similar coloring matter, will diffuse itself’
through a large quantity of water.

54. Solution.—When the adhesion between the parti-
cles of a solid and those of a fluid is more powerful than
the force of cohesion which binds together the particles of
the solid, the power of cohesion will be entirely overcome,
or suspended, and the substance is said to dissolve, or
undergo solution in the liquid. In this way sugar or salt
dissolves in water, rosin or camphor in alcohol, and lead
or silver in mercury.

A body is said to be insoluble when the adhesive force
exerted by a liquid upon its particles, is not strong
enough to overcome the cohesive force which binds them
together.

Any thing which weakens the force of cohesion in a solid favors solution.
Thus, if a substance be reduced to a powder, it dissolves more quickly, both -
from the larger extent of surface which it exposes to the action of the liquid,
and from the partial destruction of cohesion between its particles. In the
same way heat, by diminishing the force of cohesion, generally promotes the
process of solution. Some substances, however, as lime, for example, dis-
golve more freely in cold than in warm water. -

55. Saturation—When a liquid has dissolved as much
of a solid as it is capable of doing, it is said to be satu-
rated. 'When this occurs, the force of adhesion between
the liquid and the solid becomes reduced to an equality
with the force of cohesion between the particles of the

solid, and the act of solution ceases.

QuEsTIONS.—~What is understood by the diffusion of liquids? What are illustrations of
Hquid diffusion? What is solution? When is a body said to be insoluble? What cir-
cumstances favor the solution of a solid ? What is saturation ?
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56. Precipitation.—When a solid body dissolves in a
liquid, the property of cohesion is not destroyed, but
merely overcome, or suspended by the superior force of
adhesion. If this latter force is in turn weakened, or
overcome, the force of cohesion acquires an ascendancy,
and the particles in solution unite again to form a solid.
A solid thus reproduced and separated from a liquid, is
called a Precipitate.

Thus, the common solution of camphor is formed by dissolving the camphor
gum in alcohol. If water be added to this solution, the alcohol at once mixes
with the water, and abandons the camphor, which immediately resumes its
solid form, and falls to the bottom of the vessel—it is precipitated.

The precipitation of a solid from its solution may also be effected by several
other methods :—

Especially may this be accomplished by changing the character of the sub-
stance held in solution, by bringing in contact with it another body with which
it is able to unite chemically, and form an insoluble compound. Thus, lime
is somewhat soluble in water, but if we bring carbonic acid gas in contact
with it while in solution, the two substances unite together by the action
of the chemical force of affinity, and overcome the adhesion which the water
previously had for the lime. The compound of carbonic acid and lime thus
produced, being solid and insoluble, is immediately precipitated.

The above case illustrates a general law in chemistry, which may be stated
as follows :—

Two substances which, when united, form an insoluble
compound, generally combine and produce the same com-
pound when they meet in solution.

This law is practically taken advantage of in chemical operations for sepa-
rating the different constituents of a compound from each other, or for detect-
ing the presence of a body when in solution with other substances. Thus, if
it is desirable to know whether a perfectly clear spring-water contains lime,
carbonic acid gas is introduced into it. This uniting immediately with tho
lime, forms an insoluble compound, which is precipitated. On the other hand,
by reversing the process and introducing a solution of lime, we may be able
to detect the presence of carbonic acid under the same circumstances.

The depression of the temperature of a solution will sometimes cause tho
cohesion of the particles of the solid dissolved to acquire an ascendancy over
the force of adhesion. Thus, alum dissolved in hot water will resume in part

QuEsTIONS.—What is a precipitate? Give an illustration. How may precipitation be
effected by changing the character of a substance? What general law governs the precipi-
tation of substances from their solutions? How is this law practieally applied in chemical
operations? How may precipitation be effected through a depression of the temperature
of a solution ?
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its solid form as the solution is cooled; and when brandy is exposed to in-
tense cold, many degrees below that necessary to freeze water, the spirit-
uous portion retains its liquid form, and separates from the aqueous part,
which solidifies as ice.

A remarkable illustration of this action is to be found in the fact that
ice formed by the freezing of sea-water is, under all ordinary circumstances,
fresh, and entirely destitute of salt. The great ice-fields which cover the
ocean in the Arctic and Antarctic regions, are always composed of fresh-water
ice. Indeed, water in the act of freezing separates completely from every
thing which it previously held in solution. Even the air, contained in water
is expelled in the act of freezing, and becoming entangled in the thickening
fluid, gives rise to the minute bubbles generally observed in blocks of ice.
For a like reason, the ice formed by the congelatxon of a solution of indigo
is colorless.

Elevation of temperature will also effect the separation of bodies in solution.

‘When, for instance, a solution of common salt in water is exposed to the
action of heat, the repulsive power of this agent overcomes not only the
cohesion of the water, but also its adhesion to the salt; the water assumes
the eeriform state, and passes off as steam, while the salt, deprived of its
solvent, resumes the solid state.

57. Yolution and Chemical Combination.—A clear dis-
tinction exists between a solution and a chemical combi-
nation, which latter, in ordinary language, is often termed
a solutlon

A simple solution is occasioned by the action of the
force of adhesion exerted between the particles of the solid
and the liquid with which it is brought in contact. In all
cases of simple solution, the properties of both the solid

and the liquid are retained.

Thus sugar, whether in a mass in the hand, or dissolved in water, is the
same substance; so also when camphor is dissolved in alcohol, the solution
partakes of the properties of both, having the smell and taste of both cam-
phor and spirit.

When a solid disappears in a liquid through the influ-
ence of a chemical force exerted between the particles of
the two substances, the compound is not a true solution,
but a chemical combination, in which the properties of
both the solid and liquid are essentially changed.

QuEsTIONS.—What are illustrations of this principle? Why is ice, formed by the freez-
ing of sea-water, fresh? What is the occasion of the numerous bubbles observed in
blocks'of ice? How may precipitation be effected by an elevation of temperature? State
and illustrate the difference between solution and chemical combination.
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Thus, iron placed in diluted acid disappears in it, but the resulting liquid
does not contain finely divided iron, but a finely divided compound of iron
and the acid, which possesses entirely different properties from either of its
constituents.

Solution differs also from chemical combination in the varying proportions
in which it occurs, according to temperature, ete. Thus, a given quantity of
water at the boiling temperature will dissolve nearly four hundred times more
saltpetre than it can at a temperature of 60°; but in chemical combinations
the proportions in which bodies unite are ﬁxed. and invariable,

SECTION IV.

CRYSTALLIZATION.

58. Crystals~—The particles of most substances, in pass-
ing from a liquid to a solid condition, have a tendency to
arrange themselves into regular and symmetrical forms,
each different substance assuming always a peculiar shape,
from which it never essentially varies. Such regular geo-
metrical solids are termed Crystals,

The number of known crystalline forms is much smaller than the num-
ber of substances which are capable of crystallizing, and’ it therefore follows
that crystals of various kinds of matter may possess the same form. No
subslance, however, has ever been found to be capable of assuming indiffer-
ently any form, but most substances are restricted to one form of crystal
and its modifications. This circumstance enables us, very often, to identify
a substance; or determine its composition, simply by the shape of its crystals.
For example, common salt always crystallizes in cubes, alum in octohedrons,
saltpeter in six-sided prisms, Epsom salts in four-sided prisms, and so on.

59. Amor’phous Bodies—A solid whose particles are ar-
ranged irregularly, and which possesses no definite exter-
nal form, is said to be amorphous (7. e., without form).

Every solid body is either amorphous, or crystalline, and many bodies exist
in both of these conditions. Thus, carbon, in the form of charcoal and lamp-
black, is amorphous, but in the form of the diamond it is crystalline.

60. Formation of Crystals.—The usual method of ob-
taining crystals is to form a strong solution of the sub-
stance in hot water, as ‘most bodies dissolve more freely in
water when it is at an elevated temperature than when

QuEsTIONS.— What are crystals? Can a substance in crystallizing assume indifferently
any form? What are amorphous bodies? Can a substance be both crystslline and amor-
phous? What is the usual methed of obtaining crystals ?
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cold. As the liquid cools, and the force of cohesion gra-
dually begins to resume the ascendancy; the separated
particles of the solid have time to select, as it were, the
arrangement they will assume, and crystals are formed.

When a solid is melted, or made to assume a liquid
form by beating, and allowed to cool quietly, its particles
also, in most instances, assume a crystalline arrangement.

Tllustrations of this may be seen in the crystalline fracture of zine and
antimony. Sulphut, also, crystallizes beautifully on cooling after fusion.

Water, in freezing, or assuming the solid condition, often shoots into bean-
tiful crystals, as may be seen by examiring the snow-flakes which fall dur-
ing a period of intense cold, beneath a microscope. These crystals may
also, under favorable circumstances, be seen with the naked eye, by placing
the flake upon a dark body ecooled below 32° F.* Fig. 16 represents some of
the varied and beautiful forms of snow crystals.

Fia. 16,

The same crystals which appear in snow, exist also in ice, but they are
80 blended together. that their symmetry is lost in the compact mass. When
water freezes, its particles all arrange themselves in ranks and lines which
cross each other at angles of 60 and 120 degrees. This may be secn by
examining the surface of water in a saucer while freezing.

If we fracture thin ice, by allowing a pole, or weight to fall upon i, the,
fracture will have more, or less of regularity,. being generally in the form of *
a star, with six equidistant radii, or angles of 60°.

Another beautiful illustration of the crystallization of water in freezing, is
seen in the frost-work upon windows in winter, caused by the congelation

QuestroNs.—What pecullarities of erystallization does water present in freezing? Has
ice a crystalline structure? What ocpasions the symmetrical arrangement of frost-work
upon windows, etc., in winter?
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of the vapor of the room when it comes in contact with the cold surface of
the glass. All these frost-work figures are limited by the laws of crystalli-
zation, and the lines which bound them, form among themselves no angles
but those of 30°, 60°, and 120°.

When a substance has been converted, through the ac-
tion of heat, into a vapor or gas, and then by cooling is
caused to change back again at once into the solid state,

its particles arrange themselves so as to form crystals.

Thus, camphor, or sulphur, if heated in a glass tube, will be first con-
verted into vapor, and then deposited in a ring of crystals higher up, at the
first point where the temperature is sufficiently low.

In general, it is important to the process of crystalliza-
tion that the liquid from which the solid body is separating
should not be shaken or disturbed, but when the forces
of cohesion and adhesion arc nearly balanced, as in a sat-
urated solution, it seems necessary that some slight mo-
tion should be given to the liquid in order to initiate the
process, which does not commence at all in a state of
absolute rest.

Thus, a saturated hot solution of Glauber’s salt, if alldéwed to cool in per-
fect stillness, will remain liquid as long as the stillness is preserved, but
the slightest movement or tremor—even a wave of the hand through the
air in its vicinity—will instantly transform the solution into a solid mass,
some of the water entering into the composition of the crystals, and some
being retained by interstices in their structure. In the same manner, water-
may be cooled eight, or ten degrees below the freezing point and yet remain
liguid ; but the slightest disturbance, even a vibration of the vessel, will
cause it to freeze (crystallize) instantaneously.

The more slowly a liquefied body is brought back to a
solid state, and the more the liquid is kept at rest after
the process of crystallization has commenced, the smaller
will be the number and the larger the size of the crystals
produced ; but when the solution is caused to solidify very
quickly, the crystals are numerous, but small and imper-
fect.

In the first case the particled of the solidifying body have time to arrange
themselves regularly upon each other; but in the latter instance the solidifi-

QuesTIOoNs.—Under what other circumstances may crystallization take place? What
are important requisites in the process of crystallization? What facts illustrate these con-
ditions? Under what circumstances will crystals be perfect, and when imperfect ?
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cation takes place so repidly that the particles attach themselves irregularly,
and interlace with each other in every direction. In this consists the differ-
ence between ‘sugar,” or “rock candy” and loaf, or granulated sugar; be-
tween the fine grained statuary marble and crystallized * spar.”

Crystals have always a tendency to fasten upon any
foreign substance that occupies a prominent position in
the liquid which affords them, a circumstance which is

applied to many useful purposes in the arts.

Hlustrations of this are seen in the formation of the somewhat familiar or-
nament known as the * alum basket,” and in the strings which are stretched
across the vessels in which pure solutions of sugar crystallize in the manu-
facture of ‘‘rock candy.” ‘When onlytwo orthree very minute erystals can be
deposited, it is usual to place & piece of thread or some other suitable sub-
stance in the liquor; and upon this support the crystals, if anywhere, will be
found. In this way the chemist is enabled to draw together and collect
readily the smallest quantities that can be thrown down from a solution.

Nothing can be more beantiful than to watch the progress of crystallization
as it takes place when we suspend a series, or network of threads in a hot
saturated solution of alum, and then allow the liquor ‘to cool slowly. The
minute invisible atoms are gradually drawn together toward the foundation
thus afforded, and presently little glittering specks may be discerned entan-
gled a.mong the fibers, or studding the network of the threads. If the pro-
cess be well managed, these specks increase steadily in size, by the regular
addition of fresh atoms to every part; but if the temperature be not attended
to, or the solution be improperly disturbed, they increase chiefly in numbers,
and the larger crystals are apt to be disfigured by adhering to small ones.*

61. Purification by Crystallization.—A substance in
crystallizing has a tendency to purify, or separate itself
from any foreign substances which may have been mingled

with it. Crystalline form is, therefore, to some extent, a

* « The beantiful crystalline masses that are sometimes seen in druggisis’ windows,
can not be produced without the greatest care and attention, each crystal being separated
from the liquor when it has attained a sufficient size, and being placed alone in a shallow
pan, perfectly glazed, at a temperature carefully regulated, and under a solution of a
specified strength. It is then turned over from day to day, as otherwise the face in con-
tact with the pan would be prevented from increasing, and a deformed crystal would re-
salt. Xt is also carefully supplied with fresh solution from time to time: because, if that
around it were exhausted, its most prominent angles would be re-dissolved. By neglect-
ing these precautions, deformed or moustrous crystals are obtained, and are exhibited,
perhaps, as often as the perfect ones. Crystalline masses of the blue sulphate of copper,
the red chromate of potash, of alum, and some other chemical compounds, may be pro-
duced of almost any magnitude that is desired.”

QuesTioNs.—How does interrupted crystallization affect the physical character of a
body? What curious tendency do crystals exhibit in separating froma solution? What
practical application of this is madein thearts ?
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guaranty of purity, or at least of the absence of adultera-
tion ; and hence, in medicine, and in the arts, many sub-
stances are subjected to tedious and expensive processes for

no other purpose than to canse them to assume this form.

Sea-water, in addition to salt, contains a variety of other substances, but
by the process of evaporating the salt water and crystallizing the salt, most
of these impurities are separated. A single crystallization gives the salt suf-
ficiently pure for commercial purposes, but to render it perfectly pure, it is
necessary to re-dissolve the first crystals in pure water and repeat the pro-
cess of crystallization several times.

This principle may be demonstrated by a simple experiment. If we dis-
eolve a small quantity of common salt and saltpetre in warm water, and al-
low the solution to evaporate slowly, the two substances, which are intimately
aunited in the solution, will separate completely from each other in crystal-
lizing—the saltpetre assuming the form of long needles or prisms, and the
common salt the form of cubes. It is in this way that saltpeter is purified
preparatory to being used in the manufacture of gunpowder.

If two bodies, however, which crystallize in the same
form, be mmuled in solutlon, they can not be separated

from each other by crystallization.

The difference in the crystallizing properties of silver and lead hds been
taken advantage of in a recent invention for separating a small quantity of
silver which exists in almost all the ores of lead. The two metals are melted
and allowed to cool slowly ; the silver, forming into crystals more easily than
the lead, solidifies first, and the lead remaining is poured off.

62. Change in Bulk.—Many substances in crystallizing,
or in passing from a liquid to a solid state, experience a

change in bulk.

‘Water, at the moment of congelation, incrcases in bulk, and expands with
an almost irresistible force. As an illustration, the following experiment
may be quoted :—Cast-iron bomb-shells, thirteen inches in diameter and two
Anches thick, were filled with water, and their apertures or fuse-holes firmly
plugged with iron bolts. Thus prepared, they were exposed to the sevcre
«cold of a Canadian winter, at a temperature of about 19° beclow zero. At
the moment the water froze, the iron plugs were violently thrust out, and the
ice protruded, and in some instances the shells burst asunder, thus demon-
strating the enormous interior pressure to which they were subjected by
water assuming a solid state.

QursTioNs.—Can two substances in solution be separated from each other by the act
of crystallization? What are practical illustrations of this principle ? Under what circum-
stances will crystallization fail to effect separation? What physical change frequently
accompanies crystallization? Illustrate this action in the case of water.-
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A 1,000 parts of water at the freezing point become
dilated, by freezing, 1,063 parts.

Iron, in passing from a melted to a solid state, expands in the same manner
as water, a fact which renders this metal most suitable for castings.

Other substances, however, present equally remarkable instances of con-
traction in passing from a liquid to a solid state, of which gold and lead are
illustrations; hence it is impossible to obtain with either of these metals a
fine casting from a mould.

63. Mother Liquor—When a substance separates itself
in part from a liquid by crystallization, the solution re-
maining behind is termed the Mother Liquor.

64. Water of Crystallization —Some substances are not
capable of assuming a crystalline form until they have
chemically combined with a certain definite amount of
water, termed the WATER OF CRYSTALLIZATION. This
water is not éssential to the chemical composition of the

substance, but merely to its existence in the form of
crystals.

Thus, a crystal of alum contains nearly one half its weight of water chemi-
cally combined with it. Without this water, alum could not assume the erys-
talline form, although it would retain all its chemical properties unchanged.
The existence of the water of crystallization in alum may be experimentally
shown by placing a small crystal of this substance upon a hot surface, when
it will be observed to foam and melt, and finally settle down into a white
porous mass. The foaming is occasioned by the evaporation of the water of
crystallization. ?

65. Ef-flo-res’cence.—Some substances containing water
of crystallization, part with it on exposure to the atmos-
phere, and crumble down to a fine powder. This action
is termed Efflorescence.

1If we place half an ounce of crystalline Glanber’s salts in a warm place, it
will soon lose its fransparency, and finally crumble into a white powder,
weighing hardly a quarter of an ounce. . This loss of weight is entirely owing
to the evaporation of the chemically combined water which imparted to the
salt its transparency and crystalline form. Common salt, and saltpetre, on
the contrary, if treated in a similar way, undergo no change in either appear-
ance, or weight, because they contain no water of erystallization.

66. Del-i-ques’cence.—When a crystalline substance,

QuesTioNs.—To what extent will water expand in freezing? Why is iron eminently
suitable for fine castings, and gold aud lead unsuitable? What is a mother liquor?
‘What is water of crystallization? What is efflorescence? What is deliquescence ?

3
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on exposure to air, absorbs water, and becomes converted
thereby into a liguid, or semi-liquid mass, it is said to
deliquesce, and the phenomenon is termed Deliquescence.

67. De-crep-i-ta’tion.—Some substances, when crystal-
lized rapidly from a solution, frequently inclose mechan-
ically within their texture small quantities of the mother
liquor, the expansion of which, when hecated, bursts the
erystals with a sort of crackling explosion. This pheno-
menon is known by the name of Decrepitation.

This result may be exhibited by throwing a small quantity.of common
salt, which has been erystallized rapidly, upon a heated surface. If the salt,
however, has becu erystallized by slow evaporation, it will not decrepitate.

68. Native Crystals.—The mineral kingdom presents us with the
most splendid examples of erystallized bodies, many of which the chemist is
able to artificially reproduce in his laboratory. Within the Iast few years,
M. Ebelman, an eminent French chemist, has succeeded in producing some
of the most valuable gems—as, for example, the emerald and the ruby—by
mixing together in proper proportions the elementary substances which enter
into their composition, and then exposing the compound to the long-continued
and intense heat of a furnace used for baking porcelain.

Some native crystals, however, seem to be beyond the power of art to
imitate. Of these, the diamond is perhaps the most remarkable. This body
“consists of pure carbon (the same substance with which we are familiar as
charcoal and as black-lead), but which can not be either fused or dissolved,
and consequently can not be crystallized by any means at present knowmn.
Such means have been eagerly sought for, however, since the discovery of
the composition of the diamond, and there seems no reason why they should
not at some period be discovered.

The most perfect erystals of gems are met with in nature of only a moder-
ate size. The larger ones are less clear, and wanting in transparency and
luster. The emerald, sufficiently pure for jewelry, does not often exceed an
inch in length, and seldom so much as this. Transparent sapphires above an
inch in length are very rare. Crystals of quartz are sometimes found of very
large size. One at Milan measures 3} feet in length, 5} in circumference,
and weighs 870 pounds. s

69. Formation of Crystals in Solid Bodies—A very re-
markable change, a variety of crystallization, sometimes
takes place in the form and arrangemeut of the particles

of solid bodies, without their undergoing any alteration

QuEsTIONS.—What is decrepitation? Where are the most splendid examples of crystal-
lized bodies to be met with? Are any native crystals capable of being reproduced by
art? What crystallized body can not be imitated? What remarkable change sometimes
takes place in the particles of solid bodies ?
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from the solid to the liquid state. This subject is one of
great importance, and its investigation has furnished a
partial solution of some phenomena that were once re-

garded as inexplicable.

The simplest illustration of this action i3 to be found in the case of sugar.
When this substance is melted and allowed to cool, it forms a perfectly trans-
parent, hard mass, without the slightest trace of crystalline arrangement ; but
after somo months it loses its transparency, becomes white, crystalline, and
brittle.  Similar changes take place also in many other bodies, but in cases
of this character the cause which produced the result deseribed is not cer-
tainly known, and has been aseribed to the action of several forces.

The following illustrations are of a somewhat different character. If we
submit a piece of metal, even the toughest, to long-continued hammering, or
jarring, the atoms, or particles of which it is composed, seem to take on a
new arrangement, and the metal gradually loses all its tenacity, flexibility,
malleability, and ductility, and becomes brittle.

The surface of a fresh fracture, under such ecircumstances, exhibits a dis-
tinctly erystallino structure. The tenacity of a metal thus rendered brittle
may be restored again in great measurc by heating and slowly cooling—a
process known in the arts as * annealing.”

A great number of other instances illustrative of the effect of jarring and
concussion on the structure of metals, might also be adduced. Coppersmiths,
who form vessels of brass and eopper by the hammer alone, can work on them
only for a short time before they require annealing; otherwise they would
crack and fly into pieces.

For similar reasons, a cannon can only be fired a certain number of times
before it will burst, and a cannon which has been long in use, although ap-
parently sound, is always condemmned and broken up. The tone of a bell,
during the two or three first years of use, uniformly increases in strength,
owing probably to a change in the arrangement of the particles under the
hammering action in ringing. ;

A more important illustration, and one that more closely affects our inter-
esty, ig the liability of railroad car-axles and wheels to break from the same
cause. A car-axle, after a long lapse of time and use, is almost certain to
break. ;

The explanation of these changes, especially in the case of iron, is as fol-
lows :—The particles of cast-iron, as may be seen by the naked eye, are crystals,
more or less perfeet in form, and aggregated together by the force of cohesion.
* Inthe conversion of cast-iron into wrought-iron, each erystal by heating, ham-
mering, and rolling, is gradually elongated into a thread, so that wrought-iron
is an aggregation of fibers (fibrous iron, as it ds sometimes called), or a series
of threads kept together by tho force of cohesion. When now a bar of cold,

QuESTIONS.—Give an illustration. ¥ow is the strength of iron and other metals affected
by hammering, jarring, etc.? Under what circumstances will cannon burst, and railway
axles break ? What explanation has been given of these phenomena ?
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wrought, or fibrous iton i3 made to vibrate by shocks communicated either
by blows of a hammer, or by the rapping of any part of a machine, or by the
continued rolling and jarring of a railway car upon the rails the little fine
threads, or fibers snap one by one, and the particles return to their original
crystalline, or granular state, and by this change the entire mass is rendered
brittle.

70. Primary Forms of Crystals.—The apparently innu-
merable variety of figures which various substances as-
sume in crystallizing, may all be referred to a few regular
and fundamental forms,

Each substance has a characteristic form of crystal,
which is termed its Primary Form.

Variations of this original form, which may take place
to any extent so long as a correspondence of angles ig
preserved, are termed Secondary Forms.

The number of primary or fundamental forms to which
all other crystalline solids may be referred is six—the
cube, the square prism, the right rcctangular prism, the
oblique rhombic prism, the oblique rhomboidal prism, and
the hexagonal prism, or rhombohedron.

The number of secondary forms is almost innumerable,
all of which are modifications of the six primary forms,

Thus, carbonate of lime has been found crystallized in more than six bhun-
dred different secondary forms, but all of them are related to each other, and
are derivable from one original primary figure, the rhombohedron.

The study of the geometrical relations of the different crystalline forms to
each other, belongs to the science of crystallography. The investigations of
chemistry, however, have contributed much to our knowledge of the laws
and forces which govern the production of erystals, and have furnished some
explanation of the reason why the several atoms, each invisible on account
of its minuteness, should arrange themselves in the same manner, and in
the fitting place, so as to build up a cubical or prismatic erystal, rather than
an incoherent mass, shapeless and devoid of regularity.

71. Theory of Crystallization—It is supposed that the
atoms, or molecules which make up the body of a crystal,
are possessed of polarity ; or, in other words, that the two
opposite sides of the atoms are like the two opposite poles

QuEsTIONS.—What is understood by primary and secondary forms of crystals? Tow
many primary, or fundamental forms of crystals are recognized? How many secondary
forms exist? Give an illustration of the primary and secondary forms of carbonats of
Iime. Explain the general theary of crystallization ~
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of a magnet, endowed with opposite forces.
The action of these forces compels the atom,
in assuming its place in a crystal, to maintain
a certain direction as respects the contiguous
particles (see Iig. 17), in the same way that
the action of the magnetic forces on a bar of
steel compels it to maintain a constant direc-
tion as regards the poles of the earth,

That the strength of the directive force which influences
the atoms of matter to assume a symmetrical arrangement
is not feeble or insignificant, is clearly shown by the enor-
"mous power which crystallizing action exerts. Thus, the expansive forco
of water in freezing, illustrations of which are most familiar, is due entirely to

a re-arrangement of the particles in crystallizing, and a consequent occupa-
tion of more space.

The direction in which the supposed polar forces act, or
the lines in which the particles arrange themselves in or-
der to build up symmetrical solids, are termed the axes
of the crystal. 2%

Variations in the number or arrangement of these lines or axes, necessarily
modify the geometrical form of the crystal, and a consideration of the relation
which the multitude of crystalline forms sustain to each other g, 18,
through their axes, or symmetrical -lines of formation, has en-

abled us to select six primary forms from which all the others s =

may be derived. v @i L4504
Thus, in the first primary form, Fig. 18, which is the cubical, o

or regular form, there are three axes, ¢ a g, all equal and cross- L=

ing each other at tho centerof the crystal at right angles. The same arrange-
ment of axes holds good in all the secondary forms which are derived from thig
primary form; and in consequence of this are all regular. In the second
primary form, the square prism, Fig. 19, there are three axes, all of them at
right angles to each other, but only two, a @, a @, are of equal length ; the
third, ¢ ¢, being either longer or shorter than the others. Fia. 19.

Similar variations exist, also, in the number or inclination of T
the axes of the other primary forms,

Many facts in science seem to prove that the existence of axes
in erystals is not imaginary, but real. Thus, when the arrange- |z
ment of a crystalline body is perfectly symmetrical, as it is in all | @ ¥ |
crystals belonging to the cubical system, the transmission of light,
the expansion of heat, the conducting power of heat, and probably L=~ €

QuEsTIONS.—What are the axes of a crystal? On what ground do we recognize six
primary forms of crystalline solids? What facts in science seem to prove that the axes
of crystals have a real existence ?
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the power of transmitting sound, electricity, and magnetism, is uniform in
every direction; but when the axes of a crystal are unequal; or, in other
words, when the action of the molecular force which has given direction to
the atoms and shaped the crystal, is more powerful in one direction than in
another, an irregularity in the action of the body on light, and in its expan-
sive and conductive powers for heat, may be immediately traced.

I-so-morph’ism.—The term Isomorphism (equal forms)
is applied to those bodies which can be substituted for one
another in a chemical compound, without producing any
change in the crystalline form of that compound. This

property, is restricted to a comparatively few substances.

Thus, an oxyd of zinc may replace or be substituted for oxyd of magnesia,
and an oxyd of iron for an oxyd of copper, in a chemical compound, without
causing any alteration of crystalline form. As a general rule, however, the
change, or substitution of one element of a chemical compound for another*
of different character, occasions a change in the crystalline form of the com-
pound.

The consideration of isomorphism is of great importance in chemistry, and
has added much to our knowledge respecting the nature of the elementary
atoms of matter. A study of its principles, among other results, has estab-
lished the existence of such curious relations between certain of the so-called

“ elementary substances, as to suggest their derivation from some common and
unknown form of matter. This subject, under another department, will.be
again referred to.

72. Di-morph’ism.—The rule that all the crystalline fig-
ures of any particular substance may be derived from the
same ultimate form, is subject to several exceptions. Some
substances are capable of assuming two forms of crystals,
according to the temperature at which they are produced,
which are geometrically incompatible with each other;
and this difference of crystalline form is associated with
difference of specific gravity, hardness, color, and other
properties. Such bodies are termed Dimorphous (two-
formed).

The crystals of sulphur found in nature, and the crystals obtained by the
slow cooling of a melted mass of sulphur, are entirely different. A beautiful
instance of this kind is afforded by a compound of iodine and mercury, known
as the iodide of mercury. The minute particles of this substance are of a
brilliant scarlet color, but by the application of heat their crystalline arrange-
ment is changed, and the change is rendered visible to the eye by the sub-

!

QuEsTIONS.—What is isomorphism? Give an illustration. 'What is dimorphism?
‘What are examples?
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stitution of a bright yellow color in place of the scarlet. When the substance
has become cool, the application of a slight mechanical force, such as a mere
scratch upon a single point, will change the crystalline arrangement back to
its original condition, and instantly restore the original color.

Some few substances are even trimorphous; that is, they crystallize in
three different forms.

78. Cleav’age~Crystals can not be broken with equal
readiness in all directions, but they have a tendency to
split or divide according to certain determinate lines.
This property is termed the Cleavage of the crystal.

Cleavage will often enable us to detect crystalline structure in a body which
at first appears as a shapeless mass. Thus, in the case of the very common
mineral known as “ Iceland spar,” which is a variety of carbonate of lime, if
we strike gently upon an irregular fragment with a hammer, we shall find
that the lines in which fracture occurs are all inclined to each other at angles
of 105 degrees, and in consequence of this, the detached particles have all
the form of rhombohedrons. 1In like manner, mica splits only in leaves, and
galena, the name applied to the common ore of lead, only in cubes.

This property of crystals has long been known to jew-
elers, who have profited by it to alter the form of precious
stones, in place of resorting to the expensive process of
cutting. Thus, the diamond will split with a smooth sur-
face in four directions, and by taking advantage of this,
a thin layer on a defective side may be smoothly removed
at a single operation.

A property analogous to the cleavage of crystals may
be observed in bodies of a different character. Thus, wood
splits with greater facility in a direction parallel to its
fibers than at rwht a.n"l(,s to them, or, as it iy’ termed,
‘¢ across the grain.”

QuEsTIONS.—What is cleavage? How will cleavage often enable us to detect crystal-
line structure in an irregular body? What practical applxcatxon has been made of the
deavage of crystals ?
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CHAPTER II.

HEAT.

T4. Neat and Chemical Action.—Almost every form of
chemical action is influenced to a greater or less extent by
the agency of heat. A general knowledge, therefore, of
the principles and applications of heat is essential to a
correct understanding of the science of chemistry.

Heat and Caloric—Heat is a physical agent, known only
by its effects upon matter. In ordinary language we use
the term heat to express the sensation of warmth. Ca-
loric is the general name given to the physical agent which
produces the sensation of warmth, and the various effects
of heat observed in matter.

75. Two Conditions of Heal.—Heat exists in two very
different conditions, as FREE, or SExsiBLE HEAT, and as
Larest HEaT.®

‘When the beat retained or lost by a body is attended
with a sense of increased or diminished warmth, it is called
sensible heat.

‘When the heat retained or lost by a body is not per-
ceptible to our sense, it is called latent heat.{

76. Measurement of Heat—The quantity of heat ob-
served in different substances is measured, and its effects
on matter estimated, only by the change in bulk, or ap-
pearance, which different bodies assume, according as heat
is added or subtracted.

77. Distinguishing Characteristic of Heat.—Heat pos-
sesses a distinguishing characteristic of passing through
and existing in all kinds of matter at all times. Sofar as

* Latent, from the Latin word lafeo, to be hid.
t The phenomena of latent heat are further considered under the head of Liquefaction
and Vapori.ation.

QUESTIONB.— What relation exists between heat and ehemistry? What is heat? De-
fine the meaning of the term caloric. In what two conditions does heat exist? What is
free, or sensible heat? What is latent heat? How is heat measured? What is the dis-
tinguishing characteristic of heat?



HEAT. 57

we know, heat is everywhere present, and every body that

exists contains it without known limits.

Ice contains heat in large quantities. Sir Humphrey Davy, by friction, ex-
tracted heat from two pieces of ice, and gnickly melted them, in a room cooled
below the freezing-point, by rubbing them agsinst each other,

78. Temperature.—The amount of sensible heat a body
contains is called its temperature.

The temperature of a body affords no indication of the real quantity of heat
which it contains. A pint of boiling water will raise a thermometer to the
same degree as a gallon of the same water; yet it is obvious that the larger
quantity of liquid contains the greater amount of heat.

Cold is a relative term expressing only the absence of
heat in a degree ; not its total absence, for heat exists
always in all bodies.

A body may feel hot and cold to the same person at the same time, since
the sensation of heat is produced by a body colder than the hand, provided
it be less cold than the body touched immediately before; and the sensation
of cold is produced under the opposite circumstances, of touching a compara~
tively warm body, but which is less warm than some other body touched pre-
viously. Thus, if a person transfer one hand to common spring water imme-
diately after touching ice, to that hand the water would feel very warm ; while
the other hand, transferred from warm water to the spring water, would feel a
sensation of cold.

It is a very curious fact, that intense cold produces the same sensation as
intense heat. Frozen mercury will blister the part to which it is applied in
the same manner as red hot iron ; and the physiological action of a freezing
mixture resembles that of boiling water. Sensations of heat and cold are,
therefore, merely degrees of temperature, contrasted by name in reference to
the peculiar temperature of the individual speaking of them.

79. Diffusion of Heat.—The tendency of heat is to dif-
fuse, or spread itself among all neighboring substances,

until all have acquired the same, or a uniform temperature.

A piece of iron thrust into burning coals becomes hot among them, because
the heat passes from the coals into the iron, until the metal has acquired an
equal temperature,

80. Meat Imponderable.—Heat is imponderable, or does
not possess any perceptible weight.

If we balance a quantity of ice in a delicate scale, and then leave it to

QuEsTIONS.~What is tempetature? Does the temperature of a body indicate the actual
quantity of heat it contains? What i8 cold? May a body feel hot and cold at the same
time ? What are sensations of heat and cold? In what manner does heat diffuse itself ?
Does heat possess weight ?

ol
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melt, the equilibrium will not be in the slightest degree disturbed. If we
substitute for the ice boiling water, or red hot iron, and leave this to cool,
there will be no difference in the result. Count Rumford, having suspended
a bottle containing water, and another containing alcohol, to the arms of a
balance, and adjusted them so as to be exactly in equilibrium, found that the
balance remained undisturbed when the water was complefely frozen, though
the heat the water had lost must have beent more than sufficient to have rhade
an equal weight of gold red hot.

81. Theory of Heat.—The nature, or cause of heat isnot
clearly understood. Two explanations, or theories, have
been proposed to account for the various phenomena of
heat, which are known as the mechanical and vibratory
theories.

Mechanical Theory—The mechanical theory supposes
heat to be an extremely subtile fluid, or ethereal kind of
matter pervading all space, and entering into combination
in various proportions and quantities, with all bodies, and
producing by this combination all the various effects no-
ticed.

Vibratory Theory.—The v1bratory theory, on the con-
trary, supposes heat to be merely the effect of a species
of motion, like a vibration or undulation, produced either
in the constituent particles of bodies, or in a subtile, im-
ponderable fluid which pervades them.

‘When one end of a bar of iron is thrust into the fire and heated, the other
end soon becomes hot also. According to the mechanical theory, a subtilo
fluid coming out of the fire enters into the iron, and passes from particle to
particle until it has spread through the whole. When the hand is applied to
the bar it passes into it also, and occasions the sensation of warmth. Ac-
cording to the vibratory theory, the heat of the fire communicates to the par-
ticles of the iron themselves, or to a subtile fluid pervading them, certain vi-
bratory motions, which motions are gradually transmitted in every direction,
and produce the sensation of heat, in the same way that the undulations or
vibrations of air, produce the sensation of sound.

The fact that vibrations do occur in masses of metal and other substances
during the passage of heat through them, can be demonstrated by experi-
ment. Thus, if an irregularly curved bar of hot brass be laid upon a sup-
port of cold lead, the bar will be thrown into a vibratory state, accompanied

QUESTIONS.—What two theories have been proposed to account for the origin of heat?
‘What is the mechanical theory’ ‘What is the vibratory theory? Illustrate the sup-
posed production of heat in accordance with the two theories.
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by a somewhat musical sound and a rocking motion; and this action con-
tinues so long as an inequality of temperature exists between the two metals.

There seems to be but little doubt at the present time among scientific men,
that the theory which ascribes the phenomena of heat to a series of vibra-
tions, or undulations, either in matter, or a fluid pervading it, is substantially
correct. At the same time it is not wholly satisfactory, and neither theory
will perfectly explain all the facts in relation to heat with which we are ac-
quainted. For the purpose of describing and explaining the phenomena and
effects of heat, it is convenient, in many cases, to retain the idea that heat is
a substance.

The fact that nature nowhere presents us, neither has art ever succeeded
in showing us, heat alone in a separate state, is a strong ground for believing
that heat has no separate material existence. Heat, moreover, can be pro-
duced without limit by friction, and intense heat is also produced by the ex-
plosion of gunpowder. On the contrary, as arguments in favor of the mate-
rial existence of heat, we have the fact, that heat becomes instantly sensible
on the condensation of any material mass, as if it were squeezed out of it : as
when, on reducing the bulk of a piece of iron by hammering, we render it
red hot (the greatest amount of heat being emitted with the blows that most
change its bulk).

1t is also very remarkable, that iron once heated in this way can not again be
made red hot by hammering until it has again been heated in a fire. Finally,
the laws of the spreading of heat do not resemble those of the spreading of
sound, or of any other motion known to us.

82. Relations of Light and Heat.—The relation between heat
and light is a very intimate one. Heat exists without light, but all the ordi-
nary sources of light are also sources of heat; and by whatever artificial means
natural light is condensed, so as to increase its splendor, the heat which it
produces is also, at the same time, rendered more intense.

Incandescence.—When a body, naturally incapable of
emitting light, is heated to a sufficient extent to become
luminous, it is said to be incandescent, or ignited.

Flame.—Flame is a luminous vapor issuing from a burn-
ing body. Fire is the appearance of heat and light in
conjunction, produced by the combustion of inflammable

substances.

The ancient philosophers used the term fire as a characteristic of the nature
of heat, and regarded it as one of the four elements of nature ; air, earth, and
water being the other three.

QuEesTIONS.—Which theory is generally received ? What relations exist between light
and heat? Define incandescence. What is flame? What is fire?
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SECTION I.
SOURCES OF HEAT.

83. Yources of Heat.—The principal sources of heat of
which practical advantage may be taken, are the sun, me-
chanical action, chemical action, and electricity.

84. The Sun a Source of Heat—The greatest natural
source of heat is the sun, as it is also the greatest natural
source of light. _

Although the quantity of heat sent forth from the sun is-immense, its
rays, falling naturally, are never hot enough, even in the torrid zone, to

Fia. 20. kindle eombustible substances. By means, however,
of a burning-glass, the heat of the sun’s rays ean be
concentrated, or bent toward one point, ealled a focus,
in sufficient quantity to sef fire fo substances submitted
to their action.

Fig. 20 represents the manner in which a burning-
glass concentrates or bends down the rays of heat
until they meet in a focus.

The greatest natural temperature ever authentically re-
corded was at Bagdad, in 1819, when the thermomecter
(Fahrenheit’s) rose to 120° in the shade. On the west
coast of Africa the thermometer has been observed as
high as 108° F. in the shade. Burckhardt in Egypt, and
Humboldt in South America, observed it at 117° F.in
the shade.

About T0° below the zero of Fahrenheit’s thermometer
is the lowest atmospheric temperature ever experienced
by the Arctic navigators.

The greatest artificial cold ever measured was 220° F.
below zero.

This temperature was ebtained some years since by M. Natterer, z German
chemist. Professor Faraday has also produced a cold of 166° F. below
zero. Neither of these experimenters succeeded in freezing pure alcohol or
ether.

The estimated temperature of the space above the earth’s atmosphere has
been estimated at 58° below zero, Fahrenheit’s thermometer.

QUEsTIONS.—What are the principal sources of heat? What is the greatest source of
heat? What is the greatest natural temperature ever observed ? What is the Towest
natural temperature observed? What is the greatest artificial cold ever measured ?
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85. Mechanical Action, considered as a source of heat,
includes friction and compression, or percussion.

Friction,.—The supply of heat which can be derived
from friction is apparently unlimited.

Savage nations kindle a fire by the friction of two pieces of dry wood;
the axles of wheels revolving rapidly frequently become ignited; and in the
boring and turning of metal the chisels often become intensely hot. In all
these cases the friction of the surfaces of wood or of metal in contaet dis-
turbs the latent heat of these substances, and renders it sensible.

The following interesting experiment was made by Count Rumford, to il-
lustrate the effect of friction in producing heat :—A. borer was made to re-
volve in a eylinder of brass, partially bored, thirty-two times in a minute,
The eylinder was inclosed in a box containing 18 pounds of water, the tem-
perature of which was at first 60°, but rese in an hour to 107°; and in
two hours and a half the water boiled. The heat thus obtained was caleu-
lated to be somewhat greater than that given out during the same period by
the burning of nine wax candles, each $ths of an inch in diameter.

Recent experiments made by Mr. Joulo of England, appear to show that
the actual quantity of heat developed by friction is dependent simply upon
the amount of force expended, without regard to the nature of the substances
rubbed together., He found, ag the result of a great number of experiments,
that when water was agitated by means of a horizontal brass wheel, which
wag made to revolve, as the wheels of a clock are, by the descent of a weight,
that the temperature of the water was increased by friction against the
metal ; and that in this way, ono pound of water could be raised in tempera-
ture one degree by an expenditure of an amount of force sufficient to raise
772 pounds weight to the height *of one foot. When cast-iron was rubbed
against iren, the force required to produce heat by friction sufficient to ele-
vate the temperature of a pound of water one degree, was found to be equiva~
lent to 775 pounds, and when iron was rubbed against mercury, to 774 pounds.

Tt thus appears from these experiments, that force expended in producing
friction is eonverted into heat, and that when a pound of water is elevated in
temperature one degree, some force equivalent to the raising of a weight of
about 772 pounds to the height of one foot is always exerted.*

* This discovery, that heat and mechanieal power are mutually convertible, and that
the relation between them is definite, 722 foot-pounds of motive power being equivalent to
a unit of heat—that is, to the amount of heat requisite to raise a pound of water through
onc degree of Fahrenheit-~is one of the most interesting of modern science, and has Ied
to many important deductions. Thus, force is expended by friction in the ebb and flow
of every tide, and mnst, therefore, reappear as heat. According to the computations of
Bessel, the astronomer, 25,000 miles of water flow in every six hours from one quarter of

QuesTIONs.—What does mechamical action, idered as a source of heat, include?

‘What is said of the development of heat by friction? What experimenis were made by

" Count Rumford? What has recently been determined respecting the production of heat
by friction ?
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Compression.—The reduction of matter into a smaller
compass by an external or mechanical force, is generally
attended with an evolution of heat. To such an act of
compression we apply the term condensation.

Heat may be evolved from air by condensation. This may be shown by
placing a piece of tinder in a tube, and suddenly compressing the air con-
tained in it by means of a piston. The air being thus condensed, parts with

its latent heat in sufficient quantity to set fire to the tinder at the bottom
of the tube.

Percussion, which is a combination of friction and compression, is a familiar
method of developing heat. An example of this is seen in the use of the
common steel and flint, in which the compression occasioned by the violent
collision of the two substances elicits heat sufficient to set fire to detached
portions of steel. The striking of iron with a hammer, or the subjection of
any metal to great and sudden pressure, also develops large quantities of
heat.

86. Chemical Action is the principal source resorted to
for procuring heat artificially. Whenever this occurs
with a high degree of intensity, heat is produced, accom-
panied generally by an evolution of light. A common
fire, of wood or coal, is a familiar illustration of the devel-
opment of heat and light by chemical action.

87. Electricity.—The passage of accumulated electricity
through various substances, or from one medium to an-
other, generally produces heat. The most intense arti-
ficial beat with which we are acquainted, is thus produced
by the agency of the electric, or galvanic current. All
known substances can be melted or volatilized by it.

Heat so developed has not been employed for practical or economical pur-
poses to any great extent; but for chemical experiments and investigations
it has been made quite useful.

88. Other Sources of leat.—In addition to the above-

mentioned sourcés, some heat is derived from the earth

the earth to another. The store of mechanical force is thus diminished, and the tempe-
rature of our globe augmented by every tide. We do not, however, possess the data
which will enable us to calculate the magnitude of these effects,

QuEsTions.—How may heat be produced by condensation? How by percussion? What
is said of chemical action as a sourceof heat? What of electricity? 'What other sources
of heat are recognized ?
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itself, and from the stars and planetary bodies. Heat,
also, is generated or excited through the organs of a liv-
ing structure, the result, undoubtedly, of chemical actions
which are continually going on in the systems of animals
and plants. Heat thus produced is termed vital, or ani-
mal heat.

Experimentation has also proved that the simple act of moistening any
dry substance is attended with slight, yet constant disengagement of heat.
With bodies of mineral origin, when reduced to a fine powder with a view of
increasing the extent of surface, the rise of temperature does not exceed from
half a degree to two degrees, Fahrenheit's thermometer; but with some ani-
mal and vegetable substances, such as cotton, thread, hair, wool, ivory, and
well-dried paper, a rise of temperature varying from 2° to even 10° or 14° F.
has been observed.

SECTION II.

COMMUNICATION OF HEAT.

89. Heat may be communicated in three ways: by

CoxpucrioN, by CoxvEcrION, and by RaDp1aTION.

By one or all of these methods, bodies which have been heated, or cooled,
gradually return to the temperature of surrounding objeets. If the body is
hot, heat passes from it to contiguous bodies; if cold, it gains heat at the
expense of those substances which possess a higher temperature.

The three methods of communicating heat will be considered in the order
above named.

90. Conduction.—Heat is said to be communicated by
conduction when it is transmitted from particle to particle
of a substance, as from the end of an iron bar placed in
the fire to that part of the bar most remote from the
fire.

Different bodies exhibit a very great degree of differ-
ence in the facility or power with which they conduct
heat ; some substances oppose very little resistance to its
passage, while through others it is transmitted slowly, or
with great difficulty.

QurstroNs.—How is heat communicated ? In what way is an equilibrium of tempera-
ture preserved? What is conduction? Is the power of conduction the same in all
hodies ? .
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If we place the end of a short rod of
glass, and of a rod of iron of equal length,
in the flame of a lamp, Fig. 21, we shall
soon be sensible that heat reaches the fine
gers more rapidly through the metal than
through the glass; and shall have a clear
proof that these two substances differ
greatly in their power of conducting heat.

The different conducting power of vas
rious solids may be also strikingly shown
by taking a series of rods of different materials, but of the same dimensions
(see Fig. 22), placing a bit of wax, or phosphorus upon one of their extremi-
ties, and applying to the other extremities an equal degree of heat. The wax

Fic. 22. will melt, or the phosphorus inflame at different
times, according to the conducting power of the dif-
ferent solids.

91. Conductors and Non-conduectors,
—All bodies are divided into two classes
in respect to their conduction of heat,
viz., into conductors and non-conduc~
tors. The former are such as allow
heat to pass.freely through them ; the
latter comprise those which do not give
an easy passage to it,

92. Conduction of Solids.*—Of all known substances, the
metals conduct heat with the greatest facility ; but they
differ considerably when compared with each other. Asa
general rule, the denser a body is, the better it conducts
heat. Light, porous substances, more especially those of a
fibrous nature, are the worst conductors of heat. Of all
substances, gold 1s the best conductor of heat, and may

Fia. 21.
e
AR

* The following table exhibits the relative conducting power of different substances, the
ratio expressing the conducting power of gold being taken at 1002

Gold : 4 . « 10000 Tin . A . E . 3038
Platinum. e . 9810 Lead. . . . . 1796
Silver _ '  itigwd i 9730 Marble . . . . 234
Copper . . . . 8982 Porcelain. . . . 122
Iron . 5 . . 34 Brick earth . " « 113
Zinc g B e dadl s es $OBII

QUESTIONB.-~What experiments illustrate this fact?  What are conductors and non-
conductors? What are good conductors? What are bad conductors? What substance
is the best conductor of heat ? $
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be represented by the number 100 ; then iron will be
374 ; marble 2.3 ; and brick clay 1.1.

The conducting power of stones is next to that of the
metals, and crystalline stones are better conductors than
those which are not crystallized.

93. Conduction of Liguids.—Liquids conduct heat in a
very limited degree.

This may be satisfactorily proved by a number of simple experiments, If
a small quantity of aleohol be poured on the surface of water and inflamed, it
will continue to burn for some time. (See Fig. 23.) A thermometer, im-
mersed at a small depth below the common surface ‘Fia. 23.
of the spirit and the water, will fail to show any in- il
crease in temperature. . : @"@f 4),;\’—1\’ :

Another and more simple experiment proves the \&\\\ : B! 5)
same fact; as when a blacksmith immerses his red- At&*
hot iron in a tank of water, the water which sur- ~
rounds the iron is made boiling hot, while the water
not immediately in contact with it remains quite cold.

If a tube nearly filled with water is held over a
spirit lamp, as in Fig. 24, in such a manner ag to di-
rect the flame against the upper layers of the water,
the water at the top of the tube may be kept boiling
for a considerable time, without occasioning the
slightest inconvenience to the person who holds it.

94, Conduction of Gases—DBodies in
the gaseous, or aeriform condition are more imperfect
conductors of heat than liquids. Fra. 24,
Common air, especially, is one of
the worst conductors of heat with
which we are acquainted.

The non-conducting properties of fibrous
and porous substances are due almost alto-
gether to the air contained in their interstices,
or between their fibers. These are so dis-
posed as to receive and retain a large quantity of air without permitting it to
circulate.

Woolens, furs, eider-down, etc., are well adapted for clothing in winter, not

QuesTrons.—How does the conducting power of stones vary? What is sald of the
eonducting power of liquids? What experiments prove that liquids conduct heat imper-
fectly? What is the conducting power of gases? What of common air ? Why are porous
and fibrous substances non-conductors? 'Why are woolens, furs, etc., well adapted for
clothing ?
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because they impart any heat to the body, but on account of the large quan-
tities of air which they contain, imprisoned between their fibers; this renders
them non-conductors, and prevents the escape of heat from the body.

Blankets and warm woolen goods are always made with a nap or projec-
tion of fibers upon the outside, in order to take advantage of this principle.
The nap, or fibers retain air among them, which, from its non-conducting
properties, serves to increase the warmth of the material

The heat generated in the animal system by vital action has constantly a
tendency to escape, and be dissipated at the surface of the body, and the rate
at which it is dissipated depends on the difference between the temperature
of the surface of the body and the temperature of the surrounding medium.
By interposing, however, a non-conducting substance between the surface of
the body and the external atmosphere, we prevent the loss of heat which
would otherwise take place to a greater or less degree.

"An apartment is rendered much warmer for being furnished with double
doors and windows, because the air confined between the two surfaces op-
poses both the -escape of warm air out of the room, and of cold air into
the room.

Snow protects the soil in winter from the effects of cold in the same way
that fur and wool protect animals, and clothing man. Snow is made up of an
infinite number of little erystals, which retain among their interstices a large
amount of air, and thus contribute to render it a non-conductor of heat. A
covering of snow also prevents the earth from throwing off its heat by radia-
tion. The temperature of the earth, therefore, when covered with snow,
rarely descends much below the freezing-point, even when the air is fifteen
or twenty degrees colder. Thus roots and fibers of trees and plants are
protected from a destructive cold.

As a non-conducting substance prevents the escape of heat from within a
body, so it is equally efficacious in preventing the access of heat from without.
In an atmosphere hotter than our bodies, the effect of clothing would be to
keep the body cool. Flannel is one of the warmest articles of dress, yet we
can not preserve ice more effectually in summer than by enveloping it in its
folds. Firemen exposed to the intense heat of furnaces and steam-boilers, in-
variably protect themselves with flannel garments.

Cargoes of ice shipped to the tropics, are generally packed for preservation
in sawdust; a casing of sawdust is also one of the most effectual means of
preventing the escape of heat from the surfaces of steam-boilers and steam-
pipes. Straw, from its fibrous character, is an excellent non-conductor of
heat, and is for this reason extensively used by gardeners for incasing plant3
and trees which are exposed to the extreme cold of winter.

Refrigerators, used for the preservation of animal and vegetable snhstances
in warm weather, are double-walled boxes, with the spaces between the sides
filled with powdered charcoal, or some other porous, non-conducting substance.

QUESTIONS.—Why are blankets made with a nap? What is the use of clothing? Why
do double doors and windows render a room warmer? How does snow protect the soil ?
‘Why do persons exposed to intense heat wear flannel ? How are refrigerators constructed ?
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The so-called “ fire-proof” safes are also constructed of double or treble walls
of iron, with intervening spaces between them filled with gypsum, or “ Plas-
ter of Paris.” This lining, which is a most perfect non-conductor, prevents
the leat from passing from the exterior of the safo to the books and papers
within.  The idea of applying ‘ Plaster of Paris” in this way for the construc-
tion of safes, originated, in the first instance, from a workman attempting to
heat water in a tin basin, the bottom and sides of which were thinly coated
with this substance. The non-conducting properties of the plaster were so
great as to almost entirely intercept the passage of the heat, and the man,
to his surprise, found that the water, although directly over the fire, did not
get hot.

95. Much of the economy of fuel depends upon a judicious application of
the principles which regulate the conduction of heat. An instructive illus-
tration of their importance is exhibited in the man- '
ner in which heat may be economized by an appro-
priate construction of steam-boilers. Thus, one of
the most economical forms, which is known as the
Cornish, or cylinder boiler, consists of two cylinders,
placed one within the other. (See Fig. 25.) Be-
tween the two is the space for the water; the inner
cylinder contains the furnace, fire-grates, ash-pit, and
the flue, or chamber through which the products of
combustion pass off. By this arrangement, the heat
which would otherwise be conducted away by the
fire-bars and the masonry of the ash-pit, is taken up by the surrounding
water, and thus economized. The
smoke and hot air from the fire also”

- pass through the boiler for its whole
length, which is sometimes as much

as forty, or even sixty feet, and then
return along the outside of the boiler
through a chamber of masonry, be-
fore they finally escape up the chim-
ney.

In the boiler of a locomotive, Fig.
26, the fire-box is surrounded at the
top and two sides by a double cas-
ing containing water, and the hot air
from the furnace passes through the
water in the boiler in numerous
small parallel flues, or tubes, which
open at one end into the fire-box,
and at the other into tho smoke-

F16. 25.

QursTrons,.—How are safes rendered fire-proof ? Tllustrate the application of the prin-
ciples of conduction in the construction of the cylinder boiler.  Also in locomotive boilers.
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pipe. By this last arrangement, the heat is, as it were, filtered through the
water, and is nearly all communicated to it. Loss of heat from the external
surfaces of locomotive-boilers may be also prevented by casing them with
wood, or some other non-conducting substance.

96. Convection.—Liquids and gases, being non-conduc-
tors, can not well be heated like solids, by the communi-
cation of heat from particle to particle. Heat, however,
is diffused through them with great rapidity by a motion
of their particles, which brings them successwely in con-
tact with the heated surfaces. This process is termed
Convection.

Thus, when heat i3 applied to the-bottom of a vessel containing water, the
particles which constitute the lower layers of liquid expand and become lighter,
and a double set of currents is immediately established—one of hot particles
rising toward the surface, and the other of colder particles descending to the
bottom. The portion of liquid which receives heat from below is thus con-
tinually diffused through the other parts, and by this motion of the particles
the heat is communicated.

These currents take place so rapidly, that if a thermom-
eter be placed at the bottom and another at the top of a long
jar (the fire being applied below), the upper one will begin
to rise almost as soon as the lower one. The circulation de-
scribed may be rendered visible, by adding to a flask of
boiling water a small quantity of bran or saw-dust, or a few
particles of bituminous: coal. (See Fig. 217.)

The process of cooling in a liquid is di-
rectly the reverse of that of heating. The
particles at the surface, by contact with the
air, readily lose their heat, become heavier,
and sink, while the warmer particles below in

turn rise to the surface.

To heat a liquid, therefore, the heat should be applied at the bottom of the
mass; to cool it, the cold should be applied at the top, or surface.

The facility with which a liquid may be heated or cooled, depends in a great
degree on the mobility of its particles. Water may be made to retain its heat
for a long time by adding to it a small quantity of starch, the particles of
which, by their viscidity or tenacity, prevent the free circulation of the heated
particles of water, For the same reason soup retains its heat lorger than
water, and all thick liquids, like oil, molasses, tar, etc., require a considerable
time for cooling.

Fie. 21.

QuEsTIONS.—What is convection? Tllustrate the communication of heat by convection.
Explain the process of cooling in liqmd& ‘What circumst: greatly infl the heat-
ing and cooling of liguids?
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97. Heating of Gases and Vapors—Common air, and all
gases and vapors,are heated in the same manner as liquids.
From every heated substance, an upward current of air is
continually rising.

It is in accordance with this principle that we are enabled to readily warm
tho air of an apartment by means of a stove, or furnace. The air in immediate
contact with the hot surface becomes heated and rises, while cooler and
heavier air rushes in from all sides to supply its place. This, in turn, becomes
heated and ascends, and thus a circulation similar to that which occurs in a
flask of boiling water, is established.

98. Winds and Ocean Currents.—The processes of circu-
lation produced by heat in liquids and in gases, which
have been described, occur upon a vast scale in the atmos-
phere and in the ocean.

Adérial currents are most powerful at the equator, the warm air of which rises
and incessantly flows in the upper regions of the atmosphere toward the
poles; while just as constantly, at the earth’s surface, currents of cool air,
constituting the trade: winds, flow from the poles to the equator.

Similar currents are produced by the same cause in the waters of the
ocean. Their power may be inferred from the influences which in some cases
they exert upon climate. By them the warm water of the Gulf of Mexico
is carried to the British Isles, thereby producing & mild, uniform warmth,
and a rich moisture ; while through similar causes, the floating ice of the
North Pole is carried to the coast of Newfoundland, and produces cold.*

99. Radiation.—When the hand is placed near a hot
body suspended in the air, a sensation of warmth is per-
ceived, even for a considerable distance. If the hand be
held beneath the body, the sensation will be as great as
upon , the sides, although the heat has to shoot down
. through an opposing current of air approaching it. This
effect does not arise from the heat being conveyed by

* Further, by the heat of the sun a portion of the water is converted into vapor, which
rises in the atmosphere, i8 condensed into clouds, or falls as rain or snow npon the earth ;
collects in the form of springs, brooks, and rivers; and finally reaches the sea again, after
having gnawead the rocks, carried away the light earth, and thus performed its part in the
geologic changes of the earth ; perhaps, beside all this, it has driven our water-mill on’
its way. If the heat of the sun were withdrawn, there would remain only a single mo-
tion of water (provided it remained a liquid), namely, the tides, which are produced by
the attraction of the sun and moon.

Quresrions.—How are gases and vapors heated? Upon what principle are rooms
warmed by stoves and furnaces? What is the occasion of winds and ocean currents?
Define radiation.
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means of a hot current, since all the heated particles havo
a uniform tendency to rise ; neither can it depend upon
the conducting power of the air, because aeriform sub-
stances possess that power in a very low degree, while the
sensation in the present case is excited almost on the in-
stant. This method of distributing heat, to distinguish it
from heat passing by conduction, or convection, is called
radiation, and heat thus distributed is termed radiant, or
radiated heat.

Heat is communicated through space by radiation in
straight lines, and its intensity diminishes as the square of
the distance from the center of action increases.

Thus the heating effect of any hot body is nine times less at three feet

than at one; sixteen times less at four feet; and twenty-five times less at
five.

All bodies radiate heat in some measure, but not all
equally well ; radiation being generally in proportion to
the roughness of the radiating surface. Alldull and dark
substances are, for the most part, good radiators of heat ;
but bright and polished substances are generally bad
radiators. Color, however, alone, has no effect on the

radiation of heat.

A liquid contained in a bright, highly-polished metal pot, will retain its
heat much longer than in a dull and blackened one, This is not due to the
polish or brightness of the surface, but to the fact that, by polishing, the sur-
face is rendered dense and smooth, and such surfaces do not allow the heat to
escape readily. If we cover the polished metal surface with a thin cotton or
linen cloth, so as to render the surface less dense, the radiation of heat, and
consequent cooling, will proceed rapidly.

Black lead is one of the best known radiators of heat, and on this account
is generally employed for the blackening of stoves and hot-air flues. As a
high polish is unfavorable to radiation, stoves should not be too highly polished
with this substance.

The great supply of heat to the earth from the sun is transmitted by the
process of radiation. Some idea of the amount of heat thus received by the
earth may be formed from a calculation of Professor Faraday, which indicated
that the average amount of heat radiated in a summer’s day upon each acre

QursTIioNs.—How is heat communicated by radiation? What circumstances influence
radiation? What are good and bad radiators? What amount of heat does the earth re-
ceive by radiation from the sun ?
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of land in the latitude of London, is not less than that which would be pro-
duced by the combustion of 18,000 pounds of coal.

The radiation of heat goes on at all times, and from all
surfaces, whether their temperature be the same as, or dif-
ferent from that of surrounding objects; therefore the
temperature of a body falls when it radiates more heat
than it absorbs ; its temperature is stationary when the
quantities emitted and received are equal ; and it grows
warm when the absorption exceeds the radiation.

If a body, at any temperature, be placed among other bodies, it will affect
their condition of temperature, or as we express it, it will affect them ther-
mally ; just as a candle brought into a room illuminates all bodies in its pres-
ence; with this difference, however, that if the candle be extinguished, no
more light is diffused by it; but no body can be thermally extinguished. All
bodies, however low be their temperature, contain heat, and thereforo radiate
it

If a piece of ice be held beforo a thermometer, it will cause the mercury in
its tube to fall; and hence it has been supposed that the ice emitted rays of
cold. This supposition is erroneous. The ice and the thermometer both
radiate heat, and each absorbs more or less of what the other radiates toward
it. But the ice, being at a lower temperature than the thermometer, radiates
less than the thermometer, and therefore the thermometer absorbs less than
the ice, and consequently falls. If the thermometer placed in the presence
of the ice had been at a lower temperature than the ice, it would, for like
reasons, have risen. The ice in that case would have warmed the ther-
mometer.

100, Disposition of Radiant Heat.—When rays of heat
radiated from one body fall upon the surface of another
body, they may be disposed of in three ways: 1. They
may rebound from its surface, or be reflected ; 2. They
may be received into its surface, or be absorbed ; 3. They
may pass directly through the substance of the body, or
be transmitted.

101. Reflection of Heat.—Polished metallic surfaces con-
stitute the best reflectors of heat ; but all bright and light
colored surfaces are adapted for this purpose to a greater,

or less degrec.
Water requires a longer time to become hot in a bright tin vessel than in a

QuEsTrons.—Does radiation proceed constantly from all bodies? Why does the mer-
cury of a thermometer sink when brought near ice? When radiant heat falls upon the
surface of a body, how may it be disposed of? 'What surfaces are good reflectors of heat?
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dark colored one, because the heat is reflected from the bright surface, and
does not enter the vessel.

The power of reflection of heat seems to reside almost exclusively in the
surface. A film of gold leaf not exceeding 1-200,000th of an inch in thick-
ness, answers the purpose.of a reflector nearly as well as a mass of solid gold.

102. Absorption of Heat.—The power of absorbing heat
varies with almost every form of matter. Surfaces are
good absorbers of heat in proportion. as they are poor re-
flectors. The best radiators of heat also are the most pow-

erful absorbers, and the most imperfect reflectors.

Dark colors absork heat from the sun more abundantly than light ones.
This may be proved by placing a piece of black and a piece of white cloth
upon the snow exposed to the sun; in a few hours the black cloth will have
melted the snow beneath it, while the white cloth will have produced little
or no effect upon it.

A picce of brown paper submitted to tho action of a burning-glass, Ignites
much more quickly than a piece of white paper. The reason of this is, that
the white paper reflects the rays of the sun, and though but slightly heated
appears highly luminous; while the brown paper which absorbs the rays,
readily becomes heated to ignition. For the same reason a kettle whose bot-
tom and sides are covered with soot, heats water more readily than a kettle
whose sides are bright and clean.

Air absorbs heat very slowly, and does not readily part with it. Air isnot
heated to any extent by the direct rays of the sun. The sun, however, heats
the surface of the earth, and the air resting upon it is heated by contact with
it, and ascends, its place being supplied by colder portions, which in turn are
heated also.

This reluctance of air to part with its heat occasions some very curious dif-
ferences between its burning temperature and that of other bodies. Metals,
which are generally the best conductors, and therefore communicate heat
most readily, can not be handled with impunity when raised to a temperature
of more than 120° F.; water becomes scalding hot at 150° F.; but air ap-
plied to the skin occasions no very painful sensation when its heat is far be-
yond that of boiling water. ;

108. Formation of Dew.—Dew is the moisture of the
air condensed by coming in contact with bodies colder

than itself.
As soon as the sun has set in summer, and the earth i3 no-longer receiving
new supplies of heat, its surface begins to throw off the heat (which it has

QuesTIONS.—Where does the power of reflecting heat reside in solid bodies ? How
does the power of absorbing heat vary in different substances? What are good absorbers
of heat? What are the peculiarities of air as respects absorption of heat? How is the
atmosphere heated? What curious experiments illastrate the retention of beat by the
air? What is dew? To what is the formation of dew owing?
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accumulated during the day) by radiation ; the air, however, does not radiate
ity heat, and, in consequence, the different objects upon the earth’s surface
are soon cooled down from 7 to 25 degrees below the temperature of the sur-
rounding atmosphere. The warm vapor of the air, coming in contact with
these cool bodies, is condensed and precipitated as dew.

All bodies have not an equal capacity for radiating heat, but some cool
much more rapidly and perfectly than others. Hence it follows, that with
the same exposure, some bodies will be densely covered with dew, while
others will remain perfectly dry. Grass, the leaves of trees, wood, ete., radiate
heat very freely; but polished metals, smooth stones, and woolen cloth, part
with their heat slowly: the former of these substances will therefore be com-
pletely drenched with dew, while the latter, in the same situations, will be
almost dry.

The surfaces of rocks and barren lands are so compact and hard, that they
can neither absorb nor radiate much heat; and (as their temperature varies
but slightly) little dew is deposited upon them. Cultivated soils, on the
contrary (being loose and porous) very freely radiate by night the heat which
they absorb by day; in consequence of which they are much cooled down,
and plentifully condense the vapor of the air into dew. Such a condition
of things is a remarkable evidence of design on the part of the Creator, since
every plant ard inch of land which needs the moisture of dew is adapted to
collect it; but not a single drop is wasted where its refreshing moisture is not
reqmred.

Dew is always formed upon the surface of the material
upon which it is found, and does not fall from the atmos-
phere.

104. Frostis frozen dew. When the temperature of
the body upon which the dew is deposited sinks below 32
F., the moisture freezes and assumes a solid form, consti-
tutmor what is called “ frost.”

105 Dew-Point.—The temperature at which the con-
densation of moisture in the atmosphere commences, or

‘the degree indicated by the thermometer at which dew

begins to be deposited, is called the ¢ Dew-Point.”

This point is by ne means constant or invariable, since dew is only de-
posited when the air i saturated with vapor, and the amount of mojsture re-
quired to saturate air of high temperature is much greater than for air of
low temperature. ' :

If the saturation be complete, the least diminutjon of temperature is at-
tended with the formation of dew; but if the air is dry, a body must be

QuesTIONs.—Is dew deposited equally upon all substances? Does dew fall ? What is
frost? What is the dew-point ?
4
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several degrees colder before moisture is deposited on its surface; and indeed
the drier the atmosphere, the greater will be the difference between the tem-
perature and its dew-point.

Dew may be produced at any time by bringing a vessel of cold water into
a warm room. The sides of the vessel cool the surrounding air to such an
extent that it can no longer retain all its vapor, or, in other, words, the tem-
perature of the air contiguous to the cold surface is reduced below the dew-
point; dew therefore forms upon the vessel. A pitcher of water under such
circumstances is vulgarly said to “sweat.”

106. Transmission of Heat.—Heat derived from the
sun, like light emanating from the same source, passes
through all transparent bodies, without material loss;
but heat derived from terrestrial and less intense sources,
is in great part arrested by many substa.nces, which allow
light to pass freely.

Thus, a plate of glass held between one’s face and the sun will not protect
it, but held between the face and a fire, it will intercept a large proportion of
the heat.

The power of heat to penetrate a dense transparent
substance increases in proportion as the temperature of

the body from which it is radiated increases.

Rock-salt appears to be the only substance which transmits an equal
amount of heat from all sources. It has, hence, been called the “glass of
heat,” since it permits heat to pass with the same case that glass does light.
Alum, on the contrary, which is nearly transparent, almost entirely intercepts
the passage of terrestrial heat. Heat, indeed, will pass more readily through
a black glass, so dark that the sun at noonday is scarcely discernible through
it, than through a thin plate of clear alum.

Transparent substances of considerable density, such as glass, alum, water,
rock-crystal, ete., interfere most with the passage of heat; while transparent
substances of little density, as air, the various gases, etc., allow heat to pass
with comparatively little interruption.

Those substances which transmit heat most freely, are
termed diathermanous ; and those which intercept the

rays of heat more or less completely, athermanous.

QursTIONS.—State the peculiarities which distinguish the transmission of heat derived
from different sources? Upon what does the power of heat to penetrate a snbstance de-
pend? What substance transmits heat most readily? What least so? What terms
have been used to indicate the difference in bodies as respects the transmission of heat?
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SECTION III.
THE EFFECTS OF HEAT. '

107. Universal Influence of Meat.—The form of all
bodies appears to be materially affected by heat ; by its
increase solids are converted into liquids, and liquids into
vapor ; by its diminution vapors are condensed into liquids,
and these in turn become solids.

If matter ceased to be influenced by heat, all liquids, vapors, and doubtless
even gases, would become permanently solid, and all motion on the surface
of the earth would be arrested.

108. Specific Heat.—All bodies contain incorporated
with them more or less of heat ; but equal weights of dis-
similar substances refuire unequal quantities of heat to

elevate them to the same temperature.

Thus, if we place a pound of water and a pound of mercury over a fire, it
will be found that the mercury will attain to any given temperature much
quicker than the water. Or if we perform the converse of this experiment,
and take two equal quantities of mercury and water, and having heated them
to tho same degree of temperature, allow them to cool freely in the air, it will
be found that the water will require much more time to cool down to a com-
mon temperature than the mercury. The water obviously contains more heat
af the elevated temperature than the mercury, and therefore requires a longer
time to cool.

Dissimilar substances require, respectively, different
quantities of heat to raise their temperature one degree ;
and the quantity of heat required {o raise any substance
one degree in temperature, as compared with the quantity
required to raise an equal weight of some other substance,
selected as a standard of comparison, one degree, is called
its specific heat. In like manner, the weight which a
body includes under a given volume, is termed its specific
weight. Water is adopted as the standard for comparing
the different quantities of heat which equal weights of
dissimilar substances contain.

QuUESTIONS.—What is said respecting the universal influence of heat? Is the same
amount of heat contained in all substances? What experiment proves that water containg
more heat than mercury? What is specific heat? What standard is adopted for com-
paring the heat of different substances?
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109. Capacity for Heat.—A substance is said to have a
greater, or less capacity for heat, according as a greater,
or less quantity of heat is required to produce a definite
change of temperature, or an elevation of temperature of

one degree.

In general, the capacity of bodies for heat decreases with their density.
Thus mercury has a less capacity for heat than water, because its density is
greater. Air that is rarefied, or thin, has a greater capacity for heat than
dense air. This circumstance will explain, in part, the reason of the very low
temperatures which exist at great elevations in the atmosphere. Persons
ascending high mountaing, or in balloons, find that the cold increases with
the elevation. The reason of this ig, that the air in the upper regions of the
atmosphere, relieved from superincumbent pressure, is expanded and rarefied
its capacity for heat is, therefore, greatly increased, and it absorbs its own
sensible heat. -

In all quarters of the globe, the temperature of the air at a certain height
is reduced so low by its rarefaction, that water can not exist in a liquid state.
This limit, the height of which varies, being the most elevated at the equator,
and the most depressed at the poles, is called the line of PERPETUAL Sxow.*

If compressed air be allowed suddenly to expand, by escaping into the ats
mosphere, the rarefaction produced increases its capacity for heat; it, there-
fore, absorbs heat most readily, and occasions a sensation of cold. It is on
this account that air forcibly expelled from the mouth feels cool.

On the contrary, if we compress a quantity of air, and render it more dense,
we diminish its capacity for heat, and it becomes incapable of retaining what
was before incorporated into its substance. The proof of this may be found
in the fact, that by the sudden compression of a small quantity of air in a
suitable vessel we may obtain a sufficient amount of heat to ignite tinder and
other inflammable substances.

The capacity for heat increases with the ‘temperature.
Thus it requires a greater amount of heat to elevate the
temperature of platinum from 212° to 218°, than from
32° to 33°.

A body in a liquid state has a higher specific heat
than the same substance when it is in the solid form.

* The line of perpetual snow at the equator oceuts ata height of about 15,000 feet; at
the Straits of Magellan, it occurs at an elevation of only 4,000 feet.

QuEsTIONS.—What is nnderstood by capacity for heat? How does the eapacity cf
bodies for heat increase? Why is the temperature of air at high elevations very much
reduced? Why does the compression of air produce beat? How dees the capacity for
heat vary with the temperature ?
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This is remarkably shown in the case of water, the specific
heat of which is double that of ice.

Of all known substances, water has the greatest capacity for heat. This
circumstance renders the ocean a great reservoir of heat, and a regulator of
temperatures upon the surface of the earth. Thus in hot weather, the water
of the ocean, on account of its great capacity for heat, absorbs and retaing
large quantities from the air; the air, therefore, accumulates heat but slowly.
In cold weather, the heat prevmusly absorbed by the ocean is gradually re.
stored to the air, and a sudden reduction of atmospheric temperature is pre-
vented. It is, therefore, mainly on this account that sea-coasts and islands
enjoy a more uniform temperature than the interior of continents. In the
summer, the proximity of the sca serves to mitigate the heat; in the winter,
to diminish the cold. Inland lakes, in like manner, raise the mean tempera-
ture. The climate of the shorcs of Lake Erie is much milder than that of the
adjacent inland country, and fruit maybe successfully cultivated at Cleveland,
upon the southern shore, which fails to ripen in districts further south.

An oveean of mercury would produce very different results, since it is ca-
pable of absorbing but a small amount of heat, which it readily parts with at
a slight reduction of temperature.

.110. Cal-o-rim”e-try.—The art of determining the spe-
cific heat of various substances is called Calorimetry.

Several different methods may be employed for this purpose. One method
consists in inclosing equal weights of different substances, heated to the same
temperature, in closed cavities in a block of ice, and measuring the respective
quantities of water which they produce by melting the ice.

The same result may also be obtained by what is called the method of mix-
tures. Thus, if we mix 1 pound of mercury at 66° with 1 pound of water
at 32°, the common temperature will be 33°. Here the mercury loses 33°
and the water gaing 1°; that is to say, the 33° of the mercury only elevates
the water 1°, therefore the capacity of water for heat is 33 times that of
mercury ; or, if wo call the capacity or specific heat of water 1, then the capacity,
or specific heat of mercury, as compared with water, will be 1-334, or .333.

In this way the specific heat of a great number of bodies has been deter-
mined, and tables constructed in which they are recorded.

111. Apparent Effects of Heat.—The three most appa-
rent effects of heat, so far as they relate to the form and
dimensions of bodies, are Expansion, Liquefaction, and
Vaporization.

112. Theory of Expanswn.—Heat operates to produce

QUESTIONS.— W hat substance has the greatest capacity for heat? How do great bodies
of water serve to regulate temperature ? What is calorimetry ? How is the specific heat
of bodies determined ? What are the three most apparent effects of heat? How does
heat produce expansion ?
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expansion by introducing a repulsive force among the
particles of the body it pervades. This repulsive force
gives to the particles a tendency to separate, or increase
their distance from one another. Hence the general mass
of the body is made to occupy a larger space, or expand.

The expansion occasioned by heat is greatest in those
bodies which are the least influenced by cohesion. Solids
expand less for equal elevations of temperature than
either liquids or gases.

The expansion of the same body will continue to in-
crease with the quantity of heat that enters it, so long
as the form and chemical constitution of the body is pre-
served.

113. Expansion of Solids.—Solids appear to expand uni-
formly from the freezing point of water up to 212°, the
boiling point of water ;—that is to say, the increase of
volume which attends each degree of temperature which
the body receives is equal. When solids are elevated,
however, to temperatures above 212°, they do not dilate
uniformly, but expand in an increasing ratio.

Different solids, however, expand very unequally for
equal additions of temperature.

Among solids the metals expand the most; but an iron wire increases only
1-802 in bulk when heated from zero of the
thermometer up to 212°. Zinc is the most
expansible of the metals, and platinum the
most uniform in its rate of expansion at all
temperatures. Wood and marble expand
but slightly.

The expansion of solids by heat is clearly
gshown by the following experiment, Fig.
28. m represents a ring of metal, through
which, at the ordinary temperature, a small
iron or copper ball, a, will pass freely, this
ball being a little less than the diameter of
the ring. If thisball be now heated by the
flame of an alcohol lamp, it will expand by heat to such an extent as no
longer to pass through the ring.

Fie. 28.

QuESTIONS.—What bodies expand most under the influence of heat? Is the expansion
of bodies by heat limited? What is the law of expansion for solids ?
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Bodies, in general, expanded under the influence of
beat, return to their original dimensious in cooling.

Lead, however, i3 an exception to this rule. From its extreme softness,
its particles slide over each other in the act of expansion, and do not retirn
to their original position. ‘A leaden pipe, used for conveying steam, perma-
nently lengthens some inches in a short time, and the leaden flooring of a
sink, which often receives hot water, becomes, in the course of use, thrown
up into ridges and puckers.”

114. Force of Expansion.—The force with which bodies
expand and contract under the influence of the increase
or diminution of heat, is apparently irresistible, and is re-
cognized as one of the greatest forces in nature.

The amount of force with which a solid body will ex-
pand or contract through the influence of heat, is equal
1o that which would be required to compress it by me-
chanical means through a space equal to its expansion, or

elongate it through a space equal to its contraction.

A bar of malleable iron, having a section of a square inch, is stretched
1-10,000th of its length by a ton weight; a similar elongation is produced by
the influence of about sixteen degrees of heat, Fahrenheit. In this climate, a
variation of 80° F. between the cold of winter and the heat of summer not
unfrequently takes place. Within these limits, a #rought iron bar ten inclics
long will vary in length 5-1,000th of an inch; and is capable of exerting a
strain of fifty tons upon a square inch.

Experiments made a few years since demonstrated, that
Bunker Hill monument is caused to vary each day from
a vertical position, by the heat of the sun expanding un-
equally the granite of which it is constructed.

The expansion of solids by heat is made applicable for many useful pur-
poses in the arts. Tho tires of wheels, and hoops surrounding water-vats,
barrels, etc., are made in the first instance somewhat smaller than the frame-
‘work they are. intended to surround. They are then heated red hot and put
on in an expanded condition; on cooling, they contract and bind together the
several parts with a greater force than could be: conveniently applied by any
mechanical means. In like manner, in constructing steam-boilers, the rivets
are fastened whilo hot, in order that they may, by subsequent contraction,
bind the plates together more firmly.

In many operations, however, the force of expansion requires to be care-

QuEesTioNs.—Is expansion by heat counteracted by cooling? With what force do bodics
expand and contract by the increase, or diminution of heat ? Mention some iustances of
expansion in the arts? In what cases is it necessary to guard against the expansion of

solids ? .
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fully guarded against. This is especially the ease when iron is combined in
any structure with less expansible materials.

Tron clamps and bars, built into walls of masenry, frequently weaken, or
destroy, by their expansion and contraction, the structure they were intended
to support. Iron pipes used for the conveyance of steam or hot water, should
not be allowed to abut against a wall, or substance which might be moved,
eor injured by their expansion.

115. Expansion of Liquids.—Liquids expand through
the agency of heat more unequally, and to a much: greater
extent than solids.

A columm of water contained in a cylindrical glass vessel will expand .
1-23d in length on being heated from the freezing to the boiling point, while
a column of iron, with the same increase of temperature, will expand only
1-812th.

-A familiar illustration of the expansion of water by heat i3 seen in the over-
flow of full vessels before boiling commences.

Different Iiquids expand very unequally with ar equal increase in tem-
perature.

This may be illustrated by partially filling several glass tubes furnished
with bulbs, with different liquids, as ether, alcohol, water, and sulphuric acid,

F16. 29 and placing them in a vessel of hot water. Their
5.5 different rates of expansion will cause them to rise
I to different heights in the tubes. (See Fig. 29.)

« Spirits of wine, on. being heated from 32° to
2129, increase in: bulk ene ninth ; the oils: expand
one twelfth, and water gaius one twenty-third. A
person buying oil, molasses, and spirite in winter
will obtair a greater weight of the same material,

T} in the same measure, than i sammer.  Spirits, in
=== the height of summer, will measure five per cent.

more than in the depth of winter, or twenty gal-
lons bought in Jamary will, under ordinary circumstances, become: twenty-
one in July.

116. Unequal Expansion of Water.—Water, as it de-
creases in temperature toward the freezing point, exhibits
phenomena which are wholly at variance with the general
law that bodies expand by heat and contract by eold, or
by a withdrawal of heat.

As the temperature of water is lowered, it continues to eontract until it
arrives at a temperature of 39° F., when all further eontraction ceases. The
volumie or bulk is observed to remain stationary for a time, but on lowering

QuEsTIONS.—What is said of the expansion of liquids? ‘What pecufiarities ef expansion
does water exhibit
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the temperature still more, instead of contraction, expansion is produced, and
this expansion continues at an increasing rate until the water is -eongealed.

Water attains its greatest density, or the greatest
quantity is contained in a given bulk, at a temperature of
39° I

As the temperature of water contitiues to dectease below 396, the point of
its greatest densify, its particles, from their expansion, necessarily oceupy &
larger space than those which possess a temperature somewhat more ¢levated,
The coldest water, therefore, being lighter, rises and floats upon the surface
of the warmer water, On the approach of winter this phenomenon actually
takes place in our lakes; ponds, and rivers, When the stirface water becomes
sufficiently chilled to assume the form of ice, it becomes still lightet, and con=
tinues to float. By this arrangement, water and ice being almost perfect
non-conductors of heat, the great mass of the water is protected from the
influence of cold, and prevented from becoming chilled throughout.

A fow other liquids beside watet expand with a reduction of tempetature,
Fused fron, antimony, zinc, and bismuth, are examples of such expansion,
Mercury is a remarkable instance of the reverse, for when it freezes, it suffers
& very great contraction.

The ordinary temperature at which water freezes i 329, Fahrenheit's ther-
mometer. This rule applies only to fresh water; salt water never freezes
until the surface is cooled down to 279, or five degrees lower than the freezing
point of fresh water.

117. Expansion of Gases,—Gases are more expansible
by heat than either solids, or liquids. All gases and all
vapors, except at the point of condensation, are expanded
equally by the application of equal additions of heat. The
rate of expansion is equal to the 1-400th of the bulk which
n gas possesses at 32° F. for every degree of heat which it
receives above that point, and for every degree of heat
withdrawn from them a contraction to an equal amount

takes place.

Thus 490 cubic {nches of air at 32° F. becotnes 491 cubic inches at 33° F. ;
at 34° F.,, 492 cubic inches} at 85°, 493, and so on=the addition of every
degree of heat increasing its bulk one cubic inch, In a like matiner, by the
withdrawal of heat, 490 cubic inches of air would occupy an inch less space
at 31° than at 32¢; two inches less at 309, and so on.

By means of this law e can easily calculate the amotint of space which a

QUEBTIONS.—=At What ‘teftipetatiite does Watef possess the greatest density? What
beneficlal results attend the expansion of water in freezing? Do any other liquids ex-
pand in cooling beside water? At what temperature does water frecze? In what man-
ner do gases expand? What law governs the expaision of gases? Iow canwecalculate
the amount of spade a gas eccupies at a given temperature? <

4*
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given volume of gas will oceupy, when heated up to any particular tempera~
ture; or the contraction which will take place in its volume through a reduc-
tion of temperature. A given volume of air possessing the temperature of
freezing water, will oecupy double the space when heated 490 degrees; and
three times the space when heated 980 degrees.

118. Theory of Heat Measurement.—As the macrmtude
of every body changes with the heat to which it is exposed,
and as the same body, when subjected to calorific influ-
ences under the same circumstances has always the same
magnitude, the expansions and contractions which are the
constant effects of heat, may be taken as the measure of
the cause which produced them.

The instruments for measuring heat are Thermometers
and” Pyrometers. The former are used for measuring
moderate temperatures: the latter for determining the

more elevated degrees of heat.

Liquids are better adapted than either solids or gases for measnring the
effects of heat by expansion and contraction ; since in solids the direct ex-
pansion by heat is so small as to be seen and recognized with difficulty, and
in air or gases it is too extensive, and too liable to be affected by variations
in the atmospheric pressure. From both of these disadvantages liquids are
free,

The liquid generally used in the construction of thermometers is mercury,
or quicksilver.

Mercury possesses greater advantages for this purpose than any other
liquid. It is, in the first place, eminently distinguished for its fluidity at all
ordinary temperatures; it is, in addition, the only body in aliquid state whose
variations in volume, or magnitude, through a considerable range of tempe-
rature are exactly uniform and proportional with every increase and diminu-
tion of heat. Mercury, moreover, boils at-a higher temperature than any
other liquid, except certain oil$; and, on the other hand, it freezes at a lower
temperature than all other liquids, except some of the most volatile, such as
ether and alcohol. Thus a mercurial thermometer will have a wider range
than any other liquid thermometer. It is also attended with this convenience,
that the extent of temperature included between melting ice and boiling
water stands at a considerable distance from the limits of its range or its
freezing and boiling points,

119. The Mercurial Thermometer (see Fig. 30) consists

QUESTIONS.~What s the theory of heat measurement? What are the instruments for
measuring heat called? Why are liquids best adapted for indicating by expansion and
contraction the effects of heat and cold? What liquid is generally employed? 'What are
the advantages of mercury for this purpose? Deseribe the mercurial thermometer ?
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essentially of a glass tube with a bulb at one
end, partially filled with mercury. The mer-
cury, introduced through an opening in the
end of the tube, is afterward boiled, so as to
expel all air and moisture, and fill the tube with
its own vapor. The open end of the tube is
then closed, by fusing the glass, and as the
mercury cools it contracts, and collects in the
bulb and lower part of the tube, leaving a
vacuum above, through which it may again ex-
pand and rise on the application of heat. In
this condition the thermometer is complete,

with the exception of graduation.

120. Graduation of Thermometers.—As ther-
mometers are constructed of different dimensions and capaci-
ties, it is necessary to have some fixed rules for graduating
them, in order that they may always indicate the same tem-
perature under the same circumstances, as the freezing point,
for example. To accomplish this end the following plan has
been adopted :—The thermometers are first immersed in
melting snow or ice. The mercury will be observed to stop
in each thermometer-tube ai a certain height; these heights
are then marked upon the tubes. Now it has been ascertained
that at whatever time and place the instruments may be af-
terward immersed in melting snow or ice, the mercury con-
tained in them will always fix itself at the point thus marked.
This point is called the freezing point of water.

Another fixed point is determined by immersing the instru-
ments in boiling water. It has been found that at whatever
time or place the instruments are immersed in pure water,
when boiling, provided the barometer stands at the height of °©

thirty inches, the mercury will always rise in ecach 10 a certain height. This,
therefore, forms another fixed point on the scale, and is called the boiling

point.

So far as the determination of the boiling and freezing
points of water are concerned, all the varieties of the mer-
curial thermometer are constructed alike. * The interval,

" however, between these two fixed points is differently di-

vided in different instruments.

Questions.—Ilow are thermometers graduated ? In whatrespect are all thermometers

alike ?
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121. Pahrenheit’s Thermometer.—In the thermometer
most generally used in the United States and England,
and which is known as Fahrenheit’s, the interval on the
scale between the freezing and boiling points, is divided
into 180 equal parts. This division is similarly continued
below the freezing point to the place O, ealled zero, and
each division upward from that is marked with the suc-
eessive numbers 1, 2, 3, ete. The freezing point will now
be the 32d division, and the boiling point will be the
212th division. These divisions are called degrees, and
the boiling point will therefore be 212°, and the freezmg
temperature, 32°,

Thermometers of this character are called Fahrenheit's, ffom a Dutch phi-
Josophical instrument-maker WhD first introduced this method of graduation
in the year 1724.

“The zevo of a thermornetric scale bas no relation to the real zerv of heat,
or the point at which bodies are entirely deprived of heat. Of this point we
know nothing, and there is no reason to suppose we have ever approached it.
The seale of temperature may be compared to a chain, extended both upward
and downward beyeond our sight. We fix uper a particular Fnk, and count
upward and downward from that Enk, and not from the beginning of the
chain."—GRAHAM.

In indicating thermometrical degrees, the sign — is used to designate those
below the zero point, in order to distinguish them from degrees of the same

Fre. 31, name above the zero point. Thus, 32° means
ot JE the 32d degree above zero; and -—32° the
j| 32d below zero.

122. Reaumnr and Centigrade
Thermometers.—In addition to Fah-
4l renheit’s thermometer, two others
are extensively wused, whieh are
known as Reaumur’s, and the Cen-
 tigrade thermometer, or thermome-
ter of Celsius.

The only difference between these three kinds
of thermometers is the difference in graduating

3 : the interval between the freezing and boiling
points of water. Reaumur’s iz divided into eighty degrees, the Centigrade

QuestioNs.—Describe the graduation of Fahrenlieits thermometer. What docr the
zero point indicate? How are degrees below zero distinguished? "What otherscales are
used? Deseribe the graduation of Reaumur; of Centigrade.
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into one hundred, and Fahrenheit’s into one hundred and eighty. According
to Reaumur, water freezes at 0°, and boils at 80° ; according to Centigrade,
it freezes at 0°, and boils at 100%; and according to Fahrenheit, it freezes at
32°, and boils at 212°; the last, very singularly, commences counting, not
at the freezing point, but 32° below it.*

The difference between these instruments can be easily seen by reference
to Fig. 31.

In England, Holland, and the United States, the thermometer most gener~
ally used is Fahrenheit's. Reaumur's scale is used in Germany, and the Cen-~
tigrade in France, Sweden, and some other parts of Iturope. The scale-of
the Centigrade is by far the simplest and most rational method of graduation,
and at present it is almost universally adopted for scientific purposes.

The scale emrployed in the preent work: is that of Fahrenheit's,

The thermometer was invented about the year 1600; but, like many other
inventions, the merit of its discovery is not to be ascribed to ene person, but
to be distributed among many.

The vatiety of eircumstances under which thermometers are used, have
occasioned a considerable variety in their form. The following' are some of
the most important of these modifications.

123. The Self-Registering Thermometer is a form of
thermometer eontrived for the purpose of ascertaining the
extremes of variation which may oceurduring a particular

interval of time, as in the night.

Fie. 32.

Tt consists of two horizental thermometers attached to one frame, a5 is rep-
resented in Fig. 32, the one, ‘A, containing mercury,and the other, B, spirits
of wine. On the surface of the mescurial eolumn in the tube is placed a

¥ The temperatures expressed by one fhermometer scale may be easily reduced to that
of another, by remembering that 9° of Fahrenheit are equivalent to 5° of Centigrade, or
4° of Reaumur. In converting Fahrenheit to Reaumur, or Centigrade, if the degree be
above the freczing point, 32° must be first subtracted, in order to reduce the degrees of
the other scales to those of Fahrenheit ; but in the conversion of Reaumur or Centigrade
to Fahrenhey.h, $2° must be added.

QuEsTIONS.—When was the thermometer inventéd? What is a self-registering ther-
mometer? Describe its eonstruction?
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piece of steel-wire, and on the surface of the spirits of wine, a piece of black
enamel, or ivory. As the spirits contract by exposure to cold, the enamel
follows it toward the bulb; but when it expands, the enamel remains sta-
tionary, and suffers the liquid to pass by it. When the mercury contracts,
the enamel does not follow it; but when the mercury expands, it is forced
along. Consequently, it remains at the highest temperature. The position,
therefore, of the two indices will indicate the lowest and highest tempera-
tures during any given time. A simpler form of thermometer for indicating
maximum temperature, has been coustructed by Messrs. Negretti and Zam-
bra, of London, and is known by their names. It is merely an ordinary ther-
mometer, placed horizontally, with a contraction in the tube just above tho
bulb. When the mercury expands through heat, the expansive force pushes
the column past the contraction without difficulty ; but when the temperature
falls, and the expansive force ceases to act, the contraction in the tube pre-
vents the column from receding. The position of the mercury above the
contraction indicates, therefore, the highest temperature attained since the
last observation. The mercurial column is restored to its true place, by a
slight percussion of the instrument.

124, The Differential Thermomeier is a form of ther-
mometer so named because it denotes only differences of
temperature between two substances, or two contiguous

portions of the same atmosphere.

It consists of two glass bulbs on one tube, bent twice at
right angles, and supported as represented in Fig. 33. Tho
bulbs contain air, but the tube is nearly filled with sulphuric
acid colored red. To one leg of the tube is applied a scale.
When the bulbs of this instrument are heated or cooled alike,
no change will take place in the columns of liquid, because
the air in both bulbs will undergo an equal expansion or con-
traction ; but the instant any inequality of temperature exists
between them, as from bringing a heated substance near to
one of them, the liquid in the two legs will rise and fall rapidly.

125. Metallic Thermometer.—A very delicate
thermometer, known as the metallic, or Bre-
guet’s thermometer, is constructed on the principle of the

unequal expansion of two metals.

It consists (see Fig. 34) of two equal strips of platinum and silver, firmly
soldered together and coiled in the form of a spiral. Onc end of the spiral
is suspended from a fixed point, while the lower end is free and carrics an
index. Variations of temperature cause the two metals to expand and con-

Fi1e. 33,

QUESTIONS.—What is the thermometer of Negretté and Zambra? What is a differential
thermometer ? Describe its constra¢tion. Describe the metallic, or Breguet's thermom-
efer.
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tract unequally, and the spiral to twist Fi6. 34
in opposite directions. These mo-
tions imparted teo the index, cause it
to'move over a graduated circle, on
which degrees are indicated. So sen-
sitive i3 this instrument, that when
inclosed in & large receiver, which was
rapidly exhausted by an air pump, it
indicated a reduction of temperature
from 66° to 25%==41°, while a mer-
curial thermometer foll only to 36°.

For chemical purposes, thermom-
cters are sometimes constructed in
such a way, that the lower part of the
scale turns up by a hinge, in order to
allow the bulb to be immersed in cor-
rosive liquids. (See Fig. 35.)

126. Air Thermometers.—
'The first thermometer used consisted of a columnu of air confined in a glass
FIG 35. tube over colored water. Ieat ex- Tr1e. 36.
pands the air and increases the length
of the column downward, pushing the
water before it: cold produces a con-
trary effect. The temperature ig thus
indicated by the height at which the
water is elevated in the tube. Fig. 36
represents the principle of the con-
struction of the air thermometer,

Fig. 37 represenis an air thermom-
eter filled up with a scale, and termed
the thermometer of Sanctorius, from its inventor. Tic. 37,

127, Spirit Thermometers.—As the temperatiroe
is lowered, the mercury in Fahrenheit's thermometer gradually sinks,
until it reaches a point 39° below zero, where it freezes. Mercury,
therefore, can not be made available for measuring cold of a greater
intensity. This difficulty is, however, obviated by using a thermom-
eter filled with alcohol colored red, as this fluid, when pure, never
freezes, but will continue to sink lower and lower in the tube as the
cold increases.” Such a thermometer is called a spirit thermometer.

128. Pyrometers.—If a Fahrenheit's thermometer be heated,
the mercury contained in it will rise in the tube until it reaches 660°,
at which temperature it begins to boil. A slight additional heat
forms vapor sufficient to burst the tube. Mercury, therefore, can not be used

QuesTIONS.~~What was the first thermometer used ? How is cold of great intensity in-
dicated ? How is heat of greatintensity measured? Describe the principle upon which
the pyrometer is constructed.
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to measure degrees of heat of greater intensity than 660° F. Temperatures
greater than this are determined by means of the expansion of solids ; and
instruments founded upon this principle are commonly called pyrometers.

Fie. 38,

The principle of the eonstruction of the pyrometer is shown in Fig, 38,
A represents a metallic bar, fixed at one end, B, but left free at the other,
and in contact with the end of a pointer; X, moving freely over a graduated
scale. If the bar be heated by the flame of alcohol, the metal expands, and
pressing upon the end of the pointer, moves it, in a greater or less degree.
In this mannet; the effect of heat, applied for & given length of time, to bars
of different metals, having the same lenigth and diameter, may be determined,

The pyrometer of practical use is known as Daniel’s, and consists of a
platinum bar inclosed in a tube of black-lcad, elosed at the bottom. The
whole is then placed in the fire, or in & mass of melted metal, whose tem-
perature it is desirable to ascertain. The platinum expands much inore than
the case which incloses it, and projecting upward, fioves a lever, which drives
forward an index over a graduated arc,

A thermometer does not inform us how much heat any substance contains,
but it merely points out the difference in the temperature of two or more
substances. All we learn by the thetmometer is whether the tempetature
of one body is greater or less than that of another; and if there is a differ
ence, it is expressed numerically—namely, by the degrees of the thermom-
eter. It must be remembered that these degrees are part of an arbitrary
scale, selected for convenience, without any teference whatever to the actual
quantity of heat present in bodies.

129. Fluidity as an Effect of Heat.—The first = effect
produced by heat upon solids is expanmsion. If the heat
be augmented, they change their aggregate state, and
melt, or become liquid. Many solids become soft before
melting, so that they may be kneaded ; for instatice, wax,

QuEstIoNg.—Deseribe Danfel’s pyromeéter. Does the thermtornieter {nform us how much
heat a body contains? After the expansion of bodies by heat, what other effects are mext

observed ?
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glass, and iron. In this position, glass can be bent and
molded with facility, and iron can be forged or welded.
130. Liquefaction—By liquefaction we understand the
conversion of a solid into a liquid by the ageney of heat,
as solid ice is converted into water by the heat of the sun.
The temperatureat whichliquefaction takes place iscalled
the melting point, or point of fusion ; and that at which
liquids solidify, the freezing point, or point of congelation.
The melting point of a given solid is always fixed and
constant, but the degree of heat at which difterent solids

melt varies exceedingly.

Thus, platinum is not melted at 3280°; iron melts at about 2800°; lead
at 612°; wax, 142°; tallow, 92°; olive oil, 36°; ice, 32°; milk, 30°; oil
of turpentine, 14°; mercury, — 39°; liquid ammonia, — 46°; while pure
alcohol, having never been solidified, possesses no known melting point.

131. Vaporization.—By vaporization is meant the con-
version of liquid and solid substances into vapor, through
the agency of heat. Thus water, if heated sufficiently,
will be converted into steam. It is generally supposed
that all solid and liquid substances, under the influence of
a sufficient degree of heat, are susceptible of this change.

A gas differs from a vapor in the circumstance that it
is not so easily condensed into a liquid, but permanently
retains its state under all ordinary conditions of tempera-
ture and pressure.

132. Condensation.—If a body in a state of vapor lose
heat in sufficient quantity, it will pass into a liquid or
golid state. Thus, if a certain quantity of heat be ab-
stracted from steam, it will become water. 'This change

is called CONDENSATION.

The change from a state of vapor to a liquid is termed condensation, be-
cause, in so doing, the body always undergoes a very considerable diminution
of volume, and therefore becomes condensed.

133. Volatile and Fixed Bodies.—Substances according to the
facility with which they yield vapor, are said to be volatile, or fixed and non-

QursTIONS.—What i8 liquefaction? What is said respecting the melting point of
bodies? What is vaporization? How does & gas differ from a vapor? What is meant
by the term condensation as applied to vapors? What is sublimation? ‘What is the dis-
tinction between fixed and volatile substances ?
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volatile, A volatile substance is one which yields vapor readily by the ap-
plication of heat, and wastes away on simple exposure to the atmosphere.
Those substances, on the contrary, are said to be fixed and non-volatile,
which have little or no tendency to assume the condition of vapor.. Thus,
iron is a fixed substance, because it does not suffer a sensible degree of
waste when exposed to intense heat. Oils which do not evaporate on simple
exposure to the atmosphere are also termed fixed, to distinguish them from
those which yield vapor under the same circumstances.

The melting of a solid, or its conversion into a liquid, only occurs when the
solid is heated up to a certain fixed point; but the conversion of a liquid
into a vapor takes place at all temperatures. .

Thus, the vapor of water is continually passing off from the surface of the
soil, from the ocean, and from all animal and vegetable productions. The
production of vapor also takes place to a very considerable extent from the
surface of snow and ice, even when the temperature of the air is far below
the freezing point. i

This circumstance explains the waste of snow and ice which may be ob-
served during the continuance of severe cold.

134. Vapoers Invisible—The vapor of water, and all

other vapors, are invisible and transparent. The water
which has become diffused through the air by evaporation
only becomes visible when, on returning to its fluid con-

dition, it forms mist, cloud, dew, rain, etc.

Steam, which is the vapor of boiling water, is invisible, but when it comes
in contact with air, which is cooler, it becomes condensed into small drops,
and is thus rendered visible.

The proof of this may be found in examining the steam as it issues from
an orifice, or the spout of a boiling kettle : for a ghort space next to the open-
ing no steam can be seen, since the air is not able to condense it; but as it
spreads and comes in contact with a larger volume of air, the invisible vapor
becomes condensed into drops, and is thus rendered visible,

The visible matter popularly called steam, should be, therefore, distin-
guished from steam proper, or the aeriform state of water. The cloud, or
smoke-like matter observed, is really not an air or vapor at all, but a collec-
tion of minute’bubbles of water, wafted by a current either of true steam, or,
more frequently, of mere moist air.

The surface of any watery liquid, whose temperature is about 20° warmer
than any superincumbent air; rapidly gives off true steam. It is not neces-
sary, therefore, for the production of steam, that water should be raised to
the boiling temperature.

135. Comparative Volume of Vapors.—Liquids in pass-

QuEsTIONS.—Do vapors form at all temperatures? Are vapors really visible? Is steam
invisible? 'What is the proof of it? At what temperature is steam produced? What is
the comparative volume of vapors?
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ing into vapors occupy a much greater spacz than the sub-
stances from which they are produced. Water, in passing
from its point of greatest density into steam, expands to
nearly 1700 times its volume,

136. Density of Vapors.—Vapors are of all degrees of
density. The vapor of water may be as thin as air, or al- -

most as dense as water.
The subject of vaporization may be considered under two heads viz.,
evaporatlon and ebullition.

137. Evaporation.— When vaporization takes place only
from the surface of a body, either because the heat has
access to that part, or because the evolution of vapor
takes place through the medium of a gas or air present,
the action can only be recognized by the diminution of the
bulk of the body ; this phenomenon is termed Evapora-
tion.

138. Ebullition—When a liquid is heated sufficiently
to form steam, the production of vapor takes place prin-
cipally at that part where the heat enters ; and when the
heating takes place not from above, but from the bottom
and sides, the steam as it is produced rises in bubbles
through the liquid, and produces the phenomenon of boil-

ing, or ebullition.
Boiling, therefore, may be defined to be the mechanical agitation of a fluid
by its own vapor.

139. Boiling Point.—The temperature at which vapor
rises with sufficient freedom to cause the phenomenon of
ebullition, is called the boiling point.

140. Conditions of Evaporation,— Evaporation takes
place from the surfaces of bodies only, and is influenced
in a great degree by the temperature, dryness, stillness,
and density of the atmosphere,*

* Itis a common error that the sun's rays are the first source of evaporation, and many
persons ignorantly imagine, that because a locality is sunny it is sure to be dry. It can,
however, be shown, by a great variety of facts, that the wind has more to do with drying

QuEsTIONS, —What is said of the density of vapors? In what two ways may liquids be
vaporized ? What is evaporation? What is ebullition? Define boiling and the boiling
point. What are the conditions of evaporation ?
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‘When water is covered by a stratum of dry air, the evaporation is rapid,
even when its temperature is low; whereas it goes on very slowly if the at-
mosphere contains much vapor, even though the air be very warm.

Evaporation is far slower in still air than in a current. The air imme-
diately in contact with the water soon becomes moist, and thus a check is
put to evaporation. But if the air be removed by wind from the surface of
the water as soon as it has become charged with vapor, and its place sup-
plied with fresh air, then the evaporation continues on without interruption.

Air without vapor (theoretically known as dry air) does not exist in na-
ture, and can not probably be produced by art.

141. Capacity for Absorption.—Air absorbs moisture at
all temperatures, and retains it in an invisible state. This
power of the air is termed its capacity for absorption.

The capacity of air for moisture increases with the tera-

perature.

and evaporation than the sun. In the formation of ice on ponds, for instance, on 2 windy
night in extreme winter, nothing is actually gained, since the ice wastes by evaporation
from the surface as fast as it forms beneath. Every housewife knows that wet linen
dries more rapidly when flying in the cold wind, than when hanging quietly in the warm
san. The driving biast which panies those sudden showers that vex and drench
travelers in mountain regions, brings an aimost instant remedy when the shower has
passed. Air at rest will take up only a limited quantity of moisture, and is speedily satu-
rated. But air in motion is never satisfied, and is constantiy abstracting moistare from
the soil. Itis not the character of the soil, but the constant agd unobstructed motion of
the air, which reduces open land to barrenness.

¢ A proper understanding of the influence which trees and forests have npon the fer-
tillty of & country, by controling the ¢vaporation of moisture from its surface, is of great
practical importance. It is matter of surprise to every one who journeys in Syria or
Greece, that the sacred and classic streams should be of such mean dimensions. The
circumstance, hewever, finds an explanation in the fact, that the hills of these countries
‘have been almost entirely deprived of their forests. And the like canse will everywhere
produce the like effect. In an open country, the absolute quantity of water which the
Tivers discharge is not only less than in a wooded country, but the flow is incomparably
more irregular and unequal. It hasbeen especially noticed in the Western States, that
since the country has been extensively cleared, the aiternations of the stage’ of water
ju the rivers have been more marked and violent. In New England the effect of an indis-
criminate clearing away of forests has been practically illustrated by the constant hin-
derance of mill-streams from drought and freshets. Many water-privileges which, half a
century ago, were Valuable and steady, have now become nearly worthless. The dam
which was-convenicntly put up to saw an adjoining forest into profitable plank, now
that its excellent work is done, will drive the saw in the summer no longer. Many of the
larger New England factories have been eompelled to introduce steam-power to supply a
deficiency in the volume of water, which & few years ago was not troublesome. The cut-
ting away of forests does not probably diminish the quantity of rain or snow, although
some anthorities maintain that this is the fact; but it deprives the moisture of its bene-
ficent cffect upon the earth, by causing it to be too rapidly abstracied—thns producing
pernicious alternations of freshet and drought, which are as fatal to the health of the soil,
as to the health of the'men who own the soil.*’

‘QuEsTIONS.~Does air exist without vapor? What is understoed by the capacity of ab-
sorption in air ?
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A volume of air at 32° can absorb an amount of moisture equal to the hun-
dred and sixtieth part of its own wgight, and for every 27 additional degrees
of heat, the quantity of water it can absorb at 32° is doubled. Thus a body
of air at 32° F. absorbs the 160th part of its own weight ; at 59° F., the 80th;
at 86° F., the 40th ; at 113° F., the 20th part of its own weight in moisture.
It follows from this that while the temperature of the air advances in an
arithmetical series, its capacity for moisture is accelerated in a geometrical
series,

Air is said to be saturated with moisture when it con-
tains as much of the vapor of water as it is capable of
holding with a given temperature.

142, Hy-grom’e-ters.—Instruments designed for meas-
uring the quantity of moisture contained in the atmos-
phere, are called HycROMETERS.*

Many organic bodies have the property of absorbing vapor, and thus in-
creasing their dimensions. Among such may be mentioned hair, wood, whale-
bone, ivory, ete. Any of theso connected with a mechanical arrangement by
which the change in volume might be registered, would furnish a hygrome-
ter. The thin, transparent shavings of whalebone, which by bending and
rolling up when placed upon the warm hand, constitute the
so-called gensitive figures, are illustrations of this prin-
ciple.

If we fix against a wall a long piece of catgut, and hang
o weight to the end of it, it will be observed, as the air g
becomes moist or dry, to alter in length; and by marking
a scale the two extremities of which are determined by ob- |
servation when the air is very dry, and when it is saturated |
with moisture, it will be found easy to measure the varia-
tions. |

143. Hair Hygrometer.—An instrument called '
the “Hair Hygrometer,” is constructed upon this principle. E
It consists of a human hair, fastened at one extremity to a
screw (see Fig. 39), and at the other passing over a pulley,
being strained tight by a silk thread and weight, also at-
tached to the pulley. To the axis of the pulley an index f
is attached, which passes over a graduated scale, so thatas ||
the pulley turns, through the shortening or lengthening of
the hair, the index moves. When the instrument is in a
damp atmosphere, the air absorbs a considerable amount 1
of vapor, and is thus made Jonger, while in dry air it be-

* Hygrometer, from the Greek words vypos {moist) and perpov (measure).

QUESTIONS.—When I8 air said to be saturated with moisture? What are hygrometers?
Explain the hair hygrometer and its principle of construction ?
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comes shorter; so that the index is of course turned alternately from one side
to the other. y

The instrument is graduated by first placing it in air artificially made as
dry as possible, and the point on the scale at which the index stops under
these circumstances, is the point of greatest dryness, and is marked 0. The
hygrometer is then placed in a confined space of air, which is completely
saturated with vapor, and under these circumstances the index moves to the
other end of the scale: this point, which is that of greatest moisture, is
marked 100. The intervening space is then divided into 100 equal parts,
which indicate different degrees of moisture.

144. Daniel’s Hygrometer.— Another
form of hygrometer, known as *Daniel's Hygrom-
eter,” determines the moisture in the air by indicat-
ing the dew point, or the temperature at which
moisture is deposited from the air. It consists of a
bent tube of glass, Fig. 40, at the extremities of
which two bulbs, @ and b, are blown. The bulb b
is made of black glass, and contains a little ether,
into which dips the ball of a small and delicate
thermometer, contained in the cavity of the tube.
The whole instrument -contains only the vapor of
ether, the air having been removed. The bulbais -
covered over with a piece of muslin. The support
of the tube sustains another thermometer, by which
we can observe the temperature of the air. When
an observation is to be made with this instrument,
a little ether is poured on the muslin of the bulb a; this evaporates rapidly,
and by so doing reduces the temperature of the other bulb, b. .As soon as
this has cooled sufficiently to condense the moisture of the atmosphere, dew
will be observed to collect upon it, and the temperature at which the deposi-
tion takes place is determined by observing the thermometer included in the
tube. If the air is very moist, it is necessary to cool the bulb b but very little
before dew is deposited upon it; if, however, the air is very dry, the cooling
must be carried to a corresponding lower degree. If the air is perfectly
saturated, the slightest depression of temperature will cause its moisture to
precipitate. Knowing, therefore, the temperature of the dew point, we are
enabled by tables calculated for the purpose, to determine the proportional
amount of moisture contained in the atmosphere.

145. Conditions of Ebullition.—Different liquids boil
at different temperatures, but the boiling point of the
same liquid is always the same under the same circum-~
stances. The boiling temperature, therefore, constitutes

a distinctive characteristic of a liquid, and in practical

QuEsTIONS.—Describe Daniel's hygrometer. Ilow does the boiling point of liquids vary ?
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chemistry often affords a ready method of detecting a dif-
ference in the chemical composition of similar liquids.

Thus water, under ordinary circumstances, begins to
boil when it is heated up to 212° K. ; alcohol at 173°;
ether at 96° ; syrup at 221° ; linseed oil at 640°.

146. Salinometer ,—Water containing any dissolved matter boils at a
higher temperature than when pure—the boiling point on the thermometric
scale rising in proportion as the amount of matter dissolved in tho water in-
creases. Advantage is taken of this principle in the construction of aninstru-
ment known as the *Salinometer,” which is especially used by salt-boilers
for indicating the quantity of salt held in solution in the water of the boilers.
It simply consists of a delicate thermometer arranged in connection with the
interior of the boiler, and by means of a properly graduated scale, the
percentage of salt held in the water is indicated by the boiling point of the
water.

147. Influence of AtmosphericPressure on Boiling—
Liquids, in general, being boiled in open vessels, are subjected to the pressure
of the atmosphere. The tendency of this pressure is to prevent and retard
the particles of water from expanding to a sufficient extent to form steam.
Hence, 1if the pressure of the atmosphere varies, as it does at different times
and places, or if it be increased or diminished by artificial means, the boiling
point of a liquid will undergo a corresponding change. 3

The pressure of the atmosphere at the level of the sea is about fifteen
pounds upon each square inch of surface. It varies occasionally at the same
place sufficiently to affect the boiling point to the extent of 4} degrees.

148. Measurement of Altitudes.—As we ascend into the at-
mosphere the pressure is dimihished, because there is less of it above us;
it thercfore follows, that water at different heights in the atmosphere will boil
at different temperatures, and it has been found by vbservation, that an ele-
vation of 550 feet above the level of the sea causes a difference of one de-
gree in its boiling point. Hence the boiling point of water becomes an in-
dication of the height of any station above the sea-level, or in other words,
an indication of the atmospheric pressure; and thus by means of a kettle of
boiling water and a thermometer, the height of the summit of any mountain
may be ascertained with a great degree of accuracy. If the water boils at
211° by the thermometer, the height of the place is 550 feet; if at 210°, the
height is 1100 feet, and so on, it being only necessary to multiply 550 by the
number of degrees on the thermom®ter between the actual boiling point and
2129, to ascertain the elevation. In the city of Quito, in South America,
water boils at 194° 2’/ F.; its height above the sea-level, is, therefore, 9,541
feet.

As we descerd into mines, the pressure of the atmosphere isincreased, there

QuesTIONS.—What influence has the pressure of ﬁhe atmosphere upon the boiling
point? How may the height of mountains be determined by the boiling peint of water?
.
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being more of it above usthan at the surface of the earth. Water, thercfore,
must be heated to a higher temperature before it will boil, and it has been
found that a descent of 550 feet, as before, makes a difference of one degree.

Boiling water is, consequently, not equally hot at all places upon the earth,
and, therefore, .not every where alike applicable for domestic purposes. Thus
at Quito and at the hospital of St Bernard, in Switzerland, great difficulty
is experienced in cooking eggs by boiling.

In a like manner. if by artificial means we increase or diminish the pressure
of the atmosphere on the surface of a liquid, we change its boiling point.
If water be heated in a vacuum, ebullition will commence at a point .140°
lower than in the open air. Ifa vessel of ether be placed under the receiver
of an air-pump, and the atmospheric pressure removed from its surface, the
vapor rises so abundantly that ebutlition is produced without a.ny increase of
temperature,

149. Pulse-Glass,—This principle is illustrated by a simple instrument
called the pulse-glass, Fig. 41, which
= consists of a glass tube, ¢, with bulbs, a
i€ and b, blown upon each extremity; the
whole is then filled with spirits of wine
s and its vapor, and hermetically sealed.
The pressure of the air being thus removed from the surface of the liquid,
the heat of the hand upon either bulb is sufficient to cause a violent ebul-
lition.

150. Culinary Paradox.—The fact that water boils at a reduced
temperature under diminished pressure, is illustrated by an experiment known
as the culinary paradox. A glass flask, containing boiling water is closed

Fig. 42, tightly with a cork, and then inverted, as in Fig. 42. The
boiling will instantly cease,.owing to the pressure of the
steam which is formed, upon the suiface of the liquid.” If
we now pour cold water upon the outside of the flask, the
steam within i3 condensed, and a partial vacuum produced,
which causes the boiling to recommence with great encrgy.
On the other hand, by pouring hot water upon the outside
of the flask, the steam and consequent pressure within i i3 re-
newed, and the boiling ceases.

A proof also that steam in escaping from boiling water is

é é obliged to overcome the pressure of the_ atmosphere, is ob-

=— tained by repeating the last experiment with a tin canister

instead of a globular glass flask, On eqrking up the canister and pouring
cold water over it, the steam within is suddenly condensed, a vacuum is pro-
duced, and the canister is instantly crushed in by the pressure of the exter-

nal air.

Fic. 41.

QuEesTIoNs.—How may the boiling point of a liquid be elevated or depressed by artificial
means? What is the pulse-glass? What is the culinary paradox? What experiment
proves that steam in escaping is obliged to overcome the pressure of the atmosphere ?

.



THE EFFECTS OF HEAT. 97

151. Sugar Boiling.—Several beautiful applications in the arts have
been made of the principle that liguids boil at a lower temperature when
freed from the pressure of the atmosphere than in the open air.

In the refining of sugar, if the syrup is boiled in the open air, the tempera-
ture of the boiling point is so high that portions of the sugar become decom-
posed by the excess of heat, and lost or injured ; the syrup is therefore boiled
in close vessels from which the air has been previously exhausted, and in this
way the water of the syrup may be evaporated at a temperature so low as to -
prevent all injury from heat.

152. Influence of Adhesion on the Boiling Point.—
Adhesion of the fluid to the surface of the vessel that contains it, has a marked
effect in raising the boiling point. 'Water boils somewhat more readily in a
metallic vessel than in one of glass. If the interior of a vessel be varnished
with shell-lac, the boiling will not often occur until a temperature of 221° F.
is reached, and then it will take place in bursts, the temperature at each evo-
lution of vapor falling to 212° ¥. Boiling can be made to take place steadily
at 212° in any variety of vessel, by the introduction of a few irregular sub-
stances, as little fragments of -wire, a fow pieces of charcoal, etc. The reason
of this is that in a mass of boiling liquid, the formation of vapor takes placoe
principally at the edges of tho solid substances with which it may be in con-
tact; and the introduction and presence of irregular surfaces thus facilitate
its formation. .

163. Influence of Air on the Boiling Point.—Recent
experiments have shown that the presence of air in solution singularly as-
sists the evolution of vaper. Air dissolved in water acquires, through the
agency of heat, a great degree of elasticity, and minute bubbles of it are in
consequence thrown off in the interior of a boiling liquid, especially whero it
is in contact with a rough surface; into these bubbles the steam escapes and
rises. Water when boiled for a long time is nearly deprived of air; and in
such cases the temperature has been observed to rise even as high as 260°,
or 48° above the boiling point, in an open glass vessel, which was then shat-
tered with a loud report by a sudden explosive burst of vapor. In this case,
the force of cohesion retains the particles of liquid throughout the mass in
contact with each other, in a specics of unstable equilibrium; and when this
equilibrium is overturned at any one point, the repulsive power of the excess
of heat stored up in the mass, suddenly exerts itself and the explosion is the
result of the instantaneous conversion of the liquid into vapor.

The same result takes place when ice, free from air, is melted out of con-
tact with the atmosphere, as under oil. The temperature of the liquid formed
gradually rises to about 260° F., when, instead of boiling, it explodes.

If a single drop of water containing air, be allowed to fall into a mass of

QuEsTiONs.—What practical application of these principles has been made in the arts?
What influence does adhesion have upon the boiling point? How may liquids be made
to boil steadily ? What effect has air dissolved in water upon the evolution of vapor?
What curious experiments fllustrate this? What takes place when ice free from air is
heated out of contact with air?

5
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water freo from air, which has been heated to a temperature of 250° or 260° F.,
the whole volume instantly becomes agitated in a singular manner, and an ex-
plosion generally occurs.

154. Spheroidal State.—When a drop of water falls upon a sur-
face highly heated, as of metal, it will be observed to roll along the ‘surface
without adhering, or immediately passing into vapor. The explanation of
this is, that the drop of water does not in reality touch the heated surface, but
is buoyed up and supported on a layer of vapor which intervenes between
the bottom of the drop and the hot surface. This vapor is produced by the
heat which is radiated from the hot substance, before the liquid ean come in
contact with it, and being constantly rencwed, continues to support the drop.
‘The drop generally rolls because the eurrent of air which is always passing
over a heated surface drives it forward. The drop evaporates slowly. because
the layer of vapor between the hot surface and the liquid prevents the rapid
transmission of heat. The liquid resting upon a cushion of steam continually
evolved from its lower surface by heat, assumes a rounded, or globular shape,
as the result of the gravity of ite particles toward its own center.

The designation which has been given to the condition which water and
other liquids assume when brought in contact with very hot surfaces, is that
of the “spheroidal state,”

If the surface upon which the liquid rests is eooled down to such an ex-
tent that vapor is not generated rapidly, and in sufficient quantity to support
the drop, it will come in contact with the surface, and heat bemng communni-
cated by conduction, will transform it instantly into steam.

This is the explanation of the practice adopted by laundresses of tonching
a flat-iron with moisture to ascertain whether the surface is sufficiently hot.
If the temperature of the iron1s not elevated sufficiently, the moisture wets
the surface, and is evaporated; but at a higher degree of temperature, the
moisture is repelled.

The phenomenon of the spheroidal condition of water furnishes an explana-
tion of the feats often performed by jugglers, of plunging the hands with im
punity into molten lead, or iron. The hand is moistened, and when passed
into the liquid metal the moisturo is vaporized, and interposes between tho

metal and the skin a sheath of vapor. 1In its conversion into vapor, the
moisture absorbs heat, and thus still further proteets the skin.

The bulb of a thermometer plunged into liquids while in the spheroidal
state, indicates temperatures considerably below the ordinary boiling point.
Thus water in a spheroidal state has a temperature of 205°; alcohol, 167°;
cther, 93°; sulphurous acid, 13°. When distilled water is allowed to fall
drop by drop into sulphurous acid in the spheroidal state, the water is in-
stantly congealed into a spongy mass of ice, even when the containing vessel
is red hot,

QUEBTIONS.— What takes place when a drop of water fallsupon a highly heated surface ?
‘What is meant by the spheroidal state ? Why can the hand be safely plunged into molten
iron? What is the temperature of liquids in the spheroidal state ?
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155. Distillation, or Sublimation, is a process by which
one body is separated from another in close vessels, by
means of heat, in cases where one of the bodies assumes
the form of vapor at a lower temperature than the other ;
this first rises in the form of vapor, and is received and
condensed in a separate vessel. The operation is termed
Distillation, when the vapor formed condenses into a
liquid, and Sublimation when it condenses into a solid.
The product in the first instance is called a distillate, and

in the second a sublimate.

When the product of one distillation is subjected to further distillations,
in order to free it to a still greater extent from less volatile substances, the
.operation is called rectification.

By this means very volatile bodies can be easily separated from less vola-
tile ones; as brandy and
alcohol from the less vola-
tile water which may be
mixed with them. Water
of ‘extreme purity can also
be obtained by distillation,
because the mnon-volatile
and earthy substances con-
tained in all spring waters
do not ascend with the va-
por, but remain behind in
the vessel
. Distillation upon a small scale is effected by means of a peculiar-shaped ves-
sel, called a retort, Fig. 43, which is half filled with a volatile liquid and
‘heated; the steam, as it forms, passes F16. 44.
through the neck of the retortinto a glass
receiver set into a vessel filled with cold
water, and is then condensed.

When the operation of distillation is
conducted on an extensive scale, a large
vessel called a “still” is used, and, for
condensing the vapor, vats are con-
structed, holding serpentine pipes, called
“ worms,” which present a greater con- §
densing surface than if thoy had passed y
directly through the vat. To keep the
coil of pipe cool, the vats are kept filled

F1q. 43,

" QuesTIONs.—What is distillation, or sublimation? What is the difference between a
distillate and a sublimate? Wha is rectification ? How is distillation effected ?
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with cold water. In Fig. 44, a is a furnace, in which is fixed a copper ves-
sel, or still, to contain the liquid. Heat being applied, the steam rises in the
head, b, and passes through the worm, d, which is placed in a vessel of water,
the refrigerator. The vapor thus generated is condensed in its s and
passes out as a liquid by the external pipe into a receiver,

156. Drying and Distillation.—The difference between drying
by heat and distillation is, that in one case, the substance vaporized, being of
no use, is allowed to escape or become dissipated in the atmosphene; while
in the other, being the valuable part, it is caught and condensed into the
liquid form. The vapor arising from damp linen, if caught and condensed
would be distilled water; the vapor given out by bread while baking, would,
if collected, be a spirit like that obtained in the distillation of grain.

157. Latent Heat.—When a solid is converted into a
liquid, or a liquid into a vapor or gas, heat in large quan-
tity disappears, and ceases for the time to affect the ther-
mometer. It is not, however, absolutely lost, but remains
incorporated with the substance of the liquid, or the gas,
in an insensible condition. Heat thus disappearing, is

termed Latent, or Insensible Heat.

For example, if a thermometer be applied to a mass of snow, or ice just
upon the point of melting, it will be found to stand at 32° F. If the ice be
placed in a vessel over a fire, and the temperature tested at the moment it
has entirely melted, the water produced will have only the temperature of
329, the same as that of the original ice. Heat, however, during the whole
process of melting, has been passing rapidly into the vessel from the fire, and
if a quantity of mercury, or a solid of the same size, had been exposed to
the same amount of heat, it would have constantly increased in temperature.
It is clear, therefore, that the conversion of ice, a solid, into water, a liquid,
has been attended with a disappearance of heat.

Again, if a pound of water at 212° F. be mixed with a pound of water
at 33° F., we shall obtain two pounds of water at 1229 a temperature ex-
actly intermediate between the temperature of the two. Iff however, a
pound of icé at 32°, is mixed with a pound of water at 212°, we shall ob-
tain two pounds of water,-of which the temperature is only 51° In this
case the water has lost 161°, while the ice has apparently gained but 19°;
so that 142° have disappeared, or become latent. Thus, in order to convert
a pound of ice at 32° F. into water at 33°, as much heat is required as would
be sufficient to raise 142 pounds of water from 32° to 33° ¥. Water, there-
fore, may be regarded as ice in combination with a certain quantity of heat.

QuEsTIONS.—What is the difference between drying by heat and distillation? What
remarkable circumstance characterizes the ph of lignefaction and vaporization?
Explain what is meant by latent heat? What experiments prove that liquefaction occa-
sions a disappearance of heat ¢
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158. Heat required to Melt Ice.—Some idea of the quantity
of heat that is required to convert ice into water, without any apparent rige
in temperature, may be formed from the fact that the simple conversion of g
cube of ice, three feet on the side, into water at 329, would absorb the
-whole amount of heat emitted during the combustion of a bushel of coal.

159. Disappearance of Heat in Vaporization.—In the
conversion of a liquid into gas or vapor. heat disappears to a much greater
extent than in the conversion of a solid into a liquid.

The absorption of heat by vaporization, may be easily rendered perceptible
to the feelings by pouring a few drops of some liquid which readily evapo-
rates, such as ether, alcohol, etc., upon the hand. A sensation of cold is
immediately expericnced, because the hand is deprived of heat, which is
drawn away to cffect the cvaporation of the liquid. On the same principle,
inflammation and faverish heat in the head may be allayed by bathing the
temples with any liquid which cvaporates easily, as Cologne water, alcohol,
vinegar, ctc.

A vessel containing water placed over a source of heat which is tolerably
uniform in temperature, rcceives equal accessions of heat in equal times.
The watorat first rises steadily in temperature, and at 2129 it boils. After
this, no matter how much the heat is increased, provided the steam be al-
lowed to escape freely, it becomes no hotter; all the heat which is added
serving only to convert the water at 212 mto steam or vapor.

This fact is of considerable importance in domestic economy, and attention
to it will save much fuel in culinary operations.: Soups, etc., made to boil in
a gentle way by the application of a moderate heat, are just as hot as when
they are made to boil over a strong fire with the greatest violence. When a
Jiquid is once brought to the boiling point, the fire may be reduced, as a
‘comparatively small quantity of bheat will be then sufficient to maintain it
there.

160. Latent Heat of Steam.—Ifwe immerse a thermometer in
boiling water, it stands at 212°; if we place it in steam immediately above if,
it indicates the same temperature The question then arises, what becomes
of all the heat which is communicated to the water, since it i3 neither indi-
cated by the water nor by the steam formed from it? The answer ig, that
it enters into the water and converts it into steam, without raising its tem-
perature. The proof that steam contains more heat than boiling water, is to
-be found in the fact that if we mix an ounce of water at 212° with five and
a half ounces of water at 32°, we obtain six and a half ounces of water at
a temperature of about 60° ; but if we mix an ounce of steam at 212° with,

QuEsTIONS.—What is the comparative quantity of heat necessary to convert ice into
water? To what extent is heat rendered latent by vaporization ? What experiments
prove that heat disappears in vaporization? Do liquids acquire additional heat after at-
taining a boiling temperature? What practical application can be made of this principle
in domestic economy? What is the sensible heat of steam? What is its latent heat?
How may steam at 212° F. be proved to contain more heat than water at the same tem-
perature?
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five and a half ounces of water at 32° we obtain six and a half ounces of
water at 212°. The steam, from which the increased heat is all derived,
contains as much more heat than the ounce of water at the same tempera-
ture, as would be necessary to raise six and a half ounces of water from the
temperature of 60° to 212°, or six and a half times as much heat as .would
be requisite to raise one ounce of water through about 152° of temperature.
This quantity of heat will, therefore, be found by multiplying 152° by six
and a half, which will give a product of 983°—the excess -of heat contained
in an ounce of steam at 212° over that contained in an ounce of boiling
water at the same temperature.

In round numbers, therefore, one thousand degrees of heat are absorbed
in the conversion of water into steam, and this constitutes the latent heat
of steam.

The absorption of heat in the process by which liquids are converted into
wvapor, will explain why a vessel containing a liquid that is constantly exposed
to the action of fire, can never receive such a degree of heat as would de-
stroy it. A tin kettle containing water may be exposed to the action of the
most fierce furnace, and remain uninjured ; but if it be exposed, without con-
taining water, to the most moderate fire, it will soon be destroyed. The
heat which the fire imparts to the kettle containing water is immediately ab-
sorbed by the steam into which the water is converted. So long as water
is contained in the vessel, this absorption of heat will continue; but if any
part of the vessel not containing water be exposed to the fire, the metal
will be fused, and the vessel destroyed.

161. Effects Produced by the Absorption of Heat,—
In the conversion of solids into liquids, and of liquids into gases or vapors,
the heat which disappears is the agent by which liquefaction in the one case,
and vaporization in the other, are produced; in other words, the absorption
of a certain amount of heat is necessary for the production of the change. A
liquid, therefore, may be regarded as a compound of a solid and heat, and
a vapor as a compound of heat and the liquid from which it was formed.

162. Freczing Mixtures—The absorption of heat con-
sequent on the conversion of solids into liquids, has been
taken advantage of in the arts for the production of ar-
tificial cold ; and the compounds of different substances
which are made for this purpose, are called freezing mix-

tures.

The most simple freezing mixture is snow and salt. Salt dissolved in
water would occasion a reduction of temperature, but when the chemical re-
lations of two solids are such, that both by mixing are rendered liquid, a still

QUESTIONS.—Why does a kettle containing water remain uninjured, when exposed to
the heat of a fire? What may be considered as the true constitution of liquids and va-
“pors? What are freezing mixtures? Why does a mixture of snow and salt produce a
high degree of cold ?
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greater degree of cold is produced. Such a relation exists between salt and
snow, or ice, and thercfore the latter substances are used in preference to
water. When the two are mixed, the salt causes the snow to melt by rea-
son of its attraction for water, and the water formed dissolves the salt: so
thet both pass from the sohd to the liquid condition. If the operation 1s so
conlucted that no heat is supplied from any external source, it follows that
the heat absorbed in liquefaction must be obtained from the salt and snow
which comprise the mixture, and they must therefore suffer a depression of
temperature proportional to the heat which is rendered latent.

In this way a degree of cold equal to 40° below the freezing point of water
may be obtained. The application of this experiment to the freezing of
ice-creams is familiar to alL

By mixing snow and sulphuric acid together in proper proportions, a tem-
perature of from 70° to 90° below zero can be obtained without difficulty.

A very convenient process for freezing water without the use of ice is to
drench finely-powdered sulphate of soda with the undiluted hydrochloric
(muriatic) acid of the shops. In this way a very low temperature may be
readily obtained. The vessel in which the mixture is made becomes cov-
ered with hoar frost, and water in tubes or bottles immersed in the mixture,
is speedily frozen.

163. Greatest Artificial €old.—The most intense artificial cold
is, however, produced by the rapid evaporation of highly volatile liquids, such
as result from the condensation and liquefaction of certain gases. By means
of a mixture of liquid nitrous oxyd and sulphuret of carbon, placed under the
exhausted receiver of an air-pump, M. Natterer obtained the enormously low
temperature-of two hundred and twenty degrees below zero.

The cold produced by evaporation is due to the absorption of heat by the
newly-formed vapor, and the more rapidly evaporation takes place, the more
rapidly is heat abstracted from the evaporating liquid and from surrounding
substances.

164. Freezing by Evaporation.—Ether may be made to evapo-
rate so rapidly as to fréeze water, even in summer. This may be illustrated
by filling a small glass tube with water, and surrounding it with cotton, or
some other porous substance, soaked in ether. If a current of air be then
directed upon the cotton from a common bellows, the ether will evaporate
and absorb heat so rap-
idly, as to convert the Fre. 45.
water into ice in a few €

L ;

minutes. : ; —— -
165. The Cry- ( (-

oph‘o-rus.—An in- NS

strument known as the

QuEsTIONS.—By what process may water be frozen in summer without the aid of ice?
‘What is the most intense artificial cold produced ? What is the lowest degree of tem-
perature ever observed? To what is the cold produced by evaporation due? Xow may
water be frozen by the evaporation of ether ? Explain the aetion of the cryophorus.
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cryophorus, or frost-bearer; strikingly illustrates the production of cold by
evaporation. It consists of two glass bulbs connected by a tube, and coutain-
ing a portion of water, as represented in Fig. 45. The air is first expelled
from the instrument by boiling the water inclosed, and allowing the steam
to escape by a small opening at the extremity of the little projecting tube, e
While the instrument is entirely filled with steam, the point e is fused by
the blow-pipe flame, and the opening hermetically closed. In experimenting
with this instrument, the water is all poured into one bulb, and the other, or
cmpty bulb, is placed in a basin containing a mixture of ice and salt. Tho
vapor in the cooled bulb is condensed, but its place is immediately supplied
by vapor which rises into the dry air from the water in the ether bulb. A
rapid evaporation, therefore, takes place in the water-bulb, and condensation
in the empty bulb, until by reason of the condensation and rapid evaporation,
the water in the former bulb is cooled so low as to freeze.

Praetical Illustrations —A shower of rain cools the air in
summer, because the earth and the air both part with their heat {o promoto
evaporation. In a like manuer, the sprinkling of a hot room with water cools
it.

The danger arising from wet feet and clothes is owing to the absorption of
heat from the body by the evaporation from the surfaces of the wet materials ;
the temperature of the body is in this way reduced below its natural standard,
and the proper circulation of the blood interrupted.

The evaporation which takes place continually from the surface of the
skin and the cells of the lungs of animals, iz a powerfully cooling agency, and
a protection against external heat. When the heat of the body is increased
by exercise, or by exposure ta high temperatures, perspiration and evapora-
tion take place rapidly. Heat i3 thereby absorbed and rendered latent in
large quantity, and a healthy temperature of the system maintained. It is
on this principle that persons are enabled to expose themselves for a time
to an atmosphere of very high temperature without serious inconvenience,
a8 in foundries, boiler-rooms of steamers, ovens of manufactories, ete. 1If,
however, the air be moist, or the surface of the skin be varnished, so as to
check or prevent perspiration and evaporation, the heat can only be sus-
tained for a few moments.

The air in the spring of the year, when the ice and snow are thawing,
is always peculiarly cold and chilly. This is due to the constant absorption
of heat from the air by the ice and snow in their transition from a solid to a
liquid state.

166. Conversion of Latent into Sensible Hea{.—When

vapors are condensed into liquids, and liquids are changed

QursTions.—How does a shower of rain cool the air and the earth fn summer? How
does the drainage of a country promote ite warmth ? From what does the danger of wet
clothes and feet arise? Iow does perspiration and evaporation from the surface of the
skin equalize the temperatare of the body? Why is the air in the spring of the year
peculiarly cold and chilly? Under what circumstances is latent converted into sensible
heat?
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into solids, the latent heat contained in them is set free,

or made sensible.

If water be taken into an apartment whose temperaturo is several degrees
below the fréezing point, and allowed to congeal; it will render the room sen-
sibly warmer. It is, therefore, in accordance with this principle that tubs of
water are allowed to freeze in cellars in order to prevent excessive cold.

The large amount of heat latent in water, which it gives forth as it freezes,
furnishes a source of heat of the greatest value in mitigating the severity of
winter, and in rendering the transitions of atmospheric temperature, from heat
to cold and from cold to heat, uniform and gradual.

In the colder regions, every ton of water converted into ice gives out and
diffuses in the surrounding region as much heat as would raise a ton of water
from 32° to 174°; and, on the other hand, when a rise of temperature takes
place, the thawing of the ice absorbs a like quantity of heat: thus, in the one
case, supplying heat to the atmosphere when the temperature falls; and, in
the other. absorbing heat from it when the temperature rises.

In the winter, the weather generally moderates on the fall of snow ; snow
is frozen water, and in its formation heat is imparted to the atmosphere, and
its temperature increased.

Steam, on account of the latent heat it contains, is well adapted for the
warming of buildings, or for cooking. In passing through a line of pipes, or
through meat and vegetables, it is condensed, and imparts to the adjoining
surfaces nearly 10009 of the latent heat which it contdined befote condensatio.

Steam burns much more severely than boiling water, for the reason that
the heat it imparts to any sutface upon which it is condensed, is much greater
than that of boiling water.

167. Elastic Force of Vapors.—All vapors are elastic,
like air.

The tendency of vapors to expand is generally consid- -
éred to be unlimited ; that is to say, the smallest quantity
of vapor Las a tendency to diffuse itself through every
part of a vacuum, be its size what it may, exercising a
greater or less degree of force against any obstacle which
may restrain it.

Recent researches of M. Babinet, g French physicist, seetn to show, that all
gases and vapots entirely lose their elasticity when redtced to 4 certain de-
gree of tenuity, and that no gas or vapot, formed tnder the ordmary pressuro
of the atmosphere, can expand sufficiently to fill an empty space 20,000 times
greater than the original volume of the gas or vapor,

QurgTioNS.~~How does the freezing of watet tend to elevate the températute of the sur-
rounding atmosphere? Why is steam well adapted for the warming of buildings and
for cooking? Why does steam burn more severely than water of the same temperature ?
‘What is said of th elasticity of Vapors? In what mannér do vapors tend to expand

5%
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The force with which a vapor expands is called its elastic

force, or tension.

The elasticity or pressure of vapors is best illustrated in the case of steam,
which may be considered as the type of all vapors,

168. Expansive Force of Steam.—When a quantity of pure
steam is confined in a close vessel, its elastic force will exert on every part
of the interior of the vessel a certain pressure directed outward, having a
tendency to burst the vessel,

‘When steam is generated in an open vessel its elastic force must be equal
to the elastic fotce or pressure of the atmosphere} otherwise the pressure of
the air would prevent it from forming and rising. Steam, therefore, produced
from boiling water at 212° F,, is capable of exerting a pressure of 15 pounds
upon evety Bquare mch of surface, or one ton on evety square foot, a force
equivalent to the strength of 600 horses,

If water be boiled under & diminished presgure, and therefore at a lower
temperature, the steam which is produced from it will have a pressure which
is diminished in an equal degree. If on the contrary, the pressure under
which water boils be increased, the boiling temperature of the water and the
pressure of the steam formed will be increased in alike propottion. We have,
therefore, the following rule *«=

Steam raised from water, boiling under any given pres-
sure, has an elasticity always equal to the pressure under

which the water boils. :

Steam of a high elastic force can only be tade in close vessels, or boilers.
'The water in & steam-boiler, in the first instance, boils at 212°, but the steam
thus generated being prevented from escaping, presses on the surface of the
water equally as on the surface of the boiler; and therefore the boiling point
of the water becomes higher and higher: or in other words, the water hag
to grow constantly hotter, in order that the steam may form. The steam
thus formed has the same sensible temperature as the water which produces
it

169, Marcet’s Digester.~—The above principles ate experimentally
proved by means of an apparatus known as Marcet's Digester. This con-
sists of a stout globular vessel of iron, Fig, 46, into which a portion of met-
cury is poured, and then water sufficient to half fill it. Into the top of the
vessel a long glass tube, b, is tightly fitted, open at both ends, end dipping
-into the mercury. This tube is provided with a scale divided into inches.
The globular vessel has also two other openings; into one of which a stop-

QUEBTIONS.~=What is the force with which a vapor expands termed ? In what manner
will steam confined in a close vessel exert a pressure? What is the pressure of steam
generated in the open air? What rule governs the elasticity of steam? What arrange-
ments are essential to the ptoduction of steam of great elastic force? What relations ex-
Ist between the temperatm‘e of steam formed inder pressure and the water which pro-
duces it? What is Marcet's digester? What principles may be exgerimentally proved
by this apparatus?
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cock, d, is screwed, and into the other a thermom-
eter, ¢, having its bulb within the globe. Heat is
applied to the vessel, and the water made to boil. So
long as free communication with the atmosphere is
permitted through the open stop-cock d, the tempera-
ture of ebullition, as indicated by the thermometer, c,
continues steady at 212° and the steam formed exerts
a pressure of course equal to one atmosphere, or 15 Ibg.
to the square inch. On shutting the stop-cock, and
continuing the heat, the temperature of the interior
rises above 212°. The steam in the upper part of the
vessel becomes denser, and as fresh portions continue
to rigse from the water, the pressure on the surface of
the water increases, and this in turn pressing upon the
mercury, forces it to ascend in the tube. Now the
height of the mercurial column expresses the elastic
force or pressure of the steam produced m the boiler
at any particular temperature above 212°. Thus the
weight of that seetion of the atmosphere which presses
upon the mercury in the open end of the tube is
equivalent to the weight of a column of mercury of
30 inches; and this pressure must be overcome by the
steam at 212° before it can commence to act upon the
mercurial guage at all. For every thirty inches after this that the mercury-
is forced up into the tube by the steam, it is said to have the pressure, or
elastic force of another atmosphere. Thus, when the mercury in the tube
stands at 30 inches, the steam is said to be of two atmospheres; at 45 inches,

of two and a half; at 60 inches, of three atmospheres, and so on. The boil-
‘ing point of the water, also, ag shown by the thermometer, increases with the
pressure of the steam upon its surface. When the mercury stands at 30
inches, or when the pressure on the water is equal .to that of an additional
atmosphere, the thermometer marks a temperature of 249°; at 60 wches,

12730 at 90 inches, or with a pressure of four atmospheres, 291°, and so on.

170. Tables of the Temperature and Pressure of

Steam.—As the relation between the temperature and the pressure of
steam, and the varying temperature at which water boils or gives off steam
under pressure, are matters of great importance in connection with the steam-
engine, the French government many years age appointed a commission of

eminent scientific men to investigate the whole subject. The result of their
labors has been embodied in a series of tables, which show at once the pres-
sure of steam formed in contact with water at any given temperature, or con-
versely, the temperature at any given pressure. It was thus found that the
temperature of steam capable of exerting a pressure of twenty-five atmos-

QuEsTION.—Under what clrcumstances were the relations between the temperature and
pressure of steam investigated ?
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pheres, or 3%5 pounds upon each square inch of boiler surface, was 4390,
The temperature of the water producing steam of this pressure, must have
been consequently the same.

171. Determination of Steam-pressure in Boilers.—
The application of these principles affords a ready method of determinirig the
pressure at any moment which steam exerts upon the interior of a boiler, or
upon the piston of a steam-engine. Thus, if a thermometer inserted into a
steam-boiler indicates a temperature of 212° F., we know that the steam ex-
erts a pressure of one atmosphere, or 15 pounds upon a square ineh; if the
thermometer stands at 249°, the pressure is 30 pounds - at 273°, 45 pounds’;
and so on.

172. Barometer Guage.—The degree of pressure which steam ex-
erts upon: the interior of the boiler is, however, more generally determined by
the height to which a column of mercury is efevated and sustained by such
pressure. The instrument employed for this purpose is termed a * steam” or.

FIG. 47. “barometer guage.” It consists simply
) of a bent tube, A, C, D, E, Fig. 47, fitted
into the boiler at one end, and open to
G the air at the other. The lower part of
the bend of the tube contains mercury,
2|F which, when the pressure of steam i
i the boiler is equal to that of the external
atmosphere, will stand at the same level,
M, R, in both legs of the tube. When
the pressure of the steam is greater than
that of the atmosphere, the mercury is
depressed in the Ieg € D, and elevated in
theleg D E. A scale, G, is attached to
the long arm of the tube, and by observ-
ing the difference of the Ilevels of the mer-
cury in the two tubes, the pressure of the steam may be calculated, Thus,
when the mercury is at the same level in both legs, the pressure of the
steam balances the pressure of the atmosphere, and is therefore 15 pounds
per square inch. If the mercury stands 30 inches higher in the long arm
of the tube, then the pressure of the steam is equal to that of two atmos-
pheres, or is 30 pounds to the square inch, and so on.

173. Varying Conditions of Steam-pressure.—It is to de
understood that the relations between the pressure of steanr and its tempera~
ture which have been pomted out, exist only when the steam is in contact
with & body of water from which fresh steam is constantly rising; as in am.
ordinary steam-boiler. Under such circumstances, the elasticity, or expansive:
foree of the steam, increases rapidly with its increase in temperature, but in

-QuesTIOoNs.—How may the pressure of steam upon the interior of a boiler be deter-
mined by means of the thermometer? What is a barometer guage? Under what cir-
cumstances do the relations which have been pointed out between the pressure of steam
and its temperature exist? In what manner does steam heated apart from water expand ?
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a greater degree by equal additions of heat at high, than at low temperatures,
If, however, the steam is beated apart from water, it follows the law that
regulates the expansion of all gaseous bodies, viz., that equal increments of
heat expand it equally at all temperatures—this expansion being equal to
1-490th of its volume at 322 F. for every additional degree of heat imparted to
it.*

174. High-pressure Steam.—Steam generated by water
boiling at a very high temperature, is known as high-
pressure steam. By this we mean steam condensed, not
by the withdrawal of heat, but by pressure, just as high-
pressure air is merely condensed air. To obtain double,

* Some very curious experiments which have been made from time to time, seem to
show that steam and other vapors, when subjected to extraordinary pressure, do not con-
tinue to expand with additions of heat, but actually contract. The firstinformation which
was obtained in relation to this subjeet was from a very dangerous experiment tried many
years since in England. A measured quantity of waler was placed in a boiler, with all
the safety-valves most carefully closed, and every chance for the escape of steam pre-
vented. The fire was now got up, and for some time the steam-guage, as usual, indicated
a regularly increasing pressure. At length, however, to the surprise of all, the pressure
was seen slowly but gradually to diminish, and although the boiler-plates became nearly
red-hot, this remarkable phenomenon continued, and when the boiler had cooled, it was
found that no water had escaped. =

The experiment was afterward repeated by De Ja Tour, a French ehemist, in 2 different
manner with similar results. He partially filled some very strong glass tubes with water,
aleohol, ether, and some other liquids, furnished them with guages, and hermetically
gealed them. The tubes were then gradnally exposed fo heat, until the contained liquids
vaporized, and as true steam became transparent, er invisible. Under these circum-
stances, the law ‘“ that the elasticity or expansive force of vapors augments with every ad-
ditional increase of temperature,” was not found to hold good, and the following results
were obtained =

All the llquids, by reason of the enormous pressure which the vapor gradually formed
from them exerted npon their surfaces, required to be elevated to a high degree of tem-
perature before complete vaporization fook place. Ether, which passes into vapor in the
open air at a temperature of 96° F., only became vapor at 328°, in a space equal to
double its original bulk! At this temperature its vapor should, aceording to the recog-
nized law of expansion, have exerted a pressure of 209 atmospheres, or more than 3,000
pounds per square inch - it, however, exerted a pressure of only 37 atmospheres, or 555
pounds per square inch. Alcohol, which eccupied 2-8ths the capacity of its tube, gradu-
ally expanded to double its volume, and then suddenly disappeared in vapor, at s tem-
perature of 404° T, ; its calculated pressure was 3,600 pounds per square inch: its real
pressure was only 1,700 pounds. Water was found o become vapor in a space equal to
about four times its original bulk, at a temperature of about 773°. At this temperature
its solvent power was so greatly increased, that it acted most powerfully upon the glass
and broke it, and it was found necessary fo add carbonate of soda to the water to diminish
its action. Asthe vapors in the tubes cooled, & point was observed at which a sort of
cloud filled the tube, and in a few moments after, the liquid suddenly re-appeared.

In explanation of the diminished pressure which vapors of high temperature exert un-
der the above-mentioned eonditions, it has Deen snggested that their particles, by reason
of their forced and close centiguity, are partially controlled by a force of eohesion, which
in part neutralizes the expansive force imparted by the heat.

QuEesTION.—What is high-pressure steam ?
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triple, or greater pressure of steam, we must have twice,
thrice, or more steam under the same volume.

175. Super-heated Steam,—Steam which has been heated
in a separate state to a high degree of temperature is
known as super-heated steam. In this condition it is em-
ployed for the production of effects not attainable by the
use of ordinary steam ; such as the distillation of oils,

the carbonization of wood, etc.

In some of the processes recently introduced for the distillations of oils by
the use of super-heated steam, the temperature of the steam is elevated to a
sufficient degree to melt lead. To effect the carbonization of wood, steam is
elevated to a high degree of temperature by passage through red-hot pipes.
It is then allowed to enter a vessel containing wood which is intended to be
converted into charcoal. The heated steam penetrating into the pores of
the wood, drives off the volatile portions, the water, tar, etc., and leaves the
pure carbon behind.

In the manufacture of lard on an extensive scale, the carcase of the whole
hog is exposed to the action of steam at a very high pressure and tempera-
ture. This acting upon the mass of flesh, breaks up and reduces the whole
to a fat fluid mass, leaving the bones in the state of powder. Steam of or-
dinary pressure and temperature, under the same circumstances, would pro-
duce this effect.

176. Vapor produced by different Liquids.—Equal bulks
of different liquids raised to their respective boiling points,
produce very different quantities of vapor.

Water furnishes, bulk for bulk, a much larger amount of vapor than any
other liquid ; a cubic inch of water at its ordinary boiling point, 212°, ex-
panding to nearly a cubic foot of steam at 212°, or to about 1700 times its
volume ; a cubic inch of alcobol, on the other hand, at its ordinary boiling
temperature, expands only 528 times its volume; ether to 298; and oil of
turpentine to 193. »

177. Ratio between Sensible and Latent lleat.—The
sum of the sensible heat of steam, and the amount of
latent heat contained in it, are always the same, since the
latent heat of steam diminishes exactly in proportion as
its sensible heat rises,

Water may be easily made to boil in a vacuum at the temperature of 100°,

QUESTIONS.— What is super-heated steam? For what purposes is it applied ? How can
wood be carbonized by the use of steam? How is high-pressure steam employed in the
manufacture of lard? Is the quantity of vapor produced from equal bulks of liquid the
same? What are illustrations of this? What ratio exists between the sensible and lat-
ent heat of steam? 1Is there any economy in evaporating water at a low temperature and
under diminished pressure?
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but the steam generated is much less dense than that produced at 2120
and has a greater latent heat. If water boils at 8129 the amouut of heat
absorbed (rendered latent) in vaporization, will be less by 100° than if it had
boiled at 212°; and, on the contrary, if water be boiled under a diminished
pressure, at 1129, the heat absorbed in vaporization will be 100° more than
if it had boiled at 212°. Hence there can be no economy of heat in distilling
in vacuo.

The sum of the gensible and latent heat of steam being always the samc,
11849, wo may very readily ascertain the latent heat of steam at any tempe-
rature, by subtracting its sensible heat from this constant number. TFor ex«
ample, steam at 280° has a latent heat of 9040 (1184-—280==904); so also
steam at 100° has 10849 of latent heat.

The theory of latent heat, and the principles which govern the formation,
eXpansion, and condensation of vapors, are practically applied in the working
of the steam=engine, and in many industrial operations, A further considera-
tion of them is, however, foreign to the object of this work.

178. Liquefaction of Gases—Gases were formerly con-
sidered to be essentially different in their nature from va-
pors, but comparatively recent experiments have shown
that their constitution is similar, and is owing to the latent

heat they contain.

Faraday demonstrated the possibility, by the joint action of cold and great
pressure, of reducing several of the so-called permancnt gases to the hq_md
and even to the solid %tate.

The method employed by him was Fic. 48. -
to gencrate the gas from materials
placed in one ond of a strong glass
tube, bent in the middle, and her-
metically sealed, as represented in
Fig. 48. The gag, accumulating in a
-confined space, exerts an enormous pressure in virtuo of its oxpansivo force ;
the effect of which is, that a portion of the gas itself condenses into a liquid
in the end of the tube most remote from the materialy, which is kept cool by
immersion in a freezing mixture This experiment is a somewhat hazardous
one, from the liability of the tube to burst under the pressure exerted, and the
hands and face of the operator should always be protected hy gloves and a
mask of wire gauze. In this way chlorine, cyanogen, carbonic acid, and sev-
eral other gases, may be liquefied.

By means of an apparatus of different construction, but involving the same
principle, carbonic acid gas can be liquefied and solidified in large quantities.
The details of this process will be described under the chemical consideration
of this substance.

QuesTiONB.~-How may the latent heat of stea.m be caleulated? To what do gases
and vapors undoubtedly owe their constitution? Who first liquefied gases? By what
means was thisaccomplished ? What gases were thus liquefied ¢
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Some of the gases are liquefiable with much greater facility than others, and
& few assume a liquid or solid form by the mere application of cold, as sul-
.phurous acid gas. Others have resisted all attempts to reduce them to a
liguid state by subjection to immense pressure aided by the greatest artificial
cold, Among these are oxygen, hydrogen, nitrogen, carbonic oxyd, coal gas,
ete. Oxygen remained gaseous under a pressure of over 900 pounds to the
square inch, and at a temperature of 1409 below zero.

179, Absorption of Gasesby Water.—All gases are absorbed
or condensed by water in a greater or less degree, in which case they must
certainly assume the liquid form. The quantity absorbed is very different for
different gases; and in the same gas the quantity absorbed depends upon the
pressure to which the gas is subjected, and the temperature of the water.
The colder the water, the greater the quantity of the gas taken up and re-
tained by it. -

CHAPTER III.

LIGHT,.

180. Light and its Chemical Relations.—The general
consideration of the laws of light belongs to the science of
Optics, a department of Natural Philosophy. Light, how~
ever, is an important agent in producing chemical changes,
especially in the organized forms of matter; while the
physical characters of an object, revealed by the mere me-
chanical action of light on its structure, are often of the

greatest chemical value.

A brief reference to some of the more important laws and, physieal prop-
erties of light, constitutes a proper introduction and preparation for the study
of its chemical effects,

. SECTION I.
NATURE AND SOURCES OF LIGHT,
181. Nature of Light.—Of the real nature of light we

know nothing, Two theories or hypothesis, however, have
been proposed to account for its pbenomena, which are

QuesTioNg.—Are all gages reduced witlt equal facility? What gages have tesisted all
attempts to liquefy them ? - What is said of the absorption of gases by water? What
connection 1s there between light and chemistry? What do we know respecting the real
nature of light?
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known as the Corpuscular, or Emission theory, and the
Undulatory theory. :

182. The Corpuscular Theory supposes the sensation of
light to be occasioned by the transmission of particles of
a refined species of matter from the luminous body to the
eye.

According to this theory, there is & striking analogy or resemblance be-
tween the eye and the organs of smelling. Thus, we recognize the odor -of
an object in consequence of the material particles which pass from the object
to the organs of smelling, and there produce a sensation. In the same
manner, a visible object at any distance may be supposed to send forth parti-
cles of light, which move to the eye and produce vision, by acting mechan-
ically on its nervous structure, as the odoriferous particles of a rose produce a
sensible effect upon the organs of smell.

183. The Undulatory Theory supposes that all space,
and the interstices of all material objects, are pervaded by
an elastic medium, or ether, of inconceivable tenuity.
This medium is not; light 1tse1f but is susceptible of bemg
thrown into vibrations or undulatlons by impulses inces-
santly emanating from all luminous bodies. These, reach-
ing the eye, affect the optic nerve, and produce the sen-
sation which we call light.

According to this theory, there is a striking analogy between the eye and
the ear; the vibrations, or undulations of the ethereal medium being supposed
to pass along the space intervening between the visible object and the eye, in
the same manner as the undulations of the air, produced by a sounding body,
are transmitted to the ear.

The corpuscular theory was sustained by Newton, and was for a long time
generally believed. Since the commencement of the present century, how-
ever, it has been gradually losing ground, and recent experiments instituted
by MM. Foucault and Fizeau, of France, conclusively demonstrate its incor-
rectness. It is now, therefore, entirely discarded by all the leading scientific
authorities, and the undulatory theory is received as substantially correct—
since it affords the most complete explanation of the facts upon which the
science of optics is based. The language, however, which is generally em-
ployed in describing optical phenomena is for the most part framed in ac-
cordance with the corpuscular theory.

184. Sources of Light.—The great natural sources of

QuesTiONs. —Explain the corpuscular theory of light. What analogy does this theory
present? Explain the undulatory theory. What analogy, according to this theory, exists
between the eye and theear? 'Which theory is generally received? What are the sources
of light ?
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'light are- the sun and the heavenly bodies,. All bodies

when heated to a sufficient .degree become luminous.

All solid bodies begin to emit light in the daytime at the same temperature,
viz., 977° of Fahrenheit’s thermometer. As the temperature rises, the bril-
liancy of the light rapidly increases; so that at a temperature of 26009 it is
almost forty times as intense as at 1900°. (Gases must be heated to a much
greater extent before they begin to emit light.

185. Electric Light.—The most splendid artificial light

known is developed through the agency of electricity.

The electric light, so-called, is produced by fixing pieces of pointed char-
coal to the wires connected with opposite poles of a powerful galvanic bat-
tery, and bringing them within a short distance of each other. The space
between the points is occupied by an arch of flame that nearly equals in daz-
zling brightness the rays of the sun.

186. Phosphorescence—The term phosphorescence is applied to
that property which various bodies possess of emitting a feeble light at ordi-
nary, or low temperatures,

Phosphorescence was formerly supposed to be due to the presence of phos-
phorus (an elementary substance which emits light in the dark). Hence the
ongm of the name. The phenomenon is now known to proceed from other
agencies.

_ A great number of bodies possess the property of shining in the dark when

they have been previously exposed to the light of the sun. Ogyster shells
which have been ignited and cooled, especially exhibit phosphorescence.
Among other substances which are often luminous in the dark, are white.
paper (especially when it has been heated nearly to burning), egg-shells,
corals, bones, ivory, leather, and the skins of men and animals. The cause:
of this phenomenon is, probably, that the bodies by being exposed to light,
absorb a portion of it unaltered into their substance by adhesion, and subse-
quently give it out in a dark place.—GMELIN.

The phenomenon of phosphorescence occurs in the most marked degree
in living organized bodies. The glow-worms, and several species of flies and
beetles, have the power of emitting from their bodies a beautiful pale, bluish
white light. The great lantern-fly of South America is especially brilliant—
a single insect affording sufficient light to enable a person to read. The
appearance of vast luminous tracts in the sea, at night, is a well-known phe-
nomenon, This was formerly ascribed to the motion of the waves, to elec-
tricity, or to the formation of gascs containing phosphorus, through the pu-
trefaction of marine animals; but it is now generally -believed to be duo to
the presence of an immense number of phosphorescent animalculz.

QuesTioNs.—At what temperature do solids become luminous? How is the most splen-
did artificial light produced ? ‘What is phosphorescence ? Under what circumstances do
bodies often become luminous ? How is the phenomenon accounted for ? What substances
exhibit phosphorescence in the most marked degrece? What are remarkable instances
of phosphorescence in the animal kingdom? To what is the luminous appearance of the
sea due?l
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Sea-fish, in general, soon after death exhibit a luminous appearance, par-
ticularly the herring and the mackerel. The light is most intense before
putrefaction commences, and gradually disappears as decomposition proceeds.
In order to observe the phenomenon more distinctly, the fish should be gut-
ted, and the roes and scales removed. By placing such luminous fish also
in weak saline solutions, such as those of Epsom salts or common salt, the
solutions even become luminous, and the appearance continues for some days;
it is particularly noticeable when the liquids are agitated. The light is quickly
extinguished by the addition of pure water, of lime water, and by acids in
general. :

The decay of wood, when the temperature is moderate and moisture and
a small quantity of air are present, is frequently attended with an evolution
of light. Wood exhibiting this appearance is familiarly known as * light
wood,” and is of a white sppearance. When wood decays in the presence of
much moisture and a free access of air, it is reduced to a brown pulverulent
mass which is not luminous. The phosphorescence of wood ccases when the
temperature falls as Jow as 42° F., and it is also irrecoverably destroyed by
the action of boiling water.

The cause of phosphorescence is not fully understood ; it is, however, be-
lieved to be the result of s chemical action between the oxygen of the air,
or water, and the so-called phosphorescent matter. This matter is capable
of separation from the living animal, and is characterized by a remarkable and
disagreeable odor. o

Light is also developed, under certain circumstances, in
the act of crystallization.

If the process of crystallizing certain substances be watched in a darkened
Toom, the separation of each crystal will be observed to be accompanied with
a faint flash of light.

SECTION IT.

PROPERTIES OF LIGHT. -

187. Propagation of Light.—Light, from whatever source
it may be derived, moves, or is propagated in straight

lines, or rays, so long as the medium traversed is uniform.

By a medium, we mean the space or substance through which light passes.
In taking aim with a gun or arrow, we proceed upon the supposition that
light moves in straight lines, and try to mako the projectile go to the desired
object as nearly as possible by the path along which the light comes from the
object to the.eye.

QuESTIONS.—What circumstances attend the decomposition of sea-fish? What is said
.of the luminosity of decayed wood? What is the supposed cause of phosphorescence?
Is light ever developed by the act of erystallization? In wbat manner is light propagated ?
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. Thus, in Fig. 49, the line A B, which represents the line of sight, is also
the direction of a line of light passing in a perfectly straight direction from the
object aimed at to the eye of the marksman.

Fie. 49.

188. Divergence of Light.—Rays of light proceeding from
a luminous body diverge, or spread out from one another
in every direction.

189. Law of Diminution of Light by Distance.—When
light diverges from a luminous center, its intensity dimin-
ishes, not according to the distance, but as the square of

the distance.*

Thus, at a distance of two feet, the intensity of light will be one fourth of
what it is at one foot; at three feet the intensity will be one ninth of what it
is at one foot. In other words, the amount of illumination at the distance of
one foot from a single candle would be the same as that from four, or nine
candles at a distance of two, or three feet, the numbers four and nine being
the square of the distances two, and three, from the center of illumination.

190, Velocity of Light.—Light does not pass instanta-
neously through space, but requires for its passage from
one point to another a certain interval of time.

The velocity of light is at the rate of about one hun-
dred and ninety-two thousand miles in a second of time.

191. Action of Light on Matter—When light falls upon
any object, it - may be disposed of in three ways ; lst, it
may be bent back, or reflected ; 2d, it may be absorbed
into the substance of the body, and disappear ; or 3d, it
may be transmitted, or pass through the body.

* Tt is an exceedingly curious fact, that this law of the variation of influence aceording
to the square of the distance, applies to all physical forces which spread or radiate from a
center, such as gravitation, heat, light, electricity, magnetism, and sound.

QUESTIONS.—What is meant by the divergence of light? How does the Intensity of
light diminish by distance? Illustrate this law. What is the velocity of light? How is
light falling upon the surface of a body disposed of ?
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When the portion of light reflected from any surface, or
point of a surface, to the eye is considerable, such surface,
or point, appears white ; when very little is reflected, it
appears dark-colored ; but when all, or nearly all the rays
are absorbed, and none are reﬂected back to the eye, the
surface appears black.

192. Transparent and Opaque Bodies.—Bodies which
allow the light which falls upon their surfaces to pass
through them, are said to be transparent; while those
which prevent its passage are said to be opaque.

193. Luminons Bodies are those which shine by their
own light ; such, for example, as the sun, the flame of a
candle, metal rendered red hot, ete.

All bodies not in themselves luminous, become visible
by reflecting the rays of light.

194. Law of Reflection of Light—The law which gov-
erns the reflection of light is exceedingly simple, and is
the same as that which governs the motion of an elastic
body thrown against a hard, smooth surface. If the llght
falls perpendlcularly upon a flat surface, it is turned back,
or reflected perpendicularly, and in the same lines ; if it
falls obliquely, it is reflected obliquely, the angle of in-

cidence being equal to the angle of reflection.

Thus, in Fig. 50, let A B represent the direction of an incident ray of light
falling on a mirror, F C. It will be reflected in the direction B E. If we
draw a line, D B, perpendicular to the surface of the mirror, at the point of
reflection, B, it will be found that the %

e ! ; 16. 50.
angle of incidence, A B D, is precisely
equal to the angle of reflection, E B D. =
If the light falls perpendicularly upon the B
surface, ¥ C, as in the direction D B, it A
will be reflected in the same line, B D;
or in other words, the incident and re-
flected ray will coincide. F B

The same law holds good in regard to
every form ofsurface, curved as well as plane, since a curve may be supposed
to be formed of an infinite number of little planes.

QuesTions.—When is a body light-colored, and when dark? What are transparent
and opaque bodies ? What are luminous bodies? How are bodies not Iuminous ren-
dered visible? What is the law of the reflection of light ?
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195. Refraction.—When a ray of light falls perpen-
dicularly upon the surface of an uncrystallized transparent
substance of uniform density, it continues on its course
unchanged ; but if it falls upon the surfuce obliquely, its
direction is suddenly changed as it enters the transparent
object, or medium ; it then passes on in its new direction
in a straight line, and on quitting the medium, it is again
abruptly bent back to its original course, provided the
surface of entrance and the surface of exit be parallel to
each other. Such a change in the course of a ray of light

is termed Refraction. !

‘When the ray of light passes from a rarer to a denser medium (as from air
into glass or water), the ray is bent or refracted toward a line perpendicular
to that point of the surface on which the light falls; when, on the contrary,
the ray passes from a denser to a farer medium, the ray is bent in the opposite
direction, or from the perpendicular.

Fig. 51. Thus, in Fig. 51, suppose » m to represent the
e s Surfaco of water, and S O a ray of light striking
upon its surface. When the ray 8 O enters the
§ water, it will no longer pursue a straight course,
| but will be refracted, or bent toward the perpen-
| dicular line, A B, in the direction O H. The denser
| the water or other flud may be, the more the ray
!S O H will be refracted, or turned toward A B.
——————= If. on the contrary, a ray of light, H O, passes from
the water into the air, its direction after leaving the water will be further °
from the perpendicular A B, in the direction O 8.

A straight stick, partly immersed in water, appears to be broken or bent
at the point of immersion. This is owing to the fact that the rays of light
proceeding from the part of the stick contained in the water are refracted, or
Fia. 52. caused to deviate from a straight line as they pass from tho

wramg) Water into the air; consequently that portion of the stick
immersed in the water will appear to be lifted up, or to
be bent in such a manner as to form an angle with the
part out of the water.

The bent appearance of the stick in water is represented
in Fig. 52. For the same reason, a spoon in a glass of
water, or an oar partially immersed in water, always ap-
pears bent.

QuEsTIONS.—What is understood by the refraction of light? When will a ray of light
be transmitted through a transparent substance without refraction ? In what manner is
a ray of light refracted in passing from a rarer to a denser medium, and in the reverse
direction? What familiar fact illustrates this principle ? ‘
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196. Variations of Refractive Power—No law has yet
been discovered which will enable us to judge of the re-
fractive power of bodies from their other qualities. As a
general rule, dense bodies have a greater refractive power
than those which are rare ; and the refractive power of any
particular substance is increased or diminished in the same

ratio as its density is increased or diminished.

Refractive power seems to be the only property, except weight, which is
unaltered by chemical combination ; so that by knowing the refractive power
of the ingredients, we can calculate that of the compound.

All highly inflammable bodies, such as oils, hydrogen, the diamond, phos-
phorus, sulphur, amber, camphor, etc., havo a refractive power from ten to
seven times greater than that of incombustible substances of equal density.

Of all transparent bodies the diamond possesses the greatest refractive or
light-bending power, although it is exceeded by a few deeply-colored, almost
opaque minerals. It is in part from this property that the diamond owes its
brilliancy as a jewel.

Many years before the combustibility of the diamond was proved by ex-
periment, Sir Isaac Newton predicted, from the circumstance of its high re-
fractive power, that it would ultimately be found to be inflammable. ‘

The determination of the refracting power of a body is often a valuable
guide in estimating its chemical purity. The adulteration of essential oils
may in this way be often detected with ease, when it would be otherwise
difficult to ascertain it. Thus genuine oil of cloves has a refractive power
expressed by the numbers 1,635, while that of an impure and adulterated
specimen was not more than 1,498,

197. Double Refraction is a property which certain
transparent substances possess, of causing a ray of light in
passing through them to undergo two refractions; that

i8, the single ray of light is divided into two separate rays.
A very common mineral called ‘Iceland spar,” F16. 63,

which is a crystallized form of carbonate of lime, is
a remarkable example of a body possessing double
refracting properties. It is usually transparent and
colorless, and its crystals, as shown m Fig. 53, have
the geometrical form of a rhomb, or rhomboid ;—this
term being applied to a solid bounded by parallel
faces, inclined to each other at an angle of 105°.

QUESTIONS. —What estimate can we form of the refractive power of a body from its other
qualities? What is the refractive property of inflammable substances? What transpa-
rent substance possesses the greatest refractive power? How may refraction be used
for determining the chemical purity of a substance? What is an fllustration of this?
‘What is double refraction? What substance possesses doubly refracting powers in a re-
markable degree ?
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The manner in which a crystal of Iceland spar divides a ray of light into
F1g. 54. two separate portions is clearly shown in Fig. 54; in
which 8 T represents a ray of light, falling upon a sur-
face of a crystal of Iceland spar, A D E C, in a perpen-
dicular direction. Instead of passing through without any
refraction, as it would in case it had fallen perpendicu-
larly upon the surface of glass, the ray is divided into
two separate rays, the one, T O, being in the direction of
E the original ray, and the other, T E, being bent or re-
/ fracted. The first of these rays, or the one which follows
the ordinary law of refraction, is called the “ ordinary”
4 ray ; the second, which follows a different law, is called
g the “extraordinary” ray.
If we look at an object, as a dot, a letter, or a line, through a plate of glass
F1g. 55. it appears single ; but if a double re-
" fracting substance, as a plate of Ice-
land spar, be substituted, a double
image will be perceived, as two dots,
two letters, two lines, ete. This re-
sult of double refraction is represented
in Fig. 55.

The phenomenon of double refrac-
tion is due entirely to the peculiar
molecular structure of the medium through which the light passes. This is
proved by taking a cube of regularly annealed glass, which produces but one
refracted ray, and heating it unequally, or subjecting it to pressure: a change
is thereby effected in the arrangement of its parts, and double refraction takes
place.

The diamond may be distinguished from all other precious stones, with a
single exception (the garnet), by having only a single refraction, the others
possessing double refraction, or giving a double image of a taper or small
light viewed through their faces. By the same means all precious stones, ex-
cept diamond and garnet, may be distinguished from artificial ones, by the
former having double refraction, and the latter only single refraction.

198. Polarization.—Light which has been refracted from

certain surfaces, or transmitted through certain substances,
under certain special conditions, assumes new properties,
and is no longer reflected, refracted, or transmitted as
* before. This change in the action of light is called Po-

larization, and a ray thus modified is said to be polarized.
A ray of light which by any method has become polarized, seems to have

s

]
-
"h
mA 1 >
-

QuesTIONs.—To what is this phenomenoun due ? How may the diamond be distinguished
from all other precious stones? What is polarized light? What is the origin and ex-
planation of this term ?
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acquired a property of possessing sides. If the original ray be supposed to be
a cylindrical rod, polished or white all round, which is capable of being re-
flected from a polished surface whatever part of its circumference may striko
that surface, the polarized ray may be compared to a square-shaped rod with
four flat sides, two of which {opposite), bright and pelished, are capable of re-
flection, while two, black or dull, are not., Now, the word * peles,” in physi-
cal science, is often used to denote the ends or sides of any body which have
acquired contrary properties, as the opposite ends of a magnet, which are
called the positive and negative poles. By analogy, the ray of light whose
aides lying at the right angles with each other, were found to be endowed
with oppesite physical properties, was said to be polarized. The term is un-
fortunate, but is too firmly engrafted upon science to be changed.

The explanation of change occasioned by the polarization of light may be
briefly stated as follows :—According to the undulatery theery, common light
is assumed to be produced by vibrations of the ethereal particles in tweo planes
at right angles to the progress of the wave; there are perpendicular vibra-
tions, and there are horizontal vibrations. Polarized light, on the centrary,
is light occasioned by vibrations taking place in only one plane—the effect of -
whatever produces polarization being to suppress all the vibrations which
take place in one plane at right angles to the other. Hence the different
properties possessed by opposite sides or poles of the ray.

Common light is converted into polarized light, for all practical purposes
and for experiment, in three ways—

First,—When it ig reflected from glass at an angle of incidence of fifty-six
degrees, forty-five minutes from the perpendicular. It is also pelarized by
reflection from almost any bright non-metallic surface, but the maximum po-
larizing angle for each different surface is peculiar to itselt When the re-
flection from glass takes place at the exact angle of 56° 45’, all the light is
polarized, but when the angle of reflection deviates from this amount, some
of the reflected light will remain unchanged, the quantity unpolarized being
in proportion to the deviation.

Secondly,—Light may be polarized by transmission through a bundle con-
sisting of from sixteen to eighteen plates of thin glass or mica.

Thirdly,—Light is polarized by passing through certain transparent crys-
tals, especially those which possess the property of double refraction.

199. Peculiarities of Polarized Light.—If a ray of light
which hag been polarized by reflection from a glass plate is caused to fall
upon a second plate, it is not reflected as common light would be. If the
plane of the second reflecting surface is so inclined to the first, that tho
ray falls at an angle of 56°, the ray is not reflected at all, but vanishes; if;
on the contrary, the plane of the second reflecting surface is parallel to the
first, it is entirely reflected. It is also a peculiar property of polarized light,

Qursrions.—In what three ways may light be polarized ? What peeuliarities are mani-
fested by light polarized by reflection from glass? How is polarized light affected by
certain transparent substances ?

6
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that it will not pass through certain substances which are transparent to com-
mon light. This is shown in a remarkable manner by a mineral substance
called tourmaline, the internal structure of which is such, that a ray of com-
mon light which has passed through a thin plate of it, and thereby become
polarized, can not pass through a second similar plate, if it is placed at, right
angles to the first. "

For example, in Fig. 56, if a ray of light be caused to pass through a thin
plate of tourmaline, as ¢ d, in the direction
of the line @ b, and be rceeived upon a see-
ond plate, e £, placed symmetrically with the
first, it passes through both without diffi-
culty; but if the second plate be turned a
quarter round, as in the direction g A, the
light is totally cut off. ;

200. Discovery of Polarized Light.—The phenomenon of
polarized light was discovered in 1808, by Malus, a young enginecr officer of
Paris. On one occasion, as he was viewing through a double refracting prism
of Teeland spar the light of the sun reflected from a glass window in one of
the French palaces, he observed some very peculiar effects. The window ac-
cidentally stood open like a door on its hinges, at an angle of 56°and Malus
noticed that the light reflected at this angle was endowed with properties
which distinguish it from ordinary light.

201. Practical Applications of Polarized Light.—The
principles of polarized light have been applied to the determination of many
praetical results. Thus, it hasbeen found that all reflected light, come from
whence it may, acquires certain properties which enable us to distinguish it
from direct light; and the astronomer, in this way, is enabled to determine
with infallible precision whether the light he is gazing on (and which may
have required hundreds of years to pass from its source to the eye), is inhe-
rent in the luminous body itself, or is derived from some other source by re-
flection.

It has been also ascertained by Arago that light proceeding from incandes-
cent bodies, as red hot iron, glass, and liquids, under a certain angle, is po-
larized light; but that light proceeding, under the same circumstances, from
an inflamed gaseous substance, such ag is used in street illumination, is always
in a natural state, or unpolarized. Applying these principles to the sun, ho
discovered that the light-giving substance of this luminary was of the nature
of a gas, and not a red hot solid or liquid body.

When we transmit light, whether commen or polarized, through a piece of
well annealed glass, it suffers no change, and we see no structure in the glass
different from what we would see if we looked through pure water. Buf if

Fic. 56.

Questions.—Ilustrate this in the case of tourmaline. When and how was polarized
light discovered ? What are some of the practical applications of polarized light? What
“is the difference between light emitted from incandescent solids and inflamed gases?
‘What inference has Arago made respecting the constitution of the sun? What informa-
tion does polarized light impart respecting the structure of bodics?
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we make heat pass through the glass, by placing the edge of the plate upon
a heated irom, or if we either bend or compress the glass by mechanical force,
its structure, or the mechanical condition of its particles, will be changed. If
we now transmit common light through the glass thus changed, the change
will not be visible; but if we transmit polarized light through it, and allow
that light to be reflected from a transparent body at an angle of about 56°,
and in a plane at right angles to that in which the common light was reflected
and polarized, the observer, looking through the glass, will sce the most bril-
liant colors, indicating the effects of the compressing or dilating forces, or of
the contracting or expanding cause—the degree of compression or dilatation,
of expansion or contraction, being indicated by the colors displayed at par-
ticular parts of the glass. In this way polarized light enables us to discover
that certain portions of a body have been subjected to certain mechanical forces,
the nature of which must be sought for in the circumstances under which the
body has been originally formed, or in which it has been subsequently placed.
On this principle, many bodies which are quite transparent to the eye, and
which upon examination appear to be perfectly uniform, or homogenous in
structure, exhibit, under polarized light, the most exquisite organization.*

* ¢ Integumentary substances in particular form a brilliant and interesting class of ob-
jects. A section of a horse’s hoof has the effect of the richest Brussels' carpet, with a
symmetrical pattern that might be copied by the loom.

 The vegetable world has a less brilliant display to make, but is still replete with in-
terest. Cuticles containing flint are often very beautiful ; that of the common marestail
presents a remarkably neat shawl pattern in stripes, Very curious optical effccts are pre-
sented by the various starches. The starch called tous-les-mois, having the lurgest grains,
is usually selected for exhibition.

¢ Crystalline forms, however, afford the most stnkmg exhibitions of the phenomena
of polarized light. Salacine, a salt extracted from the bark of the willow, offers, when
almost an imperceptible film, the appearance of a pavement consisting not merely of gold,
but of lapis lazuli, ruby, emerald, and opal. Chlorate of potash strews the field of view
with liberal handfuls of pyramidal jewels. Chromate of potash, which forms a bright
yellow solution, presents a remarkable assemblage of club-shaped crystals, which bave
been compared to vast heaps of constables’ staves. Oxalate of potash, like several other
combinations of oxalic acid, is a salt of such varicty and brilliancy, that its crystals, float-
ing and glowing in & few drops of solution on the slide, look as if their form and color
were the result of a Chinese imagination in its happiest moments.

¢ Fancy yourself living in a region solely illuminated by Aurora boreales—imagine a
country where every passing cloud throws a diverse-colored shadow of gorgeous hues
ucross your path ; where the air breeds rainbows without the aid of a shower, and where
the summer breeze breaks those rainbows into irregular lengths, fragments, and glitter-
ing dust, scattering them broadcast over the land, like autumnal leaves swept by a gale
from the forest, and yon have an approximate, and by no means exaggerated idea of the
cffects of polarized light on substances capable of being affected by it. For, it is light en-
dowed with extra delicacy, subtlety, and versatility. Itrenders visible minute details of
structure in the most glaring colors; it gauges crystalline films of infinitesimal thinness ;
it betrays to the student’s search, otherwise inappreciable differences of density or elas-
ticity in the various parts of tissnes. Indeed, as a detector, polarized light is invaluable,
acting the part of 2 spy under the most unexpected circumstances. It denounces as cot-
ton what you believed to be silk ; it demonstrates disease where you supposed health.
Tt adorns objects that are vile and mean, whose destiny is only to be cast out—such as
parings of nails, shavings of animals’ hoofs, cuticle rubbed or peeled from the stems of
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In a similar manner the chemist is able 1o determine, by the manner in
which light is reflected or polarized by a crystallized body, whether it has
been adulterated by the addition of foreign substances. Polarized light, also,
in certain cases, affords the best means of arriving at a knowledge of the va-
rieties and proportion of sugar in the juices of plants, and in complex:sac-
charine liquids.

202. Magnetization of Light.—Recent experiments made by
Professor Faraday have proved that magnetism has the power of influencing
a ray of light in its passage through transparent bodies. This fact is shown
by the following experiment :—A. ray of polarized light is passed through a
piece of glass, or a crystal, or along the length of a tube filled with some trans-
parent fluid, and the line of its path carefully observed; if, when this is done,
the solid or fluid body is brought urder powerful magnetic influence;-such as
may be called into action by the circulation of an electric current around a
bar of soft iron, it will be found that the polarized light is disturbed, and that
it does not continue to pass through the medium along the same line. * As
this effect is most strikingly shown in bodies of the greatest density and di-
minishes in fluids, the particles of which are easily movable upon each other,
and has not as yet been observed in any gaseous medium, the question has
arisen, does magnetism act directly upon the ray of light, or only indirectly,
by producing a molecular change in the bedy through which the ray is pass-
ing? In tho present state of science no satisfactory reply can be given.’—
RoBerT HUNT.

203. Decomposition of Light.—When a beam of light, S A,
Fig. 57, from the sun is admitted into a dark room, by a small aperture in the
window-shutter, and is intercepted in its passage by a wedge, or solid anglo
of glass called a prism, it is refracted, or bent from its course as it enters,
and again as it issues from the glass. In place of forming a circular spot of
white light on the floor of the apartment, as it would have done if allowed to
proceed in its original direction, S K, it illuminates with several colors an
oblong space, II, on the opposite wall, or on a white screen properly placed
to receive it. 'This oblong colored image is called the prismatic, or solar
spectrum.

Newton, who first carefully investigated this remarkable fact, distinguished
seven different colors, which gradually shade off one into the other in the
following order, commencing at the upper part of the spectrum, viz., violet,
indigo, blue, green, yellow, orange, and red.

‘White light may, therefore, be regarded as the result

plants, offscouring of our kitchens and store-rooms, sugar, acids, and salts—with the most
magnificent, the most resplendent tints, such as are seen when the sun streams throngh
the stained glass windows of & Norman cathedral.”

QuEsTIONS.—Can polarized light be made available in determining the chemical char-
acter of a substance ? What influence has magnetism on light? What is meant by the
decomposition of light? What is the solar spectrum? IHow are the colors of the spec-
trum arranged? How may white light be regarded ?
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of a mixture of rays of different colors, which are unequally
acted upon by the prism—each color possessing its own
peculiar refrangibility.

Thus the red rays, which are the least refracted or the least turned from
their course by the prism, always occur at the bettom of the spectrum, while
the violet, which is the most refracted, occurs at the top ; the remaining colors
being arranged in the intermediate space in the order of their refrangibility.

F1a. 57,

The seven different rays of light, when once separated and refracted by a
prism, are not capable of being separated and refracted again ; but if by means
of a convex lens they are collected together and converged to a focus, they
will form white light.

204. Lines in the Solar Spectrum.—When the solar spec-
trum is formed in the usual manner upon a white screen, it appears like a
continuous band of colored light. By taking certain precautions, however, it
may be seen that this luminous band is traversed in the direction of its
breadth by numerous dark lines, varying in different parts in width and dis-
tinctness; or, in other words, there are interruptions in the spectrum where
there is no light of any color. These lines are independent of the refracting
medium, and always occur in the same color and at corresponding points of
the spectrum.

The position of these dark spaces varies, however, with the source of light.
With a few exceptions, each of the fixed stars has a system of lines peculiar
to it. The light proceeding from the fixed stars Sirius and Castor agree very
nearly in this respect, but differ from the light of the sun. The spectrum,
however, which is formead frem the light procceding from the fixed star Pol-

QuEsTIONS.—ATre the colored rays capable of further decomposition by refraction?
‘What effect results from their union? What lines are seen in the spectrum? What dif-
ferences have been observed in light emanating from different sources?
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lux is the same as that of the sun. Every artificial light, also, shows some
peculiarity in this respect.

Recent discoveries have given to these phenomena an entirely chemical
character. It has been found that the white light of ordinary flames requires
merely to be sent through a certain gaseous medium (such as nitrous-acid
‘vapor) to acquire more than a thousand dark lines in its spectrum; and it
has hence been inferred, that it is the presence of certain gases in the at-
mosphere of the sun and of the fixed stars, which occasion the observed de-
ficiencies in the spectra formed from their light. In this way points of re-
semblance and difference may be traced between the constitution of our sun
and the suns of other systems.

In Fig. 58, No. 1 shows the principal dark lines of the pure solar spectrum;
No. 2, the alteration occasioned by passing solar light through the vapor of
bromine; while No. 3 represents the very different result effected by the
peroxyd of nitrogen.

205. Calorific and Chemical Elements of Solar nght—-
Solar light, in addition to the luminous principle which
produces the phenomena of color and is the cause of
vision, contains two other principles, viz., heat and actin-
ism, or the chemical principle. These principles are in-
visible to the eye, and have only been discovered by their
effects on other bodies.

The constitution of the solar ray may be compared to a bundle of three
sticks, one of which represents heat, another light, and a third the actinic
principle.

‘We know that these three principles exist in every ray of solar light, be-
tause we are able to separate them in a great degree from each other. Thus,
when we decompose a ray of solar light by means of a prism, and throw the
Bpectrum upon a screen, the luminous, the calorific, and the chemical or ac-
tinic radiations, will each be refracted, or bent out of their course in different

QUESTIONS.—What discoveries have given to these lines a chemical character? What
three principles are included in solar light? How do we know of tbe existence of these
principles ? How are they affected by the prism?
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degrees, and will consequently assume different positions upon the screen.
In other words, the light of the sun refracted by the prism produces in reality
three spectra, one visible and twe invisible.

The calorific, or heat radiations, will be refracted least, and their maximum
point will be found but slightly thrown out of the right line which the solar
ray would have traversed had it net been intercepted by the prism. Tho
heat diminishes with much regularity on each side of this line.

*The luminous radiations are subject to a greater degree of refraction; their
point of maximum intensity being in the yellow ray, lying considerably abovo
the point of greatest heat. The light diminishes on each side of it, producing
orange, red, and crimson colors below the maximum point, and green, blue,
and violet above it.

The radiations which producoe chemical action are more refrangible than
either the calorific or luminoug radiations, and the maximum of chemical
power is found at that point of the spectrum where light is feeble, and where
scarcely any heat can be detected.

The positions in the spectrum of the heat and actinic radiations, which are
invisible to the eye, may be found by experiment. Thus, if we place a deli-
cate thermometer in the different rays of the spectrum (§ 203, Fig. 57), it
will be found that the indigo and violet rays searcely affect it at all, while
the yellow ray, which is the most luminous, is inferior in heating action fo
the red ray, which, yielding but little light, possesses the greatest amount
of heat. « If now the thermometer be carried a- little below and just out of
the red ray, into the darkened space, it will exhibit the greatest increase in
temperature, thus proving the presence of a heating ray in solar light inde-
pendent of the luminous ray. In a like manner, by substituting a chemically
prepared surface, as a piece of photographie paper, for the thermometer, the
presence of a chemical ray can be preved in the darkened space at the other
end of the spectrum, and near to the blue and violet rays.

206. Analysis of Heat.—The heat emanating from the sun or from
a bright flame, consists of rays which differ from each other as much as the
ted, yellow, and blue rays do which constitute white light. Heat radiated
from a body having a lower temperature than 800° F., is much less refrang-
ible than red light; but if the temperature of the radiating body be increased,
it emits, in addition to the rays previously emitted, others of a higher refrang-
ibility, until at last some fow of its rays become as refrangible as the least .
refrangible rays of light. The body then appears of the same color as the
least refrangible rays of light, and is said to be red hot. If it be heated more,
it emits, in addition to the red, still more refrangible rays, viz., orange; then
(at a higher temperature) yellow rays are added, and so on, until when ths
body is white hot, it emits all the colors visible to us; and in some instances
(of very intense heat), even the invisible chemical rays, more refrangible than
the violet, are emitted, though in less quautity than in the solar rays.

Qu -Is heat ting from various sources uniform in character? How do
the rays of heat differ in refrangibility ?
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Thus light, in one sense, appears to be nothing more than visible heat,
and heat invisible light—the constitution of the eye being such that it can
perceive one and not the other, in the same way as the ear can appreciate
vibrations of sound more rapid than sixtcen per second, but not those which
are less rapid. .

A series of iteresting experiments made some ycars since by Melloni,
show very conclusively that heat emanating from -different sources differs in
its nature, in the same manner as the light of a red body differs from that
of a blue. He employed four sources of calorie, two of which were Iumin-
ous and two non-luminous, or obscure; namely, an oil-lamp without a glass,
incandescent platinum, copper heated to 696° F. and a copper vessel filled
with water at a temperature of 178° F. Rock-salt transmitted heat in the
proportion of 92 rays out of every 100 from each of these sources; but every
other substance pervious to radiant heat, whether solid or liquid, transmitted
more ealoric from sourees of high temperature than from such as were low.
For instance, a clear and limpid mineral, the fluate of lime, transmitted in
the proportion of 78 rays out of 100 from the lamp, 6% from the platinum,
42 from the copper, and 33 from the hot water; while transparent roek erys-
tal transmitted 38 rays in 100 from the lamp, 28 from the platinum, 6 from
the copper, and 9 from the hot water. Pure ice transmitted only in the
proportion of 6 rays in the 100 from the lamp, and entirely excluded those
from other sources.

The discovery of the fact that heat proceeding from the sun or any other
luminous body is susceptible of division into rays, differing in nature and in
refrangibility, has furnished ap explanation of many curious phenomena.
Heat from very intense sources is more refrangible and passes more readily
through most substances than heat of low intensity. Thus, the heat of the
sun passes readily throngh glass, but the heat of a fire is almost entirely
obstructed. Advantage has been taken of this fact by those who have oe-
casion to inspect the progress of operations carried on in furnaces; since they
are able, by the use of a glass screen, to protect the face from the scorching
rays which the glass absorbs, although it offers no impediment to the trans-
mission of light.

It is a well-known fact that snow which lies near the trunks of trees or
other like substances, is melted much more rapidly than that exposed to the
action of the direct rays of the sun. The reason of this is, that the heat of
the sun, being heat of high intensity and high refrangibility, passes through
the snow without experiencing a great degree of absorption ; but solar heat,
which first falls upon the tree and is then radiated upon the snow, is thereby
changed into heat of low refrangibility, and i3 readily absorbed instead of
being transmitted.

207. Action of the Chemical Rays.—The echemical principle

QuesTions.—Describe the experiments of Melloni, ‘'What results have followed the dis-
covery of the analysis of heatf Why will glass transmit heat from the sun, and not from
a fire? How does the action of light on snow vary? What is the character of the ehem-
ical principle of light #

~
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of light is, without doubt, like the calorific prinéiple, composed of rays of difs
ferent character, and of different refrangibility. Recent experiments of Pro-
fessor Stokes of England, scem to show that when the invisible rays which
occupy in the spectrum a position beyond the viclet, are caused to pass
through a solution of quinine, they are changed in refrangibility, and become
visible——appearing as a sky-blue light at a point far beyond the usual lu-
minous limit of the spectrum. This phenomenon has been termed the
‘“ degradation of light.”

The study of the chemical principle contained in the rays of solar light has
rendered probable the curious fact, that no substance can be exposed to the
sun’s rays without undergoing a chemical change; and from numerous ex-
amples it would scem that the changes in the molecular condition of bodies
which sunlight effects during the daytime, is made up during the hours of
night, when the action is no longer influencing them. Thus darkness ap-
pears to be essential to the healthy condition of all organized and unorgan-
ized forms of matter.

The process of forming Daguerreotype and other photo-
graphic pictures, depends solely upon the actinic, or
chemical influence of the solar ray.

The term “ photography,” signifying light drawing, which is the general
name given to this art, is unfortunate and ill-chosen, for not only does light
not exercise any influence in producing the pictures, but it tends to destroy
them,

That the luminous principle is not necessary for the success of the photo-
graphic process, may be proved by the experiment of taking a daguerreotype
in absolute darkness, This can be accomplished in the following manner :—
A large prismatic spectrum is thrown upon a lens fitted into one side of a
dark chamber; and as the actinic power resides in great activity at a point
beyond the violet ray, where there is no light, the only rays allowed to pass
the lens into the thamber are those beyond the limit of colotation, and non-
luminous; these are directed upon any object, and from that object radiated
upon a highly sensitive photographio surface. In this way a picture may be
formed by radiations which produce no effect upon the eye,

It has also been found that the yellow, the orange, and the red rays of
light possess the power of retarding by their presence all chemical or pho-
togenic action, in proportion to their predominance ; and if unaccompanied by
other light, they arrest the effects of the chemical rays altogether. On the
contrary, the violet, indigo, and blue rays of light favor chemical action. This
is clearly exemplified in the following manner :—If an engraving’ be covered
one half with a yellow glass, and placed in front of a camera for the pur-

QuEsTIONS.—What experiments have been made by Mr. Stokes? What curious fact has
the study of the chemical principle of light evolved? Upon what does the production of
photographic pictures depend? What experiment shows that light is not necessary for the
production of a photographic picture? How do the different luminous rays of the solar
beam affect the chemical principle? What experiments and facts illustrate their rela-
tive action ?

6*
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pose of reptesentation on e daguerreotype plate, an accurate copy will be
shortly obtained of the uncovered portion, while the yellow screen entirely
prevents the plate from receiving an impression of the rest. But if the en-
graving be covered, one half with blue and the other half with yellow glass,
while it will be distinctly discernible to the eye through the latter and not
at all through the former, the camera will faithfully copy the portion which
is invisible, but wholly neglect the other. Again, in a room illuminated solely
through red, or orange glass, in which light may fall with dazzling luster, no
photographic operations can be conducted; while if blue glass be substi-
tuted, the change, while it will dim the effulgence, will enable the photo-
grapher to exercise his art with success, In the same way, during certain
states of the atmosphere, there may be an abundance of illuminating, but
very few photogenic rays.

208, Influence of Light on Vegetation.—There are many
reasons for supposing that each of the three principles, light, heat, and actine
fsm, included in the solar ray, exercise a distinct and peculiar influence upon
vegetation. Thus the luminous principle contrcls the growth and coloration
of plants, the calorific principle their ripening and fructification, and the chem-
fcal principle the germination of seeds. Seeds which ordinarily require ten
or twelve days for germination, will germinate under a blue glass in two or
three. The reason of this is, that the blue glass permits the chemical prin-
ciple of light to pass frecly, but excludes, in a great measure, the heat and
the light. On the contrary, it is nearly impossible to make seeds germinate
under a yellow glass, because it excludes nearly all the chemical influence
of the solar ray.

Further consideration of the chemical effects of light will be postponed
until after the chemical properties of the elementary bodies have been de-
seribed.

CHAPTER IV,

ELECTRICITY.

209. Electricity is one of those subtle agents without
weight or form, that appear to be diffused through all
nature, existing in all substances without affecting their
volume or their temperature, or giving any indication of
its presence when in a latent, or ordinary state, When,
however, it is liberated from this repose, it is capable of

QuEBT16%8.<What influence do the three prineiples of the solar ray exert on vegetation?
‘What is electricity ?



ELECTRICITY. 131

producing the most sudden and destructive effects, or of
exerting powerful influences by a quiet and long-continued
action,

We are unable to say whether electricity is a material substance, a property
of matter, or the vibration of an ether. The general opinion at the present
day, however, i, that electricity, like light and heat, is the result of some
modification, or vibration of that subtile ethereal medium which pervades all
space, and which is capable of moving with various degrees of facility through
the pores of even the densest substances.

The language which is almost universally adopted in describing electncal
phenomena, is based upon the supposition that electricity is a form, or kind
of matter, since by the use of this hypothesis, the leading facts of the science
may be clearly and simply set forth.

210. Electricity and Chemical Action.—The relation
which exists between the force of electricity and the opera-
tions of chemical affinity is most intimate ; and according
to some authorities electricity and chemical affinity are
merely different manifestations of the same agent. .

211. Excitation of Electricity —Electnclty may be ex-
cited, or called into activity by mechanical action, by
chemical action, by heat, and by magnetic influence.

Why the means above enumerated should develop electricity, or excite it
from a neutral condition, is a matter at present wholly inexplicable.

212. Twe Conditions of Electricity—Electricity in the
act of becoming free, as when excited by friction, or when
evolved from a galvanic battery, appears to separate into
two forces, or, as it is generally termed, into two kinds of
electricity. These two forces are identical in their nature
and equal in power, but opposite and contrary in their ac-
tion. When they meet, they do not unite to form a
double electrical force, but they mutually neutralize and
destroy the power of each other.

The existence and action of these two forces, or kinds of electricity, may ho

demonstrated by the following simple experiment :—If we take a dry glass
rod, rub it well with silk, and present it to a light pith ball, or feather, P,

QuEsTIONS.—What do we know concerning the real nature of this agent? What is the
relation between eleetricity and chemical action? ¥ow may electricity be excited? In
what manner does electricity, on being set free, display itself? What is the character of
the two forces, or kinds of electricity? How may-the existence and action of the two
kinds of electricity be demenstrated ?
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Fig. 59, suspended from a support by a silk thread, the ball or feather will be

attracted toward the glass, as seen at G.  After it has adhered to it 2 moment,

it will fy off; or be repelled, as P’ from G’. The

Fia. 59. same thing will also happen if sealing-wax be

rabbed with dry flannel, and a like experiment
made.

- L £ however, the action of the glass and the
wax be compared together, a remarkable differ-
PY[¢ p' //c ence between the fwo will immediately manifest

itself, for when the glass repels the ball the seal-
ing-wax will attract it most strongly, and when
the wax repels, the glass attracts in like manner;
%0 that if we suspend a light pith ball, or feather, by a silk thread, as in Fig.
° 60, and present a stick of excited sealing-wax, S, on one side,

F16. 60.  and a tube of excited glass, G, on the other, the ball wilt
commence vibrating like a pendulum from one to the other,

being alternately attracted and repelled by each, the one at-

tracting when the other repels. We therefore eonclude that

G Ry the electricities excited in the glass and wax are different.

In order to distinguish the two opposite

forces or conditions of electricity from each

other, that force which is obtained from the glass has heen

termed vitreous, or positive electricity ; and that from the
Wwax, resinous, or negative electricity.

‘While the terms vitreous and resinous are new rarely used, those of posi-
tive and negative are somewhat unfortunate, since they almost unavoidably
convey to the learner the impression that the one force is stronger or more
potent than the other, whereas the negative electricity has as positive an ex-
istence and as substantial power as the opposite electrieity.

Electricity may be excited in all bodies. There are no exceptions to this
fact, but electricity is developed in some bodies with great ease, and in others
with great difficulty. In no case, however, can electricity of one kind be
excited without setting free a corresponding amount of electricity of the
other kind ; hence, when electricity is excited by friction, the rubber always
exhibits the one, and the body rubbed, the other.

218. Fundamental Law of Electricity.—~The funda-
mental law which governs the relation of the two forces
of electricity to each other may be expressed as follows :

Like electricities repel each other, unlike electricities

attract each other.

QuesTIONs.—By what names do we distinguish the two forces, or kinds of electricity
‘Why is the nse of the terms positive and negative unfortunate? Can one electricity be
developed independently of the other ? What is the great fundamental law of electricity ¥
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Thus, if two substances are charged with positive electricity, they repel
each other; two substances charged with negative electricity also repel each
other ; but if one is charged with positive and the other with negative elec-
tricity, they attract each other.

The attraction which the two opposite electricities have for each other is
very great, and their tendency is, therefore, constantly to combine together.
From such combination latent, or quiescent electricity results.

214. Electrified and Non-Elcctrified Bodies.—When a
body holds its own natural quantity of electricity undis-
turbed, it is said to be non-electrified.

VVhen an electrified body touches one that is non-elec-
trified, the electricity contained in the former is trans-
ferred in part to the latter. :

Thus, on touching the end of a suspended silk thread with a piece of ex-
cited wax or glass, electricity will pass from the wax or glass into the silk,
and render it electrificd ; and the silk will exhibit the effects of the electricity
imparted to it, by moving toward any object that may be placed near it.

215. Conductors and Non-Conductors.— Bodies differ
greatly in the freedom with which they allow electricity
to pass over or through them. Those substances which
facilttate its passage are called conductors ; those that re-

tard, or almost prevent it, are called non-conductors.

No substance can entirely prevent the passage of electricity, nor is there
any which does not oppose some resistance to its passage.

Of all bodies, the metals are the most perfect conductors of electricity ;
charcoal, the earth, water, moist air, most liquids, except oily, and the human
body, are also good conductors of electricity.

Gum shellac and gutta percha are the most perfect non-conductors of elec-
tricity ; sulphur, sealing-wax, resin, and all resimous bodies, glass, silk,
feathers, hair, dry wool, dry air, and baked wood, are also non-conductors.

Electricity always passes by preference over the best conductors.

216. Insulation.—When a conductor of electricity is
surrounded on all sides by non-conducting substances, it
is said to be tnsulated ; and the non-conducting substances

which surround it are called ¢nsulators.

‘When a conducting body is insulated, it retains upon its surface the elec-
tricity communicated to it, and in this condition it is said to be chargesd with
electricity.

QuestroNs.—Illustrate it. When is a body said to be electrified, and when non-eleetri-
fied? What are conductors and non-conductors of eleetricity? What substances are
good conductors? What are bad conductors? When is a conductor said to be insulated ?
‘When charged ?
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217. Velocity of Electricity.—The velocity with which
the influence of electricity passes through good conduc-
tors is so great, that the most rapid motion produced by
art appears to be actual rest when compared to it. Some
authorities have estimated that frictional electricity will
pass through copper wire at the rate of 288,000 miles in
a second of time—a velocity greater than that of light.
The results obtained, however, by the United States Coast
Survey, with galvanic electricity and iron wire, show a
velocity of from 15,000 to 20,000 miles per second.

The terms “electric fluid” and  electric current,” which are frequently em-
ployed in describing electrical phenomena, are calculated to mislead the stu-
dent into the supposition that electricity is known to be a fluid, and that it
flows in a rapid stream along a conductor. Such terms, it should be un-
derstood, are founded merely on an assumed analogy between the electric
force and a fluid substance. The nature of that force, however, is unknown,

and whether its transmission be in the form of a current, or by vibrations, is
undetermined.*

218. Galvanic, or Voltaic Electricity.—Electricity ex-
cited or produced by the chemical action of two or more
dissimilar substances upon each other, is termed Galvanic,
or Voltaic Electricity, and the department of physical
science which treats of this form of electrical disturbance
is called Galvanism.

The most simple method of illustrating the production of galvanic electricity
is by placing a piece of silver (as a coin) on the tongue, and a piece of zine
underneath. So long as the two metals are kept asunder no effect will be
noticed, but when their ends are brought together a distinct thrill will pass
through the tongue, a metallic taste will diffuse itself, and, if the eyes areo
closed, a scnsation of light will be evident at the same moment.

This result is owing to a chemical action which is developed the moment

* In a discassion which took place some years since at a meeting of the British Associa-
tion for the Adv t of Sci , respecting the nature of electricity, Professor Fara-
day cxpressed his opinion as follows:-~'* There was a time when I thought I kuew some-
thing about the matter; bus the longer I live, and the more carefully I study the subject®
the more convinced I am of my total ignorance of the nature of electricity.”

¢ After such an avowal as this,”’ says Mr. Bakewell, ** from the most eminent electrician
of the age, itis almost useless to say that auy terms which seem to designate the form of
electricity are merely to be cousidered as eonvenient conventional expressions.™

QuEsTIONS.—What is the velocity of electricity? 'Whatis understood by the use of the
word current, as applied to electricity ? What is galvanie, or voltaic electricity ? What
is the most simple method of illustrating its production? To what is this result owing?
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the two metals touch each other. The saliva of the tonguo acts chemically:
upon, or oxydizes a portion of the zine, which excites electricity, for no chem-
ical action ever takes place without producing electricity. Upon bringing
the ends of the two metals together, a slight current passes from one to tho
other.

219. Discovery of Galvanic Electricity—The produec-
tion of electricity by the chemical action of two metals
when brought in contact, was first noticed by Galvani,

a professor of anatomy at Bologna, Italy, in 1790.

His attention was directed to the subject in the following manner :—Hav-
ing oceasion to dissect several frogs, he hung up their hind legs on some cop-
per hooks, until he might find it necessary to use them for illustration. In
this manner he happened to suspend a number of the copper hooks on an
fron baleony, when, to his great astonishment, the. limbs were thrown into
violent convulsions. On investigating the phenomenon, he found that the
mere contact of dissimilar metals with the moist surfaces of the muscles and
nerves, was all that was necessary to produco the convulsions,

F16. 61.

This singular action of electricity, first noticed by Galvani, may be experi-
mentally exhibited without difficulty. Fig. 61 represents tho extremities of
a frog, with the upper part dissected in such a way as to exhibit the nerves

QuESTIONS.~~When and how was galvanic electricity discovered ? How may the phe-
nomenon first noticed by Galvani be experimentally repcated ?
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of the legs, and a portion of the spinal marrow. If we now take two thin
pieces of copper and zinc, C Z, and place one under the nerves, and the other
in contact with the muscles of the leg, we shall find that so long as the two
pieces of metal are separated, so long will the limbs remain motionless; but
by making a connection, instantly the whole lower extremities will be thrown
into violent convulsions, quivering and stretching themselves in a manner
too singular to describe. If the wire is kept closely in contact, these phen«
omena are of momentaty duration, but arc renewed every time the contact ig
made and broken.

Galvani attributed these movements of the muscles to a kind of nervous
fluid pervading the animal system, similar to the electric fluid, which passed
from the nerves to the muscles, as soon as the two were brought in commu-
nication with each other, by means of the metallic connection.. He therefore
called the supposed fluid animal electricity.

220, The Voltaic Pile.—The experiments of Galvani wete re-
peated by Volta, an eminent Italian philosopher, who found that no elcctrical
or nervous excitement took place unless a communication between the muscles
and the nerves was made by two different metals, as copper and iron, or
copper and zinc. He also observed that all the effects noticed could be pro-
duced in a muech higher degree by using a number of pieces of different
metals and a fluid, or a substance moistened with
a fluid. He accordingly arranged a series of cop=
per and zinc plates in a pile with cloths wet in a
saline or acid liquid between them, as is repre-
sented in Fig. 62, The scries commenced with a
zine plate, upon which was placed a copper plate
of the same size, and on that a circular piece of
cloth previously soaked in water slightly acidu-
lated. On the cloth was laid another plate of
zine, then copper, and again cloth, and so on in
succession, until a pile of fifty series of slternate
metal plates and moistened cloths was formed, the
terminal plate of the series at one end being cop-
per and.at the other end zine. Such an apparatus
received the name of a * Voitaic Pile,” and its ef-
; fects were soon seen to be of an electrical char-
acter.

For instance, if the two ends or terminal plates of the pile were touched,
one with each hand previously moistened, a sensation similar to that of an
electric shock was experienced. If the two ends were connected by means
of metallic wires, sparks could be obtained, shocks communicated, anb many
other electrical effects produced.

TG, 62.

QuzsTIONs.—To what did Galvani attribute the results by him noticed? What conclu-
sion was arrived at by Volta? What discovery did Volta make? Describe the voltaic
pile.
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221. Results of Galvani’s and Volta’s Discoveries.—
Such is an outline of one of the greatest and most remarkable discoveries of
modern times—a discovery which illustrates in a striking manner the im-
portance of cultivating correct habits of observation, and of rightly estimating
the relations which exist between a cause and its offect. The attention be-
stowed by Galvani on the simple circumstance of the twitching of a frog’s
legs in 1790, led to the discovery of the voltaic pile in 1800, a modification of
which constitutes the present galvanic battery. Since the last named period
the progress of discovery has been most rapid, embracing the whole science
of electro-magnetism, electro-metallurgy, the application of electricity to
chemical analysis, to the production of intense heat and light, to the recording
of time, to the determination of longitudes, and finally, to the almost instan-
taneous communication of intelligence by means of the telegraph.

Volta considered that electricity was produced by simple contact of dis-
similar metals, positive electricity being evolved from the one, and negative
from the other. It is now generally believed that chemical action, taking
place between the surfaces in contact, is the sole cause of exciting and con-
tinuing the electric currents.

222. Fundamental Principle of Galvanic Electricity.—
The fundamental principle which forms the basis of the
science of galvanic electricity is as follows :

Any two metals, or more generally, any two different
bodies which are conductors of electricity, when placed in
contact, develop electricity by chemical action—positive
electricity flowing from the body which is acted upon most
powerfully, and negative electricity from the other.

223. Llectro-positive and Negative Elements.—In gen-
eral, that substance which is acted upon most easily is
termed the electro-positive element ; and the other the

electro-negative element.
The electrical force or power generated in this way is
called the electro-motive force. :
Different bodies placed in contact manifest different
electro-motive forces, or develop different quantities of

electricity.
Bodies capable of developing electricity by contact may be arranged in a

QursTIONS.-—~What have been the results of Galvani’'s and Volta's discoveries? What
did Volta suppose to be the origin of the electricity of the pile? What is now believed on
this subject? What is the fundamental principle of galvanic electricity? What are elec-
tro-positive and electro-negative elements? What-is understood by the term electro-
motive force? How may bodies capable of exciting electro-motive force be classed ?
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series in such a manner that any one placed in contact with another holding
a lower place in the series, will receive the positive fluid, and the lower one
the negative fluid; and the more remote they stand from each other in the
order of the series, the more decidedly will the electricity be developed by
their contact.

The most common substances used for exciting galvanic electricity may be
arranged in such a series as follows:—zinc, lead, tin, antimony, iron, brass,
copper, silver, gold, platinum, black lead or graphite, and charcoal

Thus, zinc and lead, when brought in contact, will produce electricity, but
it will be much less active than that produced by the union of zinc and iron,
or the same metal and copper, and the lasf less active than zinc and platinum
or zinc and charcoal.

224, Tamboni’s Pile.—According to the principles above explained,
a perfectly dry pile, known from its inventor as Zamboni's pile, may be con-

structed of sheets of gilded paper and sheet zinc. I
Fie. 63. several thousand of these be packed together in a
: glass tube, 80 that their similar metallic faces shall all
look the same way, and be pressed tightly together
at each end by metallic plates, it will be found that
one extremity of the pile is positive and the other
negative. Such a series will last more than twenty
years, but it requires as many as 10,000 pairs to af-
ford sparks visiblo in daylight.

Fig. 63 represents a pair of these piles, so arranged
as to produce what has been called a perpetual mo-
tion. Two piles, P N, are placed in such a position
that the positive extremity of one pile is opposite and
near to the negative extremity of the other. Be-
tween them a light pendulum is placed, vibrating on
an axis and insulated on a glass pillar. This pen-
dulum is alternately attracted to one and then to the
other, and thus rings two little bells connected with
the positive and negative poles.

In a similar manner, voltaic piles have been constructed entirely of vege-
table substances, without resorting to the use of any metal, by placing discs
of beet-root and walnut-wood in contact. With such a pile, and a leaf of
grass ag a conductor, convulsions in the muscles of a dead frog are said to
have been produced. Other experimentalists have formed voltaic piles wholly
of animal substances.

225, Practical Productionof Galvanic Electricity.—In

the production of galvanic electricity for practical pur-
poses, it is necessary to have a combination of three dif-

“gam‘mmm«u«mmmmmmnm««(«r««mmmrmtwlg? &

QursTioNs.—Describe the dry, or Zamboni's pile. May a voltaic pile be produced en-
tirely of vegetable or animal subst ? What arrang t is ry for the practi-
cal production of galvanic clectricity ?
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ferent conductors, or elements, one of which must be
solid and one fluid, while the third may be either solid or
fluid.

The process usually adopted is to place between two plates of different
kinds of metal a liquid capable of exciting some chemical action on one of the
Pplates, while it has no action, or a different action upon the other. A com-
munication is then formed between the two plates.

226. Galvanic Circnit.—When two metals capable of
exciting electricity are so arranged and connected that the
positive and negative electricities can meet and flow in
opposite directions, they are said to form a galvanic cir-
cuit, or circle. Such an arrangement is very generally

termed, also, a simple galvanic battery.

A very simple, and at the same time
an active galvanic circuit may be formed
by an arrangement as represented in
Fig. 64. C and Z are thin plates of
copper and zinc immersed in a glass
vessel containing a very weak solution
of sulphuric acid and water. So long
as the two metals do not touch each
other, there will be but slight chemical
action, and consequently little or no
electricity evolved; but on bringing the
two ends of the metal strips together, or
by causing metallic contact by a con-
nection of wires, X and W, a galvanic
circuit will be formed, positive elec-
tricity passing from the zinc through the liquid to the copper, and from the
copper along the conducting wires to the zinc, as indicated by the arrows in
the figure. A current of negative electricity at the same time traverses the
circuit also, from the copper to the zinc, in an opposite direction.

227. Theory of a Simple Circuit.—In the formation of a gal-
vanic cireuit, by the employment of two metals and a liquid, the chemical ac-
tion which gives rise to the electricity takes place through a decomposition
of the liquid.

‘When a plate of zine and one of copper are immersed in water acidulated with
sulphuric acid, the elements of the water, oxygen and hydrogen, are separated
from each other, in consequence of the greater attraction which the oxygen
has for the zine. The oxygen, therefore, unites with the zinc, and by so doing

QUESTIONS.— W hat is a galvanic circuit, or simple galvanic battery? Deseribe the con-
struction of such a circuit. 'What is the origin of the electricity evolved in a circuit
composed of two metals and one liquid ? Describe the theoretical action of such a circuit?
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excites, or develops electricity in the metal. But as one kind of electricity
can not be evolved without bringing an equal quantity of the other into ac-
tivity, the act which develops negative electricity in the metal, instantaneously
develops positive electricity in the liquid. It would naturally be supposed,
that as the two opposite electricities have a strong attraction for each other,
that they would again unite, and restore the equilibrium; such, however,
from some unexplained reason, is not the case; but the electrical and chem-
ical changes are so connected, that unless the equilibrium is restored, the
action between the metal and the liquid will stop as soon as a certain quan-
tity of electricity has accumulated: If, under these circumstances, the copper
plate which is immersed in the liquid, but not acted upon by it, be brought
in contact with the zine, it will serve as a conductor, and will convey the
positive electricity accumulated in the liquid to the zing, restore the equili-
brium of the two electricities, and cause the action between the liquid and the
zinc to recommence. With the commencement of the flow of positive clec-
tricity from the liquid to the copper, and from the eopper to the zing, a cur-
rent of negative electricity will tend to flow in the opposite direction, or from
the zinc to the copper, and from the copper to the liquid.*

228. Direction of the Current.—In all cases, the direc-

tion of the current is dependent on the direction of the

chemical action.

The positive electricity always sets out from the metal most acted upon by
the exciting liquid, which may be, therefore, called the generating or posi-
tive plate. It traverses the liquid toward the less affected metal, which forms
the negative, or conducting plate, and from this the force is transferred to the
wire, or other conducting medium, between the two plates; thence it passes
back again to the generating plate. In this way the circuit is completed, and
unless this circulation can take place, all the phenomena of galvanic action
will be suspended.

The electrical condition of the plates of copper and zinc asabove described,
it should be understood, applies only to those portions of the two metals
which are immersed in the liquid. Those parts which are out of the liquid,
and in the air, are in an exactly opposite condition. Thus the end of the zinc
in the acid is 4, of positive, while that in the air is —, or negative. The
electrical state of the two ends of the copper is exactly the reverse.

Tf, in the arrangement above described, some liquid which acts upon the
copper in preference to the zine, a3 ammonia, had been used, the electrical

* In every voltaic current it is assumed that a quantity of negative electricity, equal to
that of the positive set in motion, is proceeding along the conducting*medium in a direc-
tion opposite to that in which the positive electricity is traveling; but in order to avoid
confusion, whenever the direction of the current is mentioned, the direction of the posi-
tive electricity is alone referred to.

QUESTIONS.—What influences the direction of the current? What determines the elec-
trical condition of the immersed metals ?
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condition of the two metals, and the direction of the flow of electricity, would
have been reversed.

Although two metal plates are usually employed in a simple galvanic
circuit, only one of them is active in the excitement of electricity, the other
plate serving merely as a conductor to collect the force generated. A metal
plate is generally used for this purpose, because metals conduct electricity
much better than other substances exposing an equal surface to the fluids
in which they are immersed ; but other conductors may be used, and when
a proportionately larger surface is exposed to compensate for inferior con-
ducting power, they answer as well, and in some instances better, than metal
plates. Thus charcoal is very often employed in the place of copper, and a
very hard material obtained from the interior of gas retorts, *gas-carbon,”
is considered one of the best conductors.

Two metals are not absolutely essential to the formation of a simple gal-
vanic current. A current may be obtained from one metal and two liquids,
provided the liquids are such that a stronger chemical action takes place on
one side of the metal plate than on the other.

229. Poles of a Galvanic Battery.—The two metals
forming the elements of the battery are generally connected
by copper wires ; the ends of these wires, or the terminal
points of any other connecting medium used, are called

the poles of the battery. =

Thus, when zinc and copper plates are used, the end of the wire conveying
positive electricity from the copper would be the positive pole, and the end of
the wire conveying negative electricity from the zinc plate would be the
negative pole. Faraday describes the poles of the battery as the doors by
which electricity enters into or passes out of the substance suffering decom-
position, and in accordance with this view he has given to the positive pole
the name of anode, or ascending way, and to the negative pole the namo of”
cathode, or descending way.

The manifestations of electricity will be most appa-
rent at that point of the circuit where the two currents

of positive and negative electricity meet.

‘When the two wires connecting the metal plates of a battery are brought
in contact, the galvanic circuit is said to be closed. No sign of electrical ex-
citement is then visible; the action, nevertheless, continues. The opposite
electricities collected at the poles, in particular, neutralize each other perfectly
on meeting ; every trace of electricity must therefore vanish if a fresh .quan-
tity were not continually produced by the continuance of the chemical action.

\

QUESTIONS.—What is the necessity of two metals in a galvanic circuit? Under what
circumstances can some other substance be substituted in place of the copper? What
are the poles of a galvanic battery? What is the meaning of the terms anode and
cathode? At what point of a galvanic circuit will the manifestation of electricity be most
apparent? When is the galvanic circuit said to be closed ?
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230. Compound Circuit.—The electricity developed by
a simple galvanic circuit, whether it be composed of iwo
metals and a liquid, or any other combination, is exgeed-
ingly feeble. Its power can, however, be increased to any

extent by a repetition of the simple combinations.
The discovery of this fact was first made by Volta, and applied by him in
the voltaic pile before described.

Fig. 65 represents, in its simplest form, the construction of a compound
galvanie circuit, by the union of a number of simple circuits. Each glass
contains one zinc and one copper plate, which are not immediately connected
together as in a simple circuit; but every zinc plate is connected with the
copper plate of the preceding glass by a copper wire or band. In the figure,
the copper plate and the direction of the positive current is represented by the
sign -, and the zine plate and tho negative current by the sign —.

In a compound galvanic circuit, like the one represented in Fig. 65, the
positive electricity which the fluid in the first vessel acquires from the plate
of zine exposed to its action, is taken up by the copper plate and transferred
to the second zinc plate in the second vessel, by means of its metallic con-
nection. This transmits it, together with what itself generates, to the liquid
of the second vessel. From this the double force is passed to the next cop-
per, and by it to the third zine, which it touches, and so on, every succeeding
alternation being productive of a further increase in the quantity of the elec-
tricity developed. A current of negative electricity may in like manner be
supposed to flow in an opposite direction, its quantity augmenting with each
successive pair of plates. This action, however, would stop unless an outlet
were given to the accumulated electricity by establishing a communication
between the positive and negative poles of the battery, by means of wires
attached to tho extreme plate at each end. When these are brought into
contact, the galvanic cireuit is completed, and the electricities meet and neu-
tralize each other, producing the various electrical phenomena. The electric
current continues to flow uninterruptedly in the circuit so long as the chem-
ical action lasts.

QuFsTIONS.—What is the electrical power of a simple circuit? How may it be increased?
Describe the construction of a compound circuit? In what manner does it accumulate
electricity ? 2
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The simple and compound voltaic circuits in practical use, which in ordi-
nary language are both designated as galvanic batteries, differ considerably
in form and efficiency. The general principle of construction in all, however,
is the same as that of tho original voltaic pile.

231. The Trough Battery.—One of the earliest forms contrived
is known' as the Trough Battery, represented in Fig. 66. It consists of a
trough of wood divided into water- Fi1G. 66.
tight cells, or partitions, cach cell =
being arranged to receive a pair of
zinc and copper plates. The plates
are attached to a bar of wood, and
connected with one another by me-
tallic wires, in such a way that every
copper plate is connected with the
zine plate of the next cell. The bat-
tery is excited by means of dilute
sulphuric acid poured into the cells,
and the current of clectricity is di
rected by wires soldered to the ex-
treme plates. When the battery is not in use the plates may be raised
from the trough by means of the wooden bar.

The battery by which Sir Humphrey Davy cffected his splendid chemical
discoveries was of this form, and consisted of two thousand double plates of
copper and zine, each plate having a surface of thirty-two square inches.
Now, however, by improved arrangements, we can produce with ten or
twenty pairs of plates, effects every way superior.

232. Smee’s Battery.—The most easily managed
form of galvanic battery at present used is that invented by
Mr. Smee, and known as Smee'’s battery. (See Fig. 67.) It
consists of a plate of silver coated with platinum, suspended
between two plates of zinc, % %, the surfaces of which last have
been coated with mercury, or amalgamated, as it is called.
The three are attached to a wooden bar, which serves to sup-
port the whole in a tumbler, G, partially filled with a weak
solution of sulphuric acid and water. The wires, or poles for
directing the current of eleetricity are connected with the zinc
aud platinum plates by small screw-cups, S and A.

233. Amalgamation of Zinc.—The introduction of the process
of amalgamating, or coating the zinc plates of a galvanic circuit with mer-
cury, constituted an improvement of great value. In the original form of
the galvanic battery, constructed of copper and ordinary metallic zinc, the
waste of the latter metal by the action of the exciting acid upon it was very

QursTioNs.—Deseribe the trough battery. 'Whatis the construction of Smee's battery ?
What is understood by the amalgamation of the zinc? What benefit results from this
operation?
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great; but by using amalgamated zinc this waste is diminished in an extra-
ordinary degree, without at the same time diminishing the production of
electricity. All improved batteries are, thercfore, constructed with amalga~
mated zinc.

234. Sulphate of Copper Battery. —Another form of battery,
called the sulphate of copper battery, from the fact that a solution of sul-
phate of copper (blue vitriol) is used as the exciting liquid, is represented by
Fig. 68. It consists of two concentric cylinders of cop-
per, C, tightly soldered te a copper bottom, and a zinc
cylinder, Z, fitting in between them. Two screw-cups
for holding the connecting wires are attached, one to
the outer copper cylinder, and the other to the zinc.

The principal imperfection of the galvanic battery is
the want of uniformity in its action. In all the various
forms, the strength of the electric current excited con-
stantly decreases from the moment the battery action
commences. In the sulphate of copper battery, espe-
cially, the power is reduced in a comparately short timo
to almost nothing.  This is chiefly owing to the circum-
stance, that the metallic plates soon become coated with the products of tho
chemical decomposition, the result of the chemical action whereby the elec-
tricity is developed.

This difficulty is obviated in a great degree by the usc of a diaphragm, or
a porous and permeable partition between the two metallic plates, which al-
lows a free contact of the liquid on both sides within its pores, but prevents
the solid products of the chemical action from passing from one metallic plate
to the other. Bladder, leather, clay, porce-
lain, cloth, ete, have been used for this pur-
pose.

235. Daniel’s Constant Battery,
constructed according to the above described
principle, and_ represented by Fig. 69, main-
tains an effective galvanic action longer than
any other. The outer case, C, consists of a
cell, or cylinder of copper, which is so con-
structed as to retain liquids, and is filled with a
solution of sulphate of copper, B, acidulated
with one eighth of its bulk of sulphuric acid.
The solution is kept saturated with the salt
by means of crystals of sulphate of copper,
D, which rest upon the perforated shelf, F.
In the center of the cell is placed a tube of porous earthen-ware, E, filled with

Fia. 69.

QuesTioNs.—Describe the sulphate of copper battery. ‘What is the principal imperfec-
ion of the galvanic battery? How is it obviated? What is the construction of Daniel's
battery ?
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an acid solution, A, which consists of one part of oil of vitriol diluted with.
seven parts of water. A rod of zine, Z, is placed in this tube. On making a
metallic communication between the zine rod and the copper cell, a voltaic
current is established. !

236. Grove’s Battery.—One of the most efficient batteries is that
known as Grove's battery, from its inventor, and is the form generally used
for telegraphing, and other purposes in which powerful galvanic action is re-
quired. It is constructed upon the same general principle ag Daniel’'s battery,
and consists of a plain glass tumbler, in which is placed a cylinder of amal-
gamated zine, with an opening on one side to allow a free circulation of the
liquid. Within this cylinder is placed a porous cup, or cell of earthenware,
in which is suspended a strip of platinum fastened to the®* end of a zinc arm
projecting from the adjoining zine eylinder. The porous cup containing the
platinum is filled with strong nitric acid, and the outer vessel containing the
zinc with weak sulphuric acid. Fig. 70 represents a series of these cups,
arranged to form a compound cir-
cuit, with their terminal poles, P Fie. 70.
and Z. This form of battery is
objectionable on account of the : d
corrosive character of the acids P ‘ﬁ \

N g T
employed, and the deleterious va- ‘gﬁ\ 1 Sl =Rt
pors that arise from it when in [i¢ i y*# 2T qi!lv-
action. @04 | | =0 R et
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In what is known as Bunsen’s M q
Carbon Battery, a cylinder of M! " Hn “

i il
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carbon is substituted, on the { l HH’ it il ‘
” [!‘”I A A
ground of economy, in place of
the platinum plates of Grove’s battery.

237. Resistances to the Circulation of the Galvanie
Current.—The amount of force or of electricity which circulates in a gal-
vanie circuit does not depend wholly upon the energy of the chemical action
which is exerted between the generating metal and the exciting liquid
“The current experiences a retardation or resistance from the very conduc-
tors by which its influence is transmitted; just as in the transmission of
mechanical force in an arrangement of machinery, the intervention of the
pivots and levers which are required for its conveyance introduces ad-
ditional friction and additional weight, which are required to be overcome
or moved, and which thus diminish the efficient power of the machine."—
MILLER. X5

The resistances of the galvanic current arise from the imperfect conduct-
ing power of the liquid which is employed to excite it, and of the plates,
wires; etc., the resistance offered by the liquid being the most considerable

QuEsTIONS.—Describe Grove’s battery. Is the electricity of a 'galvanic cireuit _always
in proportion to the chemical action exerted? What are the resistances it experiences?
To what are these resistances proportionsal ?

7
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of the two. The further the plates are removed from each other in the liquid,
and the longer the column of imperfectly conducting matter which the elee-
tricity is obliged to traverse, the greater the resistance. The same thing is
also true of tho conducting wire. A wire one tenth of an inch in diameter,
will for equal lengths offer four times the resistance of a wire iwo tenths, or
one fifth of an inch thick.

238. Characteristics of Ordinary and Galvanic Eleec-
tricity.—Electricity in its ordinary manifestations, as
when developed by friction or by an eleetrical machine,
exhibits itself in sudden and intermitted shocks, accom-
panied with a sort of explosion ; galvanic electricity, or
electricity produced by chemical action, is, on the contrary,
a steady flowing current.

The electricity evolved by a single galvanic circle is
great in quantity, but weak in intensity.

The electricity, on the contrary, produced by friction,
or that of a thunder-cloud, is small in quantity, but of
high tension,* or intensity.

These two qualities may be compared to heat of different temperatures. A
gallon of water at a temperature of 100° has a greater quantity of heat than
a pint at 200°; but the heat of the latter is more intense than that of the
former. Again, in the phosphorescence of the sea, which often spreads over
thousands of miles, we have an illustration of light very feeble in intensity,
but enormous in quantity.

239. Quantity and Intensity, how Measured.—Wemeas-
ure the quantity of electricity in many ways; but most conveniently by the
amount of any chemical compound which it can decompose. A machine or
battery, for example, which, when arranged so asto decompose water, evolves
from it four cubic inches of oxygen and hydrogen in one minute, is farnishing
twice the quantity of electricity supplied by an apparatus which evolves only
two cubic inches of the gases in the same time.

Tho zntensity of electricity is less easily measured; but it is comparatively
indicated by the ease with which it can travel through bad conductors; by

* ¢ Tension i3 merely a synonyme for intensity, which originated in the hypothesis of
electricity being an elastic finid, which might be regarded as existing in a thunder-cloud,
or on the conductor of a friction-machine in a state of condensation or compression, like
high-pressure steam struggling to escape from a boiler, or air seeking to force jts way out
of the chamber of an air-gnn. The word tension has been preferred to intensity, simply
on account of its brevity, and its convenience in forming a double noun with electricity.

QUESTIONS.——What are the characteristic differences between galvanic and ordinary
electricity? To what may quantity and intensity be compared? How are these two
qualities measured? What is understoed by the term tension ?
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its power to overcome energetic chemical affinity, such as that which binds
together the elements of water; by the length of space across which it can
pass through dry air (as in the case of a lightning flash striking a tree from a
great distance); by the attractions and repulsions it produces in light bodies;
and by the severity of the shock it occasions to living animals.

Galvanic electricity will traverse a circuit of 2,000 miles of wire, rather
than make a short circuit by overleaping a space of resisting air not exceed-
ing one hundredth part of an inch. Frictional electricity, on the other hand,
will force a passage across a considerable interval, in preference to taking a
long circuit through a conducting medium.

The assertion is within bounds, that the whole electricity of a destructive
thunder-storm would not suffice for the electro-gilding of a single pin—so in-
significant is its amount. A small copper wire, dipped into an acid along
with a wire of zinc, would evolve more electricity in a fow seconds than the
largest friction electrical machine, kept constantly revolving, would furnish
in many weeks. No shock, on the other hand, would be occasioned by the
electricity from the immersed wires; nor would it produce a spark, or de-
compose water—so low is its intensity. A. galvanic battery of many plates
will, however, produce electricity of sufficient intensity to kill a large animal,
and produce other effects analogous to lightning.

Electricity of intensity then, or tension-electricity, is
electricity characterized by the greatness of its intensity—
or whose intensity is greater than its quantity. Electricity
of quantity, on the other hand, has its quantxty greater

than its intensity.

The intensity diminishes as the quantity increases; but the ratio which the
one bears to the other differs through a very wide scale, so that a knowledge
of the degree of the one does not often enable us to predicate the amount of
the other. Practically, we have no difficulty in reducing both to a minimum,
or in exalting the one whilst we reduce the other; but wo can not at once
exalt both intensity and quantity. The discovery of a method of effecting
this will make a new era in the science; and admit of the most important
applications to the useful arts.

240. Practical Applications of Electricity of Quan-
tity and Intensity.—In the arts, it depends much upon the purpose
to which electricity is to be applied whether it should be chosen great in
quantity, or great in intensity. If the chemist desires to analyze a gaseous
mixture by exploding it, he will use an electrical machine to supply a mo-
mentary spark of great intensity. But the electro-plater, who has constantly
to decompose a compound of gold or silver, employs a small voltaic battery—
which furnishes great quantities of electricity of considerable intensity. The

QuesTIoNs.—Illustrate the differences between quantity and intensity. What definition
may be given of the two? What relation exists between them? What are their practical
applications?
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electric light requires both quantity and intensity to be very great. The
clectric telegraph demands great quantity, but the intensity need not be very
high.

241, Electro-chemical Decomposition.—When a current
of galvanic electricity is made to pass through a compound
liquid, composed of one conducting and one non-conduct-
ing substance, its tendency is to decompose and separate

it into its constituent parts.

242. Decomposition of Water.—The most remarkable illustra-
tion of this power is to be found in the decomposition of water. This sub-
stance i3 composed of two gases, oxygen and hydrogen, united in the propor-
tions of one measure of the former to two of the latter. When two gold or
platinum wires, connected with the opposite ends of a galvanic battery, are
placed in water at a short distance from each other, the water is decomposed,
the hydrooren arising in bubbles from the negative pole of the battery, and

Fig. 71 the oxygen from the positive pole. When two glass tubes
are placed over the platinum poles, as is represented in Fig.
71, we can collect the bubbles as they rise, the volume of the
hydrogen being twice as great as that of the oxygen.

‘When copper wires, or the wires of metals which tend
strongly to unite with oxygen are employed, gas escapes from
one wire only ; whilst if platinum or gold wires be used, gas
,’p o~ is evolved from both. In the first case, the oxygen combines
with the copper or other oxydizable metal, and forms an
oxyd, which is dissolved by the liquid, and therefore hydro-

= gen alone escapes; in the second case, both gases are evolved,
since neither platinum or gold have sufficient chemical affinity for oxygen to
combine with it at the moment of its liberation.

243. Electrodes.—The term electrode is often used to designate the
poles of a galvanic battery. It is especially applied in those cases in which
the connecting wires of a circuit are terminated with strips of platinum, gold,
chareoal, or some other good conducting, non-oxydizable substance,

244. Theory of Elcctro-chemical Decomposition.—
Scientific men are not fully agreed upon the explanation of the phenomenon
of chemical decomposition by means of the galvanic current. A general idea
of what takes place may perhaps be best gained from what is called the
electro-chemical theory. According to this, chemical attractions, which we
distinguish by the name of affinity, and electrical attractions depend on the
same cause, acting in one case on atoms, and in the other on masses of mat-
ter. Every atom of matter is regardod as charged in respect to all other

QuEsTIONS.—What is the influence of the electrie current in prodncing electro-chemical
decomposition ? How is this illustrated in the decomposition of water ? What are elec-
trodes? What is the theory of the decomposing action of galvanic electricity ?
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atoms, with either positive or negative electricity. In the case of water,
hydrogen is the electro-positive element and oxygen the electro-negative ele-
ment. It has been already shown that bodies in opposite electrical states are
attracted by each other. Hence, when the poles of a galvanic battery are
immersed in water, the negative pole will attract the positive hydrogen, and
the positive pole the negative oxygen. If the attractive force of the two
electricities generated by the battery is greater than the attractive force which
unites the two elements, oxygen and hydrogen, together in the water, the
compound will be decomposed. Upon the same principle other compound
substances may be decomposed, by employing a greater or less amount of
electricity. In this way Sir Humphrey Davy made the discovery that potash,
soda, lime, and other bodies, were not simple in their nature, as had pre-
viously been supposed, but compounds of a metal with oxygen.

This theory, as presented, i3 not received as strictly in accordance with the
fact. Recent experiments of Faraday have proved that the electricity which
decomposes, and that which is evolved by the decomposition of a certain
quantity of matter, are alike. Thus, water is composed of oxygen and hydro-
gen; now, if the electrical power which holds a grain of water in combina-
tion, or which causes a grain of oxygen and hydrogen to unite in the right
proportions to form water, could be collected and thrown into a voltaic cur-
rent, it would be exactly the quantity required to produce the decomposition
of a grain of water or the liberation of its elements, oxygen and hydrogen.

The quantity of electricity, however, which is required to effect chemical
decomposition is enormous. Faraday estimates the amount of electricity re-
quired to decompose a single grain of water to be equal to that evolved by a
powerful flash of lightning.

245, Limits of the Decomposing Action.—Decomposition
by the agency of the electric current takes place solely at
those points where the electricity enters and leaves the
liquid.

Thus, when a portion of water, for example, is subjected to decomposition
in a glass vessel with parallel sides, oxygen is disengaged at the positive
electrode, and hydrogen at the negative, the gases being perfectly pure and
unmixed. If while the decomposition is rapidly proceeding, the intervening
water i carefully examined, not the slightest disturbance or movement of
any kind will be perceived ; nothing like currents in the liquid, or transfer of
gas from one part to the other can be detected; and yet two portions of
water, separated by an interval of four or five inches, may be respectively
evolving pure hydrogen and oxygen. Now, since we know that every par-
ticle of water is composed of oxygen and hydrogen in the exact ratio of two

QUEsTIONS.—Explain the decomposition of water. What fact has been proved by the
experiments of Faraday? What is the relative quantity of eleetriclty required to effect
chemical decomposition? At what points of the galvanic circuit does the decomposing
action take place? Illustrate this. In what respect is this action contrary to what might
be naturally expected?
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measures of the latter to one of the former, it would naturally be supposed

that the electric current having separated the oxygen at one point, hydro-

gen would, having lost its combining element, also escape at the same point.

This, however, is not the case, and great difficulty has been expenenced in

accounting for it.

The difficulty will be more evident, says Mr. Hunt, if we take the experi-
ment on a larger scale; for example, if on one side of a wide river the
positive pole is placed in the water, and the negative pole on the other, we
ghall still have—the battery being of sufficient power—oxygen given off on
one side of the river, while hydrogen would be evolved at the other.

The following is the received explanation :—The arrangement of the par-
ticles constituting a line or layer of water between the poles of a galvanic
circuit may be represented as follows, the positive atom, hydrogen, of each
particle of water being turned by the influence of the electricity toward the
negative pole, and the negative atom, oxygen, toward the positive pole—

Positive pole — O H, O H, O H, O H, O H, O H — Negative pole.

The same thing may be also illustrated in Fig. 72, where the particles of

Fia. 72 water are supposed to be spherical, the shaded

b ok portion of each sphere representing the hydro-
gen half of the particle, and the light portion

—~_ the oxygen half.

B If the positive pole is placed on the left and
the negative on the right, oxygen passes off
from the first, and hydrogen from the last; if

‘we reverse the poles, the order of the decomposition is changed also. It is

not, however, to be supposed that when H. is liberated from O. at the nega-

tive pole, that the O. of that particle passes over along the line to the positive
pole; but the view taken is, that as soon as the atom of oxygen loses its
hydrogen, it combines with the atom of hydrogen of the next particle of
water, and a new particle of water i3 reproduced. The oxygen of the second
particle being thereby liberated, combines with the hydrogen of the next
particle of water, and thus the decomposition and recomposition is eontinued
on to the end of the series. Resorting again to symbols, No. 1 will repre-
sent the state of things before any change has been effected, and No. 2 the
change after the circuit is complete—
D T e i i e
No.1. +0H, OH, OH, OH, OH —
~S A A A

No.2. +0,HO, HO, HO, HO, H —

Tt should also be borne in mind, that the changes described are not suc-
cessive, but simultaneous at each end of the series of particles, and at all
intervening points in the line of the series.

246. Electrolysis and Electrolytes—The process of re-
solving compounds into their constituents by electricity is

QuEsTioNs.—What is supposed to actually occur in the decomposition of water? What
is electrolysis ?

o4
A
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termed Electrolysis, and a body susceptible of such de-

composition is termed an Electrolyte.

No elementary substance can be an electrolyte ; for from the nature of the
process, compounds alone are susceptible of electrolysis. Eleetrolysis occurs
only whilst the body is in the liquid-state. The free mobility of the particles
which form the body undergoing decomposition i3 a necessary condition of
electrolysis, since the operation is always attended by a transfer of the com-
ponent particles of the electrolyte in opposite directions.

The passage of a current of electricity through the liquid used in the cells
or cups of a galvanic circuit depends upon the decomposition of its particles, in
the same manner as in the case of water. No fluid, therefore, which is not
an electrolyte, or in other words, which is not capable of being decomposed,
is snitable for exciting a battery.

247. Electro-chemical Order of the Elements.—AIll the
elementary substances, according as they appear at the posi-
tive or negative poles of a galvanic circuit, have been classi-

fied into electro-positive and electro-negative substances.
In the following table the most important of the elements are arranged in
the order of their relative negative and positive properties, the most intensely
hegative element being placed at the top of the series, and the most intensely
positive at the bottom : &
ELECTRO-NEGATIVE.—OxXygen. i

Sulphur.

Nitrogen.

Chlorine.

Fluorine.

Carbon,

Phosphorus.

Hydrogen.

Gold.

Platinum.

Mercury.

Silver.

Copper.

Tin.

Lead.

Iron.

Zinc.

Sodium.

Potassium.—ELECTRO-POSITIVE.

QuEesTIONs.—What are electrolytes? Why can notan elementary substance be an elec-
trolyte? What conditions are necessary for electrolysis? What fluids only are capable’
of exciting a galvanic battery? How may the elementary substances be classed as re-
spects their electrical properties?
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In this arrangement, each metal is positive as respects all that stand before
it, and negative as respect those that succeed it. Oxygen isnegativein every
combination, and potassium appears to be uniformly positive. Hydrogen is
highly positive when compared with oxygen and chlorine, but with metals it
always exhibits negative electric energy.

248. Electro-metallurgy, or electrotyping, is the art or
process of depositing, from a metallic solution, through
the agency of galvanic electricity, a coating or film of
metal upon some other substance.®

The process is based on the fact, that when a galvanic
current is passed through a solution of some metal, as of
sulphate of copper (sulphuric acid and oxyd of copper),
decomposition takes place ; the metal, being electro-posi-
tive, attaches itself in a metallic state to the negative
pole, or to any substance that may be attached to the
negative pole ; while the oxygen, or other electro-nega-
tive element before in combination with the metal, goes

to, and is deposited on the positive pole. y

In this way a medal, a wood-engraving, or a plaster cast, if attached to the
negative pole of a battery, and placed in a solution of copper opposite to the
positive pole, will be covered with a coating of copper; if the solution con-
tains gold or silver instead of copper, the substance will be covered with a
coating of gold or silver in the place of copper.

The thickness of the deposit, provided the supply of the metallic solution
be kept constant, will depend on the length of time the object is exposed
to the influence of the battery.

In this way, a coating of gold thinner than the thinnest gold-leaf can be
laid on, or it may be made several inches or feet in thickness, if desired.

The usual arrangement for conducting the electrotype process is represented
by Fig. 73. It consists of a trough of wood, or an earthen vessel, containing
the solution of the metal, the decomposition of which is desired—for example,
sulphate of copper. Two wires, one connected with the positive, and the
other with the negative pole of a battery, Q, are extended along the top of
the trough, and supported on rods of dry wood, B and D. The medal, or
other article to be coated, is attached to the extremity of the negative wire

* The general name of electro-metallurgy includes all the various processes and results
which different inventors and manufactnrers have designated as galvano-plastic, electro-
plastic, galvano-type, electro-typing, and electro-plating and gilding.

QUESTIONS.—What substance is always negative? What one always positive? Define
electro-metallnrgy. Upon what is the process based? How is the thickness of the de-
posit regulated ? Describe the arrangement for conducting the electrotype process.
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and a plate of metallic copper to the end of the positive wire. When both
of these are immersed in the liquid, the action commences—the sulphate of
copper is decomposed—the copper being deposited on the medal attached
to the negative pole, and the oxygen, before combined with it, on the eopper
plate attached to the positive pole, forming oxyd of copper, As the with-
drawal of the metal from the solution goes on, the oxyd of copper thus formed

FIGa KEN

unites with the sulphuric acid which i3 liberated in the solution, and forms
sulphate of copper. This dissolving in the liquid, maintains it at a constant
strength.

The sole object of attaching a plate of metallic copper to the positive pole
is to thus preserve the strength of the solution of sulphate of copper. If the
positive pole had terminated with a plate of platinum or gold, the action
would have commenced equally well, but the oxygen liberated from the cop-
per, through its want of affinity to either the platinum er the gold, would
have escaped as gas and the solution gradually becoming weaker from the
withdrawal of its elements, the electro-plating action would cease. When the
operator judges that the deposit on the medal is sufficiently thick, he removes
it from the trough, and detaches the coating, The deposit is prevented from
adbering to the medal by rubbing its surface in the first instance with oil, or
black-lead, and if it is desired that any patt of the surface thould be left un-
coated, that portion is coveted with wax, varnish, or some other non-con-
ductor.

In this way a most perfect reversed copy of the medalis obtained—that is,
the elevations and depressions of the original are reversed in the copy. To
obtain a fac-simile of the original, the electrotype cast is subjected to a tepe-
tition of the process.

In general, it is found more convenient to mold the object to bo repro-
duced in wax, or Plaster of Paris, The surface of this cast is then brushed
over with black-lead to render it a conductot, and the metal deposited directly
upon it. The deposit obtained will then exactly resemble the original ob-
ject. n%
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The pages and engravings in the book before the reader are illustrations of
the perfection and practical application of the electrotype process. The en-
gravings were first cut upon wood-blocks, and then, in combination with the
ordinary type, formed into pages. Casts of the whole in wax were then
made, and an electrotype coat of copper deposited upon them, and from the
copper plates so formed the book was printed. The great advantage of this
is, that the copper being harder than the ordinary type metal, is more durable,
and resists the wear of printing from its surface for a longer period.

The improvement effected by electro-metallurgy in engraving is very great.
‘When a copper plate is engraved, and impressiong printed off from it, only the
first few, called * proof impressions,” possess the fineness of the engraver's
delineation. The plate rapidly wears and becomes deteriorated. But by the
electrotype process, the original plate can at once be multiplied into a great
many plates as good as itself, and an unlimited humber of the finest impres-
sions procured.

In this way the map plates of the Coast Survey of the United States, some
of which require the labor of the engraver for years, and cost thousands of
dollars, are reproduced—the original plate being never printed from.

The metals upon which an adherent coating of silver or gold is most
readily deposited are brass, copper, bronze, and German silver. The articles
to be plated or gilded must be carefully cleansed from all adhering greasy
matters by boiling them in a weak alkaline solution, and then rubbing them
with chalk, rotten-stove, etc. The articles are then carefully washed, at-
tached to a clean copper wire, and immersed in the silvering solution. The
deposit i3 hastened by keeping the solution moderately warm, especially at
the commencement of the process. The articles, when plated, have a dead
white, or chalky appearance, but by burnishing they assume the brilliant lus-
ter of polished silver.®

249. Protection of Metals from Corrosion—When two
metals which are positive and negative in their electrical
relations to each other, are brought in contact, a galvanic
action takes place which promotes chemical change in the

positive metal, but opposes it in the negative metal.
Thus, when sheets of zine and copper immersed in dilute acid touch each
other, the zinc oxydizes or rusts more, and the copper less rapidly, than

* The teacher, for experiment, ¢an best illustrate the deposition of metals by electro-
chemical action in the following manner ;—Put a piece of silver in a glass containing a
solution of sulphate of copper, and into the same glass insert a piece of zine. No change
will take place in either metal so long as they are kept apart; but as soon as they touch,
the copper will be deposited upon the silver, and if it be allowed to remain, the part im.
mersed will b completely covered with copper, which will adhere 50 firmly that mere
rubbing alone will not remove it. '

QuEesTioNs.—How has the electrotype process affected the art of engraving.’ ‘What are
the peculiarities of the process of electro-plating and gilding? Under what eircumstances
can metals be protected from chemical action ? Illustrate this.
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without contact. Iron nails, if used in fastening copper sheathing to vessels,
rust much quicker than when in other situations, not in contact with the
copper. The reason of this is, that the two metals, in consequence of the
electricity developed by their union, are placed in opposite electrical condi-
tions. The copper, which is ordinarily positive, is rendered negative by the
contact of the zine, or iron; it, therefore, is not only entirely wanting in at-
traction for the negative corroding oxygen of the air, or water, on the prin-
ciple that bodies similarly electrified repel each other, but even has a tendency
te abandon any oxygen with which it may have previously combined. The
zine and iron, on the contrary, in virtue of the exaltation of their naturally
positive condition, combine with the negative oxygen most readily, on the
principle that bodies in the opposite electrical condition attract each other.
The positive metal, therefore, oxydizes most speedily, while the negative
metal remains uninjured.

‘What is called galvanized iron, is iron covered entirely, or in part, with a
coating of zinc. The galvanic action between the two oxydizes the zine,
but protects the iron from rust. Sir Humphrey Davy attempted to apply this
principle to the protection of the copper sheathing of ships (which wastes
rapidly through the action of the oxygen in sea-water), by placing at inter-
vals over the copper small strips of zinc. The experiment was tried, and a
piece of zinc as large as a pea was found adequate to preserve forty or fifty
square inches of copper; and this wherever it was placed, whether at the
top, bottom, or middle of the sheet, or under whatever form it wad used.
The value of the application was, however, neutralized by a consequence
which had not been foreseen; since the protected copper bottom rapidly ac-
quired a coating of sea-weeds and shell-fish, whose friction on the water
became a serious resistance to the motion of the vessel. The adhesion of
these, under ordinary circumstances, is prevented by the corrosion of the
copper by oxygen, and by the poisonous action of the compounds of copper
and oxygen which are thereby formed.

The principle, however, has been applied with success for the protection
of iron pans used in evaporating sea-water, and in'other similar apparatus.

QuestioNs.—How is this action accounted for? What is galvanized iron? What
practical application of this principle was attempted by Sir Humphrey Davy ?
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?

/ TaAT department of Chemistry which treats of inor-
ganic, or unorganized bodles, is termed Inorganic Chem-
istry.

It includes the doctrines of affinity, the laws of combi-
nation, the chemical history of the elementary bodies, and
of those compounds of the elements which are not the pro-
duct, either directly or indirectly, of living, organized bodies.

CHAPTER V.

THE GENERAL PRINCIPLES OF CHEMICAL PHILOSOPHY.

250, Elements—A chemical element is a material sub=
stance not yet analyzed or taken apart—not yet resolved
by any process into two or more bodies differing from
itself,

No one substance Wxthm the reach of man is, however, positively known to
be elementary ; and the student should distinctly understand, that it can not

tightly be inferred, because a body has net yet by any known proeess been
decomposed, that it never will be.

251. Number of the Elements.—The number of elements
at present fully recognized by chemists is sixty-two. Of
these only twenty-nine were known at the commencement
of the present century.®

* This fact will fllustrate to the general student one great feature in the progress of
modern chemistry ; but to the chemist, the discovery of thirty-three new elementary

QuEsTIONS.—What is inorganic chemistry ? What is a chemical element? Is any sub-
stance positively koown to be elementary? What is the number of the elements?
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262,/Classification of the Elements—The elements are
usually divided into two great classes, the metallic and
non-metallic substances, or the Metals and the Metalloids.
The substances comprised in the first class are the more
numerous, but these in the latter are the more abundantly
distributed.*

Of the sixty-two elements, five aro gases, viz., oxygen, hydrogen, nitrogen,
cMorine, and fluorine ; two are simple liquids, mercury and bromine; the re-
maihder are solids, at common temperatures, Onlyf foqrteen of the elements
are of*common occurronce, and of these the great mass of the earth, with its
atmosphere and water, are composed. The remainder occur only in com-
paratively small quantities, and fully one third of the whole number are so
rare as not to admit of any useful application.

A very foew only of the elements are found naturally in a free or uncom-
bined state ; of such we may mention oxygen and nitrogen, existing in the
atmosphere ; sulphur, carbon, and a few of the metals, as gold, platinum,
copper, ete., distributed throughout the earth. The majority exist only in

bodies implies an amount of laborfous and protracted research, preceding and following
each discovery, of which words can convey to the uninitiated no adequate {dea.

* The alchemists regarded the metals, the only elementary bedies with which they were
acquainted, as compound substances. The baser metals, as lead, iron, copper, efc.; they
believed to contain the same elements as gold, from which they differed on account of
their association with impurities ; these impurities being separated, it was imagined that
‘gold would remain. 3

The problem, known as the ** transmutation of metals,'” which they soughtto solve, and
Iabored for centuries to effect, was not to generate or create metals, but fo change the
proportion of the el tary subst which composed them. ¢ For a century or
more,"” says Professor Faraday, in a recent lecture, ** it has been the custom to spurn the
doctrines of the alchemists as devoid even of the semblance of philosophic truth. The
time has, however, past for this opiufon to be maintained, and within the last few years a
series of manifestations have been noticed which go far to vindicate many of their opinions.”
At a meeting of the British Association for the Promotiorffof Science in 1851, M. Dumas
and Professor Faraday both avowed their belief in the possibility of transmutation, and
the Iatter stated that he had even experimented with a view of producing this result,
and should continue to do so. It is not, however, to-be understood that chemists ex-
pect transmutation will be effected in exactly the sense of the old alchemical philosopby.
There is no evidence that Iead can be converted into silver, or copper into gold. M. Du-
mas suggests that the first successful transmutation as regards metals will be to effect &
change of physical state merely, without touching chemical composition; thus, already
we have carbon, which, as the diamond and as charcoal, manifests two widely different
states. Sulpbur also assumes two forms, as also phosphorus, silicon, and boron, Then
why not a metal ?

‘Within a very recent period (1857), a series of experiments have been published by Dr.
Draper of New York, which seem to indicate that silver is capable of transmutation into
another metal, possessing some of the propertics and characteristies of gold, ** It is hard

QuesTrons.—Into what two great classes are the elements usually divided? How many
of the elements are gaseous? How many liquid ? Ilow are the elements distributed in
nature? In what condition are they generally found ¥
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combination with each other, and in this condition they are so completely dis-
guised as to manifest few or none of their characteristic properties.
253. Compound Bodies,—All compound bodies are formed
—~7 . .
by the chemical union of two or more of the elementary

substances.

The compounds so resulting are, as might be supposed, almost innumer-
able, and the progress of research is continually adding to their number.
Many of the compounds artificially formed by chemical action have no exist-
ence in nature. Some of them are of eminent utility to man, while others
possess properties of a strange and fearful character. Happily, however, the
majority of those compounds which are especially deleterious are, by the dif-
ficulty and expense of their preparation, placed far beyond the reach of the
majority of mankind. '

254. Cause of Chemical Combination.—In the early days
of chemistry, chemical combination between different substances was supposed
to take place through the agency and guidance of some spiritual or super-
natural power which invested, or dwelt in every form of matter, both ani-
mate and inanimate. The popular names of many chemical substances at the
present time, such as spirit of wine, spirit of nitre, etc., are evidences of the
former general credence in this doctrine. Stahl, a noted chemist who died in
1685, taught that chemical combination proceeded from an approximation of
the combining parts, somewhat after the manner of wedges. Modern chem-
istry explains chemical combination between different substances, as occur-
ring through the agency of an attractive force, acting only between the atoms,
or molecules of dissimilar substances, and only at insensible distances. This
force, to distinguish it from other forms of attraction, is termed affinity. To

to think," says Sir David Brewster, ¢ that the so-called elements are truly simple, The
instinct of humanity revolts against believing that the Maker has departed from his
wonted simplicity of procedure in this one part of creation, and flung such a number of
unchangeable elements from his immediate hand. Many thoughtful and ingenuons men,
indeed, have frankly snpposed that it were more like the nature of Deity, as shown by
his interpreted works, to pour forth the nnreckonable variety of things from the bosom
of one or two principles. Thales and the Greek physicists, Roger Bacon, Stahl, Lavoi-
sicr, Sir H. Davy, and Berzelius, have all given more or less expression to this idea. The
greatest question in chemistry, or in plain earnest, the one question of the age then, is
precisely this:—What is the interior nature of these elements? Scicnee bids us ask, and
perhaps nature is ready to aunswer it; but what shall be done, since no analytical power
can move one of those steadfast natures from its propricty ? Let synthesis be tried if
analysis has fajled; synthesis has never been tried. It is in the highest degree probable
that ali the present elements are equi-distant from simplicity, and all equally compound,
if there be any truth in the unanimous testimony of chemical analogy. Their case is ex-
actly like that of potassa, soda, lime, and their congeners, before the discovery of potas-
sium ;—that is to say, potassa once discovered to be metallic oxyd, all the rest were clearly
metallic oxyds too, as experiment was not long of showing. Inthe same way, if the secret
of one of these silent, tantalizing elements be discovered, the secret of them all is out.”

QuesTioNs.—How are compound bodies formed? Do all the compounds known to the
chemist exist in nature? How did the early chemists explain chemical bination ?
How does modern chemistry explain it? -




PRINCIPLES OF CHEMICAL PHILOSOPHY. 159

the question “ What is the attractive force thus designated ?” no satisfactory
answer can be given. There are, however, some reasons for supposing it to
~ be a modification of electrical force.

, 255. Characters of Chemical Affinity —Chemical af-
ﬁmty is Efigt—nbulshed from all other kinds of attractive
forces which act at minute distances, by certain peculiar
characteristics. These are briefly as follows :—

" 1. Itis exerted within its own limits with intense en-

ergy, but beyond those limits it is entirely powerless.

An iron wire which will support a weight of a thousand pounds without
breaking, will in a few minutes yield to the almost noiseless action of a mix-
ture of sulphuric acid and water. The tenacious metal will dissolve—particle
by particle will be detached from the iron—and in the clear liquid which re-
sults, no vestige of the structure of the metal will remain. It ig rarely possi-
ble by minute subdivision to cause the particles of different substances to
approximate sufficiently near to produce chemical action. Tartaric acid and
carbonate of soda may be incorporated by grinding for hours in a mortar,
but they will not act chemically upon each other. If however, we add a
portion of water, which dissolves the particles of both and allows them mu-
tually to approach closer, a chemical union, accompanied by an effervescence,
immediately takes place.

The amount of power or work produced by the actlon of chemical affinity’
is in general very great,“and in some instances we may approximately meas-
ure and compare it with other forces. For example, coal burns and produces
heat solely in consequence of the affinity, or attractive force, which causes
particles of oxygen in the air to unite with particles of coal. Now, a pound
of the purest coal, burned under the proper circumstances, and its resulting
heat applied to the production of steam, will generate a power capable of
lifting a weight of 100 pounds to a height of 20 miles, or 1 pound 2,000 miles.
This result, therefore, is a measure of the chemical force of affinity which
operates between the particles of a pound of coal and the quantity of oxygen
that unites with them,

I1. It is only exerted between dissimilar substances.

No manifestations of this force can take place between two pieces of iron,
two pieces of copper, or two pieces of sulphur; but between sulphur and
copper, or sulphur and iron, chemical action of the most energetic kind may
oceur.

Were there but one kind of matter in the universe, the force of affinity
could not exist; no chemical action could take place, and the science of

chemistry would be unknown.

QUESTIONS.—What do we know of the nature of affinity ? State and illustrate the first
characteristic of affinity ? What Is said of the amount of work, or power which chemical
affinity is capable of producing? Give an illustration, State and illustrate the second
characteristic of affinity.
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II1. Generally speaking, the greater the difference in
the properties of bodies, the greater is their tendency to
enter into chemical combination. Between bodies of a
similar character, the tendency to union is feeble.

[ IV. Chemical affinity occasions an entire change in the

properties of the substances acted upon,

This change is most remarkable, and is of such & character as could not-
be predicted from any acquaintance with the substances in a separate coundi-
tion. Thug; if we dissolve copper in sulphuric acid, we obtain a blue, semi-
transparent substance ; while iron treated in the same manner, yields a light
green product.

Although in a combination, the properties of the constituents are changed,
and, as far as ordinary observation is concerned, are destroyed, yet they really
exist in the compound, and can be again reproduced by restoring the com=
bining elements to their original condition.

V. The power of affinity is exerted between different
kinds of matter with different, but definite degrees of
force.

Nitric acid, for example, will combine with and dissolve most of the metals,
as silver, mercury, copper, and lead; but it unites with them with very difs
ferent degrees of intensity. With silver the combination is less powerful than
with mercury, less so with mercury than with copper, and with copper less
again than with lead.®* Indeed, the different elements may be arranged in
tables, in such a way as to indicate by their order the degree of affinity which
they respectively have for some particular element.

* The difference in the strength of the affinity exists
Fra. 74 ing between different substances may be easily {llnse
trated by the following experiment:=—Dissolve a few
crystals of acetate of lead (sugar of lead) in a small
quantity of water, and fill a phial with the solution. If
a plece of zinc be now suspended in the liguid, it will,
after a little time, become covered with a gray coating,
from which brilllant metallic spangles will gradually
shoot forth (see Fig. T4 somewhat in the shape of a
tree. These are pure lead, and the phenomenon is fa-
miliarly known as the lead tree. The effect thus pro-
duced is due to the superior affinity of the zinc for the
_ aceti¢ acld combined with the lead, which causes the
= two metalsto interchange places—i. e., the zine combin-
ing with the acid and entering into sofution, and thelead
being deposited in a metallic state, in place of the zinc.

If the action be kept up sufficiently long, every particle of lead thay be in this way with-
drawn from the lignid.

QUESTIONS.—What is the third characteristic of affinity? What ig the fonrth? Illus-
trate this. Is the force of affinity always uniform? How may this be shown?
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VI. However much the properties and form of bodies
may be changed by the action of chemical affinity, no de-
struction of matter ever ensues—the weight of the pro-
ducts of combination being always exactly equal to that
of the component elements before combination.

By means of a simple experiment it tnay be shown that even although a
substance may, through the action of chemical affinity, vanish from our sight,
it still continues to exist as a gas which has the same weight as the visible
solid which furnished it. Into & glass flask, A, Fig. 75, of about 250 cubic
inches capacity, which is provided with a brass cap and stop-cock, 10 or 12
grains of gun-cotton are introduced. The air in the flask is then completely
exhausted by means of en air-pump, and the flask weighed. The cotton is
then ignited by means of two wires, a and b, proceeding from a galvanic bat-
tery, and passing through the eap of the flask.
On the transmission of a voltaic current, the
cotton entirely disappears with a brilliant }
flash, but the flask, if weighed again, will be
found to be as heavy as before the cotton was
fired.

VIL Chemical combination of
substances may either occur in-
stantly on mixture, or may be in-
definitely postponed until some
other force, as heat, for example,
produces a commencement of the
action.

In a large proportion of cases, chemical ac- r
tion will not commence spontaneously. A heap of charcoal will remain un-
altered in the air for years; but if a fow pieces be made red hot and then
thrown upon the heap, chemical combination between the charcoal and the
oxygen of the air is commenced by the heat, and continues until the whole
mass is burned. In other instances chemical action commences without the
application of any extraneous force. Phosphorus begins to burn slowly the
instant it comes in contact with the atmosphere, and exposed to the heat of
the sun, speedily bursts into a flame. S

Ca-tal’y-sis.—The mere presence of o third body will
sometimes awaken or excite the force of affinity between

QursTioNs.—Is matter in its changes comsequent on the action of affinity ever de-
stroyed? What experiment illustrates this? Under what varying circumstances will
chemical combination take place? Will chemical action between different substances
generally commence spontaneously? Illustrate this, What is catalysis?
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two other bodies to an extent sufficient to cause their
union—without itself undergoing any alteration, either
mechanical or chemical. Such an action is termed Ca-
talysis. 1t is also sometimes called the action of pres-

ence.

Phenomena of this character are the most curious, and, in some respects,
the most difficult of explanation of any in chemistry. A familiar example of
this action is afforded us in the case of yeast, a most minute particle of which
is able to excite fermentation in a large quantity of sugar in solution. Other
examples will be noticed in the progress of this work.

Nascent State.—Chemists have long recognized the fact, that bodies,
when in the act of liberation, or separation from other substances, display
far more energetic affinities than under ordinary circumstances. This con-
dition is termed the nascent (from the Latin nascor, fo be born,) state.
Thus, hydrogen and nitrogen gases, under ordinary circumstances, do not
unite if mingled in the same vessel; but when these two gases are set free
at the same time from the decomposition of some substance, they readily
combine.

VIII. Chemical compounds may be formed either by the
direct union of their ingredients, or by the displacement
of one substance by a different one in a compound pre-
viously formed.

IX. Whenever the elements unite directly with each
other, heat is generally evolved, and in many instances,
light also ; the amount of each being proportioned to the

rapidity of the action. A

256. Laws of Chemical Combinations—Tt might naturally
be supposed that chemical combination between the various elementary sub-
stances would take place in all proportions indifferently, in the same manner
as unlike particles of matter can be mingled togetber mechanically. Such,
however, is not the case, but the relative proportions in which different ele-
ments unite is determined by fixed laws.*

* Tt should be here remarked, that the views adopted in this work are those of Ber-
zelius, Mitscherlich, Dumas, Hayes, and most of the leading chemists of the day—viz
that all mixtures of gases with gases, liquids with liquids, and all solutions proper, of
solids in liquids, are not chemical combinations, unless they take place in definite propor-
tions. Apparent combination in indefinite proportions, as of alcohol with water, may be

QuesTIiONs.—What is understood by the nascent state? In what two ways may
chemical compounds be formed? What phenomena of heat and light attend chemical
combinations? Do substances enter into combination in all proportions? Enumeratg
the laws which regulate cheminal combination.
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These laws, which are three in number, regulate the mode of combination
of every known chemical compound, and are usually called the Law of
Definite Proportions, the Law of Multiple Proportions, and the Law of Equiv-
alent Proportions.

257. Law of Definite Proportions.—In every chemical
compound the nature and proportion of its constituent

elements are fixed, definite and invariable.

For instance, 100 parts of water contain 88-89 of oxygen and 11°11 hydro-
gen. It matters not in what condition the water may exist—in springs, or
in the ocean, in the form of ice, dew, cloud, or steam, its composition is uni-
form and certain. When artificially prepared, by causing the gas hydrogen
to unite chemically with the gas oxygen, the same proportions are required,
that is, 11-11 grains, ounces, or pounds of hydrogen must be taken for every
8889 grains, ounces, or pounds of oxygen. If either one of the constituents
be in excess, combination will still take place, but the excess will be rejected.
So also in the case of other simple compounds. A piece of flint, or of clear
quartz crystal, come from whatever source it may, yields in every 100 parts,
482 of the element silicon, and 518 of oxygen.

The law of definite proportions may be proved in two ways: first, by
analysis, that is, by taking the compound apart and comparing the products
of decomposition; and, secondly, by synthesis, that is, by uniting the elements
in definite proportions to form the required compound.

Although of great simplicity, it constitutes one of the fundamental princi-
ples upon which modern chemistry, as an exact science, rests. It enters into
all the practical applications of chemistry to the arts, and is relied upon by
the analyist as a means of verifying and classifying his results. It also en-
ables us to draw a broad and clear distinction between a mechanical mixture
and a chemical combination ; between the force of affinity and the force of

. adhesion, which produces the solution of solids in liquids.

258. Law of Multiple Proportions.—It frequently happens
that one elementary substance will unite with another in more than one pro-
portion. The compounds so obtained differ greatly in their properties, but
still preserve a simple relation to each other. The law which governs these
relations, and which is known as the law of multiple proportions, may be
stated as follows:—

If the elements A and B unite together in more pro-

portions than one, the several quantities of B, which unite

explained by supposing that definite combination takes place between limited quantities
of the combining substances, in the first instance, and that the compound thus formed is
afterward mechanically mixed with the excess of either of the constituents.

QUESTIONS.—State the law of definite proportions. 'What are illustrations? How may
this law be proved? What is its practical value? What is the law of multiple propor-
tions?
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with the same quantity of A, will bear a very simple rela-

tion to each other,

Thus we may have a series of compounds like the following:—A+B;
A+2 B; A+3B; A44 B; A}5 B, etc, in which one part of the element A
unites respectively with one, two, three, four and five parts of B, to form
five different compounds, each possessing different properties. Such a simple
geries represents the five different compounds which nitrogen forms with
oxygen—one, two, three, four and five parts (by weight) of oxygen uniting
with one part of nitrogen. In some instances the relation is less simple, one
or two proportions of one element combining with 3, 5, 7, etc,, of another—the
law simply requiring that the proportionals shall all be multiples of the small-
est. Thus, compounds represented by the following formulas may exist :—

2 A43B: 2A+45B; 2 AT B, ete.

In this 1} is considered as the smallest combining proportional of B.

259. Law of Equivalent Proportions.—When an ele-
mentary body (A) unites with other bodies (B, C, D, etc.),
the proportions in which B, C and D unite with A, will
represent in numbers the proportions in which they will
unite among themselves, in cas¢ such union takes place ;
in other words, the fixed proportions in which the ele-
.ments unite among themselves, may be represented nu-

merically.

Oxygen is an element that forms at least one definite compound with every
other elementary substance, with a single exception. United with hydrogen
it forms water, and 100 parts of water, as before stated, contain 88-89 parts
of oxygen and 11-11 hydrogen. United with the element calcium, it forms
lime, and 100 parts of pure lime, if examined, will be found to consist of 28-58
parts of oxygen and 7142 of calcium. In like manner 100 parts of potash
contain 17402 of oxygen and 82:98 of the element potassium. It will be
apparent, from these illustrations, that the quantity of oxygen is not the same
in its compounds with the different elements, and ‘the inquiry next arises,
does any constant relation exist between the proportions of oxygen and the
proportions of the different elements which unite with it to form compounds?
The existence of such a relation may be shown in the following manner :—
Having ascertained the proportions in 100 parts of the various compounds
which each elementary body forms when it combines with oxygen, determine
by calculation the proportion in which each element unites with the same
fixed quantity of oxygen, as 8 parts, for example. A series of proportional
numbers will thus be obtained, which will represent the ratios in which

QuesTroNs.—Illustrate the law of multiple proportions. What is the law of equiva-
lent proportions? How is the Iaw of equivalent proportions demonstrated
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each of the clements combines with oxygen. For example, in the case of
water, it will be seen that for each 8 parts of oxygen, 1 part of hydrogen is
present.

For 8889 (the quantity of oxygen in 100 parts of water) : 1111 (the quan-
tity of hydrogen):: 8: 1.

So also in lime, for each 8 parts of oxygen, 20 of the element calcium are
present.

For 28:58: T1°42 ;: 8: 20,

And in potash, for every 8 of oxygen there are 39 of potagsium,

For 1702 : 82'96:: 8 39,

In like manner it hag, by careful and laborious investigation, been shown
that the proportions which exist between oxygen and the other elements in
their respective combinations, are capable of being represented numerically.
Thus, 8 parts of oxygen unite with 14 of nitrogen, 16 of sulphur, 6 of carbon,
28 of iron, 32 of copper, 100 of mercury, 104 of lead, 108 of silver, and
80 on.

But further experiments have led to the very remarkable discovery, that
these numbers not only represent the quantities of the different elements which
unite with 8 parts of oxygen, byt they also indicate the simplest proportions in
which the different elements can unite with each other.

For example, not only does 1 part, by weight, of hydrogen, 16 of sulphur,
28 of iron, and 100 of mercury, severally unite with 8 parts of oxygen, but 1
part of hydrogen unites to form a compound with 16 parts of sulphur, and 16
of sulphur in turn unites to form different compounds with 28 parts of iron and
100 of mercury, or 39 of potassium.

260. Law of Substitution ~It very often happens also, that through
the varying force of affiinity, one element is able to expel and replace an-
other in a compound previously formed. When such a substitution takes
place, it always happens in the quantities indicated by their proportional
numbers.

This principle may be illustrated as follows :—In mercantile transactions,
100 dollars in money will purchase 6 ounces of gold, or 12 ounces of platinum,
or 100 ounces of silver, or 1,500 ounces of mercury; consequently, 6 ounces of
gold have the same commercial value as 12 ounces of platinum, or 100 ounces
of silver, etc. The same principle holds good in chemistry : 28 ounces, or 28
parts of any other denomination by weight, of iron, 100 of mercury, 108 of
silver, or one of hydrogen, combine with 8 of oxygen. Accordingly 28 ounces
of iron have same chemical value as 100 ounces of mercury, 108 of silver, or
1 ounce of hydrogen.-—STOCKHARDT. .

261._Chemical Equivalent §7"The proportions, or'
quantities by weight, in which different- substances unite

QuEsTIONS.—What remarkable fact has been ascertained respecting the proportion of
the elements which combine with oxygen? What are examples? What is understood
by the law of substitutions? How is this illustrated? What is the meaning of chemical
equivalents ¥
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to form definite chemical compounds, are called Chemical
Equivalents (from cequus, equal, and valor, value). They
are also sometimes designated as combining, or equivalent
weights. The numbers representing or expressing these
proportions are termed equivalent numbers.

Thus, by 1 equivalent of oxygen is to be understood 8 parts of it by
weight; by 1 equivalent of iron, 28 parts by weight; by 1 equivalent of mer-
cury, 100 parts by weight.

It will be readily observed that the numbers used to designate equivalents
merely express the relafive quantities of the substances they represent ; it is
therefore a matter of little consequence what numbers are employed to ex-
press them, provided the relations between them are strictly observed. Thus
we may represent the equivalent of hydrogen (which is the smallest of all
the equivalent numbers) by 100, or 1,000 as well as by 1, provided all the
other equivalent numbers are multiplied in an equal ratio; or hydrogen may
be represented by .01 or .001, if all the other numbers are equally re-
duced. If hydrogen wero represented by 100, oxygen would be 800, and
iron 2,800. Or if hydrogen were 0-01, oxygen would be 0-08, and iron 0°28.
It is the ratio, or relative proportion, which gives value to these numbers.

In England and the United States, the combining number of hydrogen is
made the unit of comparison. The reason why this element is selected is be-
cause it combines with oxygen and other elements in a smaller proportion by
weight than any other known substance, and the numbers representing the
" combining proportions of all the other elements, may also, with few excep-
tions, and without material error, be taken as multiples by whole numbers of
the equivalent of hydrogen. The equivalent number of hydrogen in this
scale is 1, and as one part of hydrogen is united in water with exactly 8
parts of oxygen, the equivalent number for oxygen is 8.

On the Continent of Europe, most chemists make oxygen the unit of com-
parison, and assume its equivalent number to be 100: the equivalent number
of hydrogen will be, therefore, 8 times less, or 12'5, and the equivalent num-
bers of the other elements, calculated according to the hydrogen scale, will
also be changed proportionally.

In the following table the elementary substances are arranged alphabetically,
with the symbols used by chemists to designate them affixed to each. The
numbers representing their equivalent or combining proportions, calculated
according to the hydrogen scale, are placed opposite to each element.*

* The numbers on the hydrogen scale will be adopted in this work, and, generally
speaking, fractional quantities will be omitted.

QUESTIONS.—What of equivalent numbers? May the numbers expressing equivalents
be varied and changed? On what principle? What is the unit of the scale adopted in
England and the United States for indicating the numerical relations of the equivalents?
‘Why is hydrogen adopted? What is the unit adopted upon the Continent of Europe ?
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The names of the elements which from their rarity may be regarded as un-
important, are given in Italics.

TABLE OF THE ELEMENTARY SUBSTANCES, WITH THEIR EQUIVALENTS AND

SYMBOLS.
|
Name, Symbol.| H=l. | Name. Symbol.| Hel.
Aluminum...eeeveoeeeane..f Al | 137 |[Molybdenum.......eccvveves| Mo | 46¢
Antimony (Stibium).. Sb {129+ |INickel..... Ni | 296
AT8eniC. s o sl As | 15 || Niobium... Nb
Barium. . Ba | 63:30 |[Nitrogeu..... N |14
Bi [212-  ||Osmium... Os | 996
B 1049 |'Oxygeu.... [o] 8:
Br | 80° ||Palladium. Pd | 533
Cad | 56 Pelopium. . Pe
Ca | 20 Phbosphorus. . P 32
C 6 [Platinum........ Pt | 987
Ce | 47 Potassium (Kalinm).. 4 K 39-2
Chlorine...ceeeees.. Cl | 8550 |[Rhodium..... Lo . R 529
Chromium........... Cr | 267 |[Ruthenium.. +4 Ru {522
Cobalt.eeeseereereianeanass) Co | 295 jSelenium...... . Se |40°
COpper..coeeeeeiennnnns el Cu {317 |Silicium, or Silicon. J S |213
Didymiume. . covieeeeennnns D Silver (Argentum).. .| Ag (108
Erbium,....... sieeanseseess| B Sodium (Natrium).. ./ Na |23
Fluorine....cooeieonncaes ..|] Fl1 19+ |IStrontium,........ .| Sr |4
QuciniUM .. coveeeeiianans G 69 |Sulphur.......... 4 8 16-
Gold (Aurum).......... | Auw |98 |[Tantalum (Co]umblum). eeeo| Ta | 92°
Hydro@ehii, Joteteans it o “H 1 | Tellurium......... | Te | 64
Hmenium.ceeesieneneensas| 11 Terbtum ... 4 Tb
Todine..eecesaneoennecneess| I [127°  |Thorium...... .| Th |596
| Iridium. ...... eensececcseesl Ir 1 99° |ITin (Stannum). Su | 59
ITOM. oviieionsiinnsanes Fo | 28 1 Mtamsum........ ... Ti | 2%
LantaniumM.. ccuoceenees .| La |86, Tungsten (Wolfram).. W | 94
Lead (Plumbum),..........| Pb 1035 |Uranium...... S5 e U 60+
Lithium. e 0. e, o7 Bl 69 |\Vanadium... V | 636"
Magnesiom....coooeeeneee.| Mg | 122 [YVitrium... Y 322
Manganese....eeeeeeres cere]l Mn | 276 !Zine......... Zn | 823
Mercury...cocveseciaiecces Hg [100- ZIrconiUmme . v coveneacans eees| Zr | 224
=8

Three other substances discovered within the last fow years, and desig-
nated as Aridium, Donarium, and Norium, are claimed to possess an ele-
mentary character. If their existence is fully established, the number of the
elemenits must be considered as sixty-five.

The law of equivalents applies to compound substances
equally with the elements—the equivalent of a combining
number of a compound being always the sum of the;

equivalent of its components.

Thus, since water is composed of 1 equivalent, or 8 parts of oxygen, and 1
equivalent, or 1 part of hydrogen, its combinining proportion or equivalent is
9. The equivalent of sulphuric acid is in like manner 40, because it is a com-
pound of 1 equivalent, or 16 parts of sulphur, and 3 equivalents of oxygen;
(3X8=24), and 16+424=40. The equivalent number of potassium is 39,

QuzsTioN.—Does the law of combination by fixed equivalents extend to union of com-
pound substances? Illustrate this.
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and as this element combines with 8 of oxygen to form potash, the equiva-
lent of the latter must be 39-4-8=47. Now, when these compounds unite,
one equivalent of the one combines with one, two, three, or more equivalents
of the other, preciscly as the clementary substances do. For example, water
unites with potash to form a compound, but it does so only in the proportion
of 9 to 47 ; sulphuric acid also unites with potash to form a compound (sul-
phate of potash), but only in the proportion of 40 to 47.

To jllustrate the advantage in practical operations of employing the scale
of equivalents, we will suppose a person wishes to manufacture sulphate of
potash, which is one of the ingredients which enter into the composition of
alum. Having purchased in the market the necessary eomponents of sulphato
of potash, viz., sulphuric acid and potash, he mixes the two together, accord-
ing to their equivalents, in the proportion of 40 parts (pounds, ounces, or
tons) of sulphuric acid with 47 parts of potash. The result is, that all the
sylphuric acid unites with all the potash, and the greatest product of the com-
pound is obtained. If; on the other hand, he had mixed the sulphurie. acid
and the potash in any other than the above, or some multiple of the above
proportions, there would have been an excess or deficiency of one of the
ingredients, and consequently a loss of material. The sulphate of potash
formed by the partial combination would also prove to be an imperfect article,
from the mechanical mixture of the excess of one of the ingredients through-
out its substance.

Previous to the discovery of this law of equivalents, at about the com-
mencement of the present century, it could only be ascertained by laborious
trials, how much of one chemical substance was required to combine with, or
replace another. It is now only necessary to refer to the table of the propor-
tional, or equivalent numbers to ascertain beforehand the quantity to be em-
ployed. :
¢ ~262. Equivalent Volumes.—When bodies are capable

! of assuming the form of a gas, or vapor, and in this con-
dition act chemically upon and combine with each other,
' a very simple ratio prevails between the quantities which
enter into combination, measured merely by their bulk or

volume.

Thus, one volume ofa gas, which may be distinguished as A, unites with
one, two, or three volumes of B, or two of A may unite with three of B.

If when two gases capable of union by contact are brought together, the
volume of one is greater than its combining proportion, the excess remains
uncombined.

The volume of two gases, afier combination, is often less than the sum of

QUESTIO Show in what the law of equivalentsis practically applied in chem-
jeal operations? What is understood by equivalent volumes? Does the volume of the
gases always remain the same after combinasion ?
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of their volumes in their separate state; or in other words, the two gases or
vapors, by the act of union, sometimes experience a condensation.

It iy, however, a very curious fact, that when such a diminution of the
volume occurs, it always takes place in a simple ratio to the volume of one
or both of the combining gases. Thus, three volumes of hydrogen and one
of nitrogen unite to form ammonia; but when the union takes place, the four
volumes instantly contract to two, or one half their former bulk. The weight,
however, of the ammonia formed is equal to the united weight of the hydro-
gen and nitrogen that have entered into its composition.

263. Atomic Theory.—A consideration of the facts set forth, nat-
urally suggests the inquiry,—Why is it that all the different kinds of matter
with which we are acquainted, in entering into chemical combination with
each other, are constrained to do o according to certain fixed weights and
volumes, and not otherwise? The response from every thinking mind will
unhesitatingly be thaf the phenomena in question must originate in accordance
with some great law or principle in nature, so extensive and general in its
character as to affect all matter. Experiment and observation do not, and
probably can not; enable us to say definitely what this law is; but a careful
consideration and comparison of all the facts in the case, led Dr. John Dalton,
an eminent English chemist, about the year 1808, to propose a theory which
so satisfactorily explains the remarkable circumstances attending chemical
combination, that scientific men of all countries receive it as substantially
true. This theory is known as the “ Atomic Theory,” or the * Theory of
Atoms.”

The atomic theory supposes, in the first instance, that
all matter is composed of ultimate particles, or atoms,

which are incapable of subdivision. (See § 4, page 10.)
A belief in this hypothesis dates back to a very remote period. It was a
doctrine taught by that sect of the Greelk philosophers known as the Epicu-
reans, and during the middle ages it formed a part of certain theological dog-
mas maintained by parties in the church. In more modern times, it received
the sanction of many men of high scientific attainment, as Newton, Bacon,
and others.* These opinions can not, however, be regarded in any other
light than as mere speculations, and it was not until laborious study and

* ‘1t seems to me,"” says Sir Isaac Newton, *“that in the beginning, God formed mat-
ter in a solid mass of hard, impenetrable particles; and that these primitive particles
being solids, are incomparably harder than any porous bodies compounded of them; so
very hard as never to wear or break in pieces, no ordinary power being able to divide
what God made one in the first creation.™ i

QUEsTIONS.—What inquiry naturally arises in the mind from a consideration of the facts
stated ? According to whattheory is chemical combination explained? 'Who proposed this
theory? What does the atomic theory suppose in the first instance ? Is this supposition of
reeent origin ?

8
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research had elevated chemisiry to the rank of an exact science, that any
rational evidence upon the subject could be appealed to.

The . atomic theory, as proposed by Dalton, further
supposes, that the atoms of each separate elementary sub-
stance have all the same characteristic form and weight,
and that when combination between two different ele-
ments takes place, one or more atoms of one substance
arrange themselves in the most symmetrical manner pos-
sible b_y the side of one or more atoms of another substance,

and thus form a compound atom. ./

“In the simplest combination, one atom of oné substance combines with ono
atom of another, but in other instances the proportion may, be as 1 to 2, 3, 4,
and 5 oras2to3, 5 17, etc. One atom of one kind can not combine with
one half an atom of a different kind, or with any other fractional part of an
atom, for the reason that no such quantities exist—the atoms being incapable
of division. Hence the immutable nature of all compound bodies existing
either in nature or art. ;

Furthermore, as combination of different substances takes place atom by
alom, and as the atoms of each substance have a size and weight peculiar to
themselves, we have an explanation of the circumstance that the chemical
union of quantities of different kinds of matter only occurs in unchanging pro-
portions by weight and volume—for what is true of all the atoms of a mass,
must be true of the whole.

Again, a compound atom formed by the union of two dissimilar atoms,
must, in uniting with other bodies, ncecessarily obey the same laws of com-
bination as the elementary atoms, and be in turn incapable of division, sinco
the very act of division would be its destruction, o far as its compound char-
acter is concerned.

A strong argument in favor of the truth of the atomic theory is, that no
reasonable explanation of the facts pointed out can be given by the adoption
of any other theory. If matter is infinitely divisible, and if atoms have no
real existence, then there is no reason why bodies should not combine in all
proportions. One grain, ounce, or pound, of one substance ought to combine
with the half, quarter, tenth, hundredth, and every other proportion of a
grain, ounce, or pound, of some other substance, so as to form an infinite num-
ber of compounds, all possessing different propérties. DBut this, as has been
already stated, never happens.

Dr. Dalton was also the first who conceived clearly the idea, that from the

-~

QuEsTIONS.—What does the atomic theory of Dalton further suppose? How does the
immutable character of chemical compounds necessarily follow from the admission of
these views? How is the doctrine of equivalent proportions explained by the atomic
theory? What is a strong argument in favor of the atomic theory? Can the relative
weights of the ultimate atoms be inferred from the relative actual weights of the ele-

ments?
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relative actual weights of the elements which make up the mass of any com-
pound, the relative weights of the ultimate atoms themselves might be in-
inferred, and represented numerically. The method of reasoning and deduc-
tion by which this result is arrived at is as follows;—

1t is obvious that if we can, by any method, exactly fix the relative weights
of the atoms of a few of the great elementary bodies, oxygen, hydrogen,
nitrogen, carbon, etc., we ean, by an extension of thesprocess, solve the ques-
tion for all other simple bodies, and for the most complex compounds into
which they enter. Now, to attain this result, it i3 necessary to take one
point as granted—the truth of which, although not susceptible of absolute de-
monstration, i3 yet rendered probable by many concurrent facts. This once
allowed, the process becomes one of simple inductive reasoming. It is
assumed that when two elementary substances unite in several proportions
to form different compounds, that the combination takes place in the first or
simplest compound in the proportion of ono atom of the one to one of the
other; in the second compound, of one atom to two atoms; in the third, of
one to three, and so on.

Let us next examine the practical application of this supposition. Water,
composed of oxygen and hydrogen, is found to contain these ingredients in
the proportion of 8 to 1 by weight. Assuming, which many reasons make
probable, that it is their simplest form of union, viz., of atom to atom, we ob-
tain at once the relative weight of the ultimate atoms of oxygen and hydro-
gen—as 8 and 1 respectively.

Again, we have a series of five chemical compounds of oxygen and nitro-
gen, in which the proportion of oxygen increases uniformly in the ratio of the
simple numbers, so that nitric acid, the fifth in order of these compounds, con-
tains exactly five times the weight of that which exists in the protoxide of
nitrogen, the first of the series. Concluding that the latter is the simplest
form, and consists of a singlo atom or combining proportion of each of its
elements, we obtain, by analysis of this gas, the relative weights of 8 and 14
for the atoms of oxygen and nitrogen composing it.*

Here then we have already a short scale of proportions fixed; in which
-hydrogen is the unit, oxygen 8, and nitrogen 14. The next step, in complet-
ing the circle of combination, furnishes a test of the truth of these results.
Ammonia is a compound of hydrogen and nitrogen; and its analysis, exactly

* The student will perhaps be able to obtain a clearcr idea of the relation of weights
and proportions existing in the five compounds of oxygen and nitrogen from the follow-

ing table.
RELATIVE WEIGHTS.  RELATIVE PROPORTIONS.

Nitrogon, Oxygen. Nitrogen. Oxygen.
Protoxide of nitrogen, . . . . . 14 8 1 1
Binoxide of nitrogen, . . . . . 14 16 1 2
Hyponitrous acid, . . . . . . 14 24 1§ £
IRETaRsacid, . . .- o E aeadh 14 32 1 4
Nitric acid, RS Gt A 14 40 1 5

QuEsTION .—How is this conclusion arrived at ?
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made, gives proportions of the two which involve the same numbers as were
obtained by the preceding methods.

This test obviously becomes more stringent and complete as we extend the
number of bodies thus brought into conjunctions, and find the relative weight,
so determined for each, strictly maintained in all their forms of combination.
The atomic weight of sulphur, for instance, is found, by analysis of its com-

. pounds with oxygen, to be 16. Examining its simplest form of union with
hydrogen, in sulphuretted hydrogen, the proportion is found to be exactly 16
to 1, or one atom of each, thus verifying the respective numbers before ob-
tained. In a like manner all the other elementary bodies have been submit-
ted, by experiment, to the same law, and have been found to furnish proofs
precisely similar in kind. Thus the circle of demonstration has been contin-
ually enlarged; the evidence increasing in a geometrical ratio with the num-
ber of objects brought within the scope of inquiry. The conclusion is as cer-
tain and complete a3 any one of pure mathematics; or, if there be any excep-
tions, they are only such as may be ascribed to imperfect examination, or
some other cause not infringing on the truth of the fundamental principle.
~ From what has been stated, it follows that the word
atom may be used to express either an ultimate individual
particle of a substance, or the simplest and smallest com-
bining proportion of a substance. Indeed it is customary
in chemical works to employ the word in both its signifi-
cations—atom and atomic weights expressing the same

thing as equivalent and equivalent weights.
s Many other curious facts and relations have been discovered since the first
announcement by Dalton of the atomic theory, which present strong addi-

, tional evidence of the correctness of his views.

L. 264 Specific Heat of Atoms.—Forexample, there appears to be
a relation between the atomic weight of a body and its capacity for heat,
Thus, the atomic weights of the metals, iron, copper, mercury, and lead, are
respectively represented by the numbers 28, 32, 100, 104. Now if any of
these four metals be taken in these relative proportions, it will require the
same expenditure of heat to make them equally hot. 104 pounds of lead can
be heated up to 212°, for example, by burning the same amount of alcohol
which will heat 100 pounds of mercury, 32 of copper, or 28 of iron. A simi-
- lar correspondence is also known to exist between the atomic weights and
\  the capacity for heat of tin, zinc, nickel, cobalt, gold, platinum, sulphur, and
" tellurium, and according to some authorities, the correspondence extends to
all the elements. If this last supposition is true (which is not proved), the
determination of the specific heat of a substance would also afford the means
of knowing its atomic weight and combining equivalent. Compound atoms

QuesTIONs.—Since the announcement of the atomie theory, have any circumstanees con-
firmatory of its correctness been discovered? Is there a relation between the atomic
weight of an element and its capacity for heat ?
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have also, in some instances, been proved to have the same relations to heat -
as the simple atoms composing them.

There has also an interesting relation been traced between the atomic
weights, the specific gravities, and the combining measures or volumes of
those elements which exist in the gaseous state, or are capable of assuming
it. For example, a cubic foot of nitrogen weighs just 14 times as much ag
a cubic foot of hydrogen ; a cubic foot of chlorine 35 times as much; of
bromine, 80 times as much; of oxygen, 16 times 43 much; and the samo
measure of the vapor of iodine, 127 times as much. Now, these numbers re-
spectively represent the density or specific gravity of these gases, compared
with hydrogen as unity; and they also represent the atomic weights, or com-
bining equivalents, of these several elements—with the exception of oxygen,
which is double.

It is important for the student, in the consideration of the whole subject,
to clearly distinguish between the doctrine of cliemical combination by
equivalents, or, as it is often termed, “by atomic weight,” and the atomic
theory. The first is a truth independent of all theory, and rendered manifest
to our comprehension by experiment and practical demonstration. The
atomic constitution of matter, on which the law of combination by propor-
tions is supposed to depend, can not, on the other hand, be proved by ex-
periment, and still remains, and probably ever must remain, in the condition
of a highly probable theory. The most subtile and refined analysis has never
yet enabled any one to isolate an indivisible portion of matter, or even to
adduce any direct evidence of the absolute existence of matter in this condi-

tion.* = ‘

* Experimental researches have, however, in some inatances been made with e view of
obtaining information on this subject. Dr. Thompson, of England, from certain assumed,
but probable data, estimated an atom of lead, which, according to the table of equiva-
lents, is 104 times larger than an atom of hydrogen, asonly 1.310,000,000,000th of a grain.
Ehrenberg, the eminent microscopist, has proved that the size of atoms, if they exist,
must be less than 1-6,000,000 of a line in diameter, a line being assumed as 1-12th of an
inch. More recently, Professor Faraday has endeavored, through the agency of light, to
obtain some evidence of the existence of atoms. (See ohservations on divided gold, Lon-
don Phil. Mag., 1856-57, also Annual of Scientific Discovery, 1857-53.) The only posi-
tive result attained to was, to demonstrate that metallic gold, distributed mechanically
throughout a liquid in particles so minute as to defy detection by the most powerful mi-
croscope, still retained its general physical properties.

Concerning the form of atoms two views are entertained. According to one hypothesis,
atoms have the same form as the fragments obtained by splitting a crystallized body in
the direction of its lines of cleavage. (See p. 55, § 73.) Antimony, which may be cleft in
directions parallel to the faces of an acute rhombohedron, is resolved by this mode of di-
vislon into similar rhombohedrons of centinually smaller and smaller dimensions ; and if
we conceive the cleavage to be carried to the utmost possible limit, the smallest rhombo-
hedrons thus obtained will be the atoms of antimony. Other subst: in like

QuEsTIONS.—I8 there any relation hetween the atomic weight, the specific gravity, and
combining volume of certain elements ? What clear distinction should be made between
the atomic theory and the law of equivalent proportions ?
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265. Chemical Nomenclature and Symbols—Chemists
recognize three great classes of substances, viz., Acids,
Bases, and Salts.

Acids.—The common idea of an acid is, a substance so-
luble in water, which possesses the property of sourness,
and which exerts.such an action on vegetable blue colors
as to change them to red. The chemist, however, disre-
gards these properties, and considers all those substances
to be acids which enter into combination with bases to
form salts.

Vinegar, oil of vitriol or sulphuric acid, and aquafortis or nitric acid, are fa-
miliar examples of the class of acids.

Bases.—A substance which is capable of entering into
combination with an acid, and by so doing destroys, or
neutralizes its properties, is called a Base. The bases in-
clude those substances known as the alkalies, beside many
other bodies of entirely different character.

Alkalies.—An alkali is a substance possessing many
qualities exactly the reverse of those which belong to an
acid. It dissolves in water, and produces a liquid, soapy
to the touch. Ithas an acrid, nauseous taste, and restores
the blue color to vegetable extracts which have been pre-
viously reddened by acid.

Potash, soda, and hartshorn or ammonia, are instances of well-known
alkalies. ’

Salts—Any compound produced by the union of an acid
and a base is termed a Salt.

By the voltaic pile, salts are decomposed into acids and bases, the acids
going to the positive pole, and the bases to the negative. We, therefore, call

admit of cleavage into cubes, prisms, ete. This view of the form of atoms offers the
easiest explanation of the regular crystalline form, and the cleavage of simple substances.

The second hypothesis supposes that atoms have a spherical form; and that regular
crystalline forms are occasioned by the peculiarity of their arrangement in varying num-
bers and angles. Thus, 4 spheres forming a base, and 4 placed perpendienlarly over
them, may form a cube; 2 or 4 layers of 3 each would give a prism, and so on.

QuEesTIONS.—What three great classes of substances are recognized by chemists ? What
is an acid? What are examples of acids? What are bases? Define an alkali. What
are examples of alkalies? What are salts? In the decomposition of asalt by the voltaic
pile, how do its tituents distribute th lves ?
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the acid, in reference to its electrical character, the electro-negative constitu-
ent of a salt, and the base the electro-positive.

Some of the properties of acids and alkalies may be experimentally illus-
trated by means of a colored vegetable solution, such as the purple liquid
prepared by slicing a red cabbage and boiling it in water. If a quantity of
this infusion be divided into two pertions, and to the one be added a little
weak sulphuric acid, a red liquid will be obtained. If to the other a solution
of an alkali be added, as potash or soda, a liquid of a green color is formed.
On gradually adding the ‘alkaline solution to the other, stirring the mixture
constantly, the green color of the portions first added instantly disappears, and

the whole liquid remains red; as more and more of the solution containing -

the alkali is added, the red by degrees passes into purple, and on continuing
to add it, a point is reached when the original red liquid acquiresa clear blue
tint. At this moment there is neither free alkali or free acid in the liguid, for
the two have chemically united with cach other, and have lost their charac-

teristic properties. If the selution be now evaporated at a gentle heat, a '
solid crystalline substance is obtained, resulting from the combination of the :

sulphuric acid with the potash. This substance is a salt, and is called sul-
phate of potash.*®

The acids and the alkalies are both remarkable for their great chemical

activity. The acids dissolve all the metals, even the most compact. They

also, except when very weak, destroy the skin and nearly all animal and .

vegetable substances. The action of the alkalies, especially potash and soda,
is no less marked. They destroy the skin, if allowed to remain on it, and
gradually remove the glaze from vessels of glass and earthen-ware which
contain them. They also quickly remove paint from the surface of any
object upon which their solutions fall. But the most remarkable property of
acids and alkalies, is the power which they have of uniting with each other,
and destroying, or neutralizing the chemical activity which distinguishes them
when separate.

No simple or elementary substance has the properties of either an acid or
alkali. Consequently, all acids and alkalies are compounds of two or more
elements.

266. Neutral Bodies.— A substance which possesses
neither the properties of an acid or a base, is termed

necutral.

* In practical chemistry, a blue substance, called ** litmus,” extracted from a species
of lichen, is used extensively for determining the presence of an acid or alkali. Paper,
colored blue with the tincture of litmus, is instantly changed to red by contact with the
most minute quantity of an acid In solution ; and the red color thus obtained is as quickly
destroyed, and the original blue restored by the action of an alkali. Little strips of
blue and red paper thus prepared, are kept constantly on hand in the laboratory, and
are designated as  test papers.”

Quzstions.—How may the properties of the acids and alkalies be illustrated? What
are the characteristic properties of acids and alkalies? Does any simple substance possess
the properties of an acid or alkali? What are the neutral bodies?
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‘Water is the perfection of a neutral substance, although, in some instances,
it may supply the place of an acid or a base.

267, Origin of Chemical Nomeneclature.—The principles
upon which chemical nomenclature is founded, were established by a com-
mittee of the French Academy in 1787. It was found that owing to the
rapid progress of science, the number of new chemical substances increased
g0 fast, that unless some uniform system of naming and classifying were
adopted, the most inextricable confusion would result. The committee, there-
fore, devised a nomenclature which aims not merely to give a distingnishing
name to the substances spoken of, but also to convey a knowledge of their
components, and even of the proportions in which those components oceur.
This object was in a great degree attained to, and the system then instituted
remains in use, so far as its essential features are concerned, to the present
day.

268. Nomenclature of the Elements.—The elements which
have been known from the most remote period retain their common names,
and also their Latin names, to a considerable extent—as for example, Iron
{Ferrum), Gold (Aurum), Copper (Cuprum), Mercury (Hydragyrum), Silver
(Argentum), Lead (Plumbum), Tin (Stannum). If the element has been made
known in modern times through chemical research, the name it bears gener-
ally indicates some distinguishing feature by which it is eharacterized: thus,
Phosphorus (from the Greek ¢wc, light, and ¢epw to bring), from its property
of shining in the dark; Chlorine (from y2wpoc, green), from its peculiar color;
Bromine, from Spépor, a stench, etc. To the recemtly discovered metals, a
common termination in um bas been assigned, as Platinum, Palladium, Iridium,
Potassium, Sodium, Aluminum, etc,

269. Nomenclature of Compou nds.—When two elements unite,
the product is called a dinary compound (from bis, twice); thus, water, com-
posed of oxygen and hydrogen, sulphuric acid, composed of oxygen and sul-
phur, and oxyd of iron, composed of oxygen and iron, are examples of binary
compounds.

€ompounds of binary combinations with each other, as salphuric acid with
oxyd of iron, are called fernary compounds (from fer, thrice), three elements
being concerned. Most of the minerals are ternary compounds.

Combinations of salts with each other are named quaternary compounds,
or double salts. Alum is an example, being a compound of sulphate of pot-
ash and sulphate of aluminum.

Compounds of oxygen are termed oxyds. Thus water
is an oxyd of hydrogen, iron-rust an oxyd of iron.

The binary compounds of chlorine, bromine, iodine, fluorine, and several
other elements which resemble oxygen in their mode of combination, are

QUESTIONS.—What was the origin of the chemical nomenclatare now in use? Whatis
the general lature of the ek ts? What are binary compounds? What are
examples? What are ternary pounds? Give exampl ‘What are quaternary
compounds? What are examples? What are compounds of oxygen called? What the
compounds of chlorine, iodine, fluorine, ete. ?
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distinguished by the final termination ide, Thus chlorine forms chlorides
iodine, iodides; fluorine, fluorides; sulphur, sulphides, ete.*

When oxygen combines with the same element in more than one propor-
tion, forming different oxyds, the several combinations are distinguished from
each other by the use of prefixes. Thus, the first oxyd, or the one which
contains but one equivalent of oxygen, i3 known as the Protoxids (from the
Greek mpwrog, the first); the compound of two proportions is, in like manner,
designated as the deutoxyd (devrepog, double), and also as the binoxyd (3
double); the compound of three propottions is also known as the tritoxyd
(rperog, third),

The oxyd, also, which contains the largest proportion of oxygen with
which the body is known to unite, is termed the peroxyd. In like manner,
the highest combinations of chlorine, sulphur, jodine, etc., are termed per-
chlorides, persulphides, periodides.

For example, oxygen unites with hydrogen in two proportions: the first
combination is the protoxyd of hydrogen (water); the second and highest
is the peroxyd. Again, with manganese, oxygen unites in three propor-
tions: the first is termed the protoxyd, the second the deutoxyd, or binoxyd,
and the third the peroxyd.

With somo elements oxygen enters into combination in the proportion
of 3 to 2, or in the ratio of 1} of oxygen to 1 of the eclement. Such a com-
pound is termed a sesquioxyd (from the numeral sesqus, once and a half).
Certain other oxygen compounds are formed in the proportion of 2 of the
element to 1 of oxygen; such are termed suboxyds, as the suboxyd of
copper.

When the compounds formed by the union of oxygen with the different
elements possess an acid character (as very many of them often do), a different
plan is adopted to mark this peculiarity. The compound is then termed an
acid, and its name is derived from the substance which combines with the
oxygen, with the termination 4 added. Thus, sulphur with oxygen gives sul-
phuric acid ; carbon with oxygen, carbonic acid; and phosphorus with oxygen,
phosphoric acid. It frequently happens, however, that an element forms
more than one acid with oxygen. When this is the case, the termination ¢
is applied to the strongest acid, and ous to the weaker. Thus we have sulphuric
and sulphurous acids, nitric and nitrous acids,

The salts which these and other similar acids form by uniting with bases,
are named in an equally simple manner, the acid supplying the generie, and
the base the specitic name: the ous tetmination of the acid is also changed
into ¢fe, and % termination into ate. Thus, sulphite of soda, nitrite of potassa,

* Binary compotinds of sulphur, phosphorus and ¢arbon, are also very generally known
by the termination uret, as sulphuret of iron, carburetted hydrogen, etc.

Questions.—How are the first, second and third oxyds distinguished? What {s a per-
oxyd? What is a protoxyd? Whatisa perchloride? What is a binoxyd? What are
sesquioxyds? What are suboxyds? How are acid compounds of oxygen named ?
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sulphate of soda, and nitrate of potassa, are salts respectively of sulphurous,
nitrous, sulphuric and nitrie acids.®

© This nomenclature served to dxstmgmsh these acids and their salts until, ag
the science of chemistry advanced, a compound of oxygen and sulphur was
discovered containing less oxygen than the sulphurous, and then a new name
was required ; it was therefore called Ayposulphurous acid, and the salt formed
with it is termed a hyposulphite (from the Greek ¥mo, under); so alse, when
an acid was discovered containing less oxygen than the sulphuric, but more
than the sulphurous, it was called hyposulphuric, and its salt a hyposulphate.
In some cases acids have been discovered containing more oxygen than those
already named with terminations in 4c; to these the prefix Ayper (from the
Greek ¢9mép, over) is attached. Thus chloric acid was for a very long time
the highest oxygen compound with chlorine, but another still higher is now
known. The last, therefore, is designated as hyperchloric, and sometimes as
perchloric acid. Its salts are called hyperchlorates.

270. Classification of Aclds «—It was once supposed that the pres-
ence of oxygen in a substance was 3 essential to its acidity, but the progress of
research has revealed the existence of acids which are entirely wanting in
oxygen. Most of the acids which are wanting in oxygen contain hydrogen
in its place. They are distinguished by prefixing to them the word Aydro,
as an abbreviation for hydrogen. Thus, chlorine and hydrogen form an acid,
hydrochloric acid, often called muriatic acid ; cyanogen and hydrogen form
hydrocyanic acid, or prussic acid; sulphur and hydrogen form hydrosulphuric
acid, etc.} Some chemists, especially the Fremch, transpose these terms;
they speak of chlorhydric acid, cyanhydric acid, sulphydric acid, ete. There
is an advantage in this alteration, as it avoids any ambiguity which might
arise from the use of the prefix hydro, which has sometimes been applied to
compounds which contain water.

271. Classification of Salts.—In the early days of chemistry,
the term salt was applied to all substances indifferently, which resembled com-
mon salt in appearance and properties. Subsequently, the use of the term
was restricted to those compounds only which were formed by the union of
an acid and a base: but when chemical knowledge had still further progressed,

* It may here be well to caution those who arejust commencing the study of chemistry,
of the necessity of distinguishing clearly between compounds such as the sulphites and
the sulphates, or the sulphides and the salphites. Sulphide of sodium is a binary com-
pound of two elementary bodies, sodium and sulphur; sulphite of soda is a more complex
compound, formed by the union of sulphurous acid and the oxyd of sodium (soda); sul-
phate of soda is formed by the union of sulphuric acid and soda.

+ The acids formed by the union of sulphur and arsenic with hydrogen are also very
commonly known as sulphuretted hydrogen, and arseniuretted hydrogen.

QuestioNns.—How are the different acid compounds distinguished? Iow ate salts
named? What gives the generic and what the specific name to a salt? How do acids in
forming salts change their terminations ¢ and ous? What do the prefixes hypo and
hyper designate? Isthe presence of oxygen essential to the existence of an acid? What
element generally supplies the place of oxygen in acids wanting this element? How are
hydrogen acids named ?
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it was found that if this definition was rigidly enforced, it would exclude from
the class of salts a considerable number of compounds which possess the
physical characteristics of a salt in a most eminent degree. Among these
was common galt itself, which, although the type of all salts, is not a com-
pound of an acid or a base, but a compound of two elements, chlorine and
sodium, In like manner, the compounds of iodine, bromine, and fluorine
with the metals, possess in a very high degree the saline character. To ob-
viate, therefore, the somewhat startling proposition, that common salt is no
salt at all, and to avoid doing violence to a long-received and expressed com.
mon idea, two classes of salts were established.

The first class includes all those binary compounds which, like common
salt, are formed by the direct union of a metal with some other substance,
called a salt radical, as chlorine, fluorine, bromine, etc. Compounds of this
character are termed Haloid Salts.

Radical.—The term radical in chemistry, is generally applied to any
substance, simple or compound, which can unite with hydrogen to form an
acid compound, and with a metal to form a salt.

The second class includes all those salts formed by the union of an acid
and a bage.* These are termed oxy-salts, or oxygen acid salts.

Many of the compounds of sulphur with the metals, as the compound of
sulphur and potassium, also possess a saline character, and are termed sul-
phur salts.

Such in general are the principles of chemical nomenclature, as established
by the Committee of the French Academy. As before said, the object of the
inventors of this language was not only to give a distinguishing name to the
substances spoken of, but also to convey a knowledge of its chemical compo-
sition. That this has been accomplished in a great degree, will be evident
from one or two illustrations. Thus, the name bi-chromate of potash indicates
by simple inspection that the substance is an oxygen acid salt, composed of
chromic acid and potash, the prefix b showing that the equivalent or pro-
portion of acid to base is as two to ore. Again, the name permanganate of
potash indicates a compound of manganic acid and potash, and the prefix per
shows that the acid in question is the highest oxygen compound of mangan-
ese known. o

¥, 212. Symbols.—Although the chemical nomenclature in use is most
convenient;-and perhaps as perfect in principle as the nature of our language

* A beautiful illustration of the universality of the law, that bodies replace each other
4n combination in fixed equivalent quantities, is found in the combination of salts. Thus,
when equivalents of two neutral salts, which are capable of decomposing each other, are
brought into chemical contact with each other, the two bases exchange acids by an exact
compensation ; the original compounds are altogether lost, and two new salts evolved,
without either loss or addition of any kind in the process.

QUEsTIONS.—What two classes of salts have been recognized in chemistry? What are
haloid salts? What are oxysalts? What are sulphur salts? Illustrats by example the
manner in which the chemical name of a substance indicates its composition. What i
the necessity of using symbols in chemistry?
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will allow, yet the impracticability, in many cases, of contriving convenient
names expressive of the constitution of many complex chemical compounds
(the existence of some of which was hot known or even anticipated by the
inventors of chemical language), has led to the employment of symbols.
These constitute a species of short-hand, which not only supplies all de-
ficiencies of the nomenclature, but enables us to represent to the eye, and
describe with mathematical accuracy and rapidity the known composition of
every chemical substance, and the changes which it may undergo. The em-
ployment of symbols has now become universal, and is also indispensable to
both teacher and student in the study of chemistry. .

273. Symbols of Elements—It has been agreed by all
chemists to use, as symbols of the elements, the first let-
ter of their Latin names. "When two or more names com-
mence with the same initial, a second distinguishing letter

is added.

In the table of elementary bodies, the symbol of the several elements will
be found opposite to their names.

The symbols, when used singly, represent not merely the element for which
they stand, but one equivalent of that element. Thus, the symbol O stands
not for oxygen in general, but for one equivalent of oxygen, or, hydrogen
being unity, for the number 8. H, in like manner, stands for one equivalent
of hydrogen, and the number 1; C for one equivalent of carbon, and the
number 6; Pb for one equivalent of lead, and the number 104.

If more than one equivalent of a body has to be expressed, it is signified
either by writing 2 small figure to the right of the symbol, and generally be-
low the line. Thus—

O¢ stands for 2 equivalents, or 16 of oxygen.
Os ¥ 5 ¢ or40 ¢

The same may be represented also by prefixing the number to the symbol,
as 20, 50.

The symbol may also be considered as representing the atomic constitution
of a body. For example, O stands for one atom of oxygen as well as for
one equivalent; Oa for two atoms; Os for five atoms.

274. Symbols of Compounds—In order to form the
symbol of a compound, we unite the symbols of the ele-
ments of which it consists, one after the other, indicating
by means of figures the number of each which have en-

tered into combination.
Thus, HO is the symbol of water, a compound consisting of one equivalent,
or 1 of hydrogen, and of one equivalent, or 8 of oxygen; SOz is the symbol

QuEsTIONS.—What symbols are used to designate the elements? What does a single
symbol of an element represent? How are several equivalents of an element represented
by symbols? How is the titution of pounds repr ted by symbols ?
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of sulphuric acid, a compound consisting of one equivalent, or 16 of sulphur,
and three equivalents, or 24 of oxygen. Cig Hiui O is the symbol of com-
mon sugar, a compound consisting of twelve equivalents of carbon, eleven
equivalents of hydrogen, and eleven equivalents of oxygen.

A collection of symbols indicating the constitution of compounds, is called
a formula.

Compounds united with compounds, such as salts, are expressed in a simi-
lar manner, the base of the salt, or the electro-positive element, being always
placed first. Thus, sulphuric acid has the formula 803 and oxyd of iron,
that of FeO, consequently tho formula FeO--SO; will represent one equiva-
lent of sulphate of the protoxyd of iron. Frequently a comma is placed be-
tween the two compounds instead of the algebraic sign --. Thus, sulphate
of iron may be written FeO, SOs. This mode is usually adopted to express
a more intimate union than when the sign - is used. Thus, SO, HO,+2 HO
indicates that an equivalent, or compound atom of sulphuric acid has united
with three equivalents of water, two of which are loosely retained, and one
very strongly.

Where it is necessary to indicate more than one equivalent of a compound,
the whole formula of that compound is included in a bracket, and preceded
by the indicating number. Thus, three equivalents of sulphate of iron would
be written 3[FeO, SOs;]. The figure prefixed multiplies nothing beyond
the symbols included within the bracket. Thus, in the formula for crystal-
lized alum— .

Aly 05, 3[S0s5]4KO, SOz+-24 HO,
the 3 which precedes S Os only indicates that three equivalents of sulpharic
acid are present. Frequently the employment of brackets is neglected, and
then the figures multiply all the symbols included between them and the next
comma or sign of addition.

275. Reactions and Reagenis,—The various chemical
changes, to which all matter is more or less liable, are
termed, in the language of chemistry, reactions and the
agents which cause these changes, reagents.

In addition to the information which symbols convey relative to the com-
position of the substances for which they stand, they can also be so combined
in the form of equations, as to show in the most perfect manner the various
products which result from chemical reactions. For this purpose, the symbols
of the substances involved in the reactions are placed together, so as to form
one side of the equation, and the symbols of the products resulting from the
reactions on the other side. But as not the smallest particle of matter can be
annihilated by any chemical action, it follows that the value of both sides of

QUEsTIONS.~—What are chemical formulee? How is the composition of salts indicated
by symbols? ‘Which constituent of a salt is placed first? What does the sign + mean?
What is to be understood by the terms reactions and reagents? How may symbols be
arranged so a8 to indicate chemical reactions and their products ?
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the equation must be equal, or in other words, the sum of the weights of the
products of every reaction must be always equal to the sum of the weights
of the substances involved in the change. For example, the decomposition
of carbonate of lime (marble) by sulphuric acid, and the liberation of carbomc
acid gas may be represented by the following equation :

2018, +-64-16,4-164-24—20--8,+-16-}-24+6--16=90.

Ca O, C O0,+8 O0:=Ca O, S O034+C 0.
The correctness of this equation may be proved by adding together the
equivalents of both sides, when the sums will be found to be equal.

A very little practice will render the use of symbols familiar to all. To
expedite the acquisition of this knowledge, the student will find it advan-
tageous to exercise himself in the expression of chemical changes by sym-
bols, whenever the opportunity occurs, until he is thoroughly acquainted with
their signification and use.

276. Isom er i s m.—Until within a recent period, it was an acknowledged
principle, that two bodies containing the same elements combined in exactly
the same proportion, must of necessity possess the same properties, and be
mutually convertible into each other. Such, however, is not the fact, and
numerous substances are now known to exist, which are identical in chemical
composition and yet exhibit totally distinct physical and chemical properties.
Different bodies thus agreeing in composition but differing in properties, are
said to be ¢someric (from icog, equal, and uepog, part), and the phenomenon in
general is termed Jsomerism.

A great class of bodies known as the volatile oils, oil of turpentine, oil of
rosemary, oil of lemons, and many others, are examples of bodies which dif-
fer widely from each other in respect to odor, medicinal effects, boiling point,
specific gravity, etc., and yet are exactly identical in composition—that is,
they contain the same elements, carbon and hydrogen, in the same propor-
tions.* “The ecrystallized part of the oil of roses, the delicious fragrance
of which is so well known, a solid at ordinary temperatures, although readly
volatile, is a compound body containing exactly the same elements, and in
the same proportion, as the gas we employ for lighting our streets.”

The difference of properties in isomeric bodies is explained very simply by
the atomic theory. “Itis supposed that the atoms in each particular case
are differently arranged, in the same way as the most manifold grouping may
be produced on a chess-board by transposition of the white and black squares,
as is shown in TFig. 76. Each figure is composed of eight white and eight
black squares, but though the absolute number is the same, the grouping is
different. In @ one and one, in b two and two, in ¢ and d four and four

* Two conditions of isomerism may be noted; one in which the absolute number of
atoms, and consequently the atomic weight of the compound, is the same; the other
where, though the relative proportions of the elements are the same, the absolute num-
ber of atoms of each is different.

Questioxs.—Illustrate this by example. What is isomerism? Give examples of
isomeric bodies, How is isomerism explained ?
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squares arc so joined as to present a different appearance. If we imagine
these squares to be atoms, we obtain an idea of isomeric bodies, and it is thus
rendered clear how there may be bodies of the same constitution and form,

F1e. 76.

yet presenting an cntirely different appearance and possessing different prop-
erties.”—STOCKUARDT.

27, Allotropism.—Many of the elements are capable of existing in
two or more diffcrent econditions, or forms, in each of which they manifest
different, and often opposite propertics. This principle is termed Allotropism,
and hodies manifesting changes of such character are called Allotropic (from
dAAotpimog, different nature).

One of the most striking illustrations of allotropism is to be found in the
case of the element carbon, which exists in a pure state in the brilliant trans-
parent diamond, in the opaque and black charcoal, and in the metallic-like
body known as graphite, or black-lead. Sulphur, phosphorus, silicon, boron,
oxygen, and other elements, are susceptible of similar changes.

Bodies in allotropic conditions differ in their chemical ag well as in their
physical properties. Carbon as the diamond is almost incombustible ; earbon
as lamp-black inflames at a low temperature, and somctimes ignites sponta-
neously, Phosphorus, in the ordinary condition, is soft, yellowish in eolor,
has a powerful smell and taste, and can scarcely be hundled with impunity,
sinee it bursts into a flame at a temperaturoe a little above that of the human
body ; allotropic phosphorus, on the contrary, is of a black color, hard, de-
void of both smell and taste, and may be handled without danger, and be
even carried in one’s pocket.

The explanation of allotropism is referred to difference in the arrangement
of the particles or atoms constituting the body. Thus the same fibres of cot-
ton, when closely matted together, constitute hard, tough paper ; when simply
carded, wadding ; when twisted, yard, or thread ; and when intertwined, cloth.

QuEsTIONS.—What is allotropism ? What are cxa'mples of allotropism ? Ilow is this
condition explained ?
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CHAPTER VI.

THE NON-METALLIC ELEMENTS,

2178. The generally recognized division of the simple substances into Metal-
lic and Non-metallic elements, or the Metals and Metalloids, (from ueraiioy,
metal, and eidog, appearance,) although most convenient for deseription, is
not established in nature, and no strict line of separation, moreover, between
the two classes can be indicated; since some of the elements possess, in a
nearly equal degree, the characteristics of both.

Metalloids.—The number of the elements generally
included in the class of metalloids is fourteen, which
may be enumerated as’ follows:-— Oxygen, Hydrogen,
Nitrogen, Chlorine, Iodine, Bromine, Fluorine, Sulphur,
Selenium, Tellurium, Phosphorus, Silicon, Boron, and

Carbon.

Characteristics of the Metalloids.~—The characteristics
which serve in general to distinguish the metalloids from the metals are
as follows:—They do not possess a metallic appearance, and are bad con-
ductors of heat and electricity., When binary compounds of the metals and
metalloids are decompesed by the agency of galvanism, the metalloids always
separate at the positive pole (the zinc side), and the metals at the negative
pole; as bodies endowed with opposite electricities only are attracted, the
metalloids are, for this reason, termed electro-negative elements, and the
metals electro-positive elements. Almost all the metalloids combine with
hydrogen, but, as a general rule, the metals do not.

SECTION 1.
OXYGEN.
Equivalent 8. Symbol O. Density 1°1. (dires=1.)

279. History—Oxygen gas was discovered by Dr. Priest-
ley; an English clergymen, in 1774. He called it depho-
gisticated air,

In the following year it was again discovered by Scheele, a Swedish chemist,-
and by Lavoisier, the illustrious French chemist, without cognizance of Priest-
ley’s discovery. The latter, supposing it to be the sole agent which imparted *
to bodies their acid properties, gave it its present name, oxygen, (from ofvg,
acid, and yevaw, I give rise to).

QuestioNs.~How are the elements divided ? Is this division founded in nature? How
many of the elements are generally included among the metalloids? Name them. What
are the characteristics of the metalloids? When and by whom was oxygen discovered ?
From whom did oxygen derive its name ?
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280. Natural History and Distribution.-—-Oxygen is the
most abundant of all the elementary substances, but is never met with in na-
ture in a pure or isolated condition. It constitutes at least one third part of
the solid crust of the globe, eight-ninths by weight of all the water upon its
surface, more than one fifth of the atmosphere, and eight-ninths of the vapor
contained in the atmosphere. It is also an essential constituent of all living
structures, and is the immediate agent by which animal life and all ihe pro-
cesses of combustion are sustained.

The meteoric masses which fall to the earth from the inter planetary spaces,
have little or no oxygen in their composition, and in this respect they are
unlike any of the compound substances which compose the crust of the globe.
Hence the inference has been drawn, that in some of the great planetary masses
of the solar system, from whence meteorites are undoubtedly derived, oxygen
does not exist at all, or in much smaller proportions than upon the earth.

281. Preparation.—Many solid substances, which con-
tain oxygen in combination, readily evolve it in a gaseous
form when subjected to a sufficiently high temperature.

A very easy method of obtaining a small quantity of oxy- Fig. 11
gen gas for experiment, which at the same time illustrates the -y
original process by which Priestley discovered it, is to heat
a little of the red oxyd of mercury in a thin glass tube (Fig.
77) over a spirit-lamp.* In this substance the affinity, or
chemical attraction which holds together the mercury and
the oxygen is so feeble, that a very slight degree of heat
suffices to bring about decomposition ;—the mercury collecting
in small globules on the bottom and sides of the tube, and
the oxygen escaping as a gas. The presence of the latter
element may be demonstrated by holding an ignited sub-
stance over the mouth of the tube.

If it is desired to collect and preserve the oxygen liberated :
in this experiment, one end of a bent glass tubet is fitted by means of a per-

* Cylindrical glass tubes, with rounded bot- Frec. 78.
toms, known as *‘ test tubes,’” are genqra.liy used
in chemical experimentation. A simple wooden
rack, as in Fig. 78, serves a8 a convenient stand
for them. Teachers will do well to furnish
themselves with a supply of these tuhes, as they
are inexpensive, and can be use for a great va-
rlety of purposes.

t Glass tubing prepared expressly for chemical |}
manipulations can be procured ata small expense |
of any dealer in chemical apparatus. By means |
of a Berzelius spirit-lamp, and with a little prac-
tice, an inexperienced person can, in a short time, learn to bend and adapt his tubing
to his apparatus with ease and rapidity.

QuesTIoNs.—What is said of the importance and distribution of oxygen? What infer-
ence has been drawn from the composition of meteoric stones? How is oxygen generally
procured? By what simple method may a small quantity of oxygen be obtained ?
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forated cork into the mouth of the generating tube, and the other end is con-
ducted into a vessel filled with water. The apparatus thus arranged may be
supported by means of a piece
of cord or wire, or by a sort of
wooden vice (retort holder) con-
structed for chemical purposes,
and represented in Fig. 79. The
oxygen escaping in bubbles from
the end of the tube under water
is collected in a glass bottle or
jar, which has been previously
filled with water and inverted
in the vessel; care being taken
either to close the mouth of the
jar, or else keep it continuously
under water during the act of
nversion. No water will escape’
from the jar until bubbles of gas
from the tube are passed into it;
but when this is permitted, the
gas, by reason of its superior levity, ascends and displaces the water. As
8oon as one jar is filled it may be removed, and its mouth closed with a cork,
or kept below the water level, and another substituted in its place. (See
Fig. 79.)

For the production of oxygen gas in considerable quantity, materials less
expensive than the red oxyd of mercury are used. The most convenient, and
under ordinary circumstances the most economical method which can be
adopted is, to expose to heat in a retort, or flask furnished with a bent tube,
a perfectly dry mixture of equal parts of ‘chlorate of potash and black oxyd
of manganese. A common Florence flask will serve for this purpose, but a
flask constructed of sheet copper and fitted with a small lead tube and screw-
cap, is preferable* A spirit-lamp affords sufficient heat to effect the chem-
ical decomposition, and the gas liberated is collected in the manner before
described. The salt chlorate of potash is very rich in oxygen—every 124
parts of it by weight containing 48 parts of this element united in the solid
form with 36 parts of chlorine and 40 of the metal potassium. On the appli-

F1g. 9.

* Flasks, or generating bottles constructed of thin sheet copper, and furnished with a
small leaden tube and a screw-cup, may be purchased of dealers in chemical apparatus, or
can be easily manufactured by a coppersmith. For a continuous course of experiments
their employment is strongly recommended, as they obviate entirely the annoyance and
trouble arising from the fracture of glass, and the adjustment and preparation of the
tubes.

QUESTIONS.— What is the most convenient and ical method of obtaining oxygen
in moderate quantities? Describe the method of obtaining oxygen from chlorate of pot-
ash?
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cation of heat, all this oxygen is driven off in a gaseous state, and chlorine,
united with potassium, forming the chloride of potassium, remains, The re-
action may be represented as follows :—

35 +40 + 39 +8~35 + 89 + 48=124
Cl 05 K 0=Cl K+0Oe

Chlorate of potash and black oxyd of manganese both yield oxygen when
heated separately, but under the conditions of heat and mixture above speci-
fied, the chlorate of potash alone disengages oxygen. The manganese, how-
ever, without taking any part in the chemical decomposition, exercises an
important influence on the process, apparently by its mere presence, causing
the oxygen to be liberated with the utmost facility and regularity, and at a-
much lower temperature than when the chlorate is used alone. The action
of the manganese in producing this effect has been explained, by suppos-
ing that it mechanically separates the particles of the salt, and thus dis-
tributes the heat uniformly; but if this is true, clean sand, powdered glass,

..or any other similar material, ought to act equally well, which is not the
_case.

When very large quantities of Fic. 80.
oxygen are required, and perfect d
purity of product is not essential, an
economical plan is generally adopt-
ed of heating the black, or peroxyd
of manganese to redness in an iron
retort, arfanged in a suitable fur- :
nace. (See Fig. 80.) One pound
of good oxyd of manganese thus
heated, will yield seven gallons of
oxygen, with some carbonic acid. This last may be entirely removed by
causing the gas to pass through a solution of potash. In this process MnO?%
becomes converted in MnO--0.

Oxygen may be obtained from various other substances, but those already
mentioned are the best, and the most frequently employed.* Red lead (oxyd
of lead), and likewise saltpetre, when heated strongly, will furnish this

TR
T

* A new method of preparing oxygen on an extensive scale for economic purposes, has
recently been proposed by M. B ingault. He states that caustic baryta, when heated to
a particular temperature in the free presence of air, absorbs oxygen, and becomes per-~
oxyd of barium, but on increasing the heat, the oxygen absorbed is given up. Thus the
same quantity of baryta may be made to alternately absorb oxygen and evolve it into a
Teservoir.

QursTions.—How much oxygen does this substance contain? What is the chemical
reaction in this process? What is the object of mixing manganese with chlorate of pot-
agh? Is the action of the manganese understood ? When large quantities of oxygen are
required, what method 1s adopted? What is the chemical reaction in this process? From
what other sources may oxygen be obtained ?
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gas. A mixture of strong sulphuric acid and one half its weight of black
oxyd of manganese, or bichromate of potash, will liberate oxygen when
heated.

All the green parts of plants evolve oxygen when exposed to the light of
the sun. This fact may be readily demonstrated- by placing a leafy branch,
which is still connected with the parent plant, or a number of fresh leaves,
under a jar filled with water, and ther exposing them to the influence of
solar light. After a short time small air-bubbles, consisting of pure oxygen,
will collect in the upper part of the vessel. The minute bubbles, also, which
may be often seen adhering to the leaves of aquatic plants under water, are

_generally pure oxygen.

{ 282 Properties of O0xygen.—Oxygen, when pure, can not be
distinguished from atmospheric air, being colorless, tasteless, and, under or-
dinary circumstances, deslitute of odor. It is, however, somewhat heavier
than atmospheric air; the depsity of the latter being represented by 1-00,
that of oxygen would be 1-10.

One hundred cubic inches of dry oxygen weigh 34-20 grains. In its sepa-
rate condition it is known only as a gas, all attempts to reduce it, by im-
mense pressure and extreme low temperature acting conjointly, into a solid,
or even liquid condition, having failed. Yet the learner will not fail to per-
ceive, that oxygen when locked up in combination with the solid substances
from whence we obtain it, must be itself a solid; and this consideration en-
ables us to form some conception of the enormous force which, under the
name of affinity, is capable of producing this effect.

Oxygen is very slightly soluble in water; a hundred volumes of this fluid,
at ordinary temperatures, dissolving only four and one half volumes of the
gas. Oxygen possesses a wider range of affinities than any other known
substance, and combines in one or more proportions with all the elements
except fluorine. The act of union of a substance with oxygen is termed
‘oxydation, and the product of the union is called an oxyd. Oxyds are classi-
fied and divided, as has been before shown (§ 265), into acids, bases, alkalies,
ete.

The tendency of oxygen to unite with other substances varies according to
the circumstances under which the latter are ‘presented to it, being greater
under the influence of heat than of cold, and greater where there is an ex-
cess than where there is a deficiency of oxygen. Oxygen, at ordinary
temperatures, enters slowly into combination with most of the metals. This
action takes place much more rapidly in a moist than in a dry atmosphere.
A bar of polished iron, in perfectly dry air at the ordinary temperature, will

QuesTioxs.—Do plants evolve oxygen? What experiment proves this? What are the
properties of oxygen? Has oxygen ever been condensed into a liquid or solid substance ?
Is it known to exist In either of the latter conditions? What is said of its solubility in
water? Of its range of affinity? What are the products of the union of oxygen with
other substances called? How does the tendency of oxygen to unite with other sub-
stances vary? What is said of the oxydation of the metals? Will iron rust in dry air at
ordinary temperatures? \
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remain unchanged for any length of time, but if moisture be present, it
quickly becomes rusty. In the case of iron, the oxydation once commenced
will spread through the entire mass of the metal; but in other instances, as
in the casc of lead and zinc, a superficial coat of the oxyd is formed, which
adheres firmly to the surface, and protects the metal beneath from further
change.

In order to commence and carry on oxydation, it is generally necessary to
apply heat. An iron bar, when heated red hot, and exposed to the oxygen
of the air, will rapidly become covered with a scale of oxyd, or rust. A stick
of charcoal may be kept in oxygen at common temperatures for years with-
out entering into combination with the gas, but the smallest spark upon
the surface of the coal will cause the two elements to unite with great
rapidity.

The direct union of oxygen with a substance is always

attended with an evolution of heat.

In the ordinary rusting of iron, the disengagement of heat is too slow and
feeble to be readily perceptible ; but in some instances, where the union with
oxygen at ordinary temperatures is rapid, the heat accumulates, and often-
times rises sufficiently high to cause the materials to burst into a flame, pro-
ducing what are calisd cases of “ spontaneous combustion.” This phenomenon
is often exhibited when tow, “ cotton-waste,” or other fibrous materials that
have been used in lubricating machinery, are laid aside in heaps. The oil
upon them being spread over a large surface, absorbs oxygen with great rap-
idity, and the temperature of the mass continues to increase until the whole
bursts into flame. Charcoal, reduced to a fine powder and exposed to the
air, moist hay in stacks, and damp cloths in bales, frequently take fire under
the same circumstances.

When the direct union of oxygen with a substance is
attended with an evolution of both light and heat, the
process is called Combustion, and the body is said to
burn. On the other hand, the body which can combine
with oxygen under such circumstances, is termed a Com-

bustible, and the oxygen a supporter of combustion.

All the ordinary forms of combustion are simply processes of oxydation,
and are accompanied by a withdrawal of free oxygen from the surrounding
air; and in most instances the oxydation is commenced, or, as we express it,
“the fice is kindled,” hy the application of some ignited substance, which
raises the temperature of the combustible body sufficiently to enable it to at-

QuEsTIONS.—In order to commence and carry on oxydation, what is generally neces-
sary? What are examples? What phenomenon always accompanies the direct union of
oxygen with a substance? What is spontaneous combustion? Give examples. ‘What
do yon understand by the ordinary meaning of the term combustion? What is a combus-
tible body? Why is it generally necessary to apply heat in order to cause combustion to
commence ?
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tract the oxygen of the air, or commence burning ; afterward, the heat which
ig liberated during the process is more than sufficient to carry it on, and thus
the combination of one portion of oxygen with a burning body, causes the
absorption of another portion.*

Bodies which will burn in the air, together with many substances which
are generally considered as incombustible, burn in oxygen gas with great
splendor. Experiments illustrative of these facts are among the most bril-
liant and interesting in the whole science of chemistry.

Fra. 8. If we blow out a lightéd candle in the air, the wick continues
to glow for a few moments, but the flame does not sponta-
neously re-appear. Iff on the contrary, the candle, still pre-
senting some incandescent points, be plunged into a receiver
containing oxygen (see Fig. 81), it inflames instantly, and
burns with great brilliancy. This experiment, which may bo
repeated with a small narrow mouth jar of oxygen a great num-
ber of times, is characteristic of pure oxygen, and is the princi-
pal test used to detect its presence.

A glowing slip of wood introduced into oxygen, bursts into
flame with a slight detonation. A bit of charcoal bark, slightly ignited, at~
tached to a wire and lowered into a jar of oxygen, burns with great rapidity,
sending off showers of brilliant scintillations in all directions. If a moistened
slip of litmus paper (§ 266) be introduced into the jar after the combustion,
it immediately turns red, a change not affected by atmospheric air, or pure
oxygen ; consequently an acid gas has been formed from the charcoal and the
oxygen, which is called carbonic acid.

The combustion of iron in oxygen constitutes a Tic 82.
most beautiful experiment. For this purpose a
piece of fine iron wire, or, what is still better, a
steel watch-spring, coiled in the form of a spiral
(see Fig. 82) is employed. One end of the wire
is tipped with a bit of sulphur, or tinder, and the
other attached to a cork, so that the spiral may
hang vertically. The sulphured end is then lighted,
and the wire suspended in a jar of oxygen, open
at the bottom, as is represented in the figure, sup-
ported upon an earthenware plate. The wire burns
with an intense white light, the oxyd of iron formed _f%
darting out in brilliant corruscations in every direc- = O
tion. Melted globules of oxyd occasionally fall off,
of so clevated a temperature, that they remain red hot for some time under

* For a particular consideration of bustion, see Chapter VIL

QuEesTIONs.~—~IIow does pure oxygen act on combustible substances? Explain the exper-
iments detailed.
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the surface of water, and fuse deeply into the substance of the plate or glass
upon which they strike.

The light produced by phosphorus burned in F16. 83.
oxygen is too brilliant and intense to be en-*
dured by the eye; and the jar, during combus-
tion, becomes filled with a dense white vapor,~—
phosphoric acid, which is slowly absorbed by < =
water. (See Fig. 83.)*

Kindled sulphur burns in oxygen with a
begutiful blue light.
/283. Oxygen and Respiration.—
Oxygen is necessary to respiration,
and is constantly taken into the
lungs, from the atmosphere, in the
process of breathing. No animal can live in an atmos-
phere which does not contain a certain portion of uncom-

bined oxygen.

Oxygen, by the chemical action involved in the process of respiration, passes
from a free state into a state of combination with other substances, and thereby
becomes unfitted for the further support of animal life. If a bird be con-
fined in a limited portion of atmospheric air, it will at first feel no inconve-
nience; but as a portion of oxygen is withdrawn from a free state at each
inspiration, its quantity diminishes rapidly, so that respiration soon becomes
laborious, and in a short time ceases altogether. Should another bird.be then
introduced into the same air, it will be almost immediately suffocated ; or if
a lighted candle be immersed in it, its flame will be extinguished. Respira-
tion and combustion both produce the same effect, in causing free oxygen to
be removed, or absorbed from the atmosphere. An animal can not live in

* This experiment should be performed with great care ; otherwise the combustion-jar
is liable to be broken, and-the burning, liquid phosphorus dispersed in every direction.
The combustion ladle should be deep—an iron cup or a piece of chalk scooped out and at-
tached to a wire, the whole perfectly dry. The phospborus should be divided under
water, and afterward dried, not by wiping, but by contact with bibulous paper. Itshould
not be allowed to project above the level of the deflagrating ladle, because during the act
of combustion burning particles might disperse and stick against the sides of the jar, thus
infallibly causing rupture of the glass. A similar result might be occasloned by employ-
ing wet phosphorus, the aqueous moisture from which, by expanding into steam, would
seatter the melted phosphorus in all directions. One other point should be particularly
attended to. The phosphorus placed in the ladle, and lowered into the jar, should be ig-
united on the surface by touching it with a hot wire, and not by holding the whole ladle
over a flame. These directions being attended to will insure the snccess of the experi-
ment, whereas by neglecting them, simple though they may appear, or any one of them,
failure of the experiment is certain, and danger imminent.—FARADAY.

QuEsTIONS, —Is 0Xxygen necessary to respiration? What effect has the proc®s of respi-
ration on oxygen? Illustrate this. What analogy is there between respiration and com-
bustion ?



192 INORGANIC CHEMISTRY.

air unfitted to support combustion; and, under all ordinary circumstances,
combustion will not continue in air containing too little oxygen for respira-
tion.

Fermentation also acts like respiration and combustion in absorbing free
oxygen from the atmosphere.

Although oxygen, as a constituent of the atmosphere, is necessary to respi-
rahon it is destructive of animal life when breathed for any considerable
length of time in a state of purity. 'When a rabbit, for example, is immersed
in an atmosphere of pure oxygen, it at first experiences no inconvenience,
but after an interval of an hour, or more, an unnatural excitement of the sys-
tem is occasioned, accompanied by a rapid respiration and circulation of the
blood ; this is soon followed by insensibility, and death ensues in from six to
ten hours.

284, Magnetism of 0xygen—Oxygen is highly magnetic; that
is, it sustains the same rclations in degree to a magnet, that iron does. It has
been further proved that, like irom, it loses its magnetism when strongly
heated, but recovers it when the temperature falls. Faraday computes the
magnetic effect of oxygen in the air to be equal to that of a metallic shell of
iron, 1-250th of an inch in thickness surrounding the globe of the earth.

285. 0xygen in Combination.—The force which holds oxygen

in combindtion varies extremely in different substances. In silica, (quartz,
"rock crystal, etc.), nearly one half the entire weight of which is oxygen, it is

combined, or imprigoned, so to speak, with such force, that its liberation can
only be effected by the most powerful agencies—heat alone failing to produce
the slightest effect. In other solid oxygenized bodies, however, the affinities
are so nicely balanced, that the slightest decomposing cause is sufficient to
rend the elements, as we may say, from each other, and set the oxygen free.
A very siriking instance of this is furnished by chlorate of potash, the sub-
stance generally employed in the production of oxygen—every 124 parts of
which, by weight, contain, as before stated, 48 of oxygen. A very slight
degree of heat suffices to overcome the admirably poised balance of affinities,
by which the combined elements of thig salt are held together, and liberate
every particle of oxygen. But this result can be effected by other agencies.
For example, if we take a small quantity of sulphur, charcoal, phosphorus,
sulphuret of antimony, or, to generalize, any other solid which has a strong
attraction for oxygen, and mix either of them with a little chlorate of pot-
ash, carefully and with an avoidance of friction, the compound so obtained,
when struck with a hammer upon an anvil, will explode violently. The ex-
periment is best conducted by folding the mixture in a piece of paper. With
phosphorus the explosive violence is greatest, with charcoal least, the varia~
tion being indicative of the respective tendency of these substances to com-
bine with oxygen under the circumstances of the experiment.

Qum'm)’\xs —What effeet does oxygen have on animal life when breathed pure? What
§s said respecting the magnetism of oxygen? Illustrate the various conditions uuder
which oxygen exists in combination ?
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Gunpowder is another example of a substance holding a large amount of
oxygen in combination, ready to spring into action with an almost irresistible
violence.

286. Active and Passive Condition of Oxygen.—Oxygen,
as hitherto considered, assumes two conditions, or states, widely different from
each other. These may be termed its active and passive conditions. As
Jocked up in rock-crystal, flint, clay, and other solids; as constituting eight
ninths of the bland liquid, water; as an uncombined gas in the atmosphere,
it is quiescent, inactive, waiting—retaining, however, all its forces in a latent
state. This inactivity is one extremity of the scale of qualities possessed by
oxygen. Intcnse violence characterizes its other extreme condition—* mani-
fested,” says Professor Faraday, ¢ with tremendous energy in the phenomena
of combustion and explosion—rushing with violence into other forms—dis-
playing the most glorious exhibitions of light and heat—generating combina-
tions of characters diametrically opposed, from the extreme of alkalinity on
the one hand, to the most violent acidity on the other, and finally, having
gone through its metamorphic phasos, assuming its appointed place of rest in
the world’s economy.”

2817, 0z 0 n e .—In addition to these two extreme conditions, oxygen may
assume another, in some respects still more extraordinary ;—a state in which
it is neither fully active or fully passive, but intermediate between the two
former conditions—a state in which the activity possessed is not only less in
amount, but different in quality. This condition of oxygen is characterized
by the name of Ozone.

It has long been noticed that the working of an electri¢ machine, espe-
cially in a close apartment, was accompanied by a peculia hur-like odor,
and also, that a similar odor pertained for some little time to places that had
been struck by lightning. Beside recognizing these facts, and designating the
odor in question as “the electric smell,” no explanation of the phenomenon
was attémpted by scientific men until within a very recent period; (since 1840).
It was at last noticed, almost accidentally, that if a piece of paper moistened
with a solution of starch, and a peculiar compound of iodine (iodide of potas-
sium), was exposed in places pervaded by this odor, it was speedily turned
blue. Now, this turning blue is an indication of the liberation of iodine from
its combination ; and the liberation of iodine is an indication of the agency
of oxygen; so that in the determination of this additional fact, a connection
was established between oxygen in an active state and—the electric smell.

The germ of knowledge thus obtained was expanded and generalized by
Professor Schonbein of Bile, who showed, by carefully conducted experi-
ments, that the same smell and its corresponding action might be generated
at pleasure, by various means—that the agent producing the odor occasioned
other effects beside that of affecting the starch paper, such as bleaching, de-

QuesTioNs.-~Under what two conditions does oxygen generally manifest itself? What
is the third condition of oxygen? What is this condition termed? What circumstances
led to the discovery of ozone? What discoveries were made by Schonbein ?

9
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odorizing, and corroding—and finally, that the mysterious gaseous agency
itself was neither more nor less than oxygen—oxygen gas existing in a
marked condition, or, as it is termed, in its allotropic form.—FARrADAY.

Preparation.—Ozone may be obtained by passing a suceession of
electric sparks through a tube or vessel containing atmospheric air, or pure
oxygen gas. It is also produced by the slow action of phosphorus upon oxy-
gen, or atmospheric air. This latter reaction may be readily demonstrated
as foilows :

Take a quart glass bottle, and place in it a little water and a stick of
phosphorus, first demonstrating tho absence of ozone by testing it with
iodine-starch paper.* Close the bottle, aud allow the whole to remain for
& little time. On again immersing the paper slip, it changes color, assum-
ing a tint of blue. This result is not due to the vapors of phosphoric
acid which may be noticed in the bottle, as they are readily absorbed by
passing the gaseous contents of the bottle through water, while the ozone re-
mains unaltered.

“ The formation of ozone may be also shown by another process still more

Fic. 84. simple. Take a glass jar, and first demonstrato
by the iodine-starch paper the absence of ozone.
\ Then pour into the jar a little ether, and there
is still no ozone; but if we heat a glass rod in
the flame of a spirit-lamp, and immerse it moder-
ately hot (see Fig. 84), ozono will be abundantly
produced.

Properties.—Ozono has never beecn ob-
tained in a separate state, and appears to bo
entirely insoluble in all liquids. It has a pecu-
liar odor, whilst ordinary oxygen is totally devoid
of all smell. It possesses poweriul bleacting
properties, and if a solution of sulphate of indigo
be poured into a vessel containing ozone, its
deep blue color is destroyed with great rapidity.
If the same experiment be tried with common
oxygen, no bleaching action takes place. Ozone also exercises a remarkable
influence over certain odors; thus, if a piece of tainted meat be immersed in
this gas (seo Fig. 85) the effluvium is instantly destroyed.

Ozone is perhaps the most powerful of all oxydizing agents. It corrodes
even organic bodies, such as cork and India-rubber, while fragments of iron,
eopper, etc, rapidly absorb it, and become converted into oxyds. Silver,

* Todine starch paper may be simply prepared by mixing a little starch with a solution
of jodide of potassium—a salt obtained of any druggist—and imbuing unsized paper with
the compound.

QursTioNs.—How may ozone be obtained ? What are the properties of ezona? What
18 82id of the exydizing influences of ozone ?
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under ordinary circumstances, is not
affected by oxygen, and has hence
been considered as one of the noble
metals; but if a piece of silver-foil,
moistened with water, be plunged
into ozone, it rapidly crumbles into
dust—oxyd of silver. Ozone dis-
places iodine from its combinations
with the metals, setting the iodine
free. This reaction is so easily pro-
duced, and is so sensitive, that it fur-
nishes the readiest and most delicate
method of detecting the presence of
traces of ozone in the air. A slip of
paper, as before stated, moistened with j i !
starch and iodide of potassium, and === N : 7 T
inserted in a vessel containing the
slightest admixture of ozone, becomes

blue from the action of the liberated iodine, which immediately unites with
the starch, and forms the blue iodide of starch.

One of the most singular circamsgtances connected with ozone is the effect
of heat upon it. A temperature not much higher than boiling water is suf-
ficient to destroy it entirely, Advantage is taken of this fact to demonstrate
the absolute chemical identity of ozone and oxygen. Ozone passed into one
end of a rod hot tube comes out ordinai"y. oxygen at the other end.*

Fie. 85.

&=

* Respecting this strange condition of allotropism, of which ozone is a particular ex-
ample, Professor Faraday, in a recent publication, remarks :~-* There was a tlme, and
that not long ago, when it was held among the fundamental doctrines of chemistry, that
the same body always manifested the same chemical qualities, excepting only such va-
riations as might be due to the three conditions of solid, liquid, and gas. This was held
to be a canon of chemical philosophy as distinguished from alchemy ; and a belief in the
possibility of transmutation was held to be impossible, because at variance with this fun-
damental tenet. But we are now conversani with many examples of the contrary; and,
strange to say, no less than four of the non-metallic elements, namely, oxygen, sulphnr,
phosphorus, and carben, are subject to this modification. The train of speculation which
this contemplation awakens within us is extraerdinary. If the condition of allotropism
were alone confined to compound bodies, that is to say, bodies made up of two or more
elements, we might easily frame a plausible hypothesis to account for it; we might as-
sume that some variations had taken place in the arrangement of their particles. But
when a simple body, such as oxygen, is concerned, this kind of hypothesis is no longer
open to ns; we have ouly one kind of particle to deal with, and the theory of altered
position is no longer applicable. 1In short, it does not scem possible to imagine a rational \
hypothesis to explain the condition of allotropism as regards simple bodies. "We can only
accept it as a fact, not to be doubted, and add the discovery to that long list of truthe
which start up in the field of every science, in epposition to our most cherished theories
and long-received convictions.”

° QUESTIONS.—What reactlon takes place when ozone turns jodine-starch paper blue?
‘What effect bas heat upon ozone ? Iow is ozone proved to be simply modified oxygen?
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Ozone may be generally recognized in air which has swept over the ocean,
although generally absent in air which has swept over land. It would ap-
pear that a moist state of the atmosphere is necessary to its development.®
Mr. Wise, the celebrated acronaut states, that when on one occasion during
an ascension, he became enveloped in a thunder-cloud, he found the surround-
ing air most powerfully impregnated with the peculiar odor of ozone.

Tt can not be doubted that so active an agent as ozono present in the at-
mosphere, must exercise an important influence in the economy of nature.
‘What this influence is, is not definitely known. There can be but little
doubt, however, that it acts as a purifying agent—oxydizing or burning up
noxious products floating in the atmosphere. This supposition coincides with
the opinion extensively entertained, that when ozone is in excess in the air,
diseases of the lungs, influenza, etc., prevail (as would be expected from its
irritating character) : and that when it is deficient, fevers, etc., are common.
Observers generally agree, that during those seasons in which cholera rages,
the quantity of ozone in the atmosphere is greatly diminished.

288. Daily Consumption of Oxygen.—“It is not easy,” says
Professor Faraday, “to form an adequate idea of the aggregate results ac-
complished by oxygen in the economy of the world. For the respiration of
buman beings alone, it has been calculated that no less than one thousand
millions of pounds of oxygen are daily required, and for the respiration of ani-
mals double that quantity ; whilst the processes of combustion, fermentation,
decay, and the like, continually going on, increase the daily sum total to eight
thousand millions of pounds. Reduced to tons, we have the figures 7,142,847
as representing the daily consumption, and 2,609,285,714 the yearly consump-
tion. Taken in connection with thede statements, the fact that from one half
to two thirds of the bulk of all the matter upon our planet consists of oxygen,
does not seem wonderful,

SECTION II.
MANAGEMENT OF GASES.

289. Pneumatiec Trough.—For collecting gases not absorbed to
any considerable eXtent by water, an arrangement, known as the Pneumatic
Trough, is always employed. For small operations this apparatus may be simply
constructed by fixing a perforated shelf within a shallow dish, or woodeu tub,
in such a way, that when the vessel is filled with water to the proper height,

* Prof. Smallwood, of Montreal, in a communication te the American Association for
the Advancement of Science, in 1S57, stated that during the seven years ending in 1856,
there were at Montreal, 918 days on which rain and snow fell ; and during the like period,
there were 816 days on which ozone was present in the air in appreciable quantity.

QuresTioNs.—Under what circumstances i3 ozone noticed in the atmosphere? What
influence is ozone supposed to have in the economy of nature? What is said respecting
the daily consumption of oxygen? How are gases not absorbed by water collected ? De-
scribe the pneumatlc trough.
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the shelf will be covered by it to the depth of about F16. 86.
an inch. (See Fig. 86.) Another and more elegant =
arrangement, constructed of glass, and suitable for
a lecture table, is represented by Fig. 87. The \t
vessel intended for the reception of gas is filled with -
water, inverted and placed upon the shelf of the
poeumatic trough, with its mouth directly over the
perforation in it. The extremity of the gas-delivering
tube, which dips into the water,
is brought directly beneath the
shelf, in such a way that the
bubbles of gas escaping, ascend
through the opening in the shelf
into the vessel above.

For permanent use, the pneu-
matic trough is usually construct-
ed on a larger scale, of copper or
tin plate, or of wood, and fur-
nished with perforated shelves,
arranged below the water level,
of sufficient extent to accommo-
date a number of gas receivers at the same time. Fig, 88 represents the con-
struction of such a pneumatic trough.

‘Water issupported in T1a. 88.
the gas-receivers above
the level of the pneu- : 0
matic trough by reason { i ﬁg
of the pressure of the .
atmosphere, on the i ff‘ ;|
same principle as mer- {iil : (“
cury is sustained in the ]
tube of a barometer. il

In the collection of <=
gases over the pneu-
matic trough, it should
be observed that the
gas which first comes over is mixed with the atmospheric air of the generating
vessel, or retort; hence a volume of gas equal to about twice the volume of
the retort should be allowed to escape, as impure. This precaution is espe-
cially to be attended to in the case of gases (such as hydrogen) which form
explosive mixtures with atmospheric air. Gases may be transferred from ono
vessel to another, over the pneumatic trough, with the utmost facility, by
first filling the vessel into whieh the gas is to be passed with water, invertimg
it, carefully retaining its mouth below the water-level, and then bringing

QuEsTIoNs.—What precaution should be observed in collecting gases over a pneumatic
trough? Iow may gases be transferred from one vessel to another?
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Fic. 89.

beneath it the mouth of the ves-
sel containing the gas. (See Fig.
89.) On gently inclining the
latter, the gas passes into the
second vessel.

A jar, wholly or partially filled
with gas at the pnenmatic trough,
may be removed by placing be-.
neath it a common plate, deep
enough to contain sufficient
waterto cover the edges of the jar.
In this way gas, especially oxy-
gen, may be preserved for a con-
siderable length of time without
admixture with the external air.

290. Gasometers.—In order to collect and preserve large quantities
of gas, and to experiment with them more conveniently, capacious vessels of
sheet-iron, or copper, called gasometers, are used. They consist in general

of a cylindrical reservoir, suspended
with its mouth downward, and fit-
ting into an exterior and larger cyl-
indrical vessel, or cistern, filled with
water, as is shown in Fig. 90, which
represents a pair of gasometers. The
inner cylinder moves freely in the
outer one, rising and falling as the
gas is forced in or pressed out. The
posts on. each side of the cylinder
are hollow, and contain weights,
suspended to and balancing the in-
ner moveable cylinder, so that it
only presses on the gas as required.
An upright rod of metal, shown in
the engraving, rising from the inner
cylinder, and passing through the
supporting frame-work, keeps the
cylinder steady in its place, as it
rises or falls. Pressure, for forcing
out the gas, is obtained by slipping
on to this rod slit-weights of iron, as

Fia. 90.

ig seen in the figure. Gas is introduced into, and discharged from the gas-
ometer, by means of a metal pipe, furnished with stop-cocks, and entering at

the bottom of the stationary cylinder.

For convenience, this pipe is carried

up in front of the gasometer on the outside (as seen in the engraving), and by

QUESTIONS.—What are gasometers? How are they constructed ?
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means of flexible tubes of India-rubber or gutta-percha, which screw on to its
extremity, the gas can be conducted to any distance and in any direction.

The stop-cocks seen at the bottom of the gasometer are for the purpose of
letting off the water, whenever this becomes necessary.

The large gasometers used for the collection and storage of illuminating gas
are constructed upon precisely similar principles. Their general construction
is represented in Fig. 91. Tho gas from the retorts is conducted by a pips

Fi6. 91.

i 1)
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into the interior of the gasometer, and elevates it. Another pipe, opening
also into the interior, is connected with the service-pipes which supply the
gas. The gasometer is balanced by counter weights, supported by chains,
which pass over pulleys, and just such a preponderance is allowed 1o it as is
sufficient to give the enclosed gas the compression necessary to drive it through

the pipes to the remotest part of the district to be illuminated.

S ECETO N ST T,
G/ HYDROGEN.
Equivalent 1.  Symbol H.  Density 0°0692 (Air==1.)

291. History —Hydrogen was first correctly described
by Cavendish, an English chemist, in 1766. DBefore this
it bad been confounded with several of its compounds,
under the designation of inflammable air. Its name is
derived from ¥dwp, water, and yevvaw, I give rise to, and
refers to its production of water by uniting with oxygen.

QUESTIONS.—What is the history of hydrogen? What isits equivalent, symbol, and
density ?
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292. Natural History and Distribution.—Hydrogen is
never found in nature in a free state. The substance
which contains it in the greatest abundance is water, of
which it forms one ninth part by weight. As a constituent
of other fnorganic bodies, it is not very abundant in nature,
but in the organic kingdom it enters largely into the com-
position of most animal and vegetable substances.

293. Preparation.—Hydrogen is always obtained for
practical or experimental purposes from the decomposition

of water.
It is liberated in the state of greatest purity through the agency of the vol-

Fia. 92. taic current. When the wires connecting the poles
nn of a galvanic battery in action are caused to terminate
ol in water, decomposition is occasioned—hydrogen
being evolved at the negative pole and oxygen at the

ik positive. (See § 242, p. 148.) By placing tubes

filled with water over the respective poles (see Fig.
92) the two gases may be collected in a separate

state,

P, Water can not, under all ordinary circumstances,
be decomposed by the action of heat alone.* Hydro-
gen may, however, be separated from water by heat-

ing this fluid in contact with substances which absorb its oxygen. Thus, if
the vapor of water (steam) is passed over finely divided iron, heated to bright
redness, the water is decomposed, oxygen uniting with the iron to form oxyd

of iron, and hydrogen being set free.
~This experiment, which was devised by Lavoisier, in order to prove that

/ water is a compound substance, is Fia. 93.

easily performed by placing a quantity
of iron filings in an iron tube (a gun-
barrel, or better, a porcelain tube,
protected by a covering of sheet-iron), "/
arranged in a furnace, as is represent-'{ -
ed in Fig. 93; one end of the tube is
connected with a retort, or flask, a,
containing a small quantity of water,
from which, by the heat obtained from

* Mr. Grove, the eminent English physicist, has recently shown that the vapor of water
is decomposed to a small but semsible extent by an exceedingly high temperature, and
resolved into its constituent gases.

QursTIONS.—What i said of its natural history and distribution? How is hydrogen
obtained? What process yields it in the greatest purity? Under what circumsiances
can water be decomposed by heat? Describe the experiment of Lavoisier.
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a epirit lamp, a current of steam is driven through the tube, at the moment
the metal has attained a full red-heat.

If the conditions of this experiment are reversed, and a stream of hydrogen
be made to pass over oxyd of iron heated to redness, the hydrogen unites
with and removes the oxygen of the oxyd of iron, thereby leaving metallio
iron, and producing water. .

If we sprinkle water in small quantity upon red-hot coals, a portion of it
will be decomposed on the same principle ag in the above experiment, The
oxygen combines with the carbon and increases the intemsity of the fire,
while the liberated hydrogen burns and develops a very high degree of heat.
Blacksmiths, it is well known, are accustomed to sprinkle their fires with
water, in order tq augment the heat, and too little water thrown upon a confla-
gration will often produce more injury than benefit.

Some of the metals, such as potassium and sodium, are capable of decom-
posing water (combining with the oxygen and liberating hydrogen), without
the aid of heat. This may be shown by the following ex- Fia, 94
periment: R

Fill a glass tube with water, from whieh the air has beén
expelled by boiling, and invert it in a vessel of water. Pass
into the mouth of this tube, by means of a wire, a small \___ N /77
piece of sodium, as is represented in Fig. 93. This metal,
being lighter than water, ascends to the surface, and absorb~
ing oxygen from the water, rapidly liberates hydrogen, sa

Hydrogen gas i3 most conveniently obtained by putting pleces of zino
or iron into oil of vitriol, ot strong sulphuric acid, diluted with six or eight
times its bulk of water. Practically, this process may be condueted as fol-
lows i—Introduce into a suitable jar or bottle a small quantity of sheet zinc

Fra., 95 (or in the absence of zine, scraps of irom,

W36 nails, etc.) cut into small pieces, together

with water sufficient to more than cover
the same, Then add a gmall quantity of
strong sulphurio acid, and the evolution of
gas immediately commenees. By inserting
into the opening of the flask, a perforated
cork, to which a bent glass tube is fitted
(seo Fig. 95), the gas is easily collected
over water in the usual way. Particular
care should, however, be taken not to ad-
mit the gas into a receiver, until all the at-
mospheric ait in the flagk has been expelled.

An ounce of zinc is sufficient to liberate
from water about two and a half gallons of

QuEsTIONS.~~Why does a blacksmith sprinkle his fires with water? Do any of the
metals decompose water without the aid of heat? What experiment illustrates this fact?
How 18 hydrogen obtained most conveniently ? Describe the practical performatice of this

process ?
9*
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hydrogen, and the evolution of the gas is regulated by the supply of acid. By
means of a funnel-tube fitted into the cork of the generating vessel, and de-
scending within the vessel to a point below the level of the contained liquid
(see Fig. 96), the acid may be added from time to time in exactly the
quantities neccssary to produce the best effect. No gas can escape by this
funnel-tube, as its extremity within the vessel is always coy-
ered by the fluid.

The theory of the liberation of hydrogen in this process is as
follows: neither zinc or iron are capable of uniting directly, as
metals, with sulphuric acid; but oxyd of zinec and of iron
combine readily with it. Thus a decomposition of water is
determined. The zine or iron takes oxygen from the water,
and forms oxyds of these metals respectively, while the hydro-
gen before in combination with the oxygen passes off in the
= gaseous form. The oxyds of zinc and iron formed are inso-
luble in water, but are readily dissolved by the sulphurie acid,
forming salts of sulphate of iron or zinc. The surface of the metal is thus left
dlean and exposed to the water, from which it attracts another portion of
oxygen, which is dissolved as before. The reaction which takes place may
be expressed by the following equation :—

Zn+-S0s+HO=Zn 0, S0s--H.

Sulphuric acid does not take any direct part in the decomposition of the
water; but its presence seems to facilitate the processes by increasing the af-
finity between the metal and the oxygen of the water; it also dissolves the
oxyd as fast as it is formed, which is essential to the continuance of the ac-
tion.

294, Properties.—Hydrogen is a colorless gas, which has never been
liquefied. When pure, it is without taste or odor, but as prepared in the way
last described, it has a nauseous, disagreeable odor, arising from the presence
of impurities contained in the materials used. It is slightly soluble in water,
and does not support respiration : an animal plunged in it soon dies for want
of oxygen. When mingled with a large quantity of air, it may be breathed
for a time without inconvenience, and the voice of the person inhaling it, ac-
quires a peculiar shrill squeak. Sounds produced in this gas are hardly per-
ceptible.

Hydrogen is the lightest substance in nature, being sixteen times lighter
than oxygen, and 14-4 lighter than air; 100 cubic inches of it weigh only
214 grains. Owing to its levity, it hag been extensively used in filling bal-
loons, which begin to rise when the weight of the material of which they
are made and the hydrogen together, are less than the weight of an equal
bulk of air. At the present time, coal gas, owing to the greater facility with
which it can be obtained, is generally substituted in the place of hydrogen for

QuEsTIONS.— W hat {s the theory of the liberation of hydrogen under such circumstances?
‘What is the chemical reaction? What part does the sulphuric acid sustain? What are
the properties of hydrogen? What is said of the lightness of hydrogen ?
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rostatic purposes—although of much greater density. Soap-bubbles inflated
with hydrogen riso rapidly through the air. ~ In order to obtain these bubbles,
weo fill a bladder, or gas-bag, provided with a stop-cock, with hydrogen gas,
and attach to the stop-cock a common tobacco-pipe, or what is better, one of
-metal. (See Fig. 99.)* The extremity of the pipe is dipped into soap-suds,
and the bubbles are blown by opening the stop-cock and gently pressing the
bladder.

Hydrogen, beside being the lightest body in nature, possesses also the
greatest tenuity, and there is reason for supposing that its atoms or molecules
are smaller than those of any other known substance. No receptacle that is
at all porous, as a bladder or India-rubber bag, can be used for storing hy-
drogen for any considerable length of time, the remarkable law of the diffu-
sion of gases already explained (§ 52, p. 39) promoting its escape, and caus-
ing an interchange of the surrounding air. Faraday, in an attempt to liquefy
hydrogen through the agency of cold and pressure, found that it would leak
freely with a pressure of 28 atmospheres through stop-cocks which were per-
fectly tight with nitrogen at 60 atmospheres. A minutoe crack in a glass jar,
quite too small to leak with water, will allow hydrogen to escape readily.
Hydrogen also enters into combination in a smaller proportionate weight than
any other element, and has hence been chosen as the unit of the scale of
equivalents. Owing to the lightness of hydrogen, a jar may be
filled with it by displacement, without using the pneumatic  FI¢. 97.
trough. Thus, if a bottle or jar be inverted over the extremity g
of an upright tube delivering the gas (see Fig. 97), the air it
contains will be entirely displaced by the hydrogen rising into
it. The gas may be retained for some minutes, even when re-
moved from the source of supply, provided the jar be still held
in an inverted position; but if its mouth be turned upward, the
gas almost immediately escapes.

295. Combustion of Hydrogen.—Hydrogen is ex-
tremely inflammable; when a lighted taper is plunged into a
jar of it, the gas takes fire, but the taper is extinguished, since
there is no oxygen above the mouth of the jar to support com-
bustion. This experiment is best shown by thrusting up a
lighted bit of candle into an inverted jar, or bottle of hydrogen.
The ignited gas burns quietly at the mouth of the jar, and the extinguished
candle may be again relighted by it. If the bottle is suddenly reversed after
the gas has burned awhile, the remaining gas will burst into flame with a
slight explosion.

i

*® India-rubber gas-bags, with metal pipes, stop-cocks, etc., are prepared especially for
this purpose by dealers in chemical apparatus. A tobacco-pipe attached to the India-
rubber delivery-tube of a gasometer may also be employed.

QuUEsTIONS.—What of its tenuity and smallness of particles? What are some illustra.
tions of these properties? Why has hydrogen been chosen as the unit of the scale of
equivalents? What is said of the inflammability of hydrogen ?
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A jet of hydrogen burns with a bluish white flame, and a feeble light. The
experiment can be shown by adapting to the cork of a flask from which hy-
drogen is evolved, a piece of pipe-stem, or a small glass tube
drawn out to a point. (See Fig. 98.)

If a dry, cold tumbler be held over a jet of burning hydro-
gen, its interior will rapidly become covered with a copious
deposition of moisture. This results from a condensation of
the vapor of water produced by the union of the hydrogen
with the oxygen of the atmosphere.

296. Explosion of Mixed Oxygen and Hy-
drogen.—If the hydrogen beforo being kindled is mixed
with air sufficient to burn it completely, or with between two

- and three times its volume, and then ignited, combustion takes
place mstantaneously throughout the whole mass, and is attended with a vio-
lent explosion. Hence particular caution is necessary in using hydrogen to
avoid the slightest admixture of common air.

‘When pure oxygen is substituted in the place of air, the explosion is much
more violent. \

A mixture of oxygen and hydrogen will never unite under ordinary eir-
cumstances of temperature and pressure; but the passage of an electric spark,
or the application of an intensely heated body, will cause instantaneous union,
accompanied by an explosion. The product of such combination is always
‘water.

In illustrating by experiment the explosive combination of oxygen and hy-
drogen, the proportions which produce the best effect are 2 of hydrogen to 5
of air, or 2 of hydrogen to 1 of oxygen. As the explosions are most violent,
small quantities only of the mingled gases can be safely employed.

The experiments may be varied by inflating a soap-bubble with the gas-
eous mixture, and igniting it
with a candle as it ascends;
or by blowing up a quantity
‘of bubbles in a shallow dish,
as is represented in Fig. 99;
or by filling a bladder with
the mixed gases, and ignit- g
ing it from a distance by ALY
means of a candle fixed to o ——
the end of a pole.

What is called the hydrogen-gun consists of a strong tin tube, about an
inch in diameter and eight inches in length, open at one end and provided
with a small vent hole at the other. In loading it, the vent is stopped by

F1a. 99.

QueeTiONs.—What are the peculiarities of the hydrogen flame? If a cold glass tum-
bler be held over the jet, what phenomenon is noticed ! If hydrogen, before ignition, be
mingled with air, what happens? Will oxygen and hydrogen unite of their own accord ?
‘What are the best explosive mixtures of oxygen and hydrogen? How may the explosive
effects of mixed hydrogen and oxygen be {llustrated ? Explain the hydrogen-gun.
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wax, the tube filled with water, and the proper mixture of gases introduced
from a receiver under water. The tube thus filled is closed with a cork, and
afterward fired at the vent. The explosion is sufficient to expel the cork
with violence, and produce a loud report. The same experiment may be
moro simply performed by inverting a vial, or test tube over a jet of hydro-
gen, and allowing the escaping gas to mingle with, but not wholly displace the
air. The mixture thus obtained may be exploded by applying flame to the
mouth of the tube.

The loud, sharp report which attends the combination of oxygen and hy-
crogen under these circumstances, is explained as follows :—The steam, which
is the resulting product of the union, suddenly expands from the high tem-
perature attendant on the combustion, and immediately afterward condenses ;
great dilatation is first produced, followed by the formation of a partial vacuum;
the surrounding air rushes in to fill the void, and by the collision of its par-
ticles produces the report.®

The inflammation of an explosive mixture of oxygen and hydrogen, or of
hydrogen alone, in contact with air, is not only effected by a lighted taper, or
the electric spark, but it likewise takes place in the cold by the action of cer-
tain substances, the principal of which is * platinum sponge,” or platinum in
a loosely coherent state.} .

If we throw a piece of platinum sponge into a vessel containing a mixture
of 2 parts of hydrogen to 1 of oxygen, a combination of the two gases, ac-
companied by an explosion immediately ensues. The same thing also takes
place, but more glowly, when a thin plate of platinum, rendered chemically
clean, is employed.

This phenomenon has been considered as one of catalysis (p. 161), or in
other words, as due solely to the mere presence of the platinum; but it is
now generally believed to be the result of adhesion (§ 48). The gases, it is sup-
posed, by reason of a strong adhesion to the metal, are condensed upon its
surface, and being thus brought within the sphere of each other’s attraction,

£

* ¢t The whole range of natural pheno .’ says Pr Faraday, ** does not pre-
sent & more wonderful result than this violent combination of oxygen and hydrogen.
‘Well known and familiar though it be—a fact standing on the very threshold of chem-
jstry—it is one which I ponder over again and again with wonder and admiration, To
think that these two violent elements, holding in their admixed parts a force of the most
extraordinary kind—a force which, if we reduce it to a certain kind of comparisen, will be
found equal to the power of many thunder-storms—should wait indefinitely until some
cause of union be applied, and then furiously rush into combination, and form the bland,
unirritating liguid, water;—is to me, I confess, a phenomenon which continually awakens
new feelings of wonder as often as I view it."”

+ Platinum sponge is essily prepared by soaking a small piece of bibulous paper in s
solution of platinam (the bi-chloride of platinum) and afterward drying and igniting it.
A little pellet of asbestos may be substituted with advantage in place of the paper. The
sponge, after a little time, loses its peculiar property, bntit can be again restored by being
strongly ignited.

QUESTIONS.—What occasions the detonation? How may & mixture of oxygen and hy-
drogen be exploded without the direct application of an ignited substance? What is
spongy platinum? What experiment illustrates its action?
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unite. By the act of combination heat is evolved—the platinum becomes
red hot—the remaining uncombined gases are ignited by it, and an explosion
occurs.

Other finely divided substances beside platinum possess this property of
favoring tho combination of oxygen and hydrogen in an inferior degree.
Even pounded glass, charcoal, pumice, rock-crystal, ete., if warmed to 600°
F. producs this effect.  Finely divided palladium, rhodium, and iridium act
in the sams manner as platinum.

If we project a jet of hydrogen alone upon platinum sponge, this substance
becomes incandescent, and the gas inflames.

297. Dobéreiner’s Inflammable Lamp.— Advantage has
been taken of this circumstance to construct a machine for
obtaining fire instantly by means of hydrogen gas It
consists of a conical glass, Fig. 100, attached to a plate and
stop-cock, and suspended in a receiver, g, containing sul-
phuric acid and water. Within the outer vessel a piece of
zing, 7, is suspended, and this by contact with the dilute
acid evolves hydrogen. The gas accumulating in the in-
ner vessel forces the acid into the outer vessel, until it no
longer touches the zinc, and thus stops the further evolu-
tion of hydrogen. By opening the stop-cock, ¢, the accu-
mulated gas issues upon a ball of spongy platinum, d, and
almost immediately takes fire. As fast as the gas escapes
from the interior vessel, the sulphuric acid which has been
displaced rises to take its place, and again coming in contact with the zinc,
evolves a fresh supply of hydrogen. Fig. 101,

298. Musical Tones.—If a glass tube, open at
both ends, be held over a jet of burning hydrogen (see Fig.
101), a rapid current of air is produced through the tube,
which occasions a flickering of the flame, attended by a
series of small explosions, that succeed each other so rap-
idly, and at such regular intervals as to give rige to a
musical note, or continuous sound, the pitch and quality
of which varies with the length, thickness, and diameter
of the tube. By sounding thc same note with the voice, a
tuning-fork, or musical instrument, the singing of the
flams may be interrupted, or caused to cease entirely; or
when silent, to recommence.

299. Heat Generated by the Combustion
of Hydrogen.—The flame of hydrogen, although
slightly luminous, produces a great degree of heat. When
the combustion is assisted by oxygen gas, the heat gen-

Fia. 100.

QuEBTIONS,—What other substances possess similar properties? When a Jjet of hydro-
gen is thrown upon spongy platinum, what ensues? What is the construction of Dobe-
reiner’s lamp? When hydrogen is burned from a jet in a tube, what phenomenon is no-
ticed? What is said of the beating effects of the hydrogen flame?
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erated is most intense, and is only exceeded by that produced by clectrical
ageney.

300. 0Oxyhydrogen Blow-pipe. Fia. 102.
~The practical arrangement for effecting
the combustion of hydrogen by oxygen,
is known as the “Oxyhydrogen” or
¢ Compound” Blow-pipe. As commonly
constructed, it consists of two gasometers,
containing, the one oxygen, and the other
hydrogen. (Sce Fig. 102.) Tubes leading
from these are brought together at their
extremitics, and the two gases delivered
from apertures situated 1-30th of an inch
apart, are burned in a single jet. The
best result is attained by so arranging the
stop-cocks of tho gasometers, that the
volume of hydrogen flowing out shall be
double that of the oxygen.

The effects of the compound blow-pipe
may be produced in a degree by passing
& stream of hydrogen through the flame
of a spirit-lamp, as is represented in Fig.
103.

The effects of the oxyhydrogen blow-
pipe are very remarkable. Substances that are infusible in the most intense

Fic. 103. blast furnaces, melt in the heat of
its focus with the rapidity of wax.,
Iron, copper, zine, and other metals,
melt and burn in it readily; the
first (when a watch-spring or steel
file is employed) with beautiful scin-
tillations, and the latter with char-
acteristic colored flames.  Thick
platinum 1ire melts in it with ease,
and may bo even volatilized. Rock-crystal can bo liquefied and drawn out
into threads like glass, and the stem of a tobacco-pipo may be fused into an
enamel-like bead. ]

‘When the jet of the two gases, after being set on fire, is directed under
water, it continues to burn beneath the surface of the liquid, in tho form of a
globe, and fuses and burns metallic wires held in it. s

30L. Drummond Light.—Tho flamo of tho otyhydro'rcn blow-pipo
is very pale in itself, but diffuses a dazzling light as soon as any solid body
is introduced into it. By causing the flame to fall upon a cylinder of quick-

QuesTIONs.—Describe the oxyhydrogen blow-pipe. What are some of the effects pro-
duced by it? What is the Drummond light ?
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lime, an artificial light is produced, which for whiteness and brilliancy may bo
compared to the sun itself. With the requisite supply of gases this light may
be maintained for hours, care being taken to expose to the flame fresh sur-
faces of the lime, by causing it to revolve by cloek-work continually, but
slowly. This light is generally known as the “ Drummond Light,” from the
name of an English engineer, who first used it for signalizing at great dis
taneces; it is also often termed the * lime light.”

The distances at which this light may be secen when its rays are concen-
trated by a parabolic mirror, are very great. In one instanee, during the
prosecution of the trigonometrieal survey of Great Britain, it was seen by
observers stationed upon a mountain peak, at a distance of 108 miles, during
daylight.

The combination of hydrogen with other bodies is not attended with the
development of light and heat, with the exception of oxygen and chlorine~-
two of the most highly electro-negative of all known substances.

302, The Chemical Characteristics of Hydrogen ally
it very .closely with the metals—particularly with zinc and copper——and there
are some reasons for supposing that it is itself a metal, exceedingly volatile,
and sustaining in this respect the same relation to mercury, that mercury
does to platinum. The fact that it is wanting in luster, hardness, and bril-
lianey—qualities whieh are popularly considered as essential attributes of the
metals—is no argument against this supposition, inasmuch as mereury, when
vaporized through heat, is as transparent and colorless as hydrogea itself
The vapor of mercury and of other volatile metals is also, like hydrogen, a
non-conductor of heat and electrieity. Yet mercury, in the state of vapor, is
1o less a metal than in its ordinary condition,

Although hydrogen is the lightest and the most attenuated substance in
nature, and combines in the smallest proportional quantity of all the elements,
its active power, considered in relation to its combining weight, is very great.
Thug, it combines with chlorine in the ratio of 1 part by weight to 36 ; with
bromine 1 to 80 ; and with iodine as 1 to 125; yet in each case it abun-
dantly satisfies the combining affinities of the other eclements, generates by
its union powerful and not easily decomposed acids, and in every other re-
spect manifests an equality of force, This circumstance of so much power
existing in connection with so little ponderable matter, is, regarded by Pro-
fessor Faraday, as one of the most remarkable charaeteristics of hydrogen.

308. Compounds of Hydrogemn with Oxygeu—But two

/compounds of hydrogen with oxygen are certainly known to

exist *—the protoxyd of hydrogen, or water, whose chem-

* According to some authorities, there is a third compound—the suboxyd of hydrogen
—formed by the gradual abserption of hydrogen by water.

QuesTions.—To what distance is this light visible? Are the combinations of hydrogen
generally accompanied by evolutions of light and heat? What is said of the nature of
hydrogen? What, according to Faraday, is one the most remarkable characteristics of
hydrogen? What compounds does hydrogen form with oxygen?

.
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ical symbol is HO, and the peroxyd or binoxyd, whose
symbol is HO,. Water is the only natural combination ;
the binoxyd being an artificial preparation.

304, W ater is the most important, and at the same time the most re-
/éarkable of all chemical compounds. It is the most abundant substance ex-
isting in a separate condition upon the facoe of the earth, and covers to an
unknown depth three fourths of its surface. Water enters largely into the
composition of nearly all organized matter, and of every structure that pos-
sesses corporeal vitality, it is an essential element.®

305. Composition of Water.—Water, as hag been already stated,
is formed by the union of two volumes of hydrogen and one of oxygen, or
by weight, of 8 parts of oxygen to 1 of hydrogen. The composition of water
by measure and by weight, upon which, as a basis, the whole theory of atomic
constitution and the doctrine of equivalent proportions rests, may be proved
by a great variety of experiments, both by analysis and by synthesis.

By analysis, by decomposing water by the galvanic current (§ 242, p. 148),
and by passing the vapor of water over red hot iron (§ 293). By synthe-
siy, by uniting the two gases in proper proportions by combustion—by the
action of spongy platinum—by the electric spark—and by passing a current
of hydrogen over oxyd of copper, heated to bright redness.

The most reliable synthetical process is that last indicated. The hydrogen
passing over the heated metallic oxyd, combines with its oxygen and forms
water, which passes off as steam—the copper being left in a metallic state,
the steam collected and condensed gives the weight of the water formed ; the
loss in weight which the metallic oxyd experiences gives the weight of the
oxygen which has entered into the composition of the water; and the dif-
ference between these two, gives the weight of the hy- Fia. 104.
drogen contained in the water. 3

Eudiometer.—An apparatus by which a mixture A I3
of oxygen and hydrogen can be exploded by the electric
spark, and the resulting product collected and examined,
is termed an Eudiometer. It consists of a graduated
glass tube usually placed over mercury, and so arranged
that an electric spark can be passed into its interior. (See
Fig. 104.) When a mixture of oxygen and hydrogenis ex-
ploded in such a tube over mercury, a vacuum is formed

* A man of 154 Ibs, weight is made up of 116 1bs. of water and only 88 Ibs. of dry
matter: yet this proportion of water is small in comparison with the amount that enters
into the ecouomy of certain of the lower orders of animals. Of that class of sea-animals
known as the medusa, for example, it is estimated that at least 99-100ths of their whole
structure by weight consists of water. They have, therefore, not inaptly been termed
‘“*living forms of water.”

QursTions,—What is said of water? What is the position of water by eand
weight? How is the composition of water proved by aualysis? How by synthesis?
‘What is the most reliable synthetical method, and how is the composition of water calcu-
lated from the results obtained ? What is an eudiometer ?
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by reason of their union and condeunsation, and the mercury rises to fill it.
If the gases are mingled in the exact proportion to form water, the com-
bination will be complete, and both will disappear entirely. If, however,
one of the two elements is in excess, a gaseous residuum will remain. Thus,
suppose we introduce into the eudiometer 100 measures of hydrogen and
5 of oxygen, we shall find after combustion 25 of oxygen remaining, but
none of hydrogen. Therefore, 100 of hydrogen have combined with 50 of
oxygen, or the union has taken place in the proportion of 2 volumes to 1.
The graduations marked ou the eudiometer tube enable us to proportion
the quantities of the gases to be introduced, and also to estimate by the
space unoccupied the volume of the residuum remaining after the combination.

306. History.—The history of water constitutes one of the most inter-
esting portions of the whole record of physical philosophy. -The old Greek
philosepher Thales, in the earliest dawn of scientific speculation, taught that
water was the “first and fontal” element of all material things—the earliest
created substance. At a subsequent period, it was considered to be one of
four primal elements; earth, air, and fire being the other three. This view
of the elementary character of water remained unquestioned until nearly the
close of the 18th century, or about the time of the first French revolution.
Von Helmont, a contemporary of Galileo, and one of the most eminent scien-
tific men of his day, maintained the doctrine that water was convertible into
earth, and the following experimental results were appealed to as affording
indisputable evidence of the fact, viz., that a tree when transferred from earth
to water continues to develop itself and derive solid constituents from the
liquid; and that when water was evaporated to dryness in a vessel, an
earthy residuum always remained. The inference from these experiments was
not, however, that water was a compound body, but rather that it possessed
a generative character, and produced all the elements necessary for vegetable
existence.*

Sir Isaac Newton, in 1704, in the course of his optical researches, remarked
that water and the diamond both refracted light in the same way as sub-
stances of a highly inflammable character. He in consequence predicted the

* It is not a little singular that the compound character of water should have remained
50 long undetected by the Egyptians, Greeks, and Romans, who carried some branches
of economical chemistry to a high degree of perfection, or in later times, by the Arabian
chemists, or the medisval alchemists. It would seem as if the phenomena of vegetation,
and of animal life, if they had been watched with attention, would have shown that tha
elementary character of water was a most questionable doctrine. ‘¢ Not a weed ever grew
but what was possessed of the secret of its composite nature ; not an animalcule ever lived
but daily decomposed and changed the ¢ indivisible’ into its own structure. No one, how-
ever, understood their language, or tried to interpret it, and hieroglyphics which seem to
us pictures which tell their own story, revealed nothing to those who had already decided
that they had no meaning.”

QuEsTIONS.—How may the composition of water he determined by the use of the en-
diometer? What opinions were formerly entertained respecling the nature of water?
‘What doctrine respecting water was advanced by Von Helmont? Upon what did he base
his conclusions? What facts were ascertained by Sir Isaac Newton?
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futuro combustion of the diamond, and it is inferred that he anticipated, in
a like manner, the combustibility of one of the elements of water.

Three quarters of a century after this, Lavoisier devised and carried out
an experiment which is regarded as the commencement of the modern sys-
tem of chemistry. He doubted the conclusions of Von Ilelmont, “and he
asked nature if water could or could not be turned into stone, and asked in
such a way that she granted an intelligible and unmistakable answer. Ho
took an alembic, which may be described as an air-tight still or retort, in whicl
the condensed steam or distilled liquor always flows back into the boiler—
weighed it—put an ascertained quantity of water in it—made it air-tight—
and set the water boiling ; the steam or distilled liquor rising, became con-
densed, and continually trickled back through the tubular arms of the alem-
bic into the original vessel. This arrangement was kept boiling for one
hundred and one days and nights. At the end of that period, the whole ap-
paratus had lost no weight; the alembic, however, had lost 17 grains, but
the water had gained weight, and was muddy with earthy particles. When
this muddied water was evaporated to dryness, there remained 20 grains of
earth, 17 of which had clearly been worn out of tho substance of the vessel;
but whero had the other 3 come from? Lavoisier at first assigned them to
the incidental errors of the experiment, but it was afterward shown that they
were derived from the water itself—from the saline and. organic matter
which it held in solution. Thus the earth, which Von Helmont traced to
the transformation of water, was discovered to havetcome from the earthy
vessel in which the water had been continuously boiled. Scheele, an eminent
Swedish chemist, followed up the experiment, by analyzing the earth pro-
duced, and proved it to be the same as the material of the apparatus.

“The notable circumstance in this experiment is the use of tho balance,
Until this weighing of the alembic the balance had not been used in chem-
istry as an implement of research. Quality and not quantity was only re-
garded. But when Lavoisier ordered a balance with a view to its employ-
ment in research, the fate of old theorics was sealed. The very thought of
the balance implied the perception, by him that thought of it, of the central
idea of all positive chemistry, namely, that every chemical operation ends in
an equation; and that if 100 grains, ounces, or pounds of any substanco
whatsoever are burned, distilled, or in any way altered by a chemical process,
then 100 pounds, ounces, or grains of material must be accounted for after the
operation, for nothing is ever lost.”—BREWSTER.

A few years after this experiment of Lavoisier, oxygen was discovered,
and hydrogen first correctly described by Cavendish. Subsequently the com-
position of water was discovered almosi simultancously by James Watt, the’
inventor of tho stcam-engine, by Cavendish, and by Lavoisier; the first two
by burning hydrogen in oxygen, and the last by decomposing the vapor of
water.

QuEesTIONS.—What experiment was instituted by Lavoisier? What were the results of
this experiment ? What was the most noticeable circumstance attending this experiment?
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307. Properties.—The physical properties of water are so well
known, and have been discussed to such an extent in the preceding depart-
ments of this work, that no lengthened description is necessary in the present
connection.

In its ordinary condition as a liquid, and free from admixture, water is col-
orless, transparent, inodorous, and tasteless; it boils at 212° F,, freczes at
320 F., and cvaporates at all temperatures. If is 815 times heavier than
an equal bulk of air.

/' 308. Coloration of W ater.—The peculiar colors which large bodies

of water assume have not been satisfactorily accounted for. The color of the
ocean “‘on soundings” is generally of a greenish hue ; but off soundings it ap-
pears blue. It is maintained by some authorities that the blue tint of tho
ocean is only apparent, and is owing to a reflection of the most refrangible
of the rays of solar light (the blue) in greater proportion than those which are
less so. Sir Humphrey Davy attributed the blue color of the ocean to an
admixture of jodine, and others have referred the very remarkable bright blue
color of the Mediterranean to the presence of salts of copper; but although
iodine exists in combination in all sea-water, and copper has been found in
the waters of the Mediterranean, the quantities present do not appear to be
sufficient to produce any perceptible coloration. The coloring matter of the
Red Sea, which at particular seasons of the year is sufficiently intense to
justify the appellation bestowed upen this body of water, has been proved to
be owing to the presence of a prodigious quantity of microscopic plants.
309. Transparency of the Sea.—The transparency of the sea
varies with the temperature. The maximum of visibility under water, under
the most favorable circumstances does not exceed 25 fathoms, or 150 feet.
810. Purity of Water.—In nature, water is never found

perfectly pure.

Rain-water collected in the country after a long continuance of wet weather
is the purest natural water, but even this always contains atmospheric air,
and the gases floating about in it, to the extent of about 2% cubic inches of
air in 100 of water. After rain-water, in the order of purity, comes river-
water; next the water of lakes and ponds ; next ordinary spring waters; and
then the waters of mineral springs. Succeeding these are the waters of great
armg of the ocean into which large rivers discharge their volumes, as the
Black Sea, the water of which is only brackish ; then the waters of the main
ocean; then those of the Mediterranean and other inland seas; and last of
all, the waters of those lakes which have no outlets, as the Dead Sea, Cas-
pian, Great Salt Lake of Utah, etc.

311. Spring Waters.—Spring water, although it may be perfectly

QuEsTions.— What are the physical properties of water? How much heavier than air
is water? To what has the coloration of bodies of water been ascribed? What is said
of the transparency of the ocean? Is water found pure in nature? What is the purest
natural water? What is the relative purity of different waters? What is.said of spring-
waters?
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transparent, always containg more or less of mineral matter dissolved in it.
The nature of these substances will of course vary with the character of the
soil through which the water percolates. The most usual impurities are car-
bonate of lime, common salt, sulphate of lime (gypsum), sulphate and carbon-
ate of magnesia, and compounds of iron. Most spring waters also contain a
proportion of earbonic acid gas.

12. Mineral Springs.—When the waters of springs retain in so-
lution so large a proportion of mineral matter as to give them a decided taste,
they are termed mineral waters, and are usually reputed to have some medi-
cinal quality, varying with the nature of the substance in solution,

‘Waters which contain iron in quantity sufficient to impart to them an inky
taste are termed cha-lyb’e-ate; the iron exists in the water most frequently
in the state of carboua.te, dissolved in carbonic acid, and rarely in a propor-
tion exceeding one grain in a pound of water.

‘Waters impregnated with sulphuretted bydrogen gas are termed .mlphuroua,
or sulphuretted; they may be readily recognized by their nauseous taste and
odor. Remarkable springs of this character exist at Sharon, New York, and
also in Virginia.

313. Saline Springs.—Springs whose waters contain a large pro-
portion of earthy or alkaline salts, are called saline, although this term is gen-
erally applied to particularly designate springs containing common salt.

In some springs carbonic acid is very abundant, and imparts to the water
an effervescent, sparkling character, like that noticed in the *Seltzer” and
% Saratoga” waters.

314. Thermal Springs.—Many mineral springs are of a temperature
considerably higher than that of the surface of the earth where they make
their appearance, and not unfrequently discharge boiling water. The major-
ity of hot springs occur either in the vicinity of volcanoes, or they rise from
great depths in rocks of the oldest geological periods. With few exceptions,
they discharge at all times the same quantity of water, and their temperature
and chemical constituents remain constant. There is evidence to show that
the temperature of some hot springs has not diminished for upward of a thou-
sand years.

315. River-wateris less fitted for drinking purposes than spring-
water, although it often contains a smaller amount of dissolved salts. But
river-water usually holds in sclution or suspension large quantities of or-
ganic matter of vegetable origin, derived from the surface of the country
drained by the stream. Ifthe sewerage of large towns situated on its banks
be allowed to pass into the stream, it is of course less fit for domestic pur-
poses.

‘Water, however, which is contaminated with animal and vegetable matter,

QuEsTION8.—When are waters termed mineral? What are chalybeate waters? What
are sulphurous, or sulphuretted waters? How may they be recognized? What are
saline springs ? 'What gives to Saratoga and Seltzer waters their sparkle? What are
thermal springs? In what localities are they generally found? What is said of river-
water? Can water purify itself?
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is endowed with a self-purifying power of the utmost importance. The action
of the oxygen of the air generates a species of fermentation, whereby the or-
ganic matters contained in the water become oxydated, deprived of both color
and odor, and precipitated in part as sediment. The water of the river Thames,
contaminated with the sewerage of London, is a remarkable illustration of
this fact. Taken on board ships, it is at first nauseous, but after standing in
casks for a few days, it becomes sweet and wholesome,

316. Sea-waters.—The most abundant substance in sea-water is com-
mon salt; next the chloride of magnesium and the sulphate of magnesia,
which compounds give to the water its saline, bitter taste; then salts of cal-
cium, potassium, with traces of iron, iodine, bromine, fluorine, silver, and some
other of the metals. The specific gravity of sea-water varies slightly in dif-
ferent locations. The waters of the Baltic and of the Black Sea are less
salt than the average, while those of the Mediterranean and some portions
of the Gulf of Mexico, are more so. The whole amount of mineral constitu-
ents in the waters.of the main ocean ranges from 3} to 4 per cent.

The soluble earthy matters washed from the land by rains into the rivers,
and by them carried into the ocean, remain there, since pure water alone
evaporates from the surface of the ocean. The quantity of saline matter,
therefore, in the ocean is continually accumulating. It is an error to attrib-
ute the saltness of the sea to the presenco of vast beds of mineral salt; but
the sea undoubtedly owes all its salts to washings from the land. The
streams that have flowed into it for ages have been constantly adding to
the quantity, until it has acquired its present briny and bitter condition.
The evidence on this point i3 most conclusive; the saline condition of sea-
water is but an exaggeration of that of all ordinary lakes, rivers, and springs.
These all contain more or less of the mineral constituents of sea-water, but
as their waters are continually changing and flowing into the sea, the salts
in them do not atcumulate.

Again, every lake into which rivers flow, and from which there is no out-
let except by evaporation, is a salt lake; and it is extremely curious to ob-
serve that this condition disappears when an artificial outlet is provided.
Examples of such lakes are the Dead Sea, the Caspian, the Sea of Aral,
and the Great Salt Lake of Utah, the saltness of all of which greatly ex-
ceeds that of the ocean. Thus the waters of the ocean contain from 2 to
3,000 grains of saline matter in the gallon (70,000 grains); those of the Dead
Sea, in some places, 11,000 grains, and those of the Salt Lake of Utah
22,000 grains, or nearly onc third of their whole weight. In some instances,
even this last proportion is exceeded.

317. Relative Fitness of Waters for Use.—Any water
which contains less than 15 grains of ordinary mineral matter in a gallon is
considered as comparatively pure, and may be employed for all domestic

QUESTIONS,—What is an illustration of this fact? What are the minerdl constitnents
of sca-water? Why is the sea salt? What proof is there respecting the origin of salt
in the ecean? What is said of the relative fitness of waters for use ?
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purposes, provided it does not contain too large a proportion of organic
matter. Water, of which a gallon contains 60 grains of ordinary mineral
matters, may be still good for drinking, but it is not fit for cooking vege-
tables or washing linen when it contains 8 grains to the gallon of either
lime or magnesia. Waters which contain 6 grains of organic matter to the
gallon are not fit for any domestic use; if this limit is exceeded, they act
disastrously upon the animal economy, and may occasion dysentery and va-
rious other maladies. The presence of magnesia in considerable quantity in
drinkable waters is undoubtedly injurious; tho use of such waters in Swit-

crland is supposed to give rise to the frightful diseases known as * goitre”
and “cretinism.”* The disagreeable, earthy taste of certain well-waters, in
most cases, arises from the presence of alumina, held in solution by carbonic
acid.

One of the purest natural waters ever examined is that of the river Loka,
in the north of Sweden, which flows mainly over granitic rocks, upon which
water produces little impression. It contains only 1-20th of a grain (0-0566)
of solid mineral matter per gallon. Such instances, however, are very rare;
but water containing as little as 4 or 5 grains of solid matter to the gallon are
not unfrequent. The quantity of organic matter in water is always greatest
in sumrmer, and disappears for the most part when the temperature of the
water sinks to the freezing-point. Water, by filtration through finely pow-
dered charcoal, may be almost entirely deprived of organic impurities.

-318. Hard and Soft Waters.—Water is familiarly spoken of as
hard or soft, according to its action on soap. Those waters which contain
compounds of lime or magnesia occasion a curdling of the soap, as these earths
produce with the fat of the soap a substance which is not soluble in water.
Soft waters do not contain these earths, and dissolve the soap without diffi-
culty. Many hard waters_become softer by boiling, in which case the carbonic
acid gas which holds the lime and magnesia for the most part in solution, is
expelled by heat, and the mineral substances are deposited upon the interior
of the boiler, causing a “ fur,” “scale,” or incrustation.

Soft water, or that which is free from dissolved mineral
matter, possesses a greater solvent power than hard water;
-therefore it is most suitable for washing and for the prep-
aration of solutions. In culinary operations, where the
object is mainly to soften the texture of animal or veget-

able substances, or to extract from them and present in a

* Goitre is a swelling of the glands of the neck, and cretinism is a variety of idiotcy.

QuestioNs.—How much organic matter in water will render it unsnitable for use?
‘What effect is magnesia supposed to have in water? What iu general is the cause of the
earthy taste of certain waters? How does the organic matter contained in waters vary?
‘When are waters said to be hard, or soft? What occasions the incrustation, or seale,
upon the interior of boilers? What is said of the solvent action of hard ang soft waters ?
‘What of their respective application for culinary operations?
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liquid form some valuable constituent, as in the prepara-
tion of soups, tea, coffee, etc., soft water is the best. In
other instances, in which it is desired to cook a substance,
and not to dissolve it or extract its juice, hard water is
preferable. To prevent the over-dissolving action of soft
water in cooking, salt is frequently added, which hardens
it.#®

319. Much speculation has been.occasioned by the circumstance that fresh
water can generally be obtained by excavating for a few feet or inches on low
sandy beaches, or islands in close proximity to the sea, and also by the oc-
currence, on many of the low coral islands of the Pacific, of fresh water springs
which ebb with the tide. The explanation of these facts seems to be, that
the fresh waters are derived from rains, and being lighter than the salt water
of the ocean, remain suspended in the sands, resting upon the denser water
beneath. They consequently rise and fall with the motion of the tides. It i
also true that the water of the ocean, by filtration through sand, is deprived
in part of its saline constituents.

320. All ordinary water contains in solution air, and generally a portion of
carbonic acid gas. The quantity of these gases absorbed by water varies
with its temperature, and also with the pressure of the atmosphere—cold
water dissolving and retaining a larger quantity than warm or tepid water.
‘When cold waters from springs or fountains are exposed to warm air, they
become elevated in temperature, and the gases contained in them escape, ren-
dering the water flat and insipid. The principal agent in imparting a sparkle
and freshness to water is atmospheric air, and not carbonic acid gas, as is
often supposed and taught.

Air and other gases existing in water may be expelled from it by raising
the water to a boiling temperature, or by removing the pressure of the
atmosphere. The presence of air in water may be beautifully illustrated
by placing a vessel of spring-water beneath the receiver of an air-pump

* ¢ These facts explain why it is impossible to correct and restore the flavor in veget-
ables that have been bolled in soft water by afterward salting them. It is also well
known that peas and beans do not boil soft in hard water. This is owing to the effect
which lime exerts in hardening or coagulating a peculiar substance (‘‘casein’), which
abounds in these seeds. Ounions furnish a good example of the influence of guality in
water. If boiled in pure soft water, they are almost entirely destitute of taste; though
when cooked iu salted water, they possess, in addition to the pleasant saline taste, a pe-
culiar sweetness and a strong aroma; and they also contain more soluble matter than
when cooked in pure water. The salt hinders the solution and evaporation of the soluble
and flavoring principles.” —Youman's Household Science.

QuesTtions.-—How is the presence of fresh water in close proximity to the sea accounted
for? What is said of the presence of air in water? Why are waters which have been
heated flat and insipid? How may air and the gases contained in water be expelled from
it? How may the presence of air in water be demonstrated?
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(Fig. 105), and gradually exhausting the air. As theexhaus- Fia. 105.
tion proceeds, the dissolved air escapes so rapidly as to oc-
casion the appearance of ebullition.

Fishes and other marine animals are dependent upon the air
which water contains for their respiration and existence. If
we place a fish in water which has been entirely deprived of
air, it is almost immediately suffocated. This fact can, if
desired, be demonstrated with the aid of an air-pump. The §¢
quantity of air retained by water, at an altitude of 6,000 or
8,000 feet, owing to a reduced atmospheric pressure, is two-thirds less than
the usual proportion. Hence it is that fishes can not live in high mountain
lakes—the amount of air contained in the waters being inadequate for their
respiration.

A remarkable evidence of design on the part of Providence in supplying the
wants of marine animals, which extract the oxygen they require for the sup-
port of life from the water in which they live, would appear to be found in the
circumstance that water absorbs oxygen and nitrogen—the constituents of air
—in proportions different from those existing in the atmosphere. Thus, ordinary
air contains about 21 per cent. of oxygen, but air which exists in water con-
tains from 30 to 33 per cent. Marine animals, therefore, can obtain more
easily the necessary supply of oxygen from air which contains one-third of
this gas, than from air containing but one-fifth.

It has also been recently discovered by Dr. Hayes, that the water of the
ocean coniums more oxygen near its surface than at a depth of one or two
hundred foet. This fact has probably some connection with the comparative
scarcity of animal life at great depths.

‘When water is in contact with an atmosphere of mixed gases, it dissolves
of each a quantity precisely equal to that which it would have dissolved if in
contact with an atprosphere of this gas alone.

Absolutely pure water can only be obtained by repeated distillations in
clean vessels of hard glass.

321. Nolvent Properties of Water.—The solvent prop-

erties of water far exceed those of any known liquid.

Most bodies are more soluble in hot than in cold water, the solubility in-
creasing with the temperature. Among the few exceptions to this rule may
be mentioned common salt, the solubility of which is nearly the same at all
temperatures, and lime, which is more soluble in cold than in hot water.

322, Chemical Properties of Water—Water is the
| perfection of a neutral substance, and enters into combi-

QuesTions.—What relation does air in water sustain to animal life? What are illus.
trations? 'What peculiarity characterizes the air contained in water? What is the con-
dition of air at the surface and at the hottom of the ocean? In what manner does water
absorb different gases? How may absolutely pure water be obtained? What is said of
the solvent action of water in general? What of the chemical properties of water ?

19
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nation most extensively with acids, bases, with a large
proportion of the salts, and, in short, with most bodies
which contain oxygen.

A compound of water, in definite proportions with some
other substance, is termed a hydrate ; and a body entirely

free from water in combination is said to be anhydrous.

When a salt simply dissolves in water, the acl of solution is uniformly at-
tended with the production of cold; but when water® chemically combines
with a salt, or forms a definite hydrate, the formation is always attended with
heat; this circumstance indicates an esseutial difference between solution in
water and chemical combination with water.

“Slacked lime” is a familiar example of a hydrate. When water is added
to quick lime, it rapidly combines with it, producing great heat, and a chem-
ical compound results, which is a “hydrate of lime.” When water unites
with potash and soda under the same circumstances the chemical union be-
tween the two substances is so strong, that no amount of heat alone is sufficient
to separate them. So also when an acid has once been allowed to combine
with water the entire separation of the two is seldom practicable, unless some
base, for which the acid has a greater affinity than for water, be presented;
in such a case the base displaces the water, and its expulsion by heat is then
easily effected. For example, suppose that sulphuric acid has been freely
diluted with water: upon the application of heat, the water at first passes
off readily, leaving the less volatile acid behind. By degrees, however, it
becomes necessary to increaso the temperature in order to continue the dis-
tillation of the water, and at last tho acid begins to evaporate also, and finally
no further separation can be effected, as when the temperature rises to about
620° F., both water and acid distil over together. It is found on analyzing
the water when it has reached this point, that the liquid contains one equiv-
alent of acid and one of water, its composition being represented by the sym-
bols 803, HO. If to this concentrated acid an equivalent of potash be added,
the water is easily expelled, and an equivalent of anhydrous sulphate of
potash (KO, SO;) remains. Water, when it thus supplies the place of a base
in combination with acids, is called basic water.

323. Peroxyd, or Binoxyd of IHydrogen, sometimes
called oxygenated water, was discovered by Thenard, in
1818. It contains twice as much oxygen as water, and is

a body characterized by most remarkable properties.

* For explanation of water, of erystallization, deliquescence, efflorescence, etc., see §§
64, 65, 66, 67, pp. 48, 49.

QuEsTIONS.—What is a hydrate? When is a body said to be anhydrous? What fact .
illustrates the difference between a solution in, and a combination with, water? What
are illustrations of water in combination? When is water said to be basic? Whatis
said of the second oxyd of hydrogen?
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It is formed by decomposing peroxyd of barilum by sulphuric.or hydroflu-
oric acids. The process, however, is most difficult and complicated.

Peroxyd of Hydrogen isa syrupy liquid, of specific gravity 1-45, transparent,
colorless, and almost inodorous, but possessed of a most nauseous and astrin-
gent taste. Although it differs from water only in containing an additional
equivalent of oxygen, it is a powerful bleaching agent; and when applied to
the skin for any length of time, whitens and destroys its texture. It can be
preserved only at a temperature below 59° F. Heat rapidly decomposes it

' into water and oxygen gas, and at a temperature of 212° F., the evolution
of gas is so rapid as to occasion an explosion. The mere contact of ‘carbon,
and of many of the metals and metallic oxyds also occasions its instantanecus
decomposition, accompanied by an explosion and evolution of light.

The known properties of this substance render it highly probable that it
would prove most valuable in its application to art—as a bleaching and oxyd-
izing agent. The expense and difficulty attending its preparation have, how-
ever, thus far prevented its employment for any practical purpose.

SECTION IV.
NITROGEN, OR AZOTE.
Eguivalent 14. Symbol N. Density 0°971.

324. History—Nitrogen was first recognized as a dis-
/tinct element by Dr. Rutherford, of England, in 1772.

Its name is derived from the Greek vitpoy, niter, and yevvaw, I form (the
generator of niter). Lavoisier, from its inability to support life, termed it
Azote (from a privative, and {wi, life).

325. Natural History—Nitrogen is one of the most

abundant of the elements.

As a constituent of the inorganic kingdom of nature, we find it in the at-
mosphere, of which it constitutes four-fifths; in ammonia; in bituminots coal ;
in the well-known salts, nitrate of potash and nitrate of soda (niter, saltpeter),
and in many other mineral compounds. In the organic kingdom, nitrogen
especially characterizes animal, in contradistinction to vegetable produets;
nevertheless it is found in the latter, but in small quantitics. One-fifth of the
weight of the dried flesh of animals is nitrogen. The plants which contain it
in greatest quantity belong to the orders cruciferse (turnips, cabbages, horse-
radish, mustard), and fungacese (mushrooms, etc.). Inasmuch-as animals con-
tain so much nitrogen, and vegetables so little, Berzelius imagined that nitro-
gen was generated in somo unknown way by the animal functions. This
idea, however, has been opposed by Liebig, who, with the majority of chemists,
believes that the nitrogen existing in plants, upon which all animals directly

QuEsTIoNs.—How is it formed? What are its properties? Has the peroxyd of hydro-
gen been applied to any practical nse? What is the history of nitrogen? What is said
of its distribution in nature ? What plants contain it in greatest abundance? *
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or indirectly feed, is sufficient to account for the large quantities of that element
locked up in the tissues of animals, It is yet, however, one of the great
unsettled questions in chemistry, and alse in agriculture, whence plants derivo
their nitrogen ;—whether from the soil (from manures and decaying organic
matter), or from the air directly, or from the ammonia contained in the air.

326. Preparation—The usual methods of obtaining a
supply of nitrogen for the purpose of experiment are based
upon the removal of oxygen from atmospheric air—leaving

the nitrogen isolated or alone.

The simplest plan consists in placing a few fragments of phosphorus in a

little metallic or porcelain cup, which is floated upon the surface of the water

Tie. 106, of a pneumatic trough., The phosphorug is ignited, and

a glass jar or receiver, filled with air, is then inverted

over it, with its lip in the water. (See Fig. 106.) The

phosphorus burns at the expense of the oxygen in the

confined air, and by reason of its great affinity for oxy-

gen, it combines with every portion of this element con-

tained in the receiver, leaving the nitrogen compara-

= tively pure. As the combustion proceeds, the water of

=———— = the pneumatic trough gradually rises in the jar to supply

the place of the consumed oxygen. The product of the union of the phosphorus

and the oxygen is phosphoric acid, which at first pervades the receiver as a
dense white vapor, but after a little time is absorbed by the water.

Alcohol, ignited in a little cup, may be substituted in the place of phos-
phorus in this experiment, but it does not consume the oxygen entirely, and
produces also a certain quantity of carbonic acid.

The removal of oxygen from the air may also be effected more slowly in
various ways. A stick of phosphorus introduced into a jar of air standing
over water, will slowly absorb the oxygen, and in two or three days about
four fifths of the orizinal bulk of the air, consisting of nitrogen nearly pure,
will be left. Moistened iron filings produce a similar result, the metal gra-
dually becoming oxydized, ag is seen by the rusty appearance which it as-
sumes. 3

Nitrogen may also be obtained by conducting chlorine gas into a solution
of ammonia ;* by exposing muscle (flesh) to the action of nitric acid in a re-
tort to which heat is applied ; and in a state of great purity by passing a cur-
rent of air through a tube containing copper turnings heated to redness; the
oxygen in this experiment being entirely absorbed by the copper to form
oxyd of copper, while the nitrogen passes off.

327. Properties.—Nitrogenis a colorless, tasteless, and odorless gas,

* This experiment is 2 somewhat dangerous one. (Sce chloride of nitrogen.)

QursTioNs.—I8 it known in what manner plants obtain their nitrogen® Iow is nitro-
gen obtained ? Enumerate some of the methods employed? What are the physical prop-
erties of nitrogen?
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which as yet has resisted every effort to liquefy it. It is somewhat lighter
than atmospheric air, having a specific gravity of 0:971 (air = 1-00).

One of the most distinguishing characteristics of nitrogen is its inertness, or
“sluggishness;” it being, so far as chemical properties are concerned, in strik-
ing contrast with oxygen, which is one of the most energetic of the elements.
It is neither acid or alkaline, and neither supports combustion, or burns. A
burning taper is instantly extinguished in this gas, and an animal immersed
in it quickly perishes; not because the gas is injurious, but for want of oxy-
gen, which is required for both respiration and combustion. It, however,
cnters into the lungs with every act of inspiration ; is a constituent of our most
nutritious food, and a necessary component of the animal frame.

Nitrogen does not unite directly with any other single element; but its
combination with the various elements all result from the agency “ of indirect,
oblique, or circuitous processes, which conditions being accorded, we fre-
quently have whole classes of substances springing into existence; whereas,
#h the case of hydrogen, the combining tendency is satisfied with the forma-
tion of only one or two compounds.”—FARADAY.

A striking illustration of the non-combining properties of nitrogen, is found
in the fact, that no less than six tons of air pass through an average-sized
iron blast-furnace every hour, during which transit the oxygen part of the air
is most active in forming combinations, while the nitrogen, although subjected
to precisely similar conditions of heat and contact, emerges as it entered, un-
combined.

328. Imstability of Nitrogen in Composition —Nitro-
gen, of ult ponderable substances, appears to have the greatest affinity for
heat, and when in combination, constantly tends to unite with it, and resume
its elomentary condition of a gas. In consequence of this, and also by reason
of its slight affinity for the other elements, the compounds of nitrogen are re-
markably unstable. Many of them are decomposed with extreme suddenness
by the slightest causes—the nitrogen being disengaged in the gaseous form,
and often producing most violent explosions. -Most of the explosive sub.
stances known are compounds containing nitrogen as an essential constitu-
ent; as, for example, gunpowder, gun-cotton, fulminating mercury (percussxon-
cap powder), fulminating silver, etc.

A substance known as the iodide of nitrogen strikingly illustrates by dts
mode of preparation the peculiarly indirect processes demanded by nitrogen
for calling its powers of combination into play, and by ¢fs character when
formed, the instability of the same element when forced into union with an-
other body. Iodide of nitrogen is a simple compound of iodine and nitrogen.
These two elements when mixed together directly manifest no disposition to
unite, and may be preserved in contact unchanged for an indefinite period.
But when nitrogen is brought in contact with iodine by an indirect process,

QUESTIONS.—What is one of the most distinguishing characteristics of nitrogen ? Illus-
trate this. What is said of the combinations of nitrogen? What circumstance illustrates
the non-combining properties of nitrogen? What peculiarity has nitrogen in composition?
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ag when a strong solution of ammonia i3 mingled in a glass vessel with a satu-
rated solution of iodine in alcobol, combination almost immediately ensues,
and a black powder, iodide of nitrogen, is formed. Thig, after standing for
about a quarter of an hour, is separated from the liquid by filtration, washed
in the filter with pure water, and dried by exposure to the air in.a cool
situation. As thus prepared, it is one of the most explosive substances
known, the nitrogen being held by so slight an excess of force, that the merest
friction between the particles of the compound is sufficient to shatter it into
its elements. This result may be illustrated by a variety of experiments. A
small quantity projected upon water explodes the instant it strikes its surface;
the same result attends the dropping of a fragment from a slight elevation
upon a hard surface, or by placing a small quantity upon one end of a counter
and striking the other end with a hammer.*

Nitrogen, in some mysterious way, appears to be associated with all the
higher forms of animal existence. The blood, the muscle, the brain, the.
nerves of animals, all contain it in large quantity, and these substances, of
all organic compounds, are the ones most susceptible of decomposition.

Organic bodies which contain a large amount of nitrogen, generally emit a
most offensive odor when they decay. The odor occasioned by the putre-
faction of a dead human body, which is rich in nitrogen, is one of the most
offensive in nature. Plants which contain this element in considerable quan-
tity, as the cabbage and mushroom, putrefy with an animal odor. Sub-
stances containing nitrogen also emit an offensive and peculiar odor when
burned ; as for example, the smell of burnt hair, leather, flesh, bones, etc.
This odor may be regarded as an invariable test of the presence of nitro-
gen.

Nitrogen constitutes an essential element of many of the most valuable
and potent medicines, as quinia and morphia, and also of some of the most
dangerous poisons, as prussic acid and strychnia.

A suspicion has always existed that nitrogen may be a compound body.
- One circumstance which has led to this idea, is its demeanor as respects clec-
tricity. Most of the binary compounds yield up their elements in obedience
to the direction of this force, but electricity determines no liberation of nitro-
gen from any of its combinations. All attempts, however, to decompose it
have failed, and its position among the elements must therefore remain undis-
puted. -

* Jodide of nitrogen, prepared as above, is not liable to explode while moist, and in
very small quantities may be used without danger. For the purpose of experiment mi-
nute portions of it should be taken upon the point of a penknife blade, or upon the end
of a glass rod.

QuesTioNs.—Into what class of compounds does it particularly enter as a constituent?
‘What characteristics of nitrogen are illustrated by the compound, iodide of nitrogen?
What is said of nitrogen in the animal system? What circumstance characterizes the
decay of bodies rich in nitrogen? What is one of the tests of the presence of nitrogen in
abody? What is said of the elementary character of nitrogen?
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THE ATMOSPHERE.

329. History.—The air was formerly supposed to be an element, but
wag not altogether regarded in the light of a material substance. The posi-
tion which it held in the old systems of philosophy was similar to that as-
signed to light, heat, and electricity in some systems of the present day—a
fluid substance without weight, form, color, or, in short, any of the ordinary
attributes of matter.

It was not until 1673 that it was even suspected that airs, other than at-
mospheric air, might have an existence. About that time Robert Boyle, an
English chemist, maintained *“ that some solid bodies do, in certain circum-
stanees, as when heated, throw off artificial airs resembling atmospheric air
in thinness and elasticity, as well as in dryness and permanency, but differing
from it he could not well tcll how.’

In the beginning of the 17th century the workmen in certain German
mines were molested (as miners still are) by certain agencies, some of which
were liable to suffocate them silently but summarily (carbonic acid), whilo '
others burned, or exploding, blew them into fragments, (fireedamp carburetted
hydrogen). Von Helmout, the old alchemist, explained these phenomena by
referring them to the agency of spirits, the guardians of the mineral treas-
ures, whom he ealled geists (ghosts).” From this originated the English word
gas, whieh is still employed to designate aeriform substances.

Torricelli, a pupil of Galileo, first proved, in 1643, that atmospherie ir pos-
sessed weight; and one hundred and fourteen years afterward, or in 1757,
Joseph Black, a Scotch chemist of Edinburgh, first discovered and collected
in a separate state a gas other than atmospberic air. He ascertained that
limestone (chalk, marble, or oyster-shells) when burned in a kiln, or
heated with a strong acid, parts with a kind of air in which no animal can
breath and live. This gas (which wo now call carbonic acid) Black termed
fized air, because it was imprisoned in the rock until the furnace or the acid
extricated it from its fixture.

This discovery was one of the greatest that has ever been made in chem-
istry, since it for the first time clearly proved that there may exist diffcrent
kinds of airy matter (just as there are different kinds of solid and liquid sub-
stances), differing as much from the gas of the atmosphere as oil or sulphuric
acid differ from water, or as slate or marble from sandstone.

Shortly after this discovery by Black, Dr. Priestley devised the pneumatic
trough (once known as the Priestleyan trough) and by so doing rendered easy
the collection and handling of gaseous substances. He also discovered and
isolated nine different gases, and among them oxygen. Scheele, working in
an obscure Swedish town, with no other apparatus but phials and bladders,
about the same time added two or threo more to the list. Discoveries of tho

QuEsTIONS.—1Iow was air regarded by the ancients? When was the existence of sepa-
rate gases first suspected ? 'What was the origin of the term *‘gas?* Who first demon-
strated the weight of air? Who first collected and recognized a separate gas? What
was the nature of Black's discovery? What is said of the importa.nce of this discovery ?
‘What discoveries succeeded that made by Black ?
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same kind then took place in rapid succession all over Europe. Cavendish
followed with hydrogen,-Rutherford with nitrogen, while Lavoisier overthrew
the great old doctrine of the elementary nature of air, by proving that it con-
sisted of two gases mingled in unequal proportions.*

Within a comparatively recent period it has been admitted as a fundanrental
principle in physical science, that gases are merely the stcams of liquids
which beil at immensely low peints of temperature, these liquids being the
liquefactions of solid bodies which melt at temperatures lower still, and that
therefore there may be no end to the number of the kinds of gaseous mat-
ter, precisely as there is mo known limit to the vast variety of liquids and
solids.”

330. Atmespheric Air coumsists essentially of mitrogen
and oxygen mixed together in the proportion of four fifths

by volume of the former to one fifth of the latter.

More correetly, the eomposition of air which has been freed from the pres-
ence of alk foreign ingredients may be represented by measure and weight as
follows:—

By weight. By measure.

INBOOFRIL & gue. Job (v e ok Lo 1o -1 07 GO 7910
OXREON - - SEGI 4 o~ by oo b o it i DS 2090
» ‘ 100-00 100-00

In addition to oxygen and nitrogen, the atmosphere always contains small
and variable proportions of carbonic acid gas and aqueous vapor; and very
often, minute quantities of ammonia, nitrie acid, the aroma of flowers, and va-
rious other ofganic and imorganic products ;—in short, as the sea contains
traces of almost every thing that is soluble, so the air contains traces of almost
every thing that is volatile.

The oxygen and nitrogen existing in the air are merely intermingled, and
not chemically combined with each other; but their relative proportions
never vary. This has been proved by the analysis of air collected upon the
summit of Mount Blanc, and upon the Andes; at an elevation of 21,000 fect
by Guy Lussac in a balloon ; over marshes; in hospitals ; over deserts; and
at the bottom of the deepest mines.

The quantity of carbonic acid, on the eontrary, being much influenced by
Jocal causes, varies considerably. The average guantity is 4.9 volumes in
10,000 of air, but is observed to vary from 6.2 as a maximum to 3.Tasa
minimune in 10,000 volumes. Tts proportion near the susfaco of the earth is

* The experiment by which Lavoisier arrived at this result is described under the

head of Combustion. pe

QUESTIONS.—What is now understood fo be the true nature of gases? What is the

position of atmospheric air? In what condition do oxygen and nitrogen exist in the

air? Are the proportions of those two gases variable? What is the proportion of car-
‘bonic acid in the air? Under what circumstances does it vary?
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greater in sumtrer than in winter, and during night than during day. It is
also rather more abundant in elevated situations, as on the summits of high
mountains, than in plains; this is probably owing to an absorption of the gas
near the surface of the earth by plants and moist surfaces; An enormous
quantity of earbonic acid gas is discharged from the elevated cones of the vol=
canoes of America, which may partially account for the high proportion of
this gas in the upper regions of the atmosphere, The gas emitted from the
volcanoes of the Old World is said to be principally nitrogen.

The quantity of watery vapor contained in the air varies with the temper-
ature (§ 141, page 92). It seldom forms more than 1-60th or less than
1=200th of the bulk of the air.

Notwithstanding the difference in density between each of the principal
constituents of the atmosphere—nitrogen, oxygen, carbonic acid, and the
vapor of water—and notwithstanding, also, the absence of any chemical
union between them, they are always, through the action of the law of the
diffusion of gases (§ 51, page 39), found uniformly mingled together. The
operations, also, of combustion, respiration, vegetation, and the like, continu=
ally going on upon the earth’s surface, remove great guantities of oxygen
from the air, and substitute a variety of other gases, the principal of which is
carbonic acid ; yet so beautifully adjusted is the balance of chemical action
in nature, that no perceptible change in the composition of the atmosphers
has been observed since accurate experiment on the subject was first eom-
menced.

Ammonia seems to be an almost constant constituent of the atmosphere in
exceedingly minute quantity, Recent most-carefully conducted experiments
by M. Ville of France, fix the tiverage quantity as 1 volume in 28,000,000 of
air, Other experimenters have deduced a much greater result.

Nitric acid may be usually detected in the rain-water obtained during &
thunder-shower. It is supposed to be formed by the union of the oxygen,
nitrogen, and aqueous vapor of the air, through the agency of electricity.

Organic matter of some kind i3 almost always present in the atmosphere
but it not unfrequently happens that ehemical tests fail to detect it, when the
gense of smell and a peculiar effect upon the human constitution give abun«
dant evidence of its presence. This is especially true of the odoriferotis mat-
ters of flowers, and the miasmata of marshes, Dew collected over rice-fields
often contains so much deecomposing organio matter; as to become putrid after
standing for a short time, Fxposure to the night air of these localities in the
hot season, invariably produces in the Caucasian race, malignant and almost
incurable fevers.

The principal office which nitrogen appeats to sustain in the atmosphere,
is that of a dilutent of the oxygen. If the quantity of oxygen in the air was
increased miuch beyond its present proportion, the inflammability of most sub-

Qurstions.-~How does the quantity of aquecus vapor vary? What is said of the uni-
formity of the condition of the atmospherc? What of the & ia of the atmosphere ?
‘What of nitric acid? ‘What of organic matter? What effice does nitrogen appear to
sustain in the atmosphere?

10*
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stances would be greatly augmented; and the functions of life would be
called into such rapid action as to soon exhaust the powers of the system.
Nitrogen being the most indifferent of all substances, and wanting in any
poisonous qualities, dilutes the too active oxygen, and prolongs its action
upon the system, in the same way a8 water dilutes and diminishes the stim-
ulating action of spirituous liquors. Recent researches have also rendered it
probable that the nitrogen of the air diseharges an important office in respir-
ation, by preserving the volume and tension of the cells and extreme tubes
of the lungs.—PRrOF. MOULTRIE.

Oxygen is strikingly magnetic) nitrogen is singulatly the reverse: and
the atmosphere, a mixture of both, is nearly neutral as respects magnetism in
all its relations to matter.

Another illustration of the adaptation of nitrogen to its atmosphetic func-
tions is to be found in its specific gravity, or density, which is nearly the
same as that of its associated oxygen. Had there been any great difference
in this respect, the tendency of the two gases would have been toward sep-
aration, and this, notwithstanding the influence of the law of diffusion.
Again, as the atmosphere is now constituted, there exists a permanency of
the pitch of sound: any tone being once generated, remaing the same tono
until it dies away. Its degree of loudness alters in proportion to the distance
of the listener from the place where it originated, but its pitch—mnever. If
the specific gravity of oxygen and nitrogen had, however, been widely dis-
similar, there would have been a difference. No permanency of tone could
then have been depended on, and the pitch of every original note would have

7 varied continually. “All the studied ar-

16. 107, 1

rangement of defined notes, which constitutes
the art of music, would have been lost to us
forever, had we been enveloped in such an
atmosphere.” These facts may be illustrated
by striking a sonorous body in a receiver
containing air, and afterward in one contain-
ing hydrogen, which is much lighter than
air. (See Fig. 107.) The experiment may be
varied by causing a tuning-fork in the key
C to vibrate over’a small glass jar, whicly,
when made to’Tesound, emits the same note,
and is therefore in union with the fork. If
the jar be now filled with hydrogen, and
inverted, to prevent the escape of gas, and
the fork be again caused to vibrate opposite
its mouth, the unison is destroyed, and the
sound is no longer responsive to the note C.

QursTioNs.—What is said of the magnetic condition of the atmosphere ? How does the
specific gravity of nitrogen adapt it to its condition in the atmosphere? What experi-
ments illustrate this ?
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331. Analysis of Air.—The proportions of oxygen and nitrogen in
the atmosphere are determined by withdrawing the oxygen from a measured
portion of perfectly dry air, through the agency of va-
rious substances which absorb it. \(See § 326, page 220.) F1c. 108.

A stick of phosphorus introduced into a known measure
of air in a graduated tube, the open end of which is be-
neath the surface of water (sce Fig. 108), effects a com-
plete absorption of the oxygen in about 24 hours.
The water rising in the tube indicates a diminution of
one fifth in the volume of the air—or what is the same
thing, a withdrawal of from 20 to 21 per cent. of oxygen.

The carbonic acid, agueous vapor, ammonia, and the
occasional constituents of the atmosphere, are deter-
mined by passing a measured quantity of air through
receptacles containing materials which absorb and retain

them.
The arrangement by which this can e best effected is

called an Aspirator. It consists simply of a tight cask of
a known capacity, filled with water, and provided at

Fra. 109. the base with a stop-cock.
At the top of the cask, a
tube, or series of tubes, or
other vessels are fitted, as
is represented in Fig. 109;
one filled, for example, with
pumice stone drenched with
strong sulphuric acid, and
another with caustic potash.
‘When the cock of the vessel is opened, and the water allowed to flow out, its
place is supplied by an equal volume of air, which flows in through the
tubes. The sulphuric acid absorbs all the moisture contained in the air
which flows over it, and the potash all the carbonic acid. The quantity
of air that passes through the tubes is known by the quantity of water
that flows out of the cask, while the increased weight of the separate
tubes gives the total amount of moisture and carbomc acid contained in such
quantity. _k,

332. Compounds of Nitrogem and Oxygen.— Nitrogen
unites with oxygen to form five distinct compounds, con-
taining, respectively, 1, 2, 8, 4, and 5 equivalents of oxy-
gen, with 1 of nitrogen. -

Their names and chemical constitution are thus expressed :

QuzsTioNs.—How is air analyzed? How are the carbonic acid and aqueous vapor of the
air determined ? What is an aspirator? How ma.ny compounds of oxygen and nitrogen
exist?
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Composed by weight of

5 Symbol. — e,
Protoxyd of nitrogen (nitrous oxyd).... NO 14 nitrogen + S oxygen.
Deutoxyd of nitrogen (nitric oxyd)......NO2 iU S S b St
Nitromsacid...ooooevrnciinnnn.. ..NOz 14 324
Hyponitric acid (peroxyd of nitrogen)..NOg AL | A5 8 0
BLTAC RoId: . v v & - o SRS SHETNT DS --NO5 14 & 540 *

Three of these compounds are acids; and all of them are endowed with
qualities so marked, so powerful, and so well defined, that the original attri-
butes of their elements are entirely lost.

/333, Nitrie Acid, NO,.—Nitric acid is the most import-
nt of all the combinations of nitrogen and oxygen, and is
he source from whence most of the compounds of nitrogen

are generally obtained.

334. History.—It was known to the alchemists, but its trae composition
was first determined by Cavendish in 1785. The name formerly applied to it,
and which is still used to somo extent, was aquafortis.

335. Distribution.—Nitric acid ocears in nature usually in combina-

tion with potash, soda, or lime in the soil, especially in tropical countries, as
in some parts of India and Peru. The compound formed with potash eonsti-
tutes the nitre or saltpeter of commerce. In the desert of Atacama, in Chili
and Peru, it exists in vast quantities combined with soda, forming nitrate of
soda, which salt is also called * Chilian saltpetre,” or cubic niter. Nitric acid,
as already stated, also exists occasionally in the atmosphere, especially during
and afler the occurrence of thunder-storms. )
“ 336. Preparation.—When nitrogen is mixed with twelve or fourteen
times its bulk of hydrogen, and a jet of the mixed gas is allowed to burn.in
air, or in oxygen, the water formed has a sour taste and an acid reaction from
the formation of a small quantity of nifric acid. In this case the nitrogen
burns by reason of the great heat developed during the combustion: of the hy-
drogen, and the nitric acid combines at once with the water formed, which
Iast substance, in some way by its presence, aids the operation. It was from
noticing the aeidity of water formed by the combustion of hydrogen in air,
that Cavendish was led to institute an investigation which terminated in the
discovery of nitric acid. He mixed together the two gases, oxygen and@ ni=
trogen, in & elose tube, over a solution of potash, and then eaused them slowly
to combine by passing a series of electric sparks through the mixture for sev-
eral successive days. At the conclusion of the experiment, the glass eontained
nitrate of potash (saltpeter). A similar result will be produced if a number
of sparks be passed from an electrical machine, through air between two
metallic points; over moistened litmus paper: a red spot wilt be produced
upon the paper, owing to the formation of nitric acid in minute quantity by
the combination of oxygen with nitrogen.

QuEsTIONS.—Give the series. What is said of nitric acid? What of its history?
‘What of its distribution in nature? Iow may nitric acid be formed? What circum-
stances led to its discovery ?
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For all practical purposes, nitric acid is always obtained by heating one of
the natural compounds of nitric acid with potash or soda in a retort, with an
equal weight of strong sulphuric acid. The nitric acid is displaced by the
sulphuric acid, and distils over, being much more volatile than the sulphuric
acid.

This processmay be easily Fie. 110.
illustrated ~ experimentally
by introducing into a glass
retort, Fig. 110, equal
weights of powdered salt-
peter and strong sulphuric
acid. The retort should be
supported upon a thin layer
of sand eontained in a tin
or sheet-iron vessel (tech- .
nically termed a sand-bath),
and the heat supplied by an ordinary alcohol-lamp ; a flask cooled by a wet
cloth, or placed in a vessel of cold water, is adapted to the retort, and serves
as a receiver. During the distillation red fumes appear in the retort, arising
from a partial decomposition of the nitric acid formed, and a production of
some of the lower oxyds of nitrogen.*

On & large scale, iron retorts coated on the inside with fire-clay are cm-
ployed. The chemical reaction involved in this process may be represented
ag follows :

KO, NOs{-80s=KO, S034-NOs.

Or sulphuric acid and nitrate of potash give nitric acid and sulphate of
Ppotash. > }

337. Properties.—Nitric acid, when pure and in a concentrated state,

a colorless, limpid, faming liquid, powerfully corrosive and intensely acid.
As found in commeree, it is never pure, and is of a golden-yellow color. It
is the highest oxyd of nitrogen known to exist, and has & specific gravity
of 152 (water ==1)." Anhydrous nitric acid, or nitric acid without water
combined with it, can be prepared by a most carefully eonducted chemical
process ; but under all ordinary circumstances it contains a certain proportion
of water ; its constitution being represented by the formula NOs, HO. In the
most concentrated state in which it can be used, it consists of 64 parts real
acid and 9 of water.

Nitric acid is very readily decomposed, and mere distillation causes a par-
tial decomposition. Exposure to light produces a similar result, oxygen and

* The retort generally breaks at the conclusion of this process from the crystallization
of the sulphate of potash formed, but it may be saved byadding to it, when partially
cooled, a small quantity of warm water. .

QuesTIONS.—How is it practically prepared ? What is the chemical reaction involved
in the practical production of nitiic acid ? What are the properties of nitric acid? Does
itexist apart from water ? Is nitric acid easily decomposed 2 Whateffect has light upon it ?
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some of the lower oxygen compounds of nitrogen, which produce discolora-
tion, being evolved—sometimes in quantity sufficient to expel the stopper of
a bottle. In its concentrated form it begins to boil at 184° F., and freezes
at about — 40° F.

338, Chemical Action of Nitric Acid.—Nitric acid is one of
the very strongest acids, and ranks next to sulphuric acid. It attacks most
inorganic substances, and all living tissues. It turns wool, feathers, the skin,
and all animal matters containing albumen, a bright yellow color; the orange
patterns upon woolen table-cloths are produced by means of it. In medicine
it is not unfrequently used as a powerful cauterizing agent.

The effect of concentrated nitric acid upon animal tissues may be illus-
trated by applying a drop to a piece of parchment, which immediately be-
comes stained and shrivelled.* .

The action of nitric acid on vegetable colors may also be illustrated by the
following experiment :—Color some water blue in a test tube with a solution
of indigo, and add to it on boiling, a drop of nitric acid; the blue color will
almost immediately disappear.

Nitric acid, when in its state of highest concentration, exerts no violent
action upon certain organic substances, such as woody fibers, starch, etc., but
unites with them to form most singular compounds. ~Cotton fibers immersed
in it for a few moments and then carefully washed in water, are converted
into a violently explosive substance. (See gun-cotton.)

Commercial nitric acid will completely dissolve, in the cold and without
odor, a little less than its own weight of flesh and bone (beef), in a space of
time varying from three to five hours. The action of nitric acid, however,
upon organic substances and the metals is exceedingly different at different
degrees of concentration.

Nitric acid very readily parts with a portion of its oxygen to the metals
and to combustible bodies, and is therefore one of the principal agents made
use of in chemistry for causing such substances to assume, or pass intoa state
of oxydation.

If nitric acid be dropped upon hot finely powdered charcoal, the charcoal
burns vividly ; if mixed with a little oil of vitriol, and poured upon oil of tur-
peutine, it occasions an explosive combustion. Phosphorus is readily ignited

* It is an extraordinary, very cruel, and too common experiment made by physiologists
to illustrate what they are pleased to call a power of vital contractility under the influ-
ence of a stimulus, by touching with a glass rod dipped in nitric acid, the heart of a living
rabbit. In aninstant the heart shrivels and contracts to one third its original size.—
FARADAY. e

+ Indigo solution—a most useful chemical reagent—may be easily formed by pulver-
izing a small quantity of indigo, and forming a thin paste of it with strong sulphuric |
acid. After a few days add water, and a deep blue liquid, solution of indigo, is obtained.

QuesTIONs.—What are its freezing and boiling points? What is said of its chemical
character ? How may the action of nitric acid npon animal tissues be illustrated ? How
its action upon vegetable colors? How upon vegetable fibers? How is nitric acid able
to produce oxydation ? ~
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by throwing it upon strong nitric acid. This experiment is a somewhat haz-
ardous one, and particles of phosphorus scarcely larger than the head of a pin
should alone be employed.

339, The Action of Nitric Acid upon the Metals is in-

/ structive, and serves to illustrate the manner in which metallic bodies com-
bine with the acids generally. The metals will enter into direct combination

- with many of the simple non-metallic bodies. Thus antimony will unite with
chlorine, iron with oxygen, and copper with sulphur; but no metal will unito
directly with an acid. In order that combination between them should oc-
cur, it i3 necessary that the metal should be in the form of an oxyd. Th's
oxydation may, however, be effected af the same time that the acid is pre-
sented to the metal, and the formation of the oxyd and its solution in the
acid may appear to occur simultaneously. Zine, for example, does not unite
as zine with sulphuric acid; but when this metal is placed in dilute sulpburic
acid, the oxygen is supplied from the water contained in it, which ig de-
composed ;=—oxyd of zine is produced and is immediately dissolved by the
acid, whilst the hydrogen escapes in the gascous form. When a metal,
such as copper or silver, is dissolved by nitric acid, a preliminary oxydation
is equally necessary ; but owing to the facility with which nitric acid is de-
composed, this oxydation is usually effected by depriving the acid of a por-
tion of its oxygen, it being more readily decomposed than water. When this
takes place, a part of the products of the decomposition of the acid escape
into the air in the form of deep red fumes (sce hyponitric acid), while the
compound of the metal with oxygen dissolves in another portion of the acid
which has not undergone decomposition. It is through this peculiar action
of nitric acid that it is rendered a most ready and powerful solvent of most
of the metals.—MILLER.

340. Salts of Nitric Acid~The salts formed by the union of
nitric acid with the bases are termed nifrafes, and are especially remarkable
for the circumstance that they are soluble in water. When the nitrates are
all thrown upon glowing coals they are decomposed ; and by reason of the es-
cape of oxygen, they deflagrate, or burn furiously with scintillations. If dis-
solved in water, and paper be moistened with the solution, allowed to dry,
and then burned, the peculiar combustion characteristic of touch-paper will
be produced. This property is, however, exhibited by the salts of some other
acids.

Nitric acid is a substance much used in the laboratory, and in many of the
operations of practical art,

341. Protoxyd of Nitrogen, NO —Nitrous Oxyd;—Exhilarating
Gos,—This gas was discovered by Priestley in 1776, but its properties re-
mained unknown until investigated by Davy, in 1808. Since this period, a
considerable degreo of popular attention has always been bestowed upon it,

QursTIoNs.~~Explain the action of nitric acid upon the metals, and the principle which
such action illustrates. What are the salts of nitric acid termed? What are their dis-
tinguishing peculiarities? When and by whom was protoxyd of nitrogen discovered ?
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in consequence of the temarkable effects which it produces upon the animal
system, when taken into the lungs,

342, Preparatio n.—-Prot.oxyd of nittogen is prepared by heatmg the
salt known as nitrate of ammonia in a
glass flask, furnished with a perforated
cork and a bent glass tube, over a spirit
lamp.* (See Fig. 111.) -

Upon the application of a modetate tem-
perature, the salt melts, and at about 400°
F. apparently begins to boil; it iz how-
ever, in reality undergoing a process of de-
composition, by which it is entirely res
solved into gascous protoxyd of nitrogen
and steam (water). The temperature must
be very earefully watched, and not allowed
to rise so high as to occasion white vapors
in the flask, as, in sucli case, some injurious
products may be formed. The gas should
be collected in a gasometer, or receiver filled with water of & temperature of
about 90; cold water absorbing considerable quantities of it, It is also ad-
visable to allow the gas to remain for a little time over water before attempt-
ing to respire it

The reaction which takes place in the production of protoxyd of nitrogen
may be explained as follows: Ammonia is a compound of nitrogen with hy-
drogen. When the nitrate of ammonia is heated, the hydrogen of the ams<
monia combines with a part of the oxygen of the titric acid to form water,
whilst the nitrogen of the ammonia at the same time becomes oxydized at the
expense of another part of the oxygen of the nitric acid. The result is, that
the whole of the nitrogen, both of the nitric acid and of the ammonia, is lib-
erated in'the form of protoxyd of nitrogen, thus?

Fre. 111,

- Nitrate of ammonta. Protox. nitrog. Water,

(A T
NHz NOs, HO becomes 2 NO-+4 HO

An otince of nitrate of ammonia will furnish about 500 cubic inches of this
gas,

343, Properties.—~Protoxyd of nitrogen is a transparent, colorless
gas, with a sweetish smell and taste. It is a heavy gas, its specific gravity
being 152, or nearly the same as that of carbonic acid. Tt supports the com«
bustion of many bodies with nearly the same energy and brilliancy as pure

*# Nitrate of ammonia is 4 white crystalline salt, which can be cheaply putchased of
dealers in chemicals, or can be easily made by neutralizing dilute nitric acid by carbonate
of ammonia. 1In preparing exhilarating gas, not less than 6 or § ounces should be used:

QuesTIoNg.—Ilow is it prepared? What is the chemical reaction involved%u the pro~
cess? What are its properties ?
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oxygen; and when mixed with an equal bulk of hydrogen, forms an explosive
mixture, It is, however, easily distinguished from oxygen by its ready solu-
bility in cold water, which dissolves nearly its own volume of the protoxyd
of nitrogen.

Under a pressure of 50 atmospheres at 45° F., it is reducible to a clear
liquid, which, at a temperature of about 150 degrees below zero, freezes into
a beautiful transparent crystalline solid. By mixing the liquid protoxyd with
another very volatile substance, the bisulphide of carbon, and allowing the
mixture to evaporate in vaecuo, M. Natterer, a fow years since, obtained a
reduction of temperature which he estimated at 220 degrees below zero ;—a
lower point than has been hitherto attained to by any other process.

Protoxyd of nitrogen, if quite pure, or merely mixed with atmospheric air,
may be regpired for a few minutes without inconvenience or danger. It then
produces a singular species of transient intoxication, * attended in many in-
stances with an irresistible propensity to muscular exertion, and often to un-
controllable laughter ; hence the gas has acquired the popular name of exhil-
arating or laughing-gas. Different individuals are affected in different degrees
and in various ways, according to the temperament of ¢éach. In plethoric
persons, where there i3 any tendency to over-active circulation through the
brain, the experiment is not a safe one. The intoxicating effects pass off in
a few minutes, and frequently no recollection of what has passed is retained,
and no lassitude is perceived after the extreme exertion.”—MmLLER. The gas
should be inhaled from a large bladder or gas-bag, through a tube of an inch
internal diameter.

An animal entirely immersed in this gas soon dies from the prolonged ef-
fects of the intoxication.

The idea that anasthesis, or insensibility to pain during surgical operations,
might be occasioned by the inhalation of gases, appears.to have been first en-
tertained by Dr. Horace Wells, of Hartford, Conn., from observing the action
of protoxyd of nitrogen upon the animal system; and he succeeded in pro-
ducing, by means of it, the same effects which are now accom- Frg. 112
plished by the agency of chloroform and ether. . T

344, Deutoxyd of Nitrogen, NO;: BmoxydofM-
irogen, or Nitric Oxyd.—This gasis easily prepared by pouring
nitric acid upon clippings or turnings of copper, contained in
a flask with a little water. As no heat is required, the double-
tubed hydrogen gas apparatus may bo employed. (See Fig.
112.) At the commencement of the action, the flask becomes
filled with dcep-red fumes, but if the gas be collected over
water it will be found to be colorless.

Tho chemical aetion involved in the production of nitrous
oxyd, by this prodess, is as follows: The copper takes oxygen from one por-

QuesTIONS.—~How is it distinguished from oxygen? What effect has cold or pressure
upon it? ‘What effect does protoxyd of nitrogen prodnce upon the system when inhaled ?
‘What discovery was first suggested by the action of this gas on the system? How is
nitric oxyd prepared? What is the chemical action involved ?
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tion of the nitric acid and becomes oxyd of copper, which combines with an-
other portion of acid remaining undecomposed, and forms the nitrate of cop-
per, the solution of which is of a blue color. That part of the nitric acid which
is decomposed, loses three equivalents of oxygen, which are taken up by the
copper; the remaining two equivalents of oxygen united with the nitrogen
appear as the gas, thus:

Copper.  Nitrie acid. Nitrate copper. Nitric oxyd.
~t— —~—A— —P—— o~

3 Cu.+4 (NO5) =3 (Cu.0, NOy) 4 NOs

345. Properties,—Nitric oxyd is a colorless gas, which is but slightly
absorbed by water. It is perfectly irrespirable, and excites a violent spasm
of the throat when an attempt is made to respire it. Sir Humphrey Davy, in
his experiments upon the respiration of the protoxyd of nitrogen, attempted
to inhale this gas, but the result was nearly fatal, and would have been quite
80, had not the glottis contracted spasmodically, and thus prevented its pas-
sage into the lungs.

Most burning bodies, when immersed in this gas, are extinguished by if,
although it contains half its weight of oxygen. If phospherus and charcoal,
however, in a state of ighition, be introduced into it, the heat they evolve
effects the decomposition of the gas, and the combustion continues with great
brilliancy through the agency of the liberated oxygen.

The most remarkable property of nitric oxyd appears to be its great attrac-
tion for oxygen. When mixed with oxygen, or any gas containing oxygen
(atmospheric air), dense red fumes are produced, which are soluble in water,
and produce an acid liquid. In this way nitric oxyd may be used as a test
to demonstrate the presence of uncombined oxygen in a gaseous mixture,
Experimentally this action may be demonstrated as follows: Partially fill a
tall glass jar or bottle with nitric oxyd, over a pneumatic trough; and then
by lifting the end of the jar, admit a few bubbles of atmospheric air, or pure
oxygen. In an instant, deep blood-red fumes will fill the vessel, and much
heat will be generated. By agitating the contents of the jar with water, the
red vapors are rapidly absorbed, and the experiment may be several times
repeated, with the remaining portions of the gas.

Nitrous oxyd has never been liquefied.

346. Nitrous Acid, NO; Hyponstrous Acid—The third compound
of nitrogen with oxygen is a brownish red vapor at ordinary temperatures,
and a volatile green liquid at a temperature 0° F. It is formed by mixing
4 volumes of nitrous oxyd with 1 volume of oxygen, both in a perfectly dry
state. It unites with bases to form salts, which are called nitrites.

347. Hyponitric Acidy N0y Peroxydof Nitrogen.—The red fumes
which appear in mixing nitrous oxyd with oxygen, or atmospheric air, con-

QuEesTIONS.—What are its properties? Iow does it act upon eombustibles? What is
the most remarkable characteristic of nitric oxyd? Iow may it be illustrated? What
is the physical condition of nitrous acid? How is it prepared? What is said of hyponi-
tric acid ?
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sist mainly of hyponitric acid. It may be formed in a state of purity, by
mixing 4 volumes of nitrous oxyd with 2 volumes of oxygen.

The compounds of nitrogen with hydrogen, carbon, and other non-metallic
elements, will be considered in subsequent sections. |

SECTION V.
CHLORINE.
Equivalent, 35'5. Symbol, Cl. Density, 2:47.

348. History—This substance was discovered by Scheele
in 1774, and called by bim dephlogisticated marine acid.

It was universally regarded as a compound body until 1808, when Davy
established its elementary character, and on account of its yellowish-green
tint, gave it the appellation of chlorine (from yAdpdc, green).

349. Natural History and Distribution,— Chlorine is a
principal member of a small natural group of four closely-allied elementary
bodies, viz., chlorine, iodine, bromine, and fluorine, which differ in many re-
spects from all the other elements. They are characterized by a remarkable
indifference for each other, and for an intense affinity for other substances at
ordinary temperatures—an affinity so general as to preclude the possibility of
any member of the class existing in a free and uncombined state in nature.
Collectively they are termed the Halogens, from the Fig, 113.-
circumstance of their forming with the metals saline
compounds resembling common salt.—Haloid salls.
(See § 271.)

Chlorine united with other elements is a large con-
stituent both of the inorganic and organic kingdoms.
The great magazine of it in nature is rock, or common
salt, which is a compound of chlorine and the metal
sodium. Combinations of it also with other substances
in the mineral kingdom are not unfrequent. In the or-
ganic kingdom it is found as a constituent of both an-
imals and vegetables; existing in the greater number
of animal liquids, and in various fluids and secretions
of plants.

350. Preparation—Chlorine is most easily pro-
pared by pouring strong hydrochloric (muriatic) acid
upon pulverized binoxyd of manganese contained in a
glass retort or flask (arranged as in Fig. 113), and ap-
plying a gentle heat from a spirit-lamp. The propor-
tions which give the best result are, one part by weight

QuesTioNs.—How is it prepared? Give the history of chlorine. To what other ele-
ments is chlorine allied? What are the characteristics of these associated elements?
What designation is given to them as a class? What is said of the distribiition of chlor-
ine in nature? How is it prepared?
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of binoxyd of manganese, and two parts by weight of hydrochloric acid. The

gas may be collected over water, or more conveniently by the displacement

of air in a dry, narrow-necked jar, as is represented in Fig. 113. The green-

ish color of the chlorine enables the operator to determine when the receiver

is full. By closing the jars with glass stoppers, well smeared with tallow, the
as can be preserved unaltered for a considerable length of time.*

v/ e chemical reaction which takes place in this process may be explained

as follows : hydrochloric acid is a compound of hydrogen and chlorine ; when
mixed with the binoxyd of manganese in the proportion of 2 equivalents of
the former to 1 of the latter, double decomposition ensues:—water, free
chlorine, and a chloride of the metal being produced.

Thus,—Mn0s+-2HCl=MnCl+42H04-CL

Three ounces of powdered binoxyd of manganese with half a pint of com-
mercial muriatic acid diluted with 3 ounces of water, will yield between three
and four gallons of the gas. Care should be taken not to use an acid more
dilute than the one indicated, lest some explosive compound of chlorine should
be generated.

Chlorine may also bé readily obtained by distilling a mixture of 4 parts by
‘weight of common salt, 1 part of binoxyd of manganese, 2 of sulphuric acid,
and 2 of water. It is in this way that chlorine is prepared in enormous quan-
tities for manufacturing purposes; but for the preparation of *chloride of
lime,” the first described method is followed, owing to the fact that the hy-

* The following memoranda respecting the preparation of chlorine are worthy of atten-
tion. The process should always be conducted in a well-ventilated apartment, altogether
free from valuable furniture, and especially from colored curtains, paper-hangings, etc.—
the action of the gasbeing most destructive of the color and texture of organic compounds.

Before applying heat to the generating flask, the operator should observe whether the
jaterior of the glass has become thoroughly wetted by the acid, or whether a dry spot
stlll remains. If the latter is the case, all heat should be withheld until the mass by agi-
tation has become thoroughly incorporated, and the dry spot disappears. If this precau-
tion is neglected, a fracture of the retort will probably take place on the application of
heat. Most authorities recommend the collection of chlorine over warm water, inasmuch
as cold water absorbs a considerable amount of the gas. This plan is attended with the
serions disadvantage of caumsing chlorine to enter the bottle hot, and for that reason rare-
fied; se that when it cools and contracts, the stoppers of the bottles are found not unfre-
quently to be permanently fixed. Cold water should be employed, and except it be agi-
tated whilst the gas is passing through it, so little of the chlorine is absorbed that the
amount of 1oss is too small to be of consequence.—FARADAY.

Every care should be taken ih bottling up chlorine for preservation, to exclude water as
much as possible, inasmuch as under the agency of light, water and chlorine react, form-
ing hydrochloric acid, which is so violently absorbed by water, that the stoppers of the
chlorine bottles become often irremediably fixed, owing to external pressnre.—IBID,

If the operator during the preparation of chlorine shonld inadverteutly inhale a dis-
agreeable quantity of the gas, the most effectual relief will be obtained from an immediate
application of ammonia (smelling-salts) to the nostrils, or from inhaling the vapor of al-
cohol or ether.

QuEsTroNs.—What precautions are to be observed in its preparation? What is the
chemical action involved in this process? By what other process may chlorine be pre-
pared? For what practical purposes are these two processes applied ?
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drochloric acid used is obtained as a waste product in the manufacture of
{ carbonate of soda (soda-ash) from sea-salt. ) Dussrsrrene et

351. Properties.—Chlorine is a dense, heavy gas, of a greenish-yel-
low color. It ig characterized by a peculiar suffocating odor, almost intoler-
able to most persons even when greatly diluted ‘with air, and occasioning a
distressing irritation of the air-passages of the throat, attended with cough-
ing. Any attempt to respire the gas in a pure form would probably be fatal,
but when largely diluted with air, it is breathed without inconvenience by
workmen in manufacturing establishments, and it has also been adopted as
a remedial agent in this condition with benefit for pulmonary diseases. It
should not, however, be used for this latter purpose without the sanction of
a medical authority.

Chlorine is one of the heaviest of the gases, its specific gravity beiug 2-47
(air == 1). Under a pressure of 4 atmospheres, at 60° F., it condenses to a
yellow liquid, of specific gravity 1'33, which remains unfrozen even at a cold
of — 220° F. :

Cold water absorbs about twice. its bulk of chlorine gas. This solution,
which is readily formed by agitating the gas and the water together, ac-
quires the col.or, odor, and other properties of chlorine, and is much used for
experimental and manufacturing purposes in preference to the pure gas. As
it is slowly decomposed by the action of light, it should be preserved in
bottles covered with paper, or in a dark place.

With water near its freezing point chlorine combines to form a definite
hydrate, which contains 10 equivalents of water (Cl-4-10HO); this at a tem-
perature of 320 F. freezes and forms beautiful yellow: !
crystals. If theso crystals be hermetically enclosed Fic. 114.
in a glass tube (see Fig. 114), they will, when ex-
posed to a gentle heat, liberate free chlorine; this e
prevented from expanding, presses upon itself to
such an extent that a portion of the gas liquefies,
and may then be seen in the tube, floating upon the water which is
present. This process furnishes the most ready way of obtaining liquid
chlorine.

352. Chlorine is a supporter of combustion, but its effects are strikingly
different from those manifested by oxygen. It does not combine directly with
either oxygen or carbon, but has a most powerful affinity for hydrogen and
the metals. Therefore, bodies rich in oxygen and carbon, either burn indif-
ferently in chlorine or not at all, as in the case of charcoal; but on the con-
trary, bodies rich in hydrogen, together with many of the metals, burn in it
with great brilliancy. The following experiments are illustrative of these
facts :

QuEsTIONB.—What are the general properties of chlorine? Is it at all respirable?
‘Whatis the density of chlorine? Can it be liquefied? What iz a solution of chlorine?
‘What are its properties? What combination does chlorine form with water? How may
liquid chlorine be prepared? What are the relations of chlorine to combustion ?
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A piece of flaming charcoal plunged into a vessel of chlorine is extinguished
as instantly and as completely as if plunged into a vessel of water.

Wax and tallow are compounds of carbon and hydrogen. If a lighted
taper be immersed in a jar of chlorine, its flame i3 extinguished; but tho
column of oily vapor rising from the wick is rekindled by the chlorine; the
hydrogen part of the combustible burning with a dull reddish flame, whilo
the carbon is separated in the form of a dense black smoke.

Another experiment illustrates the same action in a more remarkable man-

Fig. 115. ner. Oil of turpentine is a liquid exceedingly rich in hy-
drogen, and also in carbon. If a piece of paper soaked in
it be fastened to the end of a rod and plunged into a jar of
chlorine (see Fig 115), the chlorine unites with the hydro-
53\ gen so readily as to instantly produce spontaneous combus-

b/ tion, while the carbon is separated and “deposited as an
abundant soot.

If a bit of ignited phosphorus be immersed in a jar of
chlorine, as is represented in Fig. 116, the combustion con-
tinues, but the light evolved is hardly perceptible. If a
piece of phosphorus be plunged into chlorine without ig-
nition, it inflames spontaneously—a result which does not
take place in oxygen. ~ The feeble light which accompanies
the combustion of phosphorus in chlorine, therefore, can not
be explained by reason of any lack of affinity Fig. 116.
between these two substances, but it is due to
the fact that the immediate products of the com-
bustion are vaporous or gaseous, and are not
rendered luminous by heating. (See Combustion.) il

Antimony and many other metals finely pow-
dered, and projected into a vessel of chlorine, take
fire and produce a brilliant combustion. Thin.
sheets of copper leaf, attached to a copper wire,
and dipped into chlorine, exhibit the same phe-
nomenon. W

~353. The intense affinity which chlorine mani- == ’
= i

. fests for hydrogen is one of the most remarkable ————————=s
characteristics of this element, and is the property, above all others, which
gives to chlorine its great value as an industrial agent. This affinity i, how-
ever, regulated, or rather called forth, by a most singular action of light.
Thus, when chlorine and hydrogen, in the gaseous condition, are mixed to-
gether in equal volumes, they will remain for an indefinite period without
action upon each other, if kept in the dark. If the mixture be exposed to
diffused daylight, combination will take place gradually; but if the two gases

QuEsTIONS.—What experiments illustrate its action in this respect? Why does phos-
phorus burn in chlorine with a feeble light? What are the relations of chlorine to hy-
drogen? What influence does light exert upon a mixture of these two elements?
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are brought into direct sunlight, the union takes place instantly, accompanied
with a powerful explosion.*

The following experiment is illustrative : Select a clear glass bottle (holding
about a pint), and fill it over a pneumatic trough, to the extent of half its
capacity, with chlorine gas; then carefully cover the bottle with a dark cloth,
and add hydrogen from a gasometer sufficient to occupy the remaining space,
or until all the water in the bottle is displaced; cork the bottle, keeping its
mouth under water, and remove it from the trough carefully and entirely en-
veloped in the cloth. Then place the bottle in the direct light of the sun, and
from a distance remove the cloth by means of a string or a long pole. If the
preliminary conditions have been strictly complied with, the instant the rays
of light fall upon the mixture a violent explosion will occur.

‘When chlorine in a free state, or in feeble combination with some other
substance, is brought in contact with a body which contains hydrogen as one
of its constituent elements, it manifests the same affinity for this element ; and
tends to “ draw out,” as it were, the hydrogen from its combination, and by
uniting with it, to change or destroy the original compound. In this instance,
also, light exercises a controlling influence.

For example: If a solution of chlorine in water (§ 351) be kept in the
dark, no change takes placo in it; but when exposed to the action of sun-
light, it decomposes readily. This result is produced by the following reac-
tion :—the chlorine contained in tho solution, by reason of its intense affinity
for hydrogen, withdraws this element from its combination with oxygen in
the water, and uniting with it, forms an acid ; tho oxygen of the decomposed
water, being no longer held in combination, escapes as a gas. -

354. Theory of Bleaching—TItis this action of chilorine upon hy-
drogen which renders chlorine the most powerful of all known bleaching and
deodorizing agents. Nearly all animal and vegetable coloring matters contain
hydrogen as one of their essential constituents. When brought in contact
with chlorine, the hydrogen they contain unites with it, and the original ar-
rangement of particles, upon which the color of the body depended, being
thus changed or broken up, the color itself is destroyed. Ozone, which is also
a powerful bleaching agent, acts in a similar manner; the oxygen of which
it consists, by reason of its highly active condition, withdraws hydrogen from
its combination, unites with it to form water, and thus destroys the arrange-
ment upon which the color depends. By withdrawing a single pillar of sup-

* It has also been shown by Dr. Draper, that pure and dry chlorine gas, when exposed
for a time to the action of the sun’s light, acquires and retains, for a considerable period,
the power of forming an explosive union with hydrogen, cven in the dark ; while, on the
other hand, chlorine prepared in the dark manifests no affinity for hydrogen until exposed
to the light. This peculiar action of light is entirely confined to the chemical el t of
the solar ray.

QuESTIONS.—What experiment illustrates this? What are the relations which chlorine

sustains to hydrogen in combination? Illustrate by example. What is the theory of bleach-

- ing by chlorine? By ozone? What is said of the permanency of the bleaching effect of
of these agents ?

.
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port, the whole structure falls. Colors once removed by the action of chlorine
or ozone can never be restored; and in this respect these two substances dift
fer from most other bleaching agents.

The bleaching action of chlorine may be illustrated by a variety of experi-
ments. For this purpose a solution of chlorine in water may be most con-
veniently used. If we pour a little of this solution upon red ink, red wine,
the blue tincture of red cabbage, of litmus, on indigo solution, or on ordinary
writing ink, their several colors almost immediately disappear. Paper, col-
ored rags, and all varieties of cotton or linen fabrics immersed in a solution of
chlorine, are bleached with great rapidity. The moist gas produces the same
effect, but perfectly dry chlorine will not bleach. ¥ibres of wool are nof
bleached by the action of chlorine, neither is it usually employed for the
bleaching of silk. It has no action upon “India,” or printers’ inks, for the
reason that the coloring matter in these cases consists of minutely-divided
carbon, which does not combine directly with chlorine.* By contact with
chlorine for any considerable length of time, the texture of almost all organic
substances i3 weakened and destroyed. This may be especially noticed in
cases where cotton or linen fabrics have been wet with a chlorine solution,
and then allowed to dry, without previous thorough washing.

355. Disinfecting and Deodorizing Action of Chlorine.
~Chlorine acts upon noxious and odorous vapors and organic compounds to
decompose and destroy them, in the same way as it does upon coloring agents.
It differs essentially in its action from many substances used in fumigation,
such as burnt paper, vinegar, pastiles, perfumes, and the like, inasmuch as,
while the latter only disguise the ill odors, or mephitic atmosphere, by substi-
tuting one smell for another, the chlorine absolutely destroys the noxious
matter itself. _

The use of chlorine as a disinfectant, however, requires care. It should be
used in the form of bleaching-powder (¥ chloride of time”), mixed with water,
and exposed to the air, in shallow vessels, if possible upon a high shelf. This
compound is gradually decomposed by the carbonic acid of the atmosphere,
and the chlorine being evolved falls slowly down, and is diffused through the -

* A very elegant application of chlorine to bleaching purposes is made in the printing
of bandanna handkerchiefs. The white spots, which constitute their peculiarity, are
thus produced; First of all, the whole fabric is dyed of one uniform tint, and dried.
Afterward many layers of these handkerchiefs are pressed together between lead plates, .
perforated with holes conformable to the pattern which is desircd to appear. Chlorine
solution is now poured upon the upper plate, and finds access to the interior through the
perforations. By reason of the great pressure upon the mass, the solution can not, how-
ever, extend laterally further than the limits of the apertures, whence it follows that the
bleaching agent is localized to the desired extent, and figures corresponding in shape and
size to the perforations are bleached white upon a dark ground.—FaRADAY.

QuesTroNs.—Iow may the bleaching action of chlorine be illustrated? What are ex-
ceptions to its action? What effect does continued contact with chlorine have upon
organic substances? What is the disinfecting and deodorizing action of chlorine? How
does chlorine differ in its action from many fumigating agents ? How should chlorine be.
applied for disinfection and deodorizing ?
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room. If a more rapid action is required, a little dilute sulphuric or hydro-
chloric acid may be allowed to drop into the chloride of lime solution from a
vessel suspended above it, by means of a piece of lamp-wick arranged in the
form of a syphon. Another method is to suspend in the apartment, cloths
steeped in a solution of bleaching-powder; and in the absence of bleaching-
powder, the gas may be easily generated by one of the methods already de-
described—-care being taken to avoid excess.®

356. Compounds of Chlorine~—Chlorine combines with all the
non-metallic elements, with perhaps a single exception. With many of them,
however, it can not be madé to unite directly.” It enters into combination
with all the metals; and with a large number of them directly, with an evo-
lution of light and heat. The binary compounds of chlorine are termed
chlorides. "With the exception of the chlorides of silver and lead, and the sub-
chlorides of copper and mercury, they are all more or less soluble in water,
and in their taste and general physical character, resemble common salt.

1t frequently happens that chlorine combines with the same metal in more
proportions than one: for example, with iron, a protochloride (Fe Cl) and a
sesquichloride (FeoCl;) may be formed; and with platinum a protochloride

(Pt Cl) and a bichloride (Pt Clu); and, generally, for each oxyd of the metal

that is capable of uniting with acids to form salts, a corresponding chloride
exists.

Most of the chlorides of the metals are solid; but some few are liquid at
ordinary temperatures; and one, the perchloride of manganese (Mn: Clt) is
gaseous. AlL of them are fusible at a moderate temperature, and many
are readily volatilized in the operation ; especially is this true of the chlor-

ides of gold, copper, aluminum, magnesium, and several others. Geol-

ogists have taken advantage of this fact, in sqme instances, to explain the
formation of mineral, or metallic veins in the rocky strata composing the crust

* Tt must be particularly borne in mind, that chlorine in any form must only be used
as an aid to proper ventilation. It is a necessary condition of health that our houses and
rooms be properly ventilated. There is no substitute for ventilation any more than for
washing or for general cleanliness. Chlorine, like medicine, ought in general to be used
on special occasions, and under advice. In a sick-room, where ventilation is often diffi-
cult, chlorine, liberated in very minute quantities, will often be found singularly refresh-
ing ; but in this, as in all other cases of fumigation with chlorine, all metallic articles in
the apartment ought to be removed, for these become speedily tarnished by the action of
chlorine.

¢ Yor disinfecting the wards of hospitals and similar places, Prof. Faraday found that
a mixture of 1 part of common salt, and 1 part of the binoxyd of manganese, when acted
upon by 2 parts of oil of vitriol previously mixed with 1 part of water (all by weight), and
left till cold, produced the best results. Such a mixture at 60° F., in shallow pans of
earthen ware, liberated its chlorine gradually but perfectly in four days. The salt and
the manganese were well mixed and used in charges of 3} pounds of the mixture. The
acid and water were mixed in a wooden tub, the water being put in first, and then about
half the acid ; after cooling the other half was added. The propertions of water and acid
are 9 measures of the former to 10 of the latter.”

QuEsTIONs,—What is said of the compounds of chlorine? What are the compounds
of chlorine termed? What are the general properties of the chlorides?

11

19,
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A

of our globe., It is supposed that the metals, in the form of chlorides, have
been sublimed or volatJizeld by intense heat from the interior of the earth, and
rising through openings and fissures in the rocks, have been deposited, as they
cooled, in the situations in which they are now found.

Formerly, before the constitution of chlorine was fully understood, its com-
pounds with the metals were termed muriates. The names, muriate of tin,
muriate of soda, muriate of iron, have thercfore the same signification as

- chloride of tin, chloride of soda, chloride of iron, etec.

357. Hydrochloric Acid, HCl — Chlorohydric Acid ;
Chloride of Hydrogen; Muriatic Acid.—This substance,
formed by the union of chlorine and hydrogen, is the most
important of all the compounds which chlorme forms with
the non-metallic elements.

It was first obtained by Priestley in its pure form of a gas, in 1772 ; and in

2 state of solution in water, it has long been known under the names of muri-

atic acid, and spirit of salt. In the latter condition it constitutes a strong,

corrosive acid liquid.

J 358. Preparation—When chlorine and hydrogen are mixed together

,in the proportion of equal volumes, and a chemical combination is effected |
o between them, they unite, without condensation, to form hydroehloric acid
{. gas. This union may be brought about by the action of light, in the manner
. before described (§ 353), by the application of an ignited malch, or by the
passage of the elcctric spark—the combination in the latte®instances being
always attended with an explosion. :
Fra. 111. For experimental purposes, hydrochloric:

" acid gas may be procured by heating in a

glass flask, furnished with a perforated cork‘.
and tube, a quantity of strong commercxal
muriatic acid. The gas is readily given off i
by the application of a gentle heat, and may
be collected by displacement of air in dqé
vessels. (See Fig. 117.) .
For most practical purposes, hydrochlori
acid is obtained by action of sulphuric aci
upon common salt. When the process !
conducted on a small scale, and in a glass retort, or an apparatus similar t
that represented in Fig. 117, 3 parts of common salt, 5 of strong sulphuri
acid, and 5 of water may be takeu. The reaction in this case is as followss
common salt is composed of chlorine and sodium ; when mixed with sulphuri
acid and water, the water is decomposed ; its hydrogeu uniting with th
chlorine of the common salt to form hydrochloric acid, and its oxygen with

QuEesTioNs.—What theory has been proposed to account for the origin of mineral veins?
‘Whatare muriates? What is hydrochloric acid? How may it be prepared? Ilow is it ‘
prepared for practical purposes? {
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the sodium to form soda, which last unites with the sulphuric acid to form
sulphate of soda. Expressed in symbols, we have—

Common salt, Sulph.acid.  Water. Sulphate of soda. Hydrochlorie acid.
pE S —~h—,

—~—t— r~—t ~—~t—
NaCl + 803 + HO = Na0,80; - IQl

359. Properties,—Hydrochloric acid is a colorless acid gas, of a pe-
culiar pungent odor, producing white fumes when allowed to escape, by
uniting with and condensing the moisture of the atmosphere. It is quite un-
respirable, but is much less nauseous and suffocating than chlorine. It pro-
duces coughing when breathed in even the most dilute condition. It is heavier
than air, and has a specific gravity of 1-24. Under a pressure of 40 atmos-
pheres at 50° F., it condenses to a colorless liquid, which has never been
frozen. It is incombustible, extinguishes burning bodies and when brought
in contact with dry and blue litmus paper reddens it.

Hydrochloric acid gas is especially characterized by a most intense attrac-
tion for water, which liquid at a temperature of 40° F. is capable of absorbing
about 480 times its bulk of gas-—increasing in volume thereby about one
third, and acquiring & specific gravity of 1'21. "Water of a higher temperature
absorbs less. A piece of ice passed into a jar of hydrochloric acid gas stand-
ing over mercury is instantly liquefied by it; and the gas at the same mo-
ment disappearing by absorption, the mercury rises to fill the jar. By reason
of its great solubility in water, it can only be collected over mercury, or by
the displacement of air.

360. Solution of Hydrochloric Acid, which eonstitutes
the liquid acid, or the muriatic acid of commerce, is pre-
pared by generating the gas from a mixture of salt and
dilute sulphuric acid, and allowing it to pass through and
become absorbed by water.

The gas is conducted from the retort or generating vessel into a series of
bottles or jars connected with each other and filled with water. When the
water in the first vessel becomes saturated with hydrochloric acid, the gas
Ppasses over into the second, thence into the third, and so on, saturating each
8Successively. Several contingencies, however, must be provided for in this
operation ; “the cvolution of gas may take place so rapidly as to rupture the
Teceivers, or the gas delivered slowly may be absorbed so completely by the
water as to produce a vacuum ; in which case the whole liquid contents of
the receivers flow back violently into the retort, and thus put an end to the
process. '3

.

QuEsTIONS.—Explain the chemical reaction in this case? What are the properties of
‘hydrochloric acid gag? What is said of its attraction for water? What is the muriatic
acid of commerce? Iow is it prepared ? What precantions are to be observed in its pre-
paration ?
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Woulfe’s Apparatus.—To obviate these difficultics, a series of
peculiar-shaped vessels, known as “ Woulfe’s bottles,” are employed. These
consist of glass jars, or bottles, provided with three necks, or apertures, (see
Fig. 118), each of which is fitted with a perforated cork and tube. The man-
ner in which the gas enters and is discharged from the vessel will be readily
understood by an inspection of the figure. The middle aperture is fitted with
a single upright tube, called the * gafety tube,” which dips beneath the sur-
face of the liquid contained in the vessel If the pressure of gas becomes

Fia. 118

excessive, the water is forced up the center tube, and the pressure is relieved.
If a vacuum is created, air enters from without to fill it. By the condensa-
tion of the hydrochloric acid gas, much latent heat is liberated, and the watet
which absorbs it soon becomes elevated in temperature; to obtain, therefore,
the most concentrated solution of gas, it is necessary that the receivers should
be immersed in cold water, or surrounded with ice. Connection between the
separate Woulfe's bottles is effected by means of a flexible tube of India-
rubber. '

Hydrochloric acid solution, when pure, is a colorless liquid, fuming, when i
concentrated, on exposure to air. The commercial * muriatic” acid is gener- -
ally of yellow, or straw color, owing to the presence of iron and other impu-
rities. It constitutes one of the three great acids of commerce, and is cxten-
sively used as a reagent in chemical operations, and to some extent in medi=
cine as a tonic. In the manufacture of “soda ash” (carbonate of soda), b;
the decomposition of common salt, hydrochloric acid gas is prepared as a
incidental product in immense quantities; and in some of the great manu
facturing establishments of Great Britain it is regarded as a waste product,&
the disposal of which is attended with difficulty and expense.®

Y1l
Y

* It was usual to allow the acid gas to escape into the air by means of a chimney, on
emerging from the top of which it formed, in contact with moisture, white clouds of acid,

QuzsTioNs.—Describe the construetion and use of Woulfe's bottles. What are the
physical properties of hydrochloric acid solution? What are its uses? Of what branch
of manufacture i8 it an incidental product? -
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Free hydrochloric acid, derived from the salt contained in food, is found in
the stomach, as a constituent of the gastric juice. Its presence, and that of
the soluble chlorides in solution, is indicated by the formation of a white,
curdy precipitate, when nitrate of silver in solution is added to the liquid.
This precipitate~—chloride of silver—is soluble in apmonia, but insoluble in
nitric acid.

361. Aqua Regia.—Nutro- J[urzatz%c Acid. —?—The name of
aqua regia (royal water) was given by the alchemists to a
mixture of nitric with hydrochloric acid, from the power
that it possesses of dissolving gold, the « king of the
metals.”

Gold and platinum are insoluble in either acid separately; but when the
two acids are mixed, they mutually decompose each other in the presence of
the metals—free chlorine, and a compound of chlorine and an oxyd of nitrogen
being liberated. The chlorine, in the moment of its extrication, or in its
nascent state (page 162), acts upon the metals and dissolves them~—the pro-
ducts formed being chlorides.

The best proportions of aqua regia are one of nitric acid by measure to two
hydrochloric.

362. 0xyds of Chlorine.—Although chlorine and oxygen will not,
under any circumstances, unite directly, several compounds of these elements
may be obtained by indirect methods. The composition and names of the
most important are indicated in the following table :—

Composition by weight.
Symbol, ———— e
Hypochlorous acid.ecscessecesssseess.ClO" 855 chlorine. 8 oxygeu.
Chlorous acid...... 355 ¢
Peroxyd of chlorine, . 355 3 82,
Chloric acid......,.. 355 40 «
Hyperchloric acld......ceieverenrerss..ClOT 35 0« b6«

363. Hypochlorous Acid.—This compound may be produbed by
the action of chlorine upon red oxyd of mercury. Itisa yellow gas, readily

which, wafted by the wind, produce a corrosive rain, most ruinous to the vegetation of
the surrounding country. Many soda works in Great Britain were, therefore, indicted as
nuisances on this account, and attempts were made to remedy the evil by discharging the
fumes at great elevations, where it was supposed they would become so diluted by admix-
ture with vapor as to be rendered harmless. To carry out this scheme, the most gigantic
chimneys ever built were constructed. One near Liverpool is 495 feet high, 30 feet in
diameter at the base, 11 feet at the top, and contzins a million of bricks. Another at

~ Glasgow is still larger. These costly structures have not, however, beeu found to answer
the purpose for which they were intended, and it has become necessary to condense the
gas as fast as it is liberated by bringing it into contact with cold water. But even this,
taken in connection with the disposal of the great quantity of liquid acid formed, is a
matter of great difficulty, and many arrangements have been patented to effect it.

QuesTioN8.—Does it exist in the animal economy? What is a test of its presence?
‘What is aqua regia? Why so called? How is it enabled to dissolve gold? What is said
of the oxyds of chlorine ? 'What is hypochlorous acid ?
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absorbed by water, and condensed by the application of cold into an orange-
yellow liquid.

#°364. Bleaching Compounds.—When chlorine gas is caused to
pass through weak solutions of the alkalies, or over hydrate of lime (slacked
lime), it is absorbed, and very peculiar compounds, possessed of remarkable
bleaching properties, are produced. It is in this way that the bleaching
agents so extensively used in the arts under the names of chloride of lime
(bleaching powder) chloride of soda, and chloride of potash, together with
what are called “disinfecting fluids,” are prepared.

These compounds, according to the opinion of most chemists, are formed
by the union of hypochlorous acid with an oxyd of a metal, and are termed
Typochlorites. 'Thus the constitution of the so-called chloride of lime would
be represented in symbols as follows: CaO, Cl0. Other authorities deny the
formation of hypochlorous acid, and regard ihe compounds in question as
formed by the direct union of chlorine with anoxyd. According to thislatter
view, the constitution of chloride of lime, represented in symbols, would be as
follows: CaQ, Cl.

365. Chloride of Lim e, or Bleaching-Powder, is the most important
of all the bleaching compounds of chlorine, and is used in immense quantities
for the bleaching of paper, cotton, and linen fabrics, and for disinfecting pur-
poses. Its manufacture is almost & monopoly with Great Britain, and no at-
tempt to prepare it on a large scale in this country has ever proved success-
ful.* The process consists essentially in exposing fresh slacked lime, spread
out upon shelves in large leaden or stone chambers, to the action of gaseous
chlorine—the operation being continued until the lime has absorbed, or united
with the largest possible amount of the gas. It is then withdrawn, and made
ready for transportation by enclosure in tight casks. As thus prepared, it is.
a soft white powder, partially soluble in water, and possessing a chlorine-like
odor. When exposed to the air it is readily decomposed, carbonic acid bemg;
absorbed, and chlorine liberated.

Ordinary bleaching-powders contain about 30 per cent. of available chlo~
rine. The testing of their commercial value is termed chlorimetry, and the-;
method adopted generally consists in ascertaining by experiment how many
grains of a particular sample are required to destroy the color of a known
weight of indigo in solution. The result, compared with the results of cert‘:;
standard experiments, give the percentage. T

5

* The reason why the manufacture of bleaching-powder has not been introduced into
the United States, is due doubtless to the fact, that it can only be economically conducted
in connection with the manufacture of soda-ash, which process farnishes hydrochl orie
acid, from wheuce chlorine is procured, at a mere nominal cost; and to carry on both
operations advantageously requires the employment of great capital and skill.

QuesTIONS.—How are the ordinary bleaching compounds and *‘disinfecting fluids"
formed . 'What is said of the composition of these compounds? What is said of chloride
of lime? How is it prepared? What is chlorimetry? How is it conducted ?
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What is called ‘¢ Labarraque’s disinfecting liquid,” is a solution of a com-
pound of chlorine and soda, similar in composition to bleaching-powder.
“ Burnet's disinfecting fluid” is a compound of chlorine and zinc.

366. Chloric Acid, ClO;~—This compound is not known in an iso-
lated state, and is never obtained except in combination with water (C103
HO). When a stream of chlorine gas is transmitted through a strong solu-
tion of caustic potash, the gas is absorbed, and a bleaching solution, as before
described, is formed. This, by standing, or by the application of heat, loses
its bleaching property, and becomes a mixture of chloride of potassium and
chlorate of potash; the latter of which, being the least soluble, separates on
concentrating the liquid, into shining tabular crystals, In this reaction, a part
of the potash is decomposed ; its oxygen combining with one portion of chlor-
ine to form chlorie acid, while the potassium is taken up by a second portion
of the same substance; or in symbols:—

6 Cl4-6 KO=KO,Cl;+5 KCL

Chlorates of other bases are formed in a similar manner.

367. Properties.~—All of tho chlorates, when exposed to moderate
heat, undergo decomposition, and liberate oxygen most abundantly; they
are, therefore, generally used for the production of oxygen (§ 281). When
thrown upon ignited charcoal, the chlorates deflagrate with scintillations, and
when heated with substances which have a strong attraction for oxygen, such
as phosphorus and sulphur, they explode violently (§ 285). Mere friction,
also, with these elements is sufficient to cause a detonation ; for example, if a
half a grain of sulphur be triturated in a mortar with two or three grains of
chlorate of potash, the friction is attended with a series of small explosions.
A mixture of chlorate of potash, sulphur, and a little charcoal, was formerly
used as a percussion powder for gun-caps; but its action upon the locks was
found to be highly corrosive.

Paper soaked in a solution of a chlorate, burns in tho same manner as touch-
paper.

An attempt was made_by the French government, toward the close of the
last century, to substitute chlorate of potash in place of niter (saltpeter) in the
manufacture of gunpowder; but the liability to accidental explosion was so
greatly increased, that the enterprise was speedily abandoned. It is, how-
ever, still used to a very great extent in the manufacture of fire-works, and
especially in the production of colored fires.

368. Peroxyd of Chlorine, Cl0s Hypochloric Acid—This sub-
stance, which can not be obtained in a state of purity without great danger,
is prepared by distilling chlorate of potash with strong sulphuric acid. It isa
gas of a yellow color, which is gradually decomposed by the influence of light,
and at a temperature leSs than that of boiling water, its elements separato

QuESTIONS.—What are Labarraque’s and Burnet's disinfecting fluids? Whatis said of
chloric acid? How is chlorate of potash prepared? What are the properties of the
chilorates? For what purposes are they practically employed ? 'What is said of peroxyd
of chlorine ?
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with a most violent explosion. Mere contact with many combustible matters
also occasion an immediate explosion.

Some of the properties of this singular compound may be experimentally
illustrated without danger. If a few grains of loaf sugar and chlorate of pot-
ash be separately pulverized, and mixed together in equal proportions, with-
out friction, the addition of a single drop of sulphuric acid, let fall from the
end of a glass rod, will produce instantaneous and brilliant deflagration. The
chemical reaction which eccasions this result is as follows: The sulphuric
acid decomposes the chlorate of potash, and liberates peroxyd of chlorine;
this, in turn, by contact with the sugar, is decomposed, and evolves heat suf-
ficient to produce combustion.

Another very brilliant experiment consists in bringing phosphorus in contact
with peroxyd of chlorine under water at the very instant of its development.
A deep glass vessel being chosen (a conical wine-glass will answer), a few
small pieces of phosphorus are first thrown in, and the glass two thirds filled
with water. Crystals of chlorate of potash, about equal in quantity to the
phosphorus employed, are then allowed to fall through the water and settle
upon the phosphorus. All that now remain to be
done is to bring sulpburic acid in eoutact with the two,
which is easily accomplished by means of a dropping-
tube, or small glass tube and funnel—the extremity
of either of which being brought in eontact with the
mixture, the sulphuric acid is eaused to touch the
solids, without mixing with, and suffering dilution by,
the water. (See Fig. 119.) Peroxyd of chlorine being
rapidly evolved, the phosphorus reacts upon it, and
flashes of a beautiful green light under water, attended
with a erackling noise, are produced.

The two other principal compounds of chlorine with
oxygen, chlorous and perchloric acid, although of scientific interest, are of no
practical importance.

369. Chloride of Nitrogen—The single compound which chlorine
is known to form with nitrogen, is especially worthy of note as probably the
most dangerous of all chemical combinations.

When a bottle of chlorine, perfectly free from greasy matter, is inverted
over a leaden dish containing a solution of 1 part of sal-ammoniac (NH,C]) in
12 parts of water—the mouth of the bettle slightly dipping beneath the sur-
faco—drops of an oily-looking substance will gradually form upon the liquid
and fall to the bottom of the dish,—chlorine slowly disappearing. The fuid
substance thus generated is chloride of nitrogen. During the whole opera-
tion, the bottle must not be approached, unless the facg is protected by a wire-
gauze mask, and the hands by thick woollen gloves. The leaden dish con-
taining the chloride of nitrogen, may, after a ‘time, however, be withdrawn

Fia. 119.

Questions.—How may its properties be illustrated? 'What is said of chloride of nitro-
gen? How is it prepared?
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from tinder the bottle, care being taken to avoid all agitation and contact with
the glass.

As thus prepared, it i3 a volatile, oily liquid, with a peculiar, penetrating
odor. ‘When heated to about 200° F,y or when merely touched with a greasy
substance, with phosphorus or an alkali, or even when subjected to the slight-
est friction or jatring, it explodes with a flash of light and a violence that is
difficult to conceive of. Glass and cast<iron in proximity to it, are shattered
into fragments, and a single drop has been known to cause a perforation
through a thick plank. A leaden vessel yields to its effects, and is merely
indented.

The chemical constitution of this body is not certainly knownj neither are
the principles involved in its remarkable reactions at all understood. Sim-
ilar compounds of nitrogen may also be formed with iodine, bromine, and cy-
anogen.

370, History of Bleaching-—The past history and present condis
tion of the great industrial art of bleaching appropriately connects itself with
the subject of chlorine. Before thegdiscovery and application of this element,
the opetation of bleaching cotton and linen consisted essentially in washing
and boiling the fabrics in hot water, with soap and alkalies, and subsequently
exposing them for a lengthened period on the grass to the action of light and
air. These operations were successively repeated, and the time required to
render a piece of linen white and suitable for market, varied from four to
eight months, During the 16th and 17th centuries, the Dutch enjoyed an
almost complete monopoly of the business, and almost all the linen goods
manufactured in Europe were sent to Holland to be bleached. ‘The Dutch
affixed their imprint on all goods bleached by them, which were afterward
known as “Hollands,” a term applied to linens even at the present day.

Thig method of bleaching was extremely expensive, not only on account of
the time and labor required in the operation, but also from the great extent
of grass-land necessary for the spreading of the cloths, Goods thus exposed
out-of:doors gerved as a temptation to dishonest persons, and the old statute
laws of England abotind in severe penalties against trespassers upon bleachs
fields.

The decolorizing action observed to take place when organic products are
exposed to the action of light, air; and moisture is explained on the same
general principles, as in the case of chlotine (§ 354); viz,, the coloring com-
pound is broken up by the abstraction or union of its hydrogen constituent
with the oxygen of the air, or with the oxygen contained in dew and aqueous
vapors, it being a fact that “ gtase-bleaching” is most rapid at those seasons
and times when the deposit of dew is most copiots and abundaut, It is also
probable that the ozone present in the atmosphere exerts some effect, and
the chemical action of light is known to be essential, inasmuch as the bleach-
ing will not take place in the dark.

QuEsTIONS,—~What are its characteristic properties? What was the original method .
of bleaching? What is said of the early history of bleaching?
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One of the improvements in bleaching introduced by the Dutch was that of
‘“‘gouring,” which consisted in steeping the goods for a considerable length of
time in sour milk; but about the year 1750, very dilute sulphuric acid was
substituted in its place. This simple change was a most important discovery,
inasmuch as it shortened the time required for bleaching linen by nearly three
months, and greatly reduced the expense. In fact, the operation of “ souring”
by sulphuric acid still forms an essential feature of the modern processes of
bleaching. .

In 1785, Berthollet, a French chemist, while repeating some experiments or
chlorine, which had been discovered by Scheele in 1774, ascertained that a
solution of this gas in water was capable of destroying vegetable colors, and
he was hence led to suggest its application to bleaching. About this time
Berthollet was visited by James Watt, of England, celebrated from his connec-
tion with the steam-engine, to whom he related the results of his experiments.
Watt, on his return to England, practically examined the subject, and made
a successful trial of bleaching with the new agent, at an establishment near
Glasgow, Scotland. From thence its usqrapidly extended throughout Great
Britain.

The introduction of chlorine as a.,bleaching agent, like all other great dis-
coveries which tend to overturn old practices, encountered a most strenuous
opposition.

The first method of using it, consisted in saturating cold water thh
the gas, and immersing the goods to be bleached in the solution. Ileat
being applied, the chlorine was evolved from the water and acted upon the
coloring matters. The difficulties which attended this procedure were, that
the gas was evolved-so abundantly, that the workmen were unable to endure
it, and the strength of the cloth also was impaired. A defect of the goods,
becoming yellow after some days, led to the operation of boiling in alkaline
leys, when it was discovered that solutions of the alkalies not only absorb a
greater quantity of chlorine than water, but hold it with greater affinity—not
allowing the gas to escape and affect the atmosphere, but at the same time
imparting it regularly and effectively to fabrics in contact with them. The
knowledge of these facts prepared the way for the further discovery, in 1798,
by Mr. Tennant, of Scotland, of the compound known as * chloride of lime,”
or “bleaching-powder,” the manufacture of which has been already described
(§ 365)* During all-this period the constitution of the bleaching agent in

* Chlorine, in its combination with lime, is completely under the control of the manu-
facturer, and can be used with any amount of violence, 5o to speak, within the limits of
its powers. It may be developed at once, if desired, or its evolution can be effected by
the slowest degrees. It is possible to so dilute bleaching-powder with water, that it shall
exercise no bleaching effect of itself, hut this effect shall be developed by the disturbing
action of a third substance. This may be illustrated by making an exceedingly dilute

QuEesTIONS.—What improvement was introduced by the Dutch? What was the next
ndvance in theart? What did Berthollet discover? What followed Berthollet's discov-
ery? What was the first method of bleaching by chlorine? What difficulties were en-
countered? How were they overcome ?



CHLORINE, 251

question was unknown, it being regarded as a compound containing oxygen,
termed * oxy-muriatic acid;” and it was not until 1811 that Sir Humphrey
Davy demonstrated its true elementary character, and called it chlorine.

Some idea of the wonderful results which have flowed from the discovery
and practical application of chlorine may be formed from the following facts:
bleaching operations, which less than one hundred years ago, required from
four to eight months, are now accomplished in comparatively few hours; tho
quantity of cloth bleached by several of the large cstablishments of England
and the United States ranges from twenty to fifty thousand yards per day;
and it has been further estimated that all the avaslable labor of the civilized
world would at the present time be insufficient to supply, by the old process,
the present demand and consumption of bleached cottons and linens.

The operations of a modern bleachery for cotton fabrics may be bricfly de-
scribed as follows:—* All cotton fibers are covered with a resinous substance,
" which, to a certain extent, prevents the absorption of moisture, and also with
a yellow coloring matter, which, in some kinds of cotton, is so marked as to
give a distinctive character to the fabric made from it, as in nankeen, which
is manufactured in China from a native brown cotton. In some varieties of
cotton the quantity of coloring mater is so small that the fabric would not re-
quire bleaching were it not for the impurities acquired in spinning and weav-
ing.”

The first process of bleaching is ealled “singeing,” and consists in passing
the cloth with great rapidity over a red-hot copper eylinder. This burns, or
¢ ginges” off the fibrous down or “nap” from the surface of the cloth, render-
ing it smooth and more suitable for the reception of colors, in subsequent
operations of dyeing and calico printing.

After singeing the goods are placed in large hollow wheels, each of which
has four compartments, with openings upon its face. (See Fig. 120). Water
being admitted into the compartments by means of a pipe concentric with the

solution of chloride of lime in water ; so dilute that a solution of indigo poured iuto it is
not perceptibly decolorized. If we now add a third or disturbing agency, in the form of
a few drops of acid of any kind, chlorine is liberated, and decoloration takes place. A
very beautiful application of this property is mado in calico-printing. Suppose it is de-
sired to produce a white pattern on a colored ground—white dots or leaves, for example,
on a field of bright red, the red being a color removable by the agency of chlorine—this re-
sult is effected by the following course of manipulation: The whole fabric is first dyed of
a uniform color, and then the form of the desired pattern is compressed upon the cloth
with stamps eoated with some substance containing a very weak acid. An acid knownas
citric acid (a crystalline solid), mixed with gum, is generally used for this purpose. The
fabric is now dried, and still exhibits an uniform color. No sooner, however, is it dipped
in a weak solution of chloride of lime, than the citric acid sets up just that amount of local
decomposition necessary to affect the liberation of the chlorine, which immediately
bleaches out the stamped pattern, leaving the unstamped portions of the fabric unchanged.
The material which thus effects the liberation of chlorine, is termed a mordant, and the
operation is called *‘ mordanting.”’ —FABADAY.

QuestioNs.—Enumerate some of the results which have followed the discovery and
application of chlorine. What Is the natural state of cotton fibers? What are the suo-
cessive operations of a modern bleachery ?
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axis, the wheel is caused to rotate rapidly, and the cloth, by agitation and
dashing of the water, is speedily and thoroughly washed.

¥Fie. 120,

The next operation cousists in boiling the eloth in an alkaline solutiom,
which removes all the greasy and resinous matters. This is effected in a pe-
culiar manner; the cloth is placed in large vats, on a grating, er perforated
false bottom, through which, fromt a compartment below, rises a pipe, furnished
on its extremity with a curved iron cover. (See Fig. 121.) A boiling solu-
tion of alkali is forced, by steam pressure, from the compartment below the
vat up through this pipe, and striking against the cover, is reflected upon the
goods in the form of a shower; thence filtering through the texture of the
cloth, the liquor runs back into the lower compartment, to be again heated by
steam, and forced up as before. This process is continued for about seven
hours, and at its conelusion the eolor of the eloth is darker than at the out-
set. The cloth is then washed again in the wheels, and next stecped in a
very dilute solution of chloride of lime, in large vats, for about six hours;
it even then is not white, but of a gray appearance.

In the next process, the goods are steeped for four hours in very dilute
sulphuric acid, when a minute disengagement of ehlorine takes place through-
out the substance of the eloth, and it immediately assumes a bleached ap-
pearance. The same eperations of washing, boiling, bleaching, and souring,
are then successively repeated, in less time, until at length the eloth is perfectly
whitened.

The length of time required for all these operations is from 24 to 48 hours ;
one parcel of goods suceeeding another in each successive stage of the pro-
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cess, so that all the departments of a bleachery are in full operation at tho
same time. The labor of handling the ecloth, which may seem very great, is
nearly all performed by machinery, with great rapidity, at a very slight ex-
pense—the average cost of bleaching cotton fabrics not exceeding one cent

Fra. 121,

per yard. Cottons subjected to bleaching lose about 10 per eent. in weight.
Wool is bleached by washing, and exposure to the vapor of burning sulphur,

SECTION VI.
IODINE.
Equivalent, 127, Symbol, 1.  Specific gravity of vapor, 8.

370. History.—lIodine was discovered in 1811 by M,

Courtois, a chemical manufacturer of Paris.

He noticed that a dark-colored liquor, left after the preparation of soda
from the ashes of sea-weeds, powerfully corroded his kettles, and that when
sulphuric acid was added to the liquor, a brown substance separated, whicl
on the application of heat was converted into a violet-colored vapor, A sub-
sequent examination showed that the substance in question was a new ele-
ment——Todine, 3

371. Natural History.—JIodine is widely, but sparingly distributed
iz nature. In the inorganic kingdom it is a constituent of all sea-water; of
many mineral springs (Saratoga, Carlsbad, etc.), and also of certain rare min-
erals. TIn the organickingdom, it exists probably in all marine plants, but

QuesTions, —When and by whom was iodine discovered? What circumstances led to
its discovery ? 'What is said of its distribution in nature ?
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more abundantly in some species than in others; also in sponges, in the
oyster and other sea-mollusks, and in some fishes (i.e., cod-liver oil). It is
always found in combination with other substances—generally as iodide of
sodium, or magnesium. .

372. Preparation.—The greater part of the jodine of commerce ig
manufactured at Glasgow, from “ kelp,” which is the ashes of sea-weeds col-
lected and burned upon the coasts of Scotland and Ireland. The kelp is
treated with water, which dissolves out a large guantity of soluble saline
matters—carbonate of soda, common salt, chloride of magnesium, etc. When
these substances are separated from the solution by partial evaporation and
crystallization, there remains behind a dark-colored liquor, which contains
iodine. This is heated with sulphuric acid and peroxyd of manganese, when
the iodine distils over as a purple vapor, which is collected in receivers and
condensed to a solid by cooling. A ton of kelp yields 9 pounds of iodine.
The chief uses of iodine are for medicine, photography, and to some extent in
dyeing.

373. Properties.—Jodine at ordinary temperatures and pressures, is
a solid, and is generally obtained by crystallization in the form of bluish-black
scales, which possess a brilliant and somewhat metallic luster. Exposed to
heat, it liquefies at 225° F., and boils at 350°, forming a magnificent purple
vapor, from whence it derives its name (twdyg, violet-colored). This property

Fig. 129, 1Y be beautifully illustrated by heating a few grains of

5 iodine in a glass flask, or test tube, over a spirit-lamp. (See
Fig. 122)) On withdrawing the heat the vapor condenses,
and forms brilliant crystals of solid iodine upon the sides of
the flask.

Dropped on a red hot surface iodine melts, and as a liquid
assumes the spheroidal state (§ 154), forming a splendid ex-
periment.

Todine, when taken inwardly, acts in large doses as an ir-
ritant poison; but in small quantities it is a most valuable
medicine. Long before its discovery, the ashes of a burnt
sponge were often prescribed as a most efficacious remedy for
certain diseases. Their effect is now known to have been
due to the iodine contained in them. IJodine stains the skin and most or-
ganized substances of a brown color, and gradually corrodes them. Water
forms with it a yellow solution, but dissolves it only in very small quantity—
1 part in 7,000. Its bleaching properties are very feeble. Aleohol, ether,
and solutions of the salts of iodine, dissolve it freely.

374. Iodine attacks the metals rapidly. Iron or zinc placed in water with
it are readily dissolved, an iodide of the metal being formed Some of the
combinations of jodine with the metals are remarkable for their brilliant

QuesTiONs.—How is it prepared? What are its properties? From what circumstance
does it derive its name? What are the effects of lodine upon the animal system? What
is said of its combinations with the metals?
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colors. An illustration of this forms an easy and striking experiment. Place
in three test tubes a solution of iodide of potassium in water; if we add to
the first a few drops of a solution of mercury (corrosive sublimate), we ob-
tain a beautiful salmon-colored precipitate, which almost immediately changes
to scarlet. A solution of sugar of lead added to the second, produces a bright
yellow precipitate; and a solution of subnitrate of mercury added to the
third, a green precipitate.

The distinctive test for iodine is a solution of starch, with which it strikes
a deep blue color. The solution must, however, be cold, and no alkali must
be present. This may be illustrated by experiment as follows:—Draw or
paint upon a sheet of paper, figures in starch paste, and expose the paper to
the vapor arigsing from iodine thrown upon a hot surface. The figures, which
were before colorless, immediately bedome blue. If a little of the tincture of
iodine be dropped upon flour, potatoes, etc., the presence of starch in these
bodies will be indicated.

Todine unites with hydrogen to form an acid, hydriodic acid, HI, and with
oxygen, in several proportions, to form both oxyds and acids. Its principal
oxygen compound is iodic acid, 10s.

The most important compound of iodine is that which results-from its union
with potassium, forming a white crystallizable salt, the iodide of potassium,
also termed the “hydriodate of potash” (KI). It is in this condition that
iodine is chiefly used in medicine, and also in photographic operations,

SECTION VII.
BROMINE. /71_
Eguivalent, 80. Symbol, Br. Specific gravity of vapor, 5'3.

375. Mistory —DBromine was discovered by M. Baliard,
a French chemist, in 1826, in the ‘‘ mother,” or residual
liquor left after the crystallization and scparation of the

salts of sea-water.

376. Distribution.—It exists in all sca-water in minute guantity,
generally in the proportion of about one grain to the gallon; and for the
most part in combination with magnesium, forming bromide of magnesium.
It is also found in certain mineral springs, and in a few minerals.

377. Preparation —Bromine is prepared by passing into the mother
liquor of sea-water a stream of chlorine pas, and then agitating the liquor
with ether, The chlorine sets the bromine free from its combinations, and
the ether dissolves it. After standing for a little time, the etherial solution,
having a fine red color, separates and floats at the top.

378. Properties —Bromine, at ordinary temperatures and pressures,

Questrons.—What is the distinctive test of iodine? What is the principal salt of
iodinc? When and by whom was bromine discovered ? ‘What is said of its distribution
in nature? How is bromine obtained? What are its properties?
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i3 a red liquid, so deep in color as to be nearly opaque. It is extremely vola
tile, and can only be preserved in very close vessels. A fow drops slightly
warmed in a glass flask, will fill the vessel with blood-red vapors. Its odor
is somewhat like chlorine, but more offensive ; hence the name Bpwpuoc, bad
odor. When swallowed, it acts as a deadly poison, and a single drop upon
the beak of a bird is said to occasion instant death, It rapidly destroys all
organic tissues, and stains the skin permanently yellow. It boils at 145° F.,
and when exposed to a cold of ~=10° F., freezes into a crystalline solid,
Bromine bleaches like chlorine, is slighitly soluble in water, but dissolves freely
in alcohol and ether. It combines directly with many of the metals, and
forms bromides—-the act of combination being often accompanied with an ex-
plosive evolution of light and heat. This may be experimentally shown by
cautiously pouring a small quantity of powdered antimony or tin upon a few
drops of bromine contained in a deep strong glass. In short, the properties
of bromine greatly resemble those of chlorine, but they are less strongly
developed.

Bromine is extensively used in photographic processes, and sometimes in
medicine.

But one compound of bromine and oxygen is known, viz., bromic acid,
BrOs; it also unites with hydrogen to form an acid, hydrobromic acid, HBr.

SECTION VIILI,
b FLUORINE.
Fquivalent, 19. Symboly ¥, Theoretical Density, 131,

879. History,— Of this element but little is kmown
except from its compounds,

Tts affinities for the other elemeuts are so powerful, and its action on the
human system is 8o deleterious, that its isolation has been regarded as almost
impossible. Within a comparatively recent period, however, several chemists
have succeeded in separating it from all other bodles, in the form of a colorless
gas. In its general nature and properties it undoubtedly resembles, and is
closely allied to, chlorine, bromine, and jodine.

The only compound in which it exists in hature in gny abundance, is a
compound of lime, ealled fluor=spar, or fluoride of calcium. This mineral is
found, in great quantity and beauty, in Derbyshire, England, and from it
the well-known oruaments known as “Derbyshire spar,” are manufactured,
Fluorine is also found in a great variety of other minerals, and exists in mi-
nute quantities in the bones of animals, and in the ehamel of the teeth.

Compounds containing fluorine can be decomposed without difficulty, and
the fluorine transferred from one body to another; but so great is its affinity
for the metals, and for silicon, a constituent of glasg; that in passing out from

Qursr10N8.-~How docs bromine act upon the metals? Whaf are ft tises? What ite
compounds? What is known of fluorine? What is said of its distribution in nature?
‘Why is it diffienlteto igolate fluorine 2
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a state of combination, it combines again immediately with the material of
the vessel containing it.

379. Hydrofluorie Acid, IF.—Fluorine is not known to
unite with oxygen under any circumstances, but with hy-
drogen it forms a very remarkablé compound, “hydroflu-

oric acid.” ;

This substance is formed by heating powdered fluor-spar with strong sul-
phurie acid, in a platinum or lead retort, furnished with a receiver of the same
metal, which is kept cool by immersion in a freezing mixture, The chemical
reaction which takes place may be expressed as follows:—

Fluoride of calcium. Sulphurie Acid. Sulp. lme. Hydrofluoric acid.

CaP + 80sHO =— Ca0,80; + HF

The acid thus obtained is a gas at ordinary temperatures, but is condens-
ible by cold into a volatile, colorless liquid, which evolves white, suffocating
fumes on exposure to the air; its attraction for water is very great, and
when poured into it, it hisses like a red-hot iron., ~ As vapor, and as an
aqueous solution, it attacks and readily dissolves glass, and all compounds
containing silica, together with some mineral substances that no other acid
can affect, This property is often made available for etching upon glass,

In its most concentrated form, hydrofluoric acid is a most dangerous sub~
stance, and is mare destructive of animal tissues than any other known agent.
The most minute drop upon the skin occasions a deep and painful burn, often
terminating in an ulecer difficult to cure. Its vapor is also in the highest de-
gree corrosive.

The peculiar action of hydroﬂuonc acid vapor upon glass may be easily illus-
trated without danger, by the following experiment. Place in a small Jeaden
dish, or an earthen cup, the interior of which has been slightly oiled, a little
powdered fluor-spar, and add strong sulphuric acid, Fia. 122.
sufficient to form with it a thin paste. Cover the cup =—
with & piece of window-glass which has received
a coating of wax, and from some parts of which
the wax has been removed, by scratching with a
needle or other pointed instrument. (See Fig. 122.)
After the lapse of some hours, remove the wax by
melting and washing with oil of turpentine, when those parts of the glass left
bare will be found to be deeply corroded. The same result can also be ob-
tairred in the course of a fow minutes, by a gentlo application of heat to the
cup containing the mixture.

QuesTions,—What is ite most remarkable compound ? How isit prepared? ‘What are
its properties? How does it act upon organic substances ? How may its action on glass
be illustrated ?
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SECTION IX.
SULPHUR.
Eguivalent, 16.  Symbol, S.  Specific gravity, 198, in vapor, 6.65.

380. Natural History and Distribution. — Sulphur is
an element abundantly distributed in nature, most exten-
sively as a mineral product, but widely and in small quan-
tities as a constituent of animals and vegetables. It has

been known from the most remote antiquity.

Sulphur is found in a native, or uncombined state, in all volcanic districts;
and in Sicily and in some parts of South America, it exists in immense beds
in the earth. Many of the compounds of sulphur with the metals occur as
natural productions in great abundance, especially the sulphurets (sulphides)
of iron, copper, lead, and zinc. The sulphuret of iron (iron-pyrites) is even
employed as a source of sulphur. In an oxydized condition, as sulphuric acid,
it is still more widely diffused in combination with various earths, as the
sulphates of lime, magnesia, baryta, etc. Nearly one half the weight of sul-
phate of lime (gypsum, or plaster of Paris) s sulphur.

381. Most of the sulphur used in the arts is obtained from Sicily and the
volcanic districts of southern Italy, the former exporting about 1,540,000
cwts. yearly. It is generally subjected, on the spot where it is dug from the
earth, to a rough purification by fusion, and is brought into commerce in the
form of amorphous, or semi-crystalline masses. Another commercial form is
roll sulphur, or brimstone, which is genérally the produce of roasting the
sulphurets of iron and copper (pyrites), collecting the evolved fumes in con-
densing chambers, and subsequently fusing the sulphur into sticks. * Flowers
of sulphur,” a powder, is a third commercial state which this element is made
to assume; and is produced by distilling sulphur and condensing the vapor.

382. Properties.—Sulphur in its ordinary condition is a yellow, brit-
tle solid, which, by warmth and friction, emits a characteristic odor (brim-
stone odor). It is insoluble in water, and consequently tasteless; it is very
slightly soluble in alcohol and ether; more so in oil of turpentine and some
other oils; and readily in the bisulphide of carbon. It is a bad conductor of
heat; and a roll of sulphur, when grasped by the warm hand, crackles and
frequently falls in pieces from unequal expansion. It is a non-conductor of
clectricity, but when rubbed develops negative electricity abundantly.

Sulphur is highly inflammable, burning with a blue flame, and emitting
suffocating fumes of sulphurous acid, (the familiar odor of a match). It hasa
powerful affinity for most of the other elements, and its act of combination

QUESTIONS.—What is the history of sulphur? What is said of its distribution in na-
ture? From whence are supplies of sulphur chiefly derived? What are it8 commercial
forms? What are the properties of sulphur? What is said of its solubility? What of
its affinity for other elements?
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with the metals to form sulphides, or sulphurets, is often attended with an
evolution of light and heat. This fact may be experimentally illustrated by
placing in a flask a few fragments of sulphur, and above them some copper
turnings; on the application of heat from a spirit-lamp, vapor of sulphur
rises, and coming in contact with the copper, enters into vivid combination
with it. ¥

383. Allotropism of Sulphur—One of the most re-
markable characteristics of sulphur is its allotropism, or
power of existence in different states.

The first indication of this power is perhaps to be found in the fact, that if
is capable of assuming two distinct crystalline forms. These are not merely
modifications of one original primary figure (to which cause most crystalline
variations can be referred), but they belong to two different, in- g, 193,
convertible, and incompatible syster?xs of crystallization, viz,
oblique rhombic prisms and right rectangular prisms. Examples
of the first form, Fig. 123, (octohedrons derived from oblique
rhombic prisms), occur in native sulphur, or in sulphur crystal- i
lized from a solution.  Examples of the second form may be ob-
tained by melting a quantity of sulphur in an earthen crucible, r
and allowing it to solidify on the surface; if the crust be then
Fre. 124, pierced with a hot wire, the fluid portion beneath may

~ be poured off, when the interior of the crucible,-on cool-
ing, will be found to be lined with slender needles, or
right rectangular prisms. (See Fig. 124.)

Both forms of crystals may be obtained by dissolving
sulphur in boiling oil of turpentine ; as the solution cools,
the sulphur crystallizes out, first in the form of prisms;
but afterward, as the temperature is reduced, octohedra
are formed.

The power possessed by sulphur. of manifesting itself under two condi-
tions, is, however, most strikingly illustrated by certain phenomena of its
melting and subsequent cooling. Thus, if we heat a small quantity of sulphur
in a glass flask over a spirit-lamp, it melts at a temperature of 250-280° F.,
into a clear, yellow liquid. If a portion of this liquid be poured into cold
water, 1t immediately condenses into the state it had before melting—that is,
into common, yellow, brittle sulphur. If to the portion remaining in the
flask a stronger heat be applied (about 500° F.), the transparent fluid gra-
dually thickens, becomes brown at first, and at last nearly black and
opaque; in thig condition the viscidity of the sulphur is such, that the flask
may be inverted without escape of its contents. If the heat be still furtherin-
creased, the black, tenacious sulphur once more liquefies, though it never be-

QuesTroNs.—Whatis said of the allotropism of sulphur? What is the first indication
of this property? In what two forms does sulphur crystallize? What are examples §
In what other way may the allotropic properties of sulphur be illustrated ?
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comes as fluid as when first melted, at the temperature of 250° F., and if
suddenly cooled, by pouring it in a slender stream into cold water, it assumes
a most singular state. It i3 no longer yellow and brittle, like ordinary sul-
-phur, or like the product of pouring into water the first result of fusion, but
it remains soft, tenacious, highly elastic, and of a brown color, resembling, in
all its external characteristics, strips of India rubber or gutta percha. In this
form it can be molded by the hand, and may be used to take impressions of
seals, medallions, ete. After.the lapse of a little time, it again becomes yel-
low, and returns to its original brittle condition, giving out in the transforma-
tion a quantity of latent heat.

© 384, Milk of Sulphur.—If we add to a strong boiling solution of
potash or soda, a little of the flowers of sulphur, a part of the sulphur dis-
solves, and imparts to the liquor a yellowish-brown color. If a little of the
clear solution be added to water, slightly acidulated, the acid will unite with the
alkali holding the sulphur in solution, and cause the sulphur to be precip-
itated in the form of exceedingly minute particles, giving to the water a
milky appearance. Sulphur in this form is- nearly white in appearance, and
is known as “ Milk of Sulphur,” or “Precipitated Sulphur.”

In the organic kingdom sulphur is extensively, and perhaps universally
diffused throughout animal substances, and exists in small quantities in
most vegetables. The well-known blackening of a silver spoon immersed for
gome time in a boiled egg, is due to the presence of sulphur in the egg. The
presence of sulphur also in a piece of flannel may be strikingly demonstrated
by immersing the cloth in a mixture of oxyd of lead in a solution of potash ;
on applying heat, the flannel immediately turns black.

385. Compounds of Sulphur and 0xygen—The compounds
of sulphur with oxygen are numerous, but only two of them demand an ex-
tensive notice; these are Sulphurous acid, SO, formed by the union of one

equivalent of sulphur with two of oxygen; and
F16. 125. Sulphuric acid, SOs, formed by the union of one of
sulphur and three of oxygen.

386. Sulphnrons Acid, 802 is form-
ed when sulphur is burned in oxy-

gen (See Fig. 125) or atmospheric air ;
and is the occasion of the well-known
suffocating odor of an ignited match.
It exists in nature in the vicinity
£ of volcanoes, and is often evolved
"in immense quantities from their
craters.

QuUEsTIONS.—What is milk of sulphur? What is said of sulphur in the organic
.kingdom of nature? What are illustrations of its presence in animal substances ?
‘What is said of the compounds of sulphur with oxygen? What of sulphurous acid?
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When required in a pure state, it is best pre- Fie. 126.
pared by depriving oil of vitriol of a part of its =
oxygen. In order to effect thig, two or three
ounces of concentrated sulphuric acid are boiled
in a glass retort or flask, with a balf an ounce
of copper turnings; pieces of charcoal may be
substituted in place of the copper; but the gas
evolved under such circumstances is not pure.
In this process, a part of the acid gives up one
equivalent of its oxygen to the metal, and
sulphurous acid gas is liberated ; the oxyd
of the metal produced, unites with a portion
of undecomposed acid to form & sulphate.
Thus:—

Copper. Sulph. acid:  Salph, copper. Sulphurous acid.
~t— ~S—~ ~A

Ca + 2803 = CaO, SO;; + SOq.

By allowing the gas to bubble through water, a strong solution will be ob-
tained, which may bo used for illustrating the properties of sulphurous acid.

387. Properties.—Sulphurous acid is a colorless gas, with a charac-
teristic odor, easily condensible by cold or by pressure, into a colorless, limpid
liquid. Water, at 60° F., absorbs from 40 to 50 times its volume of sulphur-
ous acid, and forms-thereby a strongly acid liquid. Hence it ig hecessary to
collect this gas over mercury or by the displacement of air from dry vessels.
Its avidity for water is so great, that a piece of ice introduced into a jar of
it, is instantly liquefied.

Sulphurous acid is not inflammable, and a lighted candle immersed in a
jar of the gas, is immediately extinguished for the want of free oxygen. A
most certain way of extinguishing a chimney on fire is to scatter flowers of
sulphur on a pan of coals in a fireplace-opening beneath. The sulphurous
acid gas formed by the combustion of the sulphur, ascends the flue, expels
the atmospheric air present in it, and by depriving the burning soot of free
oxygen, extinguishes it.

Sulphurous acid possesses bleaching properties, and is extensively employed
in bleaching straw and wool. The articles are moistened and suspended in
closed chambers in which sulphur is burned in an open dish; (an inverted
barrel is often made to subserve the purpose of a bleaching chamber.) The
sulphurous acid is absorbed by the damp goods, and discharges their color.
The bleaching action appcars to be due to the fact, that the gas unites with
the coloring matters to form colorless compounds. It does not, like chlorine,
decompose and destroy the coloring matter, since by the action of a stronger
chemical agent, the colorless compound may be broken up and the original

QuEsTioNs.—How is it usually prepared? Give the chemical reaction involved in its
preparation. What are its properties? What are its relations to combustion? How is
sulphurous acid employed in bleaching? What is the nature of its bleaching action ?
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color restored. This may be illustrated by holding a red rose, or any other
red flower, over a bit of burning sulphur. The color is speedily discharged,
but may be again restored by washing with dilute sulphuric acid. White
flannel which has been bleached by sulphurous acid, when washed for the
first time with an alkaline soap, has its original yellow color in part restored
to it.

Sulphurous acid is also valuable as a disinfecting agent.

The compounds of sulphurous acid with the bases are termed sulphites.
They are readily formed by transmitting a stream of gas through water in
which the oxyd or the carbonate of the metal is dissolved or suspended, the
carbonates being decomposed with effervescence. The sulphite of soda is
‘known in commerce as antichlorine ; since its solution in water is able to
neutralize the chlorine which may remain in fabrics after bleaching, and thus
prevents its destructive action.

383. Sulphuric Acid, S0s—This acid is one of the most impor-
tant of all chemical reagents, and furnishes the means by which most other
acids are prepared. Immense quantities of it are consumed in the manu-
facture of carbonate of soda, nitric and hydrochloric acids, chlorine, alum, sul-
phate of copper (bluo vitriol), stearine, phosphorus, etc.,, and in dyeing, and
in the refining of the precious metals. Its annnal consumption in Great
Britain alone is upward of twenty millions of pounds.

389. Preparation.—It has been already stated, that when sulphur is
burned in air, or oxygen, the product is sulphurous acid. This gas, if made
to combine with half as much oxygen again as it already contains, is converted
into sulphuric acid; thus 80y{-O==803. In other words, sulphurous acid
must be oxydized in order to enable us to form sulphuric acid. Oxygen and
sulphurous acid can nof, however, be made to unite directly, but the inter-
vention of some third substance is necessary. In the presence of water, the
union takes place slowly, or if the two gases be mixed, and passed over
spongy platinum, the union is effected immediately.

Neither of these processes can, however, be used with advantage in the
arts; and the manufacture of sulphuric acid upon a large scale depends
upon the fact, that when sulphurous acid mixed with oxygen is brought in
contact with deutoxyd of nitrogen (NOg), or any of the other higher oxyds
of nitrogen, combination takes place with great rapidity; the presence of a
very‘small proportion of deutoxyd of nitrogen being moreover sufficient to
effect the combination of an almost indefinite amount of sulphurous acid and
oxygen, provided that water is also present.

The following experiment will serve to illustrate the general principle upon
which sulphuric acid is manufactured. Burn in a jar, containing a little water
at the bottom, a piece of sulphur; as a consequence, the vessel becomes filled
with sulphurous acid. If we now introduce into the gas a shaving moist-

QuESTIONS.—What experiments are illustrative? What is said of the ecompounds of
sulphurous acid with the bases? What is antichlorine? What is said of sulphuric
acid? What of its theoretical preparation? Upon what fact does its practical preparation
depend? How may it be experimentally illustrated ?
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ened with nitric acid, reddish-colored fumes will immediately form around the
wood, and gradually fill the whole vessel. (See Fig. 127.) pyg. 127.

These fumes are nitrous acid, and are produced by the ac
tion of the sulphurous acid, which decomposes the nitric acid,
and by depriving it of 1 equivalent of oxygen, becomes sul-

phuric acid. Thus:
Sulphurous acid. Nitrie acid. Sulphurie acid. Nitrous acid.
o~ ~—

~t— ~

280; -+ NO; = 2503 4 NOs. ]
The vapor of the sulphuric acid formed is absorbed by the fiHi A«
water in the jar, and by repeating the experiment several [l

times, a quantity of dilute sulphuric acid may be prepared.
On a large scale, the operation of manufacturing sulphuric acid is essen-
tially the same in principle, and may be described as follows: immense
chambers, lined with lead, are constructed ; in some instances 300 feet long,
15 feet high, and 20
broad. (See Fig. 128)
The floor of these cham-
bers is covered to the
depth of a few inches
with water, and at one
extremity there is ad-
mitted by a suitable flue, B, sulphurous acid (from a furnace of burning sul-
phur), with atmospheric air; by another pipe, A, steam; and by a third, G,
vapors of nitric acid (obtained by heating nitrate of soda with strong sul-
phuric acid). When these several substances meet within the chambers a
most interesting and curious series of reactions take place;—the sulphurous
acid withdraws oxygen from the nitric acid vapor, NO% and converts it into
deutoxyd of nitrogen, NO,, itself changing into sulphuric acid, 8Os This
last product then uniting with the steam, is precipitated to the bottom of the
chamber, and is absorbed by the water. The deutoxyd of nitrogen does not
remain unaltered, but in contact with the air admitted into the chambers,
absorbs two equivalents of oxygen, and becomes converted into peroxyd of
nitrogen, NOy, forming red fumes (§ 347). These in turn, by contact with
the sulphurous acid, give up their newly-acquired oxygen to form sulphuric
acid, and are reconverted agdin thereby into deutoxyd of nitrogen. .And
this process is repeated over and over again, a small quantity of deutoxyd of
nitrogen acting as the intermediate agent for withdrawing oxygen from the
air, first to itself, and afterward giving it up to oxydate the sulphurous acid.
The deutoxyd of nitrogen, together with the remaining nitrogen of the air,
is finally allowed to escape at the further extremity of the chambers, and a
fresh portion of nitric acid vapor is admitted to supply its place, and com-
mence the reactions anew. The steam admitted into the chambers does not
tafl.{e any active part, but its presence is essential to the success of the opera-

Fic. 128.

QuzesTioNs.—How is the practical manufacture conducted? 'What reactions take place
in the leaden chambers ?



264 INORGANIC CHEMISTRY.

tion.* The chambers in which the acid is manunfactured are usually divided
into partitions, in order that the gases may mix together slowly and com-
pletely, before reaching an exit tube placed at the further extremmty.

The sulphuric acid which collects in the water at the bottom of the cham-
bers, is drawn off when it reaches a specific gravity of about 1'5; it is, how-
ever, in this state too dilute for sale, and is accordingly evaporated by heat in
shallow lead pans, until it becomes strong enough to corrode the lead, when
it is transferred into glass or platinum retorts 4 and further heated until it
attains a specific gravity of 1-84. In this condition it constitutes the con-
centrated oil of vitriol of commerce, and is transported in carboys, or large
glass bottles packed in boxes. As thus produced, it is a definite hydrate,
composed of 1 equivalent of acid, and 1 of water (S0, HO). This proportion
of water, amounting to three ounces in every pound of acid, is held so firmly
that it can not be driven off by heat. (See § 322.)

390. Nordhausen Sulphuric Acid.—In early times sulphuric
acid was obtained by distilling dry sulpbate of iron (green vitriol) in earthen
retorts, at a high temperature. As thus prepared, it is a dark-brown, thick,
oily liquid, and was originally called, from its derivation, “oi of witriol” It
is the most concentrated form in which sulphuric acid can exist in a fluid
condition, and contains less water than the ordinary concentrated sulphuric
acid. When exposed to the air it fumes, and when dropped into water,
hisses like a red hot iron. As acid in this state of concentration is required
for certain processes in the arts, it is still prepared in the old way, especially
at the town of Nordbausen, in Saxony, Germany ;—henco its commercial
name.

Sulphuric acid is known to combine with water in four proportions, forming
four definite hydrates. Their composition may be illustrated as follows :—

Nordbausen acid, 5p. gr.v.eere 199 civeivinnee . 2SO0HHO
0il of vitriol, e B e i SRR . S03,HO =
Sulphuric acid of ¢ . 8T B P A .. S03,HO+HO

5 5 AL . S 163........... «. S03,HO+2HO (§ 274.)

* The description of the chemical changes involved in the manufacture of sulphuric acid
in the leaden chambers, as thus given, is but an outline, embracing merely the funda-
mental principles. For the minute details, not sulted for an elementary work, the stu-
dent is referred to any of the modern encyclopedias of practical science.

+ It was originally the custom to concentrate the sulphuric acid by boiling it in glass
vessels, but the loss from breakage is so great, that in many manufacturing establish-
ments platinum stills have been adopted, this metal resisting the action of the strongest
acid at high temperatures. These stillsare constructed in Paris of thin sheets of platinum
soldered with gold. They are oval in form ; and as a protection against the direct action
of heat, they are inclosed In iron jackets. Their capacity varies from 500 to 2,000 pounds,
and their cost from $8,000 to $13,000 apiece; and although one of these vessels only en-
dures for a period of two or three years, their use has proved more economical than
glass. %

QuEsTIONS.—What is the density of the acid thus formed? To what processes is it
subjected ? What is the composition of concentrated oil of vitriol ? What is Nordhausen
sulphuric acid? What are its properties? ow many hydrates of sulphuric acid are
known?
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391. Anhydrous Sulphurie Acid.—When Nordhausen acid is
carefully distilled in a retort furnished with a receiver kept cool by a freezing
mixture, white fumes pass over, which may be condensed into a white, silky-
looking, fibrous mass—anhydrous sulphuric acid. This substance possesses
no acid properties, and may be bandled without danger. When thrown
into water, if hisses, and forms liquid sulphuric acid. It also liquefies on
exposure to air, by the absorption of moisture.

392. Properties.—The oil of vitriol of commerce is a dense, oily-look-
ing liquid, without odor, and of a brownish color. It is the strongest of all
acids. It freezes at a temperature of —29° F., and boils at 620° F. TIts affin-
ity for moisture is most intense, and it abstracts it from every substance with
which it is brought in contact. If a quantity of strong sulphuric acid be ex-
posed in a shallow dish to the air, it frequently absorbs sufficient aqueous
vapor from the atmosphere to double its weight. A piece of wood introduced
into sulphuric acid becomes black and reduced to coal, the same as if it had
been oxposed to the action of fire. The explanation of this is as follows: the
wood is a compound of oxygen, hydrogen, and carbon; the sulphuric acid
abstracts the oxygen and hydrogen, which combine to form water, while the
carbon remaing behind. Gases containing agueous vapor are deprived of it
by causing them to bubble through strong sulphuric acid.

‘When concentrated sulphuric acid is mixed with water, great heat is
evolved, and the mixture, when cold, occupies less bulk than the two liquids
did separately. This fact may be strikingly illustrated Fig. 129.
by mixing 4 parts of oil of vitriol with 1 of water. Water
in a test tube immersed in such a solution, may be caused
to boil  (See Fig. 129.) A

Sulphurie acid does not evaporate at the ordinary tem-
perature of the air; but if a drop of dilute acid fall upon
a cloth, the water gradually evaporates until the acid
which is left behind acquires a considerable degree of
strength, and then chars or destroys the cohesion of the
fibers; hence the destructive action of sulphuric-acid
upon fabrics even when very much diluted.—MILLER.

Ordinary sulphuric acid is pever pure, but always contains lead derived
from the leaden chambers; when mixed with water, this lead is precipitated,
and causes the solution to appear milky.

Sulphuric acid attacks all the metals except gold, platinum, iridium, and
rodinm,

393 Hyposulphurouns Acid, S,0,—By digesting sulphur with

Vi

QUESTIONS.—What is anhydrous sulphuric acid? What are its properties? What are
the properties of *oil of vitriol ' What is said of its attraction for moisture? What
are illustrations of this? When concentrated sulphuric acid is mixed with water, what
follows? What is said of the action of sulphuric acid on fibers? What of its purity?
What of its action on metals? What is said of byposulpburous acid and its com-
pounds? é
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a solution of sulphate of soda, a portion of the sulphur is dissolved, and a salt
containing hyposulphurous acid is formed——the hyposulphite of soda. The
acid itself can not be isolated. ITyposulphito of soda is at present largely
employed in photographic operations, owing to its property of dissolving cer-
tain salts of silver which are insoluble in water. The surface of thé photo-
‘graph i3 freed from them by immersion in a solution of it; after which, if well
washed with water, it is no longer lable to alteration by exposure to light.

394. Sulphur and Hydrogen.

Hydrosulphuric Acid, HS.— Sulphuretted Hydrogen,
Sulphydric Acid.—This gas is formed naturally during
the putrefaction of many organic substances, and is also a
constituent of many mineral springs. It is easily prepared
by the action of dilute sulphuric acid upon protosulphide
of iron, F'S.*

F1g. 130. For this purpose an evolution flask (Fig. 130) is best

7 adapted ; but a common, open-mouthed bottle, fitted with a

T perforated cork and bent tube, will

' answer. (See Fig. 131.) Introduce
into the flask protosulphide of iron in
"small quantitics, with water sufficient
to cover it; then add sulphuric acid
until a copious disengagement of gas
takes place. By introducing the evolu-
tion tube into cold water, a solution of
tha gaswill be obtained, in which stato its properties may be ex-
perimentally illustrated to the best advantage. The operation of preparing the
gas should be conducted in a well-ventilated apartment, or in the open air.

The chemical reaction involved in this operation is as follows: water is de-
composed ; it3 oxygen uniting with the iron to form oxyd of iron, which
dissolves in the acid to form sulphate of iron, while the hydrogen escapes, and
takes with it the sulphur contained in the sulphide of iron. Thus:—

Fia. 131.

Sulphide of iron. Sulphurie acid (dilute). 1ph ate of iron. 1% Iph, acid.

P
~— ~m—

FeS 4 SO0; HO == Fe0O,80; - HS.

395. Properties.—Hydrosulphuric acid is a transparent, colorless gas,
of a disgusting odor, like that of rotten eggs. It is about one fifth heavier
than common air, and burns with a blue flame, with a smell of sulphur. Tt
iz highly poisonous when respired in a concentrated form, and even when

* Protosulphuret of iron is prepared by heating 2 parts of iron filings with 1} parts of
sulphur, to a red heat, in a covered oarthen crucible.

QursTIONS.—What of hydrosulphuric acid? How isit prepared? What chemical re-
actions are involved in its preparation? What is said of its properties? What of its
poisonous effects?
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present in the air in very minute proportions, it is rapidly fatal to the lower
orders of animals, A single gallon of it, mixed with 1,200 of air, will render
it poisonous to birds, and 1 in 100 will kill a dog. When inhaled it acts di-
rectly upon the blood, thickening it, and turning it black. It is this gas which
makes an open or foul sewer so destructive of health to any district in which
it may be situated. When present in the air of a room, it may be instantan-
eously destroyed by the action of a small quantity of free chlorine. A cloth
moistened with alcohol, and held before the mouth, i3 a good protection also
against its inhalation.

By pressure, sulphuretted hydrogen is reduced to a ecolorless liquid, which
freczes at —122° F. into a crystalline, semi-transparent mass, Cold water
dissolves between two and three times its bulk of this gas, producing a feebly
acid liquid, which possesses the characteristic smell and taste of sulphuretted
hydrogen, with all its properties. When exposed to the air, this solution be-
comes milky; the hydrogen being slowly oxydized to form water, while the
sulphur separates. The solution, therefore, should be kept in well-stopped
bottles, quite full.

Sulphuretted hydrogen is formed naturally under a variety of circumstances.
Tts chemical proportions being 1 equivalent of hydrogen (1) to 1 of sulphur
(16), it follows that 100 parts of the gas contain only about 6 parts of hy-
drogen; so that a very small proportion of hydrogen causes a large amount
‘of sulphur to assume with it an aeriform condition, and exhibit the feetid odor
and poisonous properties of the gas in question. In volcanic countries sul-
phuretted hydrogen is often evolved from fissures in the rocks, mixed with
steam and other gases; in sewers and cesspools it is produced in large quan-
tities by the decay of organic matter, and in marshes, whero vegetable mat-
ter alone is undergoing decay, in the presence of water containing sulphate
of lime (gypsum), its presence may be often detected. The waters of mineral
springs, as those of Avon and Sharon, N. Y., and the sulphur springs of
Virginia, often contain sulphuretted hydrogen, though rarely in a proportion
exceeding 13 per cent. of their volume; and the gas in solution in this small
quantity, when taken into the stomach, acts as a valuable medicinal remedy
for various diseases.

IIydrosulphuric acid, though a feeble acid, combines readily with bases to
form sulphides, or sulphurets. Thus, if we place a drop of sulphuretted
hydrogen water upon a bright silver or copper coin, or upon a piece of lead,
a black spot will be quickly produced, owing to the formation of a black
compound of the metal and sulphur (a sulphide). The black sulphide of lead
formed when hydrosulphuric acid is brought in contact with the salts'of lead,
is particularly noticeable, and may be exhibited by exposing a piece of paper
moistened with acetate of lead to air impregnated with this gas. This test is
so delieate, that 1 part of sulphuretted hydrogen in 20,000 of air is said to

QuEsTIONS. —What is said of the solubility of this gas? What of its natural formation
and proportional composition? What is said of its presence in mineral springs? What
of its combinations with the metals?
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be sufficient to occasion a blackening of the paper. For the same reasot,
surfaces covered with lead paints, in the vicinity of sewers, cesspools, or the
bilge=water of vessels, etc., soon become discolored, Sulphur unites with zine
in the same manner as with lead, but the resulting compound, sulphide of
zine, is white, and not dark colored like the sulphide of lead. Hence zino
paints, for many locations, are more suitable than lead paints,

‘When hydrosulphuric acid, either in the form of gas or solution, is added
to a solution containing copper, silver, gold, lead, tin, antimony, or arsenic,
these metals are precipitated as insoluble sulphides, and may be collected and
separated from the solution by filtration. If iron, zine, manganese, cobalt,
and nickel are contained in the same solution, they are not precipitated until
a stronger reagent is added. Hence sulphuretted hydrogen may be used to
separate one class of metals from another; and in fact is employed extensively
for this purpose in chemical analysis,

SECTION X.
SELENIUM AND TELLURIUM.

396. Selenium, Se.—This element was discovered by Berzelius in
1817, and was named by him Selenium, from ZeAgv7, the moon. It is one of
the least abundant of the elements, and always occurs in combination, gen-
erally in ores of iron, copper, and silver, forming selenides of these metals.
The principal localities in which it exists are in Norway, Sweden, and the
Tartz mountains of Germany. It is a dark-brown, brittle solid, opague, and
possessing a metallic luster somewhat like lead. It closely resembles sulphur
in its properties, and forms acid compounds with oxygen (selenious and se-
lenic acids) analogous to sulphurous and sulphuric acids. When heated
strongly it gives out a powerful odor, like putrid horse-radish, by means of
which the smallest trace of this element may be detected in minerals, when
heated before the blow-pipe.

397. Tellurium, Te, is a rare substance, found chiefly in the mines
of Hungary and Transylvania; sometimes native and nearly pure, but gen-
erally combined with various metals, such as gold, silver, bismuth and cop-
per. It is a silver-white, brittle solid, possessing a strong metallic luster,
and by some authorities is classed among the metals. It is, however, closely
allied to sulphur aud selenium in all its properties and combinations.

Selenium and tellurium both unite with hydrogen to form gaseous com-
pounds, of singularly offensive and noxious properties, A. single bubble of
seleniuretted hydrogen allowed to escape into a room, produces on those who

QuEsTiONs.—Why do surfaces painted with lead blacken on exposure to this gas?
‘Why are zinc paints, for many situations, preferable to lead? Explain the manner in
which hydrosulphuric acld is used in chemlcal analysis, What is said respecting sele-
nium ? What are its characteristic properties? What is telurium? What are its prop-
ertiecs? What is said of the compounds of selenium and telluriam with hydrogen?
‘What effect has tellurium upon the animal system ?
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breathe it, all the usual symptoms of a severe cold and irritation of the
throat, which continue for several days. But the most singular fact connected
with tellurium is, “ that when certain odorless preparations of this element
are taken internally, they form compounds within the animal organization
which impart to the breath and the perspiration so feetid an odor as to render
the person taking it a kind of horror to every one he approaches; and this
lasts sometimes for wecks, thongh the dose of tellurium administered may not
exceed a quarter of a grain,”—-JOHNSON.

SECTION XI.
PHOSPHORTUS,
Equivalent, 32. Symbol, P. Density, 1-863.

398. History.—The credit of the discovery of phosphorus
is ascribed to Brandt, an alchemist of Hamburg, who
first recognized it while searching for the philosopher’s
stone in human urine, in the year 1669. Its method of

‘preparation was, however, for a long time kept secret.

399. Natural Hlstory and DlS“‘lbUthn-—PhosphOl’us is
never found in nature in a free state, but exists in small quantities, widely dif-
fused, in the mineral kingdom, principally in combination with lime. It is a
constituent of most of the primitive and volcanic rocks, and by the decay of
these it passes into the soil; from the soil it is extracted by plants, which
accumulate it, particularly in their seeds (wheat, corn, oats, etc.). Man
‘and animals deriving their support directly or indirectly from plants, in turn
collect it in their systems—in such quantities that animal products furnish
almost the only source from which phosphorus is artificially prepared. United
with oxygen and with lime, it forms the principal mineral constituent of the
bones. Thus the body of an adult man contains from 9 to 12 pounds of
bones, which contain from 5 to 7 pounds of phosphate of lime (phosphoric
acid and lime), or from 1 to 2 pounds of pure phosphorus.* “ Phosphorus

* Noseed suitable to become food for man and animals can be formed in any plant with-
out the presence and codperation of the phosphates, and a field in which phosphate of
lime, or the alkaline phosphates form no part of the soil, is totally mcapable of producing
grain, peas, or beaus.

Animals which are fed on food which contains no phosphate of lime, gradually lose their
nervous irritability, and sink into a state of inanition and torpor, which is speedily followed
by death. A deficiency of phosphate of lime in the food of young children, is also liable to
produce a disease known as the rickefs. As animals derive the phosphate of lime neces-
sary for their support either directly or indirectly from plants, and as these in turn ex-
tract it from the soil, it is evident that the fertility of a soil can only be sustained by re-
storing to it the constitucents thus abstracted from it. Hence the value of bones and
animal products which contain phosphate of lime (as guano) as manures for wheat and
plaats of like character.

Questrons.—What is the history of phosphorus? What is said of its distribution in
nature? In what condition does it exist most abundantly ?
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also appears to be essential to the exercise of the higher functions of the
animal, since it exists as a never-failing ingredient in the substance of which
the brain and nerves are composed.”

400, Preparation.—Phosphorus was formerly extracted from urine,
‘but at the present time it is obtained almost exclusively from bones, from
which immense quantities are prepared for the manufacture of matches and
‘other uses.

The details of the process of preparation are bneﬁy as follows :—The bones
are first burned to whiteness and then reduced to a fine powder, which pow-
der, being a phosphate of lime, insoluble in water, is technically known in
chemistry and the arts as “ bone-ash.” So much sulphuric acid and water
is then added to a suitable guantity of bone-ash as will, in the course of a
few days, partially decompose it—two thirds of the lime uniting with the
sulphuric acid to form an insoluble sulphate of lime, while the remaining one
‘third continues in combination with the whole of the phosphoric acid to form
‘a new compound, which is readily soluble in water. This new compound is
called superphosphate of lime, and of late years has been extensively intro-
duced into agriculture, as a ready means of supplying exhausted soils with
the phosphorus needed for the production of crops. The chemical reaction
which takes place may be expressed in symbols as follows :—

Bone-ash. Sulph. acid. Superphosph. lime. Sulph, lime.
£ %

i T s Ty
Y, 30a0,P0s -+ 2(S03HO) == 2HO,Ca0,P05 - 2(Ca0,S0s)

" The insoluble sulphate of lime and the superphosphate of lime dissolved in
the acid solution, are then separated from each other by filtration, and the
latter, evaporated to a syrup, is mixed with charcoal, and heated in an iron,
or earthen retort. Under these circumstances the charcoal decomposes the
superphosphate of lime ;—phosphorus rises as a vapor, and passing into cold
water, is collected and condensed into a solid. The crude phosphorus thus
obtained is purified by melting under water, and is then cast into stlcks, in
which form it is sold.

401. Properties.—Phosphorus exists in two conditions, viz.: in an
ordinary state, and in an allotropic state. In itsordinary state it is a soft, semi-
‘transparent, almost colorless, waxy-looking solid. It is insoluble in water,
but readily soluble in ether, alcohol, and in various oils.

At all temperatures above 32° F., phosphorus, when exposed to the air,
‘slowly combines with oxygen, and emits a feeble light, readily perceptible in
the dark (hence its name, from ¢uc, light, and ¢epecw, to bear). Exposed toa
‘temperature of about 60° F. it bursts into a flame. This extreme combusti-
bility of phosphorus renders it necessary to keep it continually under water,
from which it should be taken, for the purpose of experiment, with great cau-
tion, and be held with a pair of forceps, or upon the point of a knife. When-

QuEsTioNs.—How is phosphorus obtained ? What is superphosphate of lime? What
38 the chemical reactioninvolved in its manufacture ? What are the properties of ordinary
phosphorus? What is said of its solubility? What of its inflammability ?
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ever, also, it is desirable to cut it into fragments, the operation should be per-
formed under water. The burns occasioned by melted phosphorus are
extremely severe, from the difficulty of extinguishing the flame.

Phosphorus is also easily ignited by friction, and for this reason is em-
ployed in the manufacture of matches. It burng in the air with a brilliant
flame, and in pure oxygen gas with a light so dazzling that the eye can hardly
sustain it. (§ 282.) ’

At a temperature of 111° F., air being excluded, phosphorus melts; and
when fused under water, it can be molded as readily as wax. At 5500 F,,
in close vessels, it boils, giving off a colorless gas. A solution of phosphorus
in naphtha, by cooling and evaporation, yields crystals of phosphorus. Very
fine crystals of phesphorus may be also obtained by exposing phespherus to
sunlight in a tube either exhausted of air, or filled with a gas which can not
oxydize it.

The following experiments illustrate some of the characteristics of this
element : —

Place in a glass flask about a quarter of an ounce of ether and a piece of
phosphorus of the size of a pea. Cork the flask and allow it to stand some
days, frequently agitating it. In this way an ethereal solution of phosphorus
will be obtained, which, when rubbed upen the hands, ‘renders them luminous
in the dark. The explanation of this phenomenon is, that the ether evapo-
rates, and leaves the phosphorus which it held in solution upon the hands in
a state of minute subdivision. In this condition it combines with the oxygen
of the air, or undergoes a slow combustion, diffusing a white smoke and a
pale greenish light. Heat is at the same timo evelved, but not sufficient to
oceasion ignition. By rubbing the hands, the light is rendered more vivid,
as a fresh surface of phosphorus is thus continually presented to the oxygen
of the air.

If we moisten a lump of white sugar with an ethereal solution of phos-
phorus, and throw it into hot water, the heat of the water will volatilize both
the ether and the phospherus; and the vapors, in rising to the surface of the
water, and coming in contact with the oxygen of the air, will inflame spon-
taneously. ;

If we pour an ethereal solution of phosphorus upon fine blotting-paper, the
latter will ignite spentaneously after the ether has evaporated.

If we place a piece of phosphorus of the size of a pea upon blotting-paper,
and sprinkle over it some soot or finely-pulverized charcoal, the phosphorus,
after a little time, melts, and at length spontaneously inflames. The finely-
pulverized charcoal causes this combustion, owing to its porosity, which en-
ables it to readily absorb oxygen from the air. This oxygen is in turn im-
parted to the phosphorus, and by uniting with it, eccasions heat, which,
prevented by the non-conducting properties of the charcoal from escaping,
accumulates, and occasions combustion.

QuesTioNs.—What property renders phosphorus available for the manufacture of
tches? What experi ts fllustrate the characteristics of phosphorus?
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Phosphorus when taken internally is a most violent poison, and in combin-
ation with other substances, ig frequently used for the destruction of rats and
vermin. The so-called rat-exterminating poison is composed of 1 dram of

. phosphorus, 8 ounces of hot water, and 3 ounces of flour.

402. Allotropic or Amorphous Phosphorus.—It has long
been noticed, when phosphorus is exposed to the action of light for a consid-
erable length of time, that its exterior becomes coated withs a red powder, and .
that the same product is formed wher phosphborus is burned with a limited
supply of air. This red powder was always supposed to be an oxyd of phos-
phorus, but within a recent period, Prof. Schrotter of Vienna has suceceeded
in demonstrating that the substance in question is merely an allotropic state
of ordinary phosphorus. He has shown that if ordinary phosphorus be sub-
mitted to the action of a prolonged heat, within certain himits, and under
eircumstances involving an entire exclusion of oxygen, it becomes eonverted
into a brick-red substance ;—*“not soluble in any of the erdinary solvents of
phosphorus—not igniting by ordinary friction—not luminous at erdinary tem-
peratures—not poisonous; distingnished, in fact, for negative properties, as
common phosphorus is for active ones ; and yet this wonderful ehange is only
molecular; that is, the phosphorus is not converted into a eompound : it has
combined with nothing, it has lost nothing, but its particles have probably
arranged themselves with respect to each other, in a manner different from:
that of the particles of common phosphorus.” Common: phosphorus we are
obliged to keep in water, for the purpose of guarding against spontaneous
eombustion ; allotropic phosphorus, however, may be kept unchanged in at-
mospheric air, and may be handled or even earried in the pocket with im-
punity. Exposed to a temperature of about 480° F., it melts, and returns to
the condition of ordinary phosphorus; and at a temperature of 500° it bursts
into flame with a sort of explosion. The identity of the two substances is
proved by their ready conversion into each other, and by the fact that the
compounds which they form with other bodies are the same.

_~403. Matches.—Some notice of the history and manufacture of matches
is appropriato in connection with the subject of phosphorus.

The comparatively low temperature at which sulphur ignites, early sug-
gested its application to the end of a strip of dry wood, as a means of procur-
ing flame. The old sulphur match was chiefly used in connection with a flint
and steel, and a box for holding tinder. The tinder, formed by the partial
combustion of a linen or eotton rag, was first ignited by means of a spark .
resulting from a collision of a flint and steel, and this in turn communicated
the fire to the match. Fifty years ago, a ‘“tinder-box” was as rouch an indis~
pensable article of household economy as a paper of matches is at the present
day.

Soon after the discovery of phosphorus, attempts were made to use it as a

QuEsTIONS.—What is 8aid of the poisonous properties of phosphorus? What is rat-
poison? What is said of allotropic phosphorus? In what respects does allotropic differ
from ordinary phosphorus? How can we prove that allotropic and common phosphorus
are the same? What is said of the history and origin of matches ?
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method of procuring fire, but ity costliness prevented its general introduction
and use for this purpose, for nearly one hundred and fifty years, One of the
first methods of applying it was to put a piece of phosphorus in a phial, and
then to stir it with a hot iron wire; the phosphorus was partially burnt in the
confined portion of air, and the interior of the bottle became covered with an
oxyd of phosphorus; on removing the wire, the phial was corked tightly for
use. When a light was wanted, a common sulphur match was dipped into
the bottle, and a small pottion of the phosphorus adhering to the tip, flame
was produced by the energetic chemical action of the sulphur and the phos-
phorus. Various other inventions were employed for precuring fire j—such
as the sudden condensing of ait in a syringe furnished with & piston and an
arrangement for holding tinder~~apparatus for igniting tinder by an electrio
spark~-Dobereiner's Lamp (§ 297), etc,, ete. In fact, during the whole of the
last century; and even later, the invention of a safe, convenient; and reliable
agent for kindling a fire or light, was regarded as ene of the great wants of
the age.

The next impottant step taken in perfecting the match, was the employ-
ment of chlorate of potash. The match stick was tipped with a mixture
of chlorate of potash and sugar, and ignited by immersion in a little bot-
tle containing agbestos soaked in sulphuric acid, (For explanation of this
phenomenon see § 368.) Matches thus prepared were put up in cases, which
contained in one compartment a small bottle of acid, Their price, when first
introduced, was $4 75 for a case of 100; but subsequently was reduced to
50 cents. These matches continued in use until within a very recent. period,

The next important invention was that of the so-called * Lucifer Matches,”
which were tipped with a paste of chlorate of potash and sulphuret of anti«
mony mixed with starch, and were ignited by drawing the match between
two surfaces of sand-paper. These were the first friction matches, In 1834,
phosphorud was substituted in the place of antimony; and the match was ig-
nited by friction upon any rough surface. Subsequently, saltpeter was sube
stituted in the place of chlorate of potash, which produced quiet ignition in-
stead of detonation. S 5

The details of the manufacture of matches at the present time are generally
as follows: The ends of the wooden match-splints, which are sawed by ma-
chinery, are first sulphured, by immersion in a pot of melted sulphur. When
dricd, they are next dipped in the phosphorus composition, which is a paste
prepared by mixing together in a hot solution of glue, or gum, in water, phos+
phorus, saltpeter, and genetally red-lcad and some coloring ingredients ;—if
the tips of the matches are to be red, vermillion is added; or if blue, Prus-
sian blue.

The various reactions which take place when a match is fired are as follows:
the phosphorus contained in the eomposition is first ignited by the heat

QUESTIONS.—~What were sonte of the early methods resorted to for thie purpose of ob-
taining a light? When was phosphorus first epplied to the maniifacture of matches?
‘What were the first friction matches? ¥ow are matches manufactared? What chem-
ical reactions are involved in the firing of a match ?

12%
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évolved by friction or comptession; and the heat occasioned by its combustion
decomposes the saltpeter and the red-lead; thcse substances, in their decom-
position, evolve oxygen, which supports the flame, adds to its heat, and en-
ables it to ignite the sulphur, which in turn inflames the wood. The odor of
a burning match is occasioned by the combustion of the sulphur, and in some
recent inventions, hag been obviated by the substitution of stearine in theo
place of sulphur. The temperature required for kindling matches varies from
150 to 160° F.*

The manufacture of matches i attended with danger, not only from the
highly inflammable nature of the ingredients used, but also from the fact, that
a continued exposure to the vapor of phosphorus, produces a disorganization
of the jaw-bones, causing excruciating suffering, and usually terminating in
death, The phosphorus, in the first instance, attacks & little spot of decay
upon a tooth, and from this ulceration spreads with great rapidity. Of these
evils the first i3 greatly lessened, and the second altogether avoided, by the
use of the amorphous or allotropic phosphorus, before described.

404. Compounds of Phesphorus with Oxygen.— Phos-
phorus unites with oxygen to form four compounds, viz. :—

Composed by weight of
Phosphoric acid...... B et e POs 32 phosphorus 40 oxygen.
Phosphorus acid......... e 2103 32 < 24 Es
Hypophosphorus acid. . . PO 32 o 8

Oxyd of Phosphorutses.e.aeeas vesssa P20 64 e 8. T

405, Phosphoric Acid, P05 —This acid, which is the
most important of the oxyds of phosphorus, is the sole
product of the rapid combustion of phosphorus in oxygen,
or atmospheric air.

It appears as a dense white vapor, which condenses on cooling into a whito
powder. It may be easily collected by burning phosphorus in air under a
dry bell glass.  As thus prepared, it has so great an avidity for water, that
‘when brought in contact with it, it hisses like a hot iron, Exposed to the
air for a few moments, it absorbs moisture, and deliquesces to a liquid. When
once converted into a hydrate, water can not be entirely separated from it.
Its solution is intensely acid, and when evaporated to dryness, yields, on eool-
ing, a glassy, transparent solid, known as glacial phosphoric acid.

Phosphoric acid may also be prepared by the action of nitric acid on phes-
phorus, and also from bones, by the action of sulphuric acid. It combines

* Some idea of the importance of the manufacture of matches asa branch of industrial
art, may be formed from the following statistics of materials tonsumed in Austria iu one
year, 1849, for this purpose—125,000 Ibs. of saltpetet, 32,500 1bs. of phosphorus, 1,500,000
1bs, of sulphur.

QureTIONs.—~What is the temperature required for kindling a match? What effect has
the vapor of phosphorus upen the animal system? What compounds dees phosphorus
form with oxygen? How is phosphoric acid preparcd? What are its properties ?
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with water in three proportions, to form three distinct hydrates, which unite
with bases to form three classes of salts. The nomenclature and composition
of these hydrates, which are of great scientific interest, may be represented as

follows :— Acids.
Monobasic or metaphosphoric acid. ........ . HO.POs,
Bibasic or pyrophosphoric acid. ...... . RN, 5 2HO0.PO;,
Tribasic or common phosphorus acid............. 3HO.POs.

It is in the form of phosphoric acid, united with some base, generally limo
or magnesia, that phosphorus exists in the bones, in the seeds and tissues of
plants, and in the soil

406. Phosphorus Acid, P 0, is the principal product which results
from the slow combustion which occurs when phosphorus is exposed to the
oxygen of the atmosphere. It may also be formed by burning phosphorus
with a limited supply of air.

The other oxyds of phosphorus are comparatively unimportant.

~407. Phosphorus and Hydrogen—Phosphuretted Hy-

drogen, P Hj—Phosphorus unites with hydrogen in three proportions to
form three compounds; one of which, a gas, phosphuretted hydrogen, pos-
sesses the property, under certain circumstances, of inflaming spontaneously
on exposure to air, or oxygen gas.

Thissubstance is conveniently prepared by heating fragments of phosphorus in
a retort, with a strong solution of caustic potash, or cream oflime, prepared from
lime recently slacked.* On the Fig. 132.
application of a gentle heat to
the retort, the beak of which is
caused to dip slightly beneath
the surface of water, the gas is
evolved, and the bubbles, as
they rise and come in contact
with the air, spontaneously in-
flame. (See Fig. 132.) Bach
bubble, as it breaks and ignites,

Fiq. 133. produces a beautiful white wreath of smoke (vapor
( of phosphoric acid), composed of a number of concen-
\\))/ i \{(@"\ tric rings, revolving around the axis of the wreath, as

(\\r‘qff \'\\ })} it ascends (see Fig. 133); thus tracing before the eye,

with perfect distinctness, the peculiar gyratory move-

* Ino this experiment it is best to employ a very small flask or retort, and in order to
avoid the presence of atmospheric air, it is advisable to fill it full to the neck with the
cream of lime, or potash solution. For an ounce flagk, a piece of phosphorus of the size
of a pea is sufficient. Itis best, also, not to apply heat to the glass directly, but to place
it in a basin containing a solution of salt, which is then heated to a boiling temperature
by a spirit lamp.

QUESTIONS.— W hat is said of its combinations with water ? In what state does phosphorus
generally exist in nature ? ‘'What is said of phosphorus acld? What is said of phosphuret-
ted hydrogen? Iow is it prepared? What phenomenon attends its evolution in air?
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Fia. 134. ments imparted to air by the impulse of a force acting
suddenly upon a mass of air in all directions, from a
center. The same phenomen is also seen in the rays of
smoke produced by the mouth of a skillful tobacco-

_smoker, and frequently also, upon a much larger scale,
during the discharge of cannon on a still day.

Phosphuretted hydrogen may be more simply pre-
pared by throwing into a glass of water a few pieces of
phosphuret of calcium. This substance, by contact with
the water, is decomposed, and evolves the spontaneously
inflammable gas. (See Fig. 134.)

408. Properties.—Phosphuretted hydrogen is a
colorless, transparent gas, possessing an offensive, feetid odor, and producing
‘a poisonous action upon the system, when inhaled. It loses its spoutaneous

-inflammability by standing for a time over water, and also by the addition of
the vapor of some inflammable bodies, such as ether, oil of turpentine, etc. By
varying the conditions of its preparation, it may also be evolved without the
self-lighting power.

The production of this gas, by the decay of bones and other érganic pro-
ducts in wet, swampy places, and its subsequent ignition in contact with the
air, is supposed to have. originated the popular supexstmon known as the
[ ” 113 ‘s © R 4

Ignis Fatuus,” or * Will-o’-the-wisp. Q M

=R SECTION XII.
BORON.
Equivalent, 10°9.  Symbol, B.

409. History and Distribution.—Boron 1s an element
that is always found in nature in composition with oxygen,
forming boracic acid. The latter substance is found only
in few localities; and in comparatively small quantities.
United with soda it forms a salt, borax, which is a well-

known article of commerce.

Until within a very recent period (1856-7), comparatively little has been
known respecting the nature of the pure element, boron. It has been recently
ascertained, however, that it ig closely allied to carbon, and that it exists in

* Ttis generally taken for granted that luminous appearances in the air are oftenr seen
in the vicinity of swamps, grave-yards, or other receptacles of decaying organic matter.
Such, however, is not the fact ; and it is extremely doubtful whether any well anthenti-
‘cated instance of such an appearance can be efted. The generally-received account of the
¢ Ignis fatuus' must therefore be regarded as a fiction.

QuUESTIONS.—What are the properties of phosphuretted hydrogen? What popular su-
perstition is it supposed to have originated? What is said of boron?
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three allotropic conditions, viz., as a chocolate-brown amorphous substance ;
as an opaque, semi crystalline body, occurring in thin plates, with a black-
lead luster; and, lastly, in a crystalline condition, resembling the diamond in
luster, hardness, and refractive power. As yet, chemists have been only able
to obtain it in very minute erystals; but if larger crystals can be prepared, it
will undoubtedly take rank as one of the most valuable of gems. Its method
of preparation consists essentially in fusing boracic acid with the metal alum-
inum.

410. Boracic Aeidy BO; is found in small quantities in Thibet and
in South America, but the principal supply is from volcanic districts of Tus-
cany, in Ttaly, called lagoons, where jets of vapor and of boiling water, charged
with boracic acid, are continually issuing from fissures in the earth.*

The manner in which the boracic acid is collected is as follows : A locality
is chosen, where the soil is observed to possess a high temperature, and a -
basin of moderate depth (A, Fig. 135) is excavated, and walled up with

Fia, 1365.

& masonry—openings, ¥, being left in the bottom for the admission of the
steam escaping from the earth.} Water from adjacent springs is then con-
ducted into the basin, which absorbs the boracic acid brought ap by the as-
cending vapor, and at the same time becomes heated to the boiling tempera<
ture. After the lapse of twenty-four hours, the solution is drawn off into &
similar-constructed basin, B, at a lower level, and from thenco & third, C, and

* ¢ As you approach the lagoons, the earth seenis to pour out boiling water, as if from
volcanoes of varions sizes, in a variety of soils, but chiefly of chalk and sand. The heat
in the immediate neighborhood is intolerable, and you are drenched with vapor, which
impregnates the atmosphere with a strong and somewhat sulphurous smell. The whole
scene is one of terrible violence and confusion ~—~the noisy outbreak of the boiling waters
the rugged and blasted surface; the volumes of vapor; the impregnated atmosphere.
The ground burns and shakes beneath your feet, and the whole surface is covered with
beautiful crystallizations of sulphur and other minerals.” —Dg. BowzriNe.

+ The dimensions of these basins vary from 100 feet in eircumference and 7 feet deep,
to 500 and 1000 feet in circumference and 15 to 20 feet deep.

QuEsTIONS.—~What are its properties? What is said of boracic acid? How is it col.
lected ®
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80 on, until the water, having absorbed the greatest possible amount of bor-
acic acid, is transferred into shallow tanks, E, for purification. The solution
thus obtaincd is cvaporated in leaden pans heated by the volcanic steam,
until tho boracic acid contained in it i3 deposited in white, scaley crystals.
The annual production of boracic acid from these sources is at present about
three million pounds.

Boracic acid has a white, pearly luster and a greasy feeling. It is a feeble
acid, sparingly soluble in cold water, but dissolving in three times its weight
of boiling water. Its solution in alcohol burng with a beautiful green flame,
which constitutes a test of the presence of boron. This property may bo
illustrated by igniling a solution of borax in alcohol in a shallow cup, and
stirring the liquid with a glass rod while burning.

411. Borax, or Biborate of Soda, is formed by adding car-
bonate of soda to a solution of boracic acid. This salt is composed of two
equivalents of acid, one of base, and ten of water—its constitution being rep-
resented as follows, NaO, 2B03+10 HO. Borax is obtained naturally in
small quantities and in an impure state, by the evaporation of the waters of
certain lakes in Thibet, and is exported under the name of tincal.

Borax is chiefly used in the arts as a flux in the welding, soldering, and
refining of metals,

The term flux is applied in metallurgy to those sub-
stances which assist fusion, either by expediting the pro-
cess, or by protecting the substance melted from oxyda-

tion.

Borax, when heated, bubbles up, loses its water of crystallization, and at a
temperature below red-heat, melts into a transparent glass. The property
which this glass possesses of dissolving the metallic oxyds, gives to borax its
value as a flux. For example: in the welding of iron, a union between two
surfaces can not be effected unless both are clean and perfectly free from ox-
ydation; but a piece of iron can not be strongly heated without the formation
of a Jayer of oxyd upon its surface. This difficulty is obviated by sprinkling
the hot surfaces with powdered borax, which, as it melts, not only dissolves
off the oxyd, or scale already present, but keeps the metal bright by prevent-
ing all further oxydation.

Borax is also much used as a test before the blow-pipe, for recognizing the
presence of certain metallic oxyds. For this purpose, a small crystal of borax
18 fused upon the end of a bent platinum wire, and a minute quantity of tho
substance to be tested is melted with the salt in the flame of the blow-pipe.
The peculiar color which the borax glass receives, indicates the character of
the coloring substance: thus, with an oxyd of chromium, the borax forms an
emerald-green glass; with oxyd of cobalt, a blue; with manganese, a violet;
with iron, a yellow, and so on.

qum‘lo&’s.—-—Whal are the p;npertics of boracic acid? Whatisborax? For what pur-
pose is it used in the arts? What iz a flax? What gives to borax its value as a flux?
Illustrate this. ITow does borax scrve as a blow-pipe reagent ?
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SECTION XIII.
SILICON, or SILICIUM.
Equivalent, 21-2.  Symbol, Si.

412. Distribution.—Silicon, in combination with oxy-
gen, is the most abundant of all the solid substances
which compose the crust of our globe. All rocks which

are not calcareous (lime) are silicious.

, It is only within a very reeent period (1835-7) that chemists have been en-
abled to obtain any very definite knowledge respecting the nature and prop-
erties of puro silicon. It i3 now known to exist, like carbon and boron, in
three allotropic conditions; in an amorphous nut-brown powder; in a condi-
tion resembling graphite (black-lead); and in a crystalline conditions It has
most of the characteristics of the metals, and by the most recent authorities is
classed with them. As prepared by a somewhat complicated process, it is
easily fusible, and may be run into ingots and alloyed with copper and iron.
At a meeting of the French Academy in 1857, two small cannon composed
of an alloy of copper and silicon wero exhibited.

413. Silicie Acid, or Nilica, Si0s, is the principal oxyd
of silicon, and the most important of all its compounds.
In fact, it is in this condition only that silicon is found in
nature,

‘When pure, or merely colored by small quantities of different oxyds, it is
very generally termed quartz. It is frequently found erystallized, its ordinary
form being a six-sided prism, terminated by six-sided pyra-  Fig. 136.
mids, as in roek-crystal. (Sce Fig. 136.) Sometimes tho
prism is very short and disappear entircly, and the pyramid
only is seen, as in common quartz. In transparent and col-
orless rock-crystal, silica is almost absolutcly pure, and in this
eondition is not unfrequently used in jewelry. Amethyst is
erystallized quartz, colored purple by the presence of protoxyd
of manganese. Common flint, agate, carnelian, chalcedony,
Jjasper, and opal, are other varicties of nearly pure silica,
their colors being oeeasioned by the presenec of different me-
tallic oxyds. Common sand is mainly composed of silica,
colored yellow or brown by the presenee of oxyd of iron ; sand cemented into
rock-masses, through the ageney mainly of silica, is termed *sandstone.”

Many plants absorb silica from the soil in considerable quantity, and deposit

QUESTIONS.—What is the natural history of silicon? What is known respecting the
pore element? What is silica? What is quartz? In what minerals does silica nearly
pure exist? What is amethyst? To what are the colors of agate, chalecedony, opal, ete.,
due? What 1s common sand? 'Whatis sandstone? Does silica exist in plants?
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it upon the exterior of their stalks, or stems. Examples of this may be seen
in the glossy coating which invests the outside of straw, cane, rattan, bam-
boo, ete. In these instances, the silica subserves the same purpose in the
structure of the plant that bones do in the structure of men and animals—
that is, it gives to the stalk firmness and stiffness. The straw of wheat grown
upon soils deficient in * soluble silica,” is so weak as to be hardly capable
of supporting the weight of the seed.

In the animal kingdom, silica exists in the feathers and hair of anitnals,
and recent researches have also detected it in the blood.

414. Properties.~Pure silica is not affected by the heat of the strong-
est wind furnace, but before the flame of the oxyhydrogen blow-pipe it melts
into a transparent glass. In its native state it is insoluble iu pure water, and
in all acids except liydrofluoric.  In hardness it approaches the preeious gems;
and it scratches glass easily.

Silica, although it presents the characters of an earth, is In reality an acid,
and a most powerful one. Under all ordinary circumstances, however, itg
acid properties are not manifested by reason of its almost entire insolubility.

When silica is digested in solutions of the alkalies it gradually unites with
them, and forms salts—silicates of potash or soda—~which are readily soluble.
Even flints in their unground condition, or fragments of quartz when placed
in strong solutions of caustic potash or soda, at a high temperature, are readily
caused to pass into solution. When solutions of silica in an excess of alkali
are concentrated, a semi-fluidl mass closely resembling a solution of starch i
produced. This product is known as soluble glass, and is readily oluble in hot
water, and can be applied as 4 varnish for rendering surfaces of wood or cloth
fire-proof. It has also becn used to some extent as a substitute for starch or
gum in the stiffening of {ibrous substances. Anecient monuments or buildings
constructed of soft and friable stone miay be preserved in a great measure from
decay and the action of the weatber by a coating of soluble glass, For prac«
tical purposes, soluble glass is formed by fusing together 8 parts of carbonate
of soda (or 10 of carbonate of potash) with 15 parts of pure sand, and 1 of
charcoal. The product, when pure, resembles ordinary glass, but dissolves
in boiling water without residue.

When a solution of soluble glass is rendered acid by the addition of hydro-
chloric acid, the silica afier a little time scparates as a transparent, tremu-
lous jelly. This ig a hydrate of silica, which once precipitated in this manner,
is no longer soluble in either water or acids. By pteventing the escape of
moisture, it may be presetved in a gelatinous condition ; but if once allowed
1o dry, it forms a white, gritty powder—white silicious sand.

- Most natural waters contain a little soluble silica, which can be only separ-
ated by evaporating the water to dryness, Waters which contain alkaline

QuESTIONS.—What are illustrations? What is said of silica in the animal kingdom ?
‘What are the properties of silica? 1Is silica an acid? Under what circtimstances does it
pass into solution? What is soluble glass? What are its properties and uses? How
may silica be separated from its solution in alkalies? Does silica exist in natural waters?
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carbonates dissolve it more freely, and when the action of the alkaline liquid
is aided by that of a high temperature, as is the case with the Geysers, or hot
springs of Iceland, very large quantities of silica are dissolved. As the liquid
cools, the silica is deposited, in an insoluble form, on the surrounding objects
in contact with the waters, forming ‘petrifactions.” Agates, chalcedony,
carnelian, and onyx, have undoubtedly been thus formed by the slow deposi-
tion of silica from its solution in water.

The acid character of silica is especially exhibited when it is exposed, in
contact with other salts, to a high temperature. It then displaces the most
powecrful acids from their combinations, and uniting with their bases, forms
silicates. Thus when carbonate or sulphate of potash, soda, or lime, are mixed
with silica and fused, the silicic acid displaces the carbonic and sulphuric
acids from their combinations, and forms silicates of potash, soda, or lime. All
the forms of clay, feldspar, mica, hornblende, and a great number of our most
common minerals, are the salts of silicic acid.®

415. Fluoride of Silicon, 8i Fe,— Fluosilicic Acid.—1In order
to prepare this gas, equal parts of finely-powdered fluor-spar and silicious
sand, or powdered glass, are mixed in a
capacious flask, with 'six parts of concen- Fie. 137,
trated sulphuric acid. On the application of
heat, hydrofluoric acid is liberated, and this
immediately attacking the silica, produces a
colorless gas, of which silicon is a constitu~
ent. When passed into water, the gas
i decomposed, silicon is precipitated in the
form of gelatinous silica, and the water
becomes a solution of hydrofluosilicic acid.
This reaction, which constitutes a very inter-
esting experiment, may be easily exhibited
by an arrangement of apparatus as repre-
sented in Fig. 137,

In transmitting the gas into water, the ex-
tremity of the evolution tube should not be _
brought into direct contact with the water,
lest it become at once obstructed by the de-
posited silica; but it should be plunged
beneath the surface of a little mercury contained in the bottom of the receiv-

* The composition of many of the silicious minerals is extremely complex, and in a
seientific point of view, extremely interesting. Upon one group alone, the zeolites—hy-
drated gilicates of alumina, with lime, potash and soda—an immense amount of labor has
been expended by many of the most eminent chemists of the present century, and yet their
chemical formula and most natural relations are still open to question.

QuEsTIONS, —Explain the circnmstances. What is the supposed origin of agates, car-
nelians, etc.? When is the acid character of silica especially manifested ? Iilustrate.
What are examples of natural silicates? What is said of fluesilicic acid? 'What occurs
when this gas is passed into water?

23%
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ing vessel, as is represented in Fig. 137. As the gas ascends through the mer-
cury, and enters the water, it exhibits a most curious phenomenon ; each bub-
ble becoming invested with a white bag of silica, and rising, like a miniature
balloon, to the surface ; it often happens, also, in the course of the experiment,
that the gas forms tubes, or conduit pipes of silica in the water, through
which it gains the surface without decomposition.

SECTION XIV.
CARBON.
Equivalent, 6. Symbol, C. Specific gravity as diamond, 33 to 3'5.

416. History.—Carbon is one of the most abundant and
important of the elementary bodies. In the inorganic
kingdom of nature it exists chiefly as mineral coal ; in the
state of carbonic acid diffused throughout the atmosphere ;
and as a constituent of the great rock masses—carbonates
of lime and magnesia. In the organic kingdom, it is the
characteristic ingredient of all substances Whlch are pro-
duced directly or indirectly from animal or vegetable or-
ganisms.

Carbon is found pure in nature in three allotropic forms
or conditions, each of which, although possessed of identi-
cally the same chemical composition, exhibits properties.
singularly different from the others, and peculiar to itself.
These are, 1. The Diamond ; 2. Graphite, or Plumbago ;
8. Mineral Coal and Charcoal.

417. The Diamond is pure carbon, crystallized.

It is found throughout a wide extent of country in India, but chiefly at
Golconda, and in certain districts of Borneo and Brazil. It has also been
found associated with gold and platinum in the Ural mountains, and in a few
instances in the United States, principally in the gold districts of North Car-
olina.* In only a few instances has the diamond ever been found imbedded
in rock masses, but it is usually associated with materials transported by
water from a distance, such as loose sand and rolled gravel. In their natural

* The largest diamonds come from Golconda, but Brazil furnishes the greatest quan-
tity. The ycarly produce of tho Brazilian mines at the present time is estimated atfrom
10 to 13 1bs., a large proportioun of which, however, are unfit for jewelry.

QUESTIONS.—What is said of the distribution of carbon in the two great kingdoms of
nature? In what conditions is carbon found pure mtumlly' ‘What is the dmmond!
Under what circumstances is it found in nature ?
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condition, diamonds have usually the appearance of semi-transparent, rounded
pebbles, and are covered by a thin, opaque crust; on removing this crust,
their exceeding brilliancy becomes apparent.

The diamond is generally colorless, and such specimens possess the great-
est value; but it is not unfrequently found of a blue, yellow, gy 138
or rose color, and sometimes green or black.

The primitive form of the diamond is that of an octohedron
(see Fig. 138), but its faces are often convex, and its edges

rounded. It is cut for jewelry in three forms, known as bril- \V
liants, Fig. 139, roses, Figs. 140, 141, and tables, Figs. 142, 143.* i

Fig. 139. Fig. 140. Fig. 141, Fig. 142, Fig. 143,

ea>=

The diamond is the hardest of all known substances, and can be only cut
or abraded by means of its own powder—inferior and imperfect stones being
broken down for this purpose. The process of cutting is effected by a hori-
zontal disc of steel, covered with diamond dust and oil, and revolving with a
velocity of two or three thousand times per minute. The gem is fixed in a
mass of lead, which is fitted to an arm, one end of which rests upon a
table over which tho plate revolves, while the other, sustaining the diamond,
is pressed upon the plate by movable weights, at the discretion of the ope-
rator. The gem, however, cannot be ground into any form at pleasure, but
only in directions parallel to its lines of cleavage. (§ 73.)t

* The form of the brilliant shows the gem to the best avantage, and may be recognized
by its flat summit; the surface of a rose diamond is covered with equilateral triangles,
terminating in a sharp point. The table form is only given to plates, laming, or slabs of
diamonds, which have a small depth compared to their superficial extent. The brilliant
and the rose lose in cutting and polishing somewhat less than half their weight, so that
the value of a cut stone is double that of an uncut one, without reckoning the expense of
the process.

+ The method of cutting di ds was discovered in 1456, and is still unknown In its
perfection among Eastern nations. The business in Europe is carried on almost exclu-
sively iu Amsterdam, Holland. The heat developed in the cutting is frequently so great
as to melt the lead in which the diamond is imbedded, and the time occupied in cutting a
single face varies from 3 to 30 hours.

The weight of diamonds is estimated in carats—150 of which are equal to 1 ounce Troy,
or 430 grains. ** The rule for estimating the value of diamonds is peculiar, and supposing
the gems under comparison to be equal in quality, may be expressed as being in the ratio

“of the squares of their respective weights. Thus, supposing three diamonds to exist,
weighing respectively 1, 2, and 3 carats; their respective values would be as one, four,
and nine. This rule, however, can only be considered as applying to gems of a moder-
ate size; as very large dlamonds, if estimated according to this mode of calculation,
would become expensive beyond the means of the richest to command.”

QuESTIONS.—What is its primitive form? In what three forms is it cut for jewelry?
‘What is said of its hardness? Iow is it cut?
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The diamond is remarkably indestructible, and is not acted upon by any
solvent, neither is it affected by heat alone—since it may be heated, when
removed from the access of air, to a white heat without injury. In the open
air it burns at abeut the melting point of silver, and is converted into coal,
or carbonic acid gas. -

Many attempts have been made to fuse or crystallize some pure form of
carbon, or, in other words, to manufacture diamonds, but they have all failed.
In 1853, M. Desprétz of Paris succeeded, after long-continued voltaic action,
in depositing at one of the terminal poles of a galvanic battery a quantity of
carbon in the form of minute smicroscropic grains; these grains appeared to be
octohedral erystals, and were capable of cutting and polishing diamonds and
rubies; hence it has been inferred that they were actually themselves dia-
monds.

The origin of the diamond has been a subjeet of much curious speculation,
inasmuch as the circumstances under which it is found in nature afford us
no clue to the process of its formation. The structure of the diamond itself,
however, furnishes us with some positive information on the subject, and ‘in-
dicates that it is a product, either directly or indirectly, of the vegetable king-
dom.* Sir David Brewster, who has given much attention to the subject,
is inclined to the opinion, that the diamond is a drop of fossilized gum, anal-
ogous in some respects to amber.

418. The largest known diamond is an wuncut gem belonging to the
crown jewels of Portugal. It was found in Brazil about the year 1808, and
‘weighs 1,680 carats, or about 11 ounces. About the middle of the 16th
century a diamond was found at Golconda in India, which had the form of
half a hen’s egg, and weighed nearly 6 ounces. This diamond, which wag
long known as the Great Mogul from its possessor, has disappeared, and is
supposed to have been broken up;—the separate pieces, according to this
theory, now constituting three of the largest existing diamonds, viz., 1, the
great diamond in the possession of Russia, weighing 196 carats: 2d, the
Koh-i-noor, in the possession of the Queen of England, which weighed before
cutting 186 carats, and after cutting 103 carats; and 3d, a diamond belonging
‘to the Shah of Persia, of the weight of 130 carats. The value of the Russian
diamoud has been estimated at 20 millions of dollars, and that of the Koh-
i-noor at from 3 to 10 millions.

The other large diamonds most worthy of notice are the following:—A
yellow diamond belonging to the crown of Austria, which weighs 139 carats.
The size and form of this diamond, which was once sold as a bit of colored

* The evidence on this point is principally as follows; diamonds have been fonnd in-
closing vegetable matter, and when the diamond is burned a minute yellowish ash is left,
which generally possesses a cellular structure, Some other proof is also afforded by the
action of refracted and polarized light.

QuesTioNs.—What is said of its indestructibility? Have any attempts been made to
manufacture diamonds? What is said of the origin of the diamond? What evidence
-have we on the sabject? How large a diamond has ever been found? What are some
of the most valuable diamonds? .
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VAVAVAVAVAN sented in Fig. 145. /
the dotted line be-
\ ing the outline of \
W the stone before cut- \
ting, This diamond, \/ .
which is a light blue color, is allowed to be the 7
finest in existence, and weighs 131 carats. It was brought from India by a
Mr. Pitt, and sold to the Regent of France in 1717 for about $700,000. Its
value, as estimated by a commission of Parisian jewelers, is about $3,000,000.
Fra. 146 Fig. 146 represents a very beautiful diamond known
{0 S8 ag the Pigott diamond, which weighed 47 carats,
and was sold for about $120,000.* 5
419. Graphite, or Plumbago, is the
second allotropic form in which car-
bon occurs uncombined in nature. It
has a metallic, leaden-gray luster, feels unctuous to the
touch, and is generally known as ¢ black-lead,” although

it has no trace of lead in its composition,

It is found chiefly in the older rocks (in many localities in the United
States), chiefly in beds or rounded masses, but sometimes crystallized in flat
six-sided prisms. It is never found perfectly pure, but usually contains a
little iron and some other accidental impurities. Like the diamond, it can not
be fused or volatilized by the action of the most intense heat; it burns, how-
_ever, in oxygen gas, forming carbonic acid.

The principal use to which plumbago is practically applied is for the manu-
facture of “lead pencils.” Most of the ordinary pencils now used are manu-
factured from a factitious paste, made of powdered plumbago, antimony, and
sulphur fused together, and cast into blocks. These blocks are then sawed
into small rectangular prisms, which are subsequently inclosed in cylinders of
cedar wood. The best drawing-pencils are, however, made, by reducing the
plumbago to a fine powder, freeing it from impurities, and then subjecting it
to enormous hydrostatic pressure, simultaneously with the abstraction of all
remaining traces of air by means of an air-pump, A coherent biock is thus,

* This di d is not in exist , but was destroyed by a Turkish pasha in order to
prevent it from falling into the hands of his enemies.

So rare are diamonds of large size, that it is stated that the whole number known to
exceed 33 carats in weight does not exceed nineteen.

QuEsTIONS.—What is graphite ? In what conditions does it occur in nature? What
is said of its infusibility ? What of its practical applications ?
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obtained, which is subsequently sawed into bars. The particles of plumbago,
although apparently very soft, are in reality extremely hard, and the steel
saws employed to cut it rapidly wear out. Plumbago is also used for the
manufacture of melting pots or crucibles, for the lubrication of the bearmg sur-
faces of machinery, and for imparting a luster to iron.

Several modifications of graphite may be procured artificially. When cast
iron is melted with an excess of charcoal, it dissolves a portion of the carbon.
This carbon, when the iron is allowed to cool slowly, crystallizes out in the
form of large and beautiful leaflets of graphite.

420. Gas Carbon.—Another exceedingly interesting variety of graphite
is formed in the interior of the retorts used for the production of coal-gas.
This substance (which may be procured in abundance at all gas-works)is
known as “gas carbon.” It possesses a luster resembling that of a metal, a
hardness sufficient to enable it to scratch glass, and is oce of the purest forms
of carbon.

~%.421. Ooal—The third allotropic modification of carbon
includes all the varieties of mineral coal, wood, charcoal,
lamp-black, soot, animal charcoal, etc., etc.

422. Mineral Coal is the product of an accumulated
vegetation, which flourished mainly during a particular
perlod of the earth’s hlstory, known in geology as the

¢ carboniferous epoch.”

It occurs on the earth in veins, or strata, enclosed between other strata of
limestone, clay-slate, or iron ore.

‘We know that coal is of vegetable origin, because in every coal-mine we
find leaves, trunks, and fruits of trees in immense numbers, many of them in
the most perfect state of preservation; so much so, that the botany of the
coal period can be studied with nearly as much certainty as the botany of any
given section of the present surface of the earth; and, furthermore, whenever
coal has not been too much changed by heat and pressure, a thin layer of it
exhibits, under the microscope, all the ducts and vessels of the plant to which
it originally belonged.

Coal consists, like vegetable matter in general, of carbon, hydrogen, and
oxygen, with a small proportion of nitrogen. It contains, in addition, variable
quantities of saline and earthy substances, which always enter into the com-
position of plants. These matters, when coal is burnt, are left unconsumed,
and, together with some impurities, constitute its ashes.

423. Anthracite Coal differs from bituminous in this respect—that
its original volatile constituents oxygen, hydrogen, ete, have been mainly
driven off by the agency of heat, leaving carbon in a dense and nearly pure

QuesTtroNs.—How may graphite be formed artificially? What is gas carbon? What
are its properties? 'What is the third allotropic form of carbon? What is mineral eoal?
‘What proof have we of its vegetable origin? What is the constitution of coal? What
occasions the difference between anthracite and bituminous coal? .
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condition behind ; bituminous coal, on the contrary, not having been exposed
to the same degree of heat, retains its original vegetable coustitution in a
great degree unaltered.* When bituminous coal is ignited, its volatile con-
stituents are expelled by heat, and burn with flame and smoke; while an-
thracite, from its previous deprivation of these substances, burns without flame
or smoke.

424. Coke is bituminous coal heated apart from air, until its volatile con-
stituents are in a great measure expelled. It produces a more steady and
intense heat than the coal from which it is derived, and evolves no smoke.

425. Chareoal is that form of carbon which results from
depriving animal and vegetable substances of their vol-

atile constituents.

This is usually effected by the agency of heat; but the application of heat
is not essential, since wood immersed in sulphuric acid, or buried for a long
period in the earth, becomes converted into charcoal.

Charcoal is usually Fig. 147.
prepared by firing wood
in mounds or pits, cov-
ered with turf or soil in
such a way as to ex-
clude in a great degree
the admission of air,
and thus prevent com-
plete combustion. Fig.
147 represents the ar-
rangement and con- =
struction of a * charcoal
mound or heap.” Ifthe
diameter of the heap be 30 feet or more, the operation is not complete in less
than a month, and the slower the combustion the greater the product of
charcoal. When the wood is thoroughly charred, the admission of air is en-
tirely cut off, and the combustion ceases. The charcoal produced retains the
form of the wood, but is much reduced in size; generally not amounting to
more than three fourths of the bulk of the wood, and never exceeding one fourth
of its weight. The nicest kinds of charcoal, such as are used in tho manufac-
ture of gunpowder, are prepared by heating wood in close iron cylinders.

426. Soot is coal in a state of minute division resulting from the imper-

e
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* Wherever the strata inclosing coal have been disturbed and altered through the
agency of subterranean heat, the coal is generally anthracite ; but where the strata remain
undisturbed, the coal is generally bituminous. Thus in Pennsylvania, the great coal-fields
which are adjacent to the line along which the Appalachian chain of mountains have been
elevated, furnish only anthracite; but as we recede from the mountains and go west, the
coal becomes bituminous.

QuEsTIONS.—What is coke? What is charcoal? How may it be prepared? What is
the ordinary process of preparing charcoal? What is soot ?
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foct combustion of carbonaceous gases. Lamp-black is generally applied to
designate the soot produced by the imperfect combustion of tar and resinous
matters; it is much used in the manufacture of printers’ ink and of paint.

Animal charcoal, bone-black, and ivory-black, are names given to the pro-
ducts produced by heating bones, ivory shavings, and like animal substances,
in close vessels. The charcoal thus obtained is mixed with ten times its
weight of phosphate of lime.

427. Properties.—Carbon in the form of charcoal is & black, brittle,
insoluble, inodorous, tasteless substance. At ordinary temperatures it has
little or no affinity for the other elements, and is, consequently, one of the
most unchangeable of all substances. Grains of wheat charred at Hercu-
laneum nearly 2,000 years ago, still retain their form. Wooden posts, if
charred at the end before being sei in the ground, are rendered far more dur-
able. For the same reason, it is a common practice to char the mtenor of
tubs and casks intended to hold liquids.

Charcoal, when subjected to the action of the most intense heat, is infus-
ible, and if air be excluded, it remains unchangeable.*

At high temperatures, however, carbon surpasses all other bodies in its
affinity for oxygen, and is, consequently, more suitable than any other sub-
stance for depriving the metallic ores or oxyds of their oxygen, and reducing
them to a metallic state—an operation termed smelting.

The eompounds of carbon with the other elements are termed carburets, or
carbides. X

Newly prepared charcoal possesses the remarkable power of absorbing and
condensing within its pores, large quantities of certain gases and aqueous va-
por. (The explanation of this phenomenon has been already given, § 48.)
Charcoal from hard wood, or that which possesses fine pores, exhibits this
property in the highest degree, and the gases which are absorbed most abun-
dantly are those which are most readily liquefied by cold and pressure;
thus of ammoniacal gas it absorbs 90 times its volume, of carbonic acid, 35
times; of oxygen, 9 times; of hydrogen, 1-75 volumes.

Charcoal in a finely-divided state has also the power of absorbing odorifer-
ous effluvia, and the coloring principles of most animal and vegetable sub-
stances. Animal matter, in an advanced state of putrefaction, loses all offen-
sive odor when covered with a layer of charcoal; it continues to decay, but
without emitting any ill odor.

* An illustration of this is found in the fact, that charcoal thrown into a blast-furnace,
and its access to air being cut off by an envelope of molten metal, will not unfrequently
pass through the furnace unconsnmed and unaltered.

QUEsTIONS..—What is lamp-black? What is animal charcoal? What are the proper-
ties of charcoal? Whatis said of its indestructibility? What of its affinities? Why is
carbon uniformly used in the reduction of metallic ores? What are the compounds of
carbon with the metals called? YWhat is said of the absorbing power of charcoal? What
gases are absorbed most abundantly ? What is said of its deodorizing and decolorizing
agency? What are illustrations of its deodorizing action ?
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Advantage has been taken of this property of charcoal fo construct a res-
pirator for protection against the inhalation of malarious and infected air. It
consists of a hollow case of wire-gauze filled with coarsely-powdered charcoal,
and fitted over the mouth and nostrils by F1g. 148.
straps, ag is represented in Fig. 148. All
the air that enters the lungs must pass
through this charcoal seive, and in so passing,
is deprived of the noxious vapors or gases it
may confain. For persons engaged in hos-
pitals, dissecting-rooms, the holds of ships, or
in the vicinity of sewers, this device is most
valuable. Foul water filtered through a
layer of powdered charcoal, is decolorized and
purified. This action of charcoal may be il-
lustrated by agitating water containing sul-
phuretted hydrogen in solution, with a small /
quantity of freshly-burned powdered charcoal; the offensive odor will com-
pletely disappear. Sugar-refiners render brown sugar white by passing it in
solution through animal charcoal. Ale and porter, subjected to the samo

Fig. 149, treatment, are not only decolorized, but deprived of
@ their bitter principles. In case of poisoning with
vegetable poisons, such as opium, morphia, strych-
nia, ete., one of the best immediate antidotes which
can be given is powdered charcoal in water: this
absorbs the poisonous principle, and renders it inac-
tive. The decolorizing action of charcoal may be
illustrated by filtering porter, port-wine, or water
colored with ink, through a small quantity of animal
charcoal. (See Fig. 149.) The filtered liquor will
be deprived of smell, taste, and color.

Charcoal loses its absorptive and decolorizing
= properties by use; but on heating it afresh, it re-
gaing them. 3

Carbon in the form of the diamond i§ a non-conductor of electricity; but in
all its other forms it is an excellent conductor, ranking next to the metals in
this respect. In a state of fine subdivision, carbon is a bad conductor of heat,
but its conducting power increases with its density.

428. Compounds of Carbon and O0xygen.—The compounds
of carbon with oxygen and hydrogen, and with oxygen, hydrogen, and nitro-
gen, are innumerable, and constitute the great bulk of the substance of all
vegetable and animal products. The consideration of these compounds be-

QUEsTIONS.—What advantage has been taken of this property ? ‘What are illustrations
of the decolorizing action of charcoal? Under what circumstances may charcoal act as an
antidote for poisons? What is said of the conducting powers of carbon for heat and elec-
tricity ? What is said of the compounds of carbon with oxygen ?
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longs main'y to organic chemistry. With oxygen alone carbon unites directly
to form only two compounds—carbonic oxyd and carbonic acid. Their com-
position may be reprosented as follows:—

Composition by weight.

Symbol. D
CATDONICIOKY AN ARl < - - ='o v o0 Bhare o2 cOo 6 carbon. - B8 oxygen.
Carbonic acid....c..ve.... golet o MRPRL, L 3 CO2 6 ' 4165 S

429. Carb(Qic Acid, CO0,.is the sole product of the com-
bustion of pure carbon in oxygen gas or atmospheric air.
It is also produced abundantly by all the ordinary pro-
cesses of combustion, by respiration, fermentation, and by
the decay of animal and vegetable products. It exists in
a free state in the atmosphere,.and in the -earth in im-
mense quantities, chiefly in combination with lime, form-

ing carbonate of lime (marble, chalk, etc., ctc.).

For an account of its discovery see § 329.

430.-Preparation.—Carbonic acid may be prepared by burning char-
coal in oxygen gas (p. 190); or by allowing a candle to burn as long as it
will in a closed bottle or jar filled with air. Practically, however, it iz ob-
tained in a pure state, much more conveniently. Tt being a foeble acid,
almost every other acid, which dissolves freely in water, is able to expel it
from its compounds; it is, therefore, easily separated from its compounds by
the addition of any of the common acids. Thus, fragments of chzlk or mar-
ble, with a little water, are placed in an open-mouth bottle, or
in an cvolution flask (see Fig. 1530, also Fig. 95), and dilute
sulphuric or hydrochloric acid added. The acid seizes upon
the lime, and displaces the carbonic acid, which escapes with
an effervescence. It may be collected
in the usual way over water, or in Fie. 151.
dry bottles, by the displacement of G+
air. y

431. Properties.— At ordin-
= ary temperatures and pressures, car-
bonic acid is a colorless, transparent gas, of a
pungent odor, and acidulous taste. It is more than half as
heavy again as atmospheric air, its specific gravity being
1°529 (air = 1°000); by reason of its great density, it may be
poured from one vessel into another like water. (See Fig.
151.) :

Carbonic acid is not inflammable, and extinguishes the flame of burning
bodies, even when largely diluted with air, for a candle will not burn in a

F1c. 150.

QUESTIONB. —What is the composition of carbonic acid? What is said of its formation
and distribution? How may it be prepared? How is it obtained practically? What are
its properties ? What is said of ils density ? What of its relation to combustion ?



CARBON, 291

mixture of 4 volumes atmospheric air, and 1 volume of carbonic acid.* This
property may be strikingly illustrated by placing a lighted candle at the bot-
tom of a deep jar, and then pouring carbonic acid from anether vessel upon
it, as is represented in Fig. 151. The light will be extinguished as soon as
the gas reaches the flame.

Carbonic acid in its pure state is irrespirable, producing, the moment it is
inhaled, a spasm of the glottis, which closes at once the air passages of the
lungs: an animal immersed in it, therefore, dies of suffocation. When di-
luted with air, it may be breathed without difficulty, but if the proportion in
which it exists in the air exceeds 4 per cent,, it acts as a narcotic poison.} A
proportion of 10 to 12 per cent. is speedily destructive to animal life, and even
go small a quantity as 1 or 2 per cent. is deleterious and depressing, The
drowsiness and headache experienced in crowded and ill-ventilated apart-
ments are chiefly due to the accumulation of carbonic acid as the resulting
product of respiration.

Many persons have lost their lives, either intentionally or by accident, by
sleeping in a confined room with a pan of burning charcoal; also from de-
scending into wells, mines, vats, and sewers in which carbonie acid has accu-
mulated. Accidents of the latter character may be prevented by taking the
precaution to lower a lighted candle into the well or vat suspected to contain
this gas, before descending into it; if the light remains undiminished, all may
be considered safe; but if the flame be extinguished, or even sensibly im-
paired, there is evident danger. Wells, pits, ete., containing carbonic acid
may be freed from it by lowering into them pans of recently-burned pulver-

* This property of carbonic acid has been practically applied for the extinguishment
of fires in coal-mines—a stream of carbonic acid, generated by passing air through a fur-
nace of coal, being blown into the mine until all its passages were filled with it, and the
‘combustion arrested. In this way, a coal-minein England that had been on fire for thirty
years, and had extended over twenty-six acres, was extinguished in 1851. About 8,000,000
cubic feet of gas were required to fill the mine, and a continuous stream of impure car-
bonic acid was forced in by the agency of a steam-jet, day and night, for about three
weeks. The difficulty lay not so mnch in putting out the fire, as in cooling down the ignited
mass, 80 that it should not again burst into a flame on the readmission of air, and in order
to effect the necessary reduction of temperature, water was blown in along with the carbonic
wcid, in the form of a fine spray, or mist. Subsequently, cold air mixed with the spray
was thrown in; and in a month from the commencement of operations, the fire was found
to be completely extinguished.

A portable arrangement for extinguishing fires, termed the ‘‘Fire Annihilater,” em-
bodies the same principles. It consists, essentially, of a tin or sheet-iron case, containing
a substance holding carbonie acid in combination, together with a hottle of snlpharic acid.

3y means of a simple ‘arrangement, this bottle of acid may be broken, when its contents,
mixing with the solid, evolve carbonic acid; and this, flowing out from apertures in the
cage, fills the apartment, and extinguishes the fire.

+ By a narcotic poison we understand one which prodnces sleep and insensibility, ter-
minating, if taken in sufficient quantity, in death. Opium and morphia are examples.

QuEsTIONS.—What of its relation to respiration? Whatare illustrations of the poison-
ous influence of carbonic acid ? 'What precautions should be taken before descendicg into
wells, sewers, etc. ? -
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ized charcoal, or fresh slacked lime, or by showering down cold water—all of
which substances absorb the gas freely.

To resuscitate those who have been exposed to the poisonous action of
carbonic acid, dash cold water upon them freely, and assist the cxrculatlon by
friction of the extremitics.

432. Water at ordinary temperatures and pressures absorbg about two
thirds of its bulk of carbonic acid ; but it will take up much more if the pres-
sure be increased. The quantity absorbed is in exact ratio with the compres-
sing force, the water dissolving twice its volume when the pressure is doubled,
and three times its volume when the pressure is trebled. On removing the
pressure the greater part of the gas escapes, and produces that effervescence
which we see when a bottle of ginger-beer, soda-water, cider, or champagne
is opened. :

Most of the beverage sold under the name of soda-water does not contain
a particle of soda, but is merely water impregnated, by mechanical pressure,
with about eight times its bulk of carbonic acid. In fermenting liquors in-
closed in bottles, on the contrary, the carbonic acid is gradually evolved by
the process of fermentation in the interior of the bottle, As fast ag it is set
free, the liquor dissolves it, the pressure of the gas upon the inner surface of
the bottle increasing at the same time. The pressure thus generated is enor-
mous, and beyond a certain limit the cork will either be forced out, or the
bottle will burst. If the cork be withdrawn, the confined gas will drive out
the liquor in its own eagerness to escape. The manufacture of champagne is
always carried on in vaults far below the surface of the earth, in order to
secure a low, and at the same time a uniform temperature. The reason of this
ig, that the absorption of carbonic acid by the liquor is greatly assisted by a
reduction of temperature, and a rise of a few degrees of the thermometer in
the vault is sometimes accompanied by the breakage of thousands of bottles..

Fermented liquors, by the escape of their carbonic acid, are rendered flat
and insipid. A thick, viscid, or glutinous liquor, like porter or ale, retains
the little bubbles of carbonic acid as they rise through it, and is thereby
caused to froth; but a thin liquor, like champagne or cider, which allows the
bubbles to escape freely, only sparkles.

A solution of carbonic acid in water has a pleasant, acid taste, and tem-
porarily reddens blue litmus paper. The solvent powers of such a solution
are far more extensive than those of pure water; and the hardest rocks and
minerals are gradually disintegrated and broken down by the long-continued
action of water charged with a small proportion of this gas.

433. Solidification of Carbonie Acid.— When carbonic
acid at 32° I\ is subjected to a pressure of 36 to 38 at-

QuEesTioNs.— What is the antidote against poisoning with carbonic acid ? Whatis said
of the absorption of carbonic acid by water? What is ordinary *“ soda-water#' What is
the scurce of carbonic acid in fermenting lignors? What takes place when a fermenting
lignor is bottled ? When does a liquor froth, and when sparkle? What is said of the
solvent power of carbonic acid in solution? What is said of the solidification of carbonic
acid?
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mospheres, it condenses into a liquid as transparent and
colorless as water. If a stream of liquefied acid be allowed
to escape into the air, it freezes by its own evaporation
into a white, snow-like solid.*

* The compressing force used to effect the liquefaction of carbonic acid is that of the
elasticity of the gas itself. The experiment may be performed by generating carbonic
acid in a closed glass tube, as has been previously explained (sce § 178) ; but msually an
apparatus constructed for this particular purpose is employed. This consists of two cyl-
indrical vessels, Fig. 152, each of wrought iron, and each sufficiently strong to withstand

Fre. 152,

0.

a pressure of 4,000 1bs. per square inch. One of these vessels serves as a generator, and
the other as a receiver, and both are farnished with stop-cocks of a peculiar construction.
The generator is furnished with an axis, and is mounted upon an iron frame, so that it
may revolve in a vertical plane. The receiver is supplied with a tube, which goes nearly
to the bottom, and the generator with a cylindrical copper vessel which admits of being
filled with oil of vitriol.

The operation is conducted by charging the generator with a solution of bi-carbonate
of soda, and the copper vessel with sulphuric acid. The stop-cock of the generator being
now firmly closed, the generator itself is revolved upon its axis, by which means the oil
of vitriol contained in the copper vessel runs out upon the carbonate of soda, and occa-
sions a liberation of carbonic acid. After a time, when the action is complete, the re-
ceiver, which is immersed in a freezing mixture, is connected by means of a metallic tube
with the generator, and the stop-cocks being opened, the carbonic acid contained in the
generator rushes over into the cold and cmpty receiver, and becomes in part condensed.

QuEsTION.~—Give & general deseription of the process,
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In this condition it wastes away slowly, and may be handled and molded
with ease. If suffered to remain in contact with the skin, however, it burns
like a red-hot iron.

‘When a little mercury is placed in a porcelain cup and covered with solid
carbonic acid, the addition of a few drops of ether occasions so rapid an
evaporation that the mercury is immediately frozen, and may then be ham-
mered and drawn out like lead. In this way ten pounds of mercury may be
frozen in less than eight minutes.

434. Lime-water brought in contact with carbonic acid gas rapidly absorbs
it, and becomes milky from the formation of carbonate of lime (chalk). This
reaction, therefore, constitutes a test for the presence of carbonic acid.
Thus if we expose fresh lime-water to the air, a pellicle of carbonate of lime

Fig, 153, soon forms upon its surface, proving the pres-
ot ence of carbonic acid in the atmosphere. In
like manner, by blowing through a tube (see
Fig. 153) into a vessel of lime-water, we can
demonstrate the abundant presence of carbonic
acid in the air expelled from the lungs. The
milkiness occasioned by the contact of car-
bonic acid with lime-water, disappears when
an additional quantity of acid is taken up by
L the solution—carbonate of lime being soluble
§] in an excess of carbonic acid. Many natural
waters, by virtue of -an excess of carbonic
acid contained in them, hold very considerable
quantities of lime in solution, and are thereby
rendered “hard.” When such waters are heated or agitated with air, & portion
of the carbonic acid escapes, and the lime is precipitated—forming in boilers
and tea-kettles, and in the channels of streams, incrustations of lime.

435. Petrifactions.—It often happens, when au organic substance
is placed in water holding lime in solution by virtue of an excess of carbonic
acid, or other mineral matter, that its particles, as they decay, are replaced
by particles of mineral matter, until at last all the organic particles disappear,
and a stony mass is substituted, which resembles the original substance in

The stop-cocks are now closed, the vessels disconnected, and the generator opened and
freed ofits contents. It is then charged afresh, and the operation repeated as before ; five
or six repetitions being necessary before any very considerable quantity of liquefied acid
becomes accumulated in the receiver.

The liquefied gas can be drawn off from the receiver by means of a jet, @, screwed on
to its stop-cock. When a portion is discharged by means of this jet into a metallicbox,
b, fitted with perforated wooden handles, a part of the liquid gas assumes a solid condi-
tion in consequence of the intense cold developed by the evaporation of another portion,
and the box becomes filled with a white solid, like dry snow.

QUESTIONS,—What are the properties of the solidified gas? What is a test for the
presence of carbonic acid? What are illustrations? Under what circumstances does
carbonate of lime dissolve in water? 'When is it deposited ? What are petrifactions ?
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form and structure, and not unfrequently in color. This result is termed
petrifaction. It is a mistake, however, to suppose that the original particles
aro converted into stone; for the process of petrifiction is one of replace-
ment, and not of conversion, . e., a particle of mineral matter of the samo
form being substituted for each organic particle.

436. The presence of carbon in carbonic acid may be demonstrated by drop-
ping a piece of ignited potassium into a small flask filled with the dry gas.
The potassium, by depriving the carbonic acid of its oxygen to form potash,
liberates carbon, which is deposited in the form of black particles upon tho
walls of the glass. This experiment, which is a very striking one, may also
be performed by igniting a bit of potassium in a glass tube, through which
a current of dry carbonic acid is at the same time transmitted.

437, Carbonic acid is evolved from the earth in many localitics, particu-
larly in.vGlcanic districts. At one locality near Vesuvius in Italy, it is esti
mated that 600 lbs. weight are discharged every twenty-four hours.

438. The salts formed by the union of carbonic acid with the protoxyds
of the metals, are numerous and important, and are termed CARBONATES.
They are easily decomposed by contact with the stronger acids, and, with
the exception of tho carbonates of the alkalies, they are for the most part in-
soluble in water.

439. Carbonic 0xyd, C0.—When carbonic acid is passed
over red hot coal, or metallic iron, it loses half of its oxy-
gen, and becomes converted into carbonic oxyd.

This reaction is often witnessed in coal fires. The fuel in the lower part .
of the grate, which has free access to air, generates by its combustion carbonic
acid. This passing up through the interior of the fire, where the supply of
air is limited, is deprived of half of its oxygen, and becomes carbonic oxyd,
while at the same time the carbon of the heated fuel which has entered into -
combination with the removed oxygen furnishes another equal quantity of tho -
same gas. On coming in contact with the air at the top of the fire, the car-
bonic oxyd ignites, and burns with a flickering, pale-blue flame. This phe-
nomenon may be particularly noticed in a charcoal fire, when fresh coal has
been recently added.

Carbonic oxyd i3 a transparent, colorless gas, which is much more poison-
ous than carbonic acid ; and the inhalation of air containing one two hun-
dredths of it, for any considerable length of time, is said to be fatal. Carbonic
oxyd may be obtained with facility by heating crystallized oxalic acid with
five or six times its weight of concentrated sulphuric acid in a glass retort,
and collecting over water. As thus prepared, it contains carbonic acid, from
which it may be separated by allowing the mixed gases to bubble througl
milk of lime, or solution of potash.

QuEesTions.—How may the presence of carbon in carbonic acid be demonstrated ? 'What;
is said of the natural production of carbonic acid? 'What of its salts? What is carbonie
oxyd ? What is a familiar example of its production? What are the properties of car-
boaic oxyd? How is it prepared ?
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By generating the carbonic oxyd in the same mammer in a test tube fitted

with a perforated cork and jet, Fig. 154, the gas may be

F1e. 154. ignited as it is evolved; and its peculiar blue flame ex-
hibited.

440. Carbon and Sulphur.

Bi-Sulphide of Carbon, CSq,-—When frag-
ments of sulphur are dropped wponm ignited eharcoal
contained in a peculiarly arranged earthen retort, the
gulphur in the form of vapor unites with the carbon, and
the product of the combination distilling over, may be
condensed, in cooled receivers, into a colorless, transpa-
rent liquid—Dbi-sulphide of carbon.

This compound ig highly volatile and inflammable, and
is characterized by a most fetid and peculiar odor. It

5 possesses the power of refracting light in a remarkable
manner and as the most ready solvent known of gutta-percha, India-rubber,
and various greasy and resinous substances, it is somewhat extensively ap-
plied to manufacturing purposes. It also dissolves sulphur, phosphorus, and
iodine—these bodies being deposited again in beautiful erystals by the evapo-
ration of their solvent.

441. Carbon and Nitrogen.

Cyanogen, NC(C2 or Cy.—This substance, which i3 one of the most
interesting compounds of carbon, strikingly resembles an element, and was the
first compound body which was distinctly proved to be eapable of entering
into combination with the elements in a manner similar to that in which the
elements combine with each other.

This discovery, made in 1814 by Guy Lussac, formed an epoch in chemical
science, and by originating new views of chemical composition, revolution-
ized the whole subject of organic chemistry. Since then, numerous other
bodies have been discovered, which deport themselves in respect to the ele-
ments exactly as cyanogen does—or in other words, as if they themselves
were elements. Such compound bodies are known in chemistry as eompound
or organic radicals ;—the elements being simple radicals. (See § 271.)

The name cyanogen (blue-producer, from the Greek xiavoc, blue) is derived
from the circumstance that this body forms an essential ingredient in the pig-
ment, “Prussian Blue.”

Cyanogen cousists of 2 equivalents of carbon, and 1 of nitrogen; but no
direct union of these elements can be effected.

For experimental purposes on a small scale, it may be obtained by heating
in a small retort, or test tube (see TFig. 155), the salt known as cyanide of
mereury, previously reduced to a fine powder, and well dried. The eyanide

%

QuesTions.—What is bisulphide of carbon? What is its method of preparation?
‘What are its properties? What its practical applications? What is said of cyanogen ?
‘What are compound or organic radicals? What in chemistry is understood by a radical?
What is the chemical constitution of cyanogen? How may it be prepared ?
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undergoes decomposition, like the oxyd of mercury under Fia: 155,
the same circumstances (§ 281), yielding metallic mer-
cury and gaseous cyanogen, which should be collected
over mercury,

442. Properties.—Cyanogen is a trafisparent, cols
orless gasg, with a pungent, peculiar odor; somewhat resems
bling that of peach kernels; it is nearly twice as heavy
as atmospheric air, and when inhaled, is poisonous, It i
inflammable, and burng with a beautiful and chardcters
istic purple flame, At a temperature <=4° ¥., it liquefies;
and forms a colorless, limpid liquid, which freczes at
—30¢ F, into a transparent solid.

Cyanogen in many of its properties closely tesembles
chlorine, and like it unites with hydrogen to form an
n¢id, and With the metals to form salts, termed cyanides,
which latter possess the characteristic properties of the haloid salts.

¥ /443, Ferrocyanide of Potassium, Ky FeCyy + HO, —
Prussiate of Potash.~=The compounds of cyanogen are almost always obtained
from a salt known as ferrocyanide of potassium, or yellow prussiate of potash,
‘hich is a double cyanide of potagsium and iron. This salt is prepared on a
large scaley, by heating in a covered iron pot or retort, about b parts of refuse
animal matter, such ag the parings of hoofs, horns, hides, dried blood, etc.,
with 2 patts of carbonate of potash (pearlash), and iron filings, At & high
temperature the nitrogen and carbon of the animal substances teact upon
each other, and form cyanogen, which combines with potassium derived from
the potash, and with iron. On digesting the mass, when cold, with water;
the ferrocyanide of potasslum (K2, Fe Cyz+-3 110) is formed, and may be ob+
tained, by filtering and evaporating the solution, in splendid, yellow, flat
crystals, In this condition it forms an important article of commettce.

444. Prussian Blue.~~When a solution of ferrocyanide of potassinm
is added to a solution of peroxyd of iron,* a beautiful, deep+blue, bulkcy pres
cipitate is obtained, which, when washed and dried, constitutes the well-
known pigment, Prussian, ot Berlin blue==so called from its discovery at
Berlin, in Prussia, in 1710, This substance is largely used in painting; in
calico-ptinting, and dyeing, in staining wood and paper, and for concealing or
neutralizing the yellow color of linen (an operation termed blueing). Cloth
may be dyed blue by first immersing it in a solution of petoxyd of iron; and
then in one of ferfocyanide of potassium j the two stibstances thud meeting
in the structure of the eloth, precipitate or produce the color in the very in-
terior of the fibers.

* A solution of petoxyd ofirott may be readily obtalned by dissol¥ing a4 few crystals of
copperas (green vitriol) in water, adding a little nitric acid, and heating the solution.

QUESTIONS. —~What are its properties? What is sald of its affinities and €ompounds?
‘What is ferrocyanide of potassium? How is it prepared ? How is Prussian blue pre-
pared? What are its uses? Iow is cloth dyed of this color ?
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445. Blue Ink.—Prussian blue is insoluble in water and in dilute acids,
with the exception of oxalic acid. The blue liquid obtained from its solution
in this acid, thickened with gum, constitutes the well-known blue ink, or
writing fluid.

The color of Prussian blue is not very permanent, and is instantly destroyed
by the action of the alkaliess The substance itself is formed by the union
of cyanogen with iron; and its composition, which is somewhat complex,
may be represented by the formula (3 Fe Cy<4-2 Fey Cys). Although con-
taining cyanogen, a poison, Prussian blue is not poisonous, and is used by
the Chinese in large quantities for the coloration of *green tea.™*

‘When ferrocyanide of potassium is added to a solution of protoxyd of iron

. (green vitriol), it occasions a greenish-white preeipitate, which, by exposure

‘Lto air, rapidly becomes blue,

" /Ferridcyanide of Potassium.—When chlorine gas is passed

" through a solution of ferroeyanide of potassium, a salt crystallizing in ruby red

crystals is obtained, which contains a larger proportion of cyanogen than the

ferrocyanide of potassium; and is known as the ferridcyanide of potassium,

or the red Prussiate of potash, When added to a solution of the protoxyd of

iron, it produces a dark-blue precipitate, but with solutions of the peroxyd it

forms no precipitate. By the use, therefore, of the ferro and ferrid cyanides

Lof potassium, chemists are easily able to distinguish betwcen salts of the per-
_oxyd and salts of the protoxyd of iron,

-'/446. Cyanide of Potassium, KCy.—When 8 parts of ferro-
cyanide of potassium, 3 of carbonate of potash, and 1 of charcoal, are exposed
1o a strong red-heat in an iron crucible, a compound of eyanogen and potas-
sium is obtained-—the cyanide of potassinm. This salt, when pure, somewhat
resembles white porcelain in appearance; it is freely soluble in water, and
‘when taken into the stomach, is a deadly poison. The hands of the work-
men who use this salt are also liable to ulceration.

The golution of cyanide of potassium in water possesses the property of dis-
solving most of the metallic oxyds, especially those of the precious metals; it
is, on this account, therefore, extensively used for the preparation of the gold
and silver solutions employed in electro-gilding and plating. A solution of
cyanide of potassium will dissolve out the black marks of ‘ indelible ink,”
which is & solution of the oxyd of silver.

447, Uydrocyaniec Acid, HCy.— Prussic Acid.— This
compound, so remarkable for its poisonous properties, is

* The progress of chemical science is strikingly illustrated by the fluctuations in the
price of this pigment:—thus in 1770, its price was $10 perpound ; in 1815, $3; in 1825,
60 cents ; and at the present time, about 30 cents.

QUESTIONS.—What i blue ink? ‘What is said of the permanency of the color of Prus.
sian blue? What is its composition? Whatis the reaction of ferrocyanide of potassiun
and protoxyd of iron? What is ferridcyanide of potassium? What are its reactions with
the solutions of the oxyds of iron? How is cyanide of potassium formed? What are its
properties? What its practical applications? What is said of the formation of prussic acid ?
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formed by the indirect union of cyanogen and hydrogen.
It is easily obtained by distilling cyanide of potassium
with dilute sulphuric acid.

The reaction is similar to that involved in the production of hydrochloric

acid from common salt and sulphuric acid (§ 358), thus:—

Cyanide of potassium.  Sulph. acid, Sulph, potash. Hydrocyanie acid.

KCy 4 8S0; HO = KO, S0s -+ HOCy.

In its pure state, hydrocyanic acid is a colorless, transparent liquid, with a
feeble acid reaction. It is lighter than water, and so extremely volatile, that
if a drop be allowed to fall upon a glass plate, a part of the acid will be frozen
by its own evaporation. Its vapor has an odor of peach-blossoms or bitter
almonds, and both of these substances owe their peculiar flavor in part to the
presence of this acid in their composition.

Hydrocyanic acid is the most fatal of all the poisons known to the chemxst
A single drop of the concentrated acid upon the tongue of a large dog pro-
duces immediate death; and a slight inhalation of its vapor occasmns very
disagreeable sensations. ‘When largely diluted with water, it is sometimes
given in medicine in very minute doses. Ammonia, brandy, and chlorine
are its best antidotes. A suspension of animation occasioned by an over-dose
of it does not always result in death, if proper remedies are employed.

Physiologists are not fully agreed as to the cause of the almost instantan-
eous death occasioned by this acid. By some it is supposed to act upon the
vital organs by reason of a sympathetic shock transmitted to the nerves; and
by others the effect is ascribed to an almost immediate absorption of the poison
into the system.

Various parts of many plants belonging to the order Rosacee, such as bitter
almonds, the kernels of plums and peaches, the leaves of the cherry-laurel,
etc., yield, on distillation with water, a sweet-smelling liquid containing hy-
drocyanic acid.

~448. Cyanogen and Oxygen.—Cyanogen further resembles an
element in the circumstanco that it is capable of uniting with oxygen, in sev-
eral proportions, to form acids, which, in turn, unite with bases to produce

© salts. The two best known of these oxyds, cyanic and fulminic acids, have
an identity of chemical constitution, but entirely different properties,

/’ 449. Cyanic Acid, €yO0 isa highly volatile liquid, which decomposes
quietly, but so readily, that it is exceedingly difficult to preserve it in unal-
tered condition ; its salts are termed cyanates.

/ 450. Fulminic Acid, Cy, 0, which, like cyanic acid, is composcd

“of cqual atoms of cyanogen and oxygen, is not known in a separate state. Its
compounds with tho metallic oxyds are termed fulminates, since they explode,

QuEsTIOoNs.— What chemical reaction is involved in its preparation? Wha$ are the pro-
perties of prussic acid? What is said of its poisonous qualities? What are its antidotes?
How is it supposed to occasion death? From what vegetable productions may prussie
acid be obtained? In what other respects does cyanogen resemble an element? Whak
is said of cyanic acid? What of fulminic acid?
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from the slightest disturbing eauses, with fearful violence. The compound
with mercury, termed *fulminating mercury,” is prepared by dissolving 1
part of mercury in 12 parts of nitric acid, and mixing the solution with an
equal quantity of aleohol; on the application of gentle heat, chemical action
ensues, accompanied by the evolution of copious white fumes, and the fulmin-
ate separates in white erystalline grains. As thus obtained, it eonstitutes,
when mixed with six times its weight of saltpeter, and made into a paste
with water, the eomposition used for filling percussion caps. .~

Besides the fulminate of mercury, analagous compounds may be formed in
a similar manner with oxyds of silver, copper, zine, and other of the clements.
All of them are exceedingly dangerous to handle, and the fulminate of silver
ranks next to the chloride of nitrogen in explosive eharacter; thus, it explodes
under water when heated to 212° ., and also when iz a moist state by fric-
tion with a hard body ; when dry, the touch of a feather, or the vibration of
the house occasioned by the rolling of a carriage, is also sufficient to cause its
violent decomposition. The fulminic acid separates, on exploding, into nitro-
gen, carbonie oxyd, and the vapor of water, the metal being set free.*

451. Compounds of Carbon and Hydrogen.—The com-
pounds of carbon with hydrogen arec numerous, and are
all derived from the decomposition of bodies of an or-
ganic origin. Some of these are liquid, some solid, and

others are gaseous.

The consideration of two of them only properly pertains to the department
of inorganic chemistry. These are, light carburetted kydrogen gas, Csllg, and
heavy carburetted hydrogen, or Olefiant gas, Cqlls.

452. Light Carburetted Hydrogen, CHy—Marsh Gas; Fire-
damp.—This gas occurs abundantly in nature. It is evolved from rock-fissures
in coal mines, and forms, in connection with atmospheric air, an explosive
compound, known to the miners as * fire-damp.”t It isalso a eonstant product
of the putrefactive decomposition of wood and other carboraceous bodies un-
der water, and may be obtained from this source by stirring the mud at the
bottom of stagnant pools, and eollecting the gas as it rises by means of an
inverted bottle and tunnel.  (See Fig. 155.) At Kanawha, in Virginia, this
gas rises in immense quantities in connection with salt-water from Artesian

* The detonating bombs with which the lifc of Napoleon IIT. was atteropted in 1853,
were filled with fulminating mercury.

1 In this eondition it accumulates in the galleries of coal mines in large quantities, and
when fired by accidental eontaet with flame, explodes with fearful violence. The product
of the explosive combustion is mainly carbonic acid, so that the workmen in the mine who
escape death by burning, arc almost certain to be afterward suffocated. By an explosion
of this character at the Felling eolliery in England, in 1812, 92 persons lost their Iives.
These accidents have now been in a great measure prevented by the use of the ** safety
lamp.™

QuEesTioNs.—How is fulminating mercury prepared? To what use is it applied?
‘What is said of the other fulminates? What iz said of the compounds of carbon and hy-
drogen? What is said of light carburetted hydrogen? What is *¢ fire-damp?"



CARBON. 301

wells, and being conducted by an ar-
rangement of pipes under the salt-
boilers, furnishes sufficient lheat by
its combustion to evaporate the brine.
A similar natural supply of this gas
in the town of Xredonia, in New
York, has for many years past been
cxtensively applied for illuminating
purposes.

453. Properties.—Light car-
buretted hydrogen is a colorless, in-
odorous, tasteless gas, slightly soluble

_ in water, and when diluted with
common air may be inhaled with~
out injury. Its weight is about half
that of air. It does not support com-
bustion, but is itself inflammable, and
burns with a yellow, luminous flame.
‘When mingled with air or oxygen gas it forms explosive compounds. 100
parts of this gas by weight, consist of 75 carbon and 25 hydrogen.

454. Heavy Carburetted Hydrogen. Olefiant Gas, CHy
~This gas was discovered in 1796 by an association of Dufelx chemists, who
gavo it the name of “olefiant (oil-producer), from its formation with chlorine
of a compound having the appearance of oil. It does not occur naturally,
but is obtained by the destructive distillation* of oil, and also in connection
with light earburetted hydrogen and some other substances, when coal, tesin,
tar, asphaltum, fat, animal refuse, and similar inflanunable matters are distilled
for the purpose of obtaining gas for artificial illuminatior.

Fia. 156. Olefiant gas is casily prepared by heating to-
gether 1 measuare of sfrong aleohol with 2 meas~
ures of oil of vitriol in a retort or flask eapable of
holding at least four times the bulk of the liquid
introduced. (See Fig. 156.) The gas eomes off
freely at first, but by degrees the mixture black-
ens and froths up, so that a eareful regulation of
the heat is necessary. It is accompanied by the
vapor of ether, and toward the elose of the pro~
ecss by sulphurous acid in large quantities ; but
t may be purified by eausing it to pass, first
= through a Woulfe’s bottle econtaining’ a solution

of potash, then through oil of vitriol, and finally

eollecting over water.

* By destructive distillation, we understand the decomposition of a body subjeeted to
heat in a retort, accompanied by a partial or entire volatilization of its products.

QuEesTrons.—What are its properties? What is said of elefiant gas? How is it eb-
tained? 'What is understood by destructive distillation ?
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455. Properties—Olefiant gas, as thus prepared, is a colorless gas,
with a faint, sweetish odor. It is slizhtly soluble in water, and has about the
same density as air. It was liquefied by Faraday under great cold and pres-
sure, but remained unfrozen at —166° F,

Olefiant gas does not support life or combustion, but is itself very irnflam-
mable, and burns with a splendid white light, far surpassing in brilliancy
that produced by light carburetted hydrogen. When mixed with oxygen
and fired, it explodes with great noise and violence. This may be illustrated
by passing bubbles of the mixed gases through water, and igniting them at
the surface, care being taken not to communicate fire to the vessel containing
the mixture.

The composition of olefiant gas is 2 volumes of hydrogen and 2 of carbon
vapor condensed into 1 volume.

‘When olefiant gas is mixed over water with an equal volume of chlorine,
the two gases gradually unite, and form a heavy, sweetish, aromatic liquid.
This substance, which collects in cily-looking drops in the water, is commonly
known as ‘ Dutch liquid,” from its discoverers.

An instructive experiment may be also performed by mixing in a tall jar 2
measures of chlorine and 1 of olefiant gas. On applying a light to the mouth
of the vessel, the mixture burns guietly—the chlorine uniting with the hydro-
gen to form hydrochloric acid, while the carbon is deposited in the form of a
dense black smoke.

456. Illuminating Gas, prepared by distilling in close
vessels bodies rich in hydrogen and carbon, but deficient
in oxygen, is always a mixture of olefiant gas, light car-
buretted hydrogen, carbonic oxyd, and hydrogen in va-
riable proportions, depending upon the nature of the sub-

stance, and of the process of manufacture.

The most valuable constituent of all illuminating gases, is olefiant gas; and
if this gas could be procured sufficiently cheap, it would be used alone in
preference to all others; but as this is not the case, we are obliged, from mo-
tives of economy, to be content with a mixture of olefiant and other gases,
such as is yielded by the decomposition of oils, fats, resing coals, and the like
substances. Oils and fats, when distilled, yicld a product very rich in ole-
fiant gas, which has double the illuminating power of the best coal gas, and
three times that of ordinary coal gas  Resins also yield a highly illuminating
gas. The first cost, however, of oil and resin is so much greater than that
of coal, that the former are not able in an economical point of view, to com-
pete with the latter, although the product of gas from coal is every way in-

QUESTIONS. —What are its propertiecs? 'Whatissaid of the illuminating properties of
olefiant gas? What compound does it form with chlorine? What phenomena attend its
combustion with chlorine ? What is illuminating gas? What is its most valuable con-
stituent? What are the comparative values of oils, resins, and coals for the manufacturs
of gag?
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ferior to that from oil and resin.
Thus a pound of coal yields from
3 to 4 cubic feet of gas; a pound of
oil, 15 cubic feet; of tar, 12; and
of resin, 10,

457. Coal G asis only produced
from the bituminous varieties of
coal, but all bituminous coals are
not fitted for gas manufacture. The
production of gas depends upon the
application of a high temperature to ~
the coal. Ata moderate heat, such %
as 400° ., the volatile constituents
of the coal separate mainly as liquids
~—oil and tar—-with little or no ad-
mixture of permanent gas; but at
& cherry-red heat, or a little higher,
there is an abundant production of
gas, with only a small production
of tar, cte. That variety of coal
known as “cannel,” is far superior
to all others for the production of
gas. -

Tho manufacturo of coal gas is
divided into three processes, viz., its
formation, purification, collection
and distribution.

Tts formation is always efs
fected in semi-cylindrical
tubes of cast-iron, called re- 7
torts, arranged in furnaces,
as is represented at R F, 7
Tig. 1517. The cylinders are
closed at the posterior end,
and open in front, each being
yrovided with a doory which =

s made to fit air-tight by
ncans of serews and moist
day.  In very extensive
yas-works there are from
400 to 500 retorts, of which

e

RBON,

Fic. 157,

%
/
//
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from 200 to 300 are worked night and day—each retort being charged with
The residue left in the retorts after all

about 120 lbs. of coal every 6 hours.

QursTions.—~What coals are used for gas manufacture? Upon what does the produe-
tion of gas from coal depend? Into what three processes is gas manufacture divided?

Deseribe the formation of coal gas.
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the volatile products of the coal have been evolved, is coke, which is raked
out, cooled, and used for fuel. It is worth, for heating purposes, as much or
more than the coal originally was from which it is derived, and, therefore,
the cost of thie coal tised in the retorts is, theoretically, nothing, Fig. 158
represents the manner of charging and clearing the retorts, and the general
appearance of the furnaces of large gas-works,

Fic. 158.

The volatile products evolved by heat from the coal are light and heavy
carburetted hydrogen, carbonic oxyd, hydrogen, oily vapots, sulphurous acid,
sulphuretted hydrogen, ammonia, catbonic acid, aqueous vapor, hitrogen, and
small quantities of many other substances, This mixture is fotally unfit for
illuminating purposes until purified, which is accomplished as follows :—

QUESTION,—~What are the volatile productd evolved from the coal ¢
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The gases and vapors, as they are evolved from the coal, flow out of the
retorts through iron pipes into a receiver half filled with water, which is
called the hydraulic main, I, Fig. 1567—the extremities of the pipes dipping
beneath the surface of the water, in order to prevent the gas from returning
into the retorts when the doors are opened. In the hydraulic main a consid-
erable quantity of the matters volatilized with the gas are deposited, viz.,
ammonia and the oily vapors, which condense into a black, semi-liquid mass,
known as “coal-tar.” The gaseous products, however, being still hot, retain
various other matters in a vaporous state, which, unless separated, would in
cooling condense in distant parts of the apparatus, and stop up ‘the pipes.
The hot gas is therefore made to pass from the hydraulic main into large up-
right iron tubes, surrounded with cold water, which are. called condensers,
in which the remaining vapors condense into a liquid, and trickle down into
régervoirs provided for their reception, C, Fig. 157. From the condensers,
the gas passes through a cylindrical vessel, P, Fig. 154, filled with cream of
lime, kept in a state of constant agitation by means of a wheel, or stirrer, s s.
This lime removes the carbonic acid, the sulphur ecompounds, and the re-
maining ammonia from the gas, which is then discharged into the gasometer,
and is rea.dy for distribution.

Dry lime arranged upon a series of shelves, over which the gas is made to
pass, is also used for purification. As the gas leaves the lime-purifiers, the
aqueous vapor which it always contains in a greater or less guantity, takes
up mechanically certain portions of the lime; each little particle being in-
closed in a microscopic vesicle or bubble of vapor, which floats in the gas
with its burden like a miniature balloon. 1Inthe combustion of the gas these
vesicles of vapor burst, and their inclosed particles of lime being liberated,
occasion the sparkling which may be generally observed in the flame of coal
gas.

In the beginning of the distillation, the olefiant gas forms about ene fifth
of the entire volume, but toward the end of the process, or by too strong a
red-heat, its quantity considerably diminishes, while that of hydrogen increases.
The great bulk of ordinary coal gas is light carburetted hydrogen; the gas
first given off from good coals consisting of 13 of olefiant gas, 82-5 carburetted
hydrogen, 32 carbonic oxyd, and 1-3 nitrogen. After the lapse of 5 hours
the product consists of 7 olefiant gas, 56 carburetted hydrogen, 11 carbonic
oxyd, 213 hydrogen, and 47 nitrogen. The free hydrogen and carbonic
oxyd present in coal gas give no light, and are positively injurious, by dilut-
ing the illuminating gases.

Gas is sold by the cubic foot, or by the thousand cubic feet ; and an ordi-
nary gas-flame is generally cstimated to consume from 1 to 14 cuhic feet per
hour.

458. Gas Meters.—Cas is measured by means of a self-acting instru-

Qurstions.—How is the gas purified? What proportion of coal-gas isolefiant? What
proportion is light carburetted hydrogen? X ow is gas sold? How much gas will an or-
dinary burner consume in an hour? How is gas mca.sured ? Describe the construction
of the meter.



306 INORGANIC CHEMISTRY.

ment called a meter. Its principle of construction and working may be illus-
trated as follows: When a number of vessels, of known capacity, are so
arranged that (without loss of gas in the interval) one after the other shall bo
filled by gas in passing—and for this purpose, are inverted in water, into
which the gas enters, as in the case of an ordinary gasometer—it follows, that
just as many cubic feet will have passed as there are vessels that have been
filled. If all these vessels are attached to a common axis and revolve with
it, as each in succession fills and rises, the axis will be turned once round,
thereby indicating the passage of 4 cubic feet
of gas. Now, in the ordinary gas-meter (seo
Fig. 159), instead of four separate vessels, thero
is an outer, cylindrical case, A A, more than
half filled with water, and a cylindrical drum,
divided info four compartments, B B B B, re-
volving in it. ‘The gas enters into the revolv-
ing inner drum, by a pipe at its center, and
discharges its gas into the compartment which
may happen to be over it, causing the compart-
ment to rise, and the drum to perform a portion
of a revolution. When the compartment be-
comes entirely filled, its edge, D, is lifted so far
out of the water that the gas contained in it escapes (passing in the direction
of the arrows) into the space between the two drums, and is conveyed away
by a tube not shown in the figure. The revolving drum is connected with
clock-work, which shows by an index the number of revolutions made, and
the capacity of the compartments being known, the quantity of the gas pass-
ing through is accurately determined. The meter described is known as the
“wet meter,” and is the one in most general use. Other arrangements em-
ployed for measuring gas, dispense wilh the water, and are termed “dry
meters.”* S

459. Tlluminating gas of all kinds, when mixed with air in certain propor-
tions, forms explosive mixtures; care, therefore, should be taken, not to enter
an apartment pervaded with a strong odor of gas, with a light, until a thor-
ough ventilation has been effected.

* The gas-meter, when properly constructed, is an exceedingly accurate instrument,
though frequent differences arise on this subject between gas panies and their cnstom-
ers. These discrepancies, occurring between one period of consumption and another, and
which are always attributed to the meter, arise most frequently from differences in the
quality of the gas furnished ; for it is a fact not sufficiently known, that the poorer the
gas, the faster it will flow through the burners; and, though the meter has registered
carrectly the volume of gas delivered, it does not follow that the consumer has received
an equivalent amount of light. A desirable improvement in this direction would be a
meter registering the time or duration of light, rather than the volume of gas. Until that
is acconiplished, gas companies have no inducement to furnish good gas. The worst ar-
ticle with which consumers can be satisfied will be more likely to be manufactured, since
it is the cheapest to produce, and the ‘dearest to sell. .

QuEsTION.—What is said of the explosive compounds of illuminating gas?
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460, History.—The fact that a combustible, illuminating gas, is pro-
duced during the decomposition of coal by heat, was first noticed in 1664, but
it is only within the present century that any general, practical application of
this knowledge has been made. Gas was first employed for street illumina-
tion in London in 1812, and in Paris in 1815. The majority of householders
in London were opposed to its introduction into the streets of that city, and
for many years the advocates of the use of gas for general illumination, en-
countered a great amount of opposition and ridicule.*

461. Gag is manufactured from oil, resins, grease, etc., by causing them to
trickle into a retort containing fragments of coke, or bricks heated to redness.
Decomposition of the oily substances immediately takes place, and the gas
evolved needs only to be cooled to adapt it to immediate use.

< CHAPTER VII.

COMBUSTION.

462. History.—Fire, in the opinion of the ancients, was
one of the four elements of nature—earth, air, and water

being the other three.

This doctrine was generally received until the middle of the 17th century
(1650), when a new theory, accounting for the various phenomena of combus-
tion, was proposed by Beccher, an eminent German physician and chemist,—
which was afterward, toward the latter part of the same century, still further
elaborated and explained by Stahl, also a German physician, and one of the
most eminent scientific men of his age. This theory, which remained undis-
puted until after the discovery of oxygen in 1774, was known as the “ Phlo-
gistic Theory.”

It started with the assumption that there existed in nature a distinct
substance, or agency, constituting the principle of fire, called Phlogiston
(from the Greek éAoyilw, o burn). Phlogiston, although never isolated, was
believed to exist in all combustible bodies, and to constitute a part of their

* At the present time it is estimated that 6,000,000 tons of coal are annually employed
in England for the manufacture of gas, and from 60 to 75 millions of dollars are expended
in its production, In London alone, 500,000 tons of coal are annually used, producing
five thousand million cubic feet of gas, and yielding an amount of light equal to that which
would be evolved from the combustion of ten thousand million of tallow candles, of six
to the pound.

QUESTIONS.—What is said of the history and first introduction of gas? How is gas
manufactured from oils and resins? What was the original supposition concerning fire ?
‘What theory succeeded? Explain the general principles of the phlogistic theory ?
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structure, and its presence in such bodies was supposed to endow them with
the property of burning. When a body burned, phlogiston was liberated, and
the light and heat which accompany combustion were attributed to the rapid-
ity which which the phlogiston passed out. When a body was wanting in
phlogiston, or had once lost it, it ceased to be combustible, and was said to be
dephlogisticated.

For example, according to this theory, a lighted candle burns because it is
a compound of candle-matter and phlogiston, which compound, in the action
of burning, is decomposed, and the phlogiston, set free, appears, in escaping,
in its natural character, as flame. The pure, dephlogisticated candle-matter
is also liberated, little by little, as the candle burns away, and when collected,
proves to be water and carbonic acid; so that, according to the phlogistic
theory, tallow should be regarded as a compound of fire, with water and car-
bonic acid. Furthermore, “a stick of brimstone burns away with a blue
flame and a suffocating vapor, and the residue of its combustion is sulphurous
acid. In the language of the phlogistians, brimstone is a compound of two
things, sulphurous acid and phlogiston; and when it is suffered to burn, it
gives out its phlogiston, or flame of fire, and there remains its dephlogisti-
cated sulphur, or sulphurous acid, in the scparated state. Phosphorus, ac-
cording to the same hypothesis, contains a white, deliquescent acid (§ 405)
and phlogiston—the two so loosely united as to be kindled or decomposed by
a little friction, or by a slight elevation of temperature ; when burned, it sheds
its phlogiston, and the phosphorie acid is reproduced.”

It had been long before observed, that the metals, with the exception of
gold and silver, were changed into rusts, or * calxes,” resembling chalk, brick
dust, or other highly-colored earthy bodies,* when heated to a high tempera-
‘ture in the air. 'We now know these calxes to be simply oxyds; but the
phlogistians, recognizing the only identity of this alteration of the metals with
what is undergone by sulphur, phosphorus, or any common combustible when
it is burnt in the air, explained the change as follows: they said that each
metal was composed of its own rust, or ealx, and phlogiston, and that when
it was burned in the fire, it gave out its fiery principle, while its ashes or
rust remained.” Thus, iron was composed of iron-rust and fire; dephlogisti-
cate it, that is, burn it to a cinder, and you have rust.

“ Such bodies as wood, coal, and especially charcoal, which give out much
heat, and leave apparently little dephlogisticated matter when burnt, were
regarded as substances overcharged with phlogiston, and therefore capable of
imparting it largely to others. Now, it always was, and still is, desirable to
transform ores, such as iron-rust in the various iron-stones, into metals, such
as iron; and it bas long been understood that the best way of doing so, con-
sists in mingling those ores with carbon in some form or other, and heating
them in a furnace; a thing but too easily explained by the phlogistic theory,
for the carbon had only to pour its phlogiston into the ores to convert them
into metallic natures, solid and bright. In the substance of silver and gold,

* Iron-rust (oxyd of irom), oxyd of lead, ete.
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-however, the phlogiston (fire) was so compacted and inherent, that nothing
could take it out of them; and hence they remained fixed in the furnace
under all ordinary circumstances.”  $euniuy

The phlogiston, once liberated from a metal or combustible, could not, kike
the dephlogisticated matter—the phosphoric, or sulphurous acid, or the iron-
rust—be caught and measured. In the opinion of the ancients, it ascended at
once into a boundless space of pure fire, called the * empyrean,” which was
supposed to inclose the air as the air inclosed the earth; but according to the
phlogistians, it was no sooner liberated from a combustible, than it passed
into combination with the surrounding atmosphere. It could not, in their
opinion, be emancipated from its union with one body, unless another was
ready to take it without delay, and the appearance called fire, was the almost
instantaneous glance of phlogiston in its passage from one engagement to an-
other. Hence the necessity of the presence of air to the continuance of com-
bustion; and hence Priestley, when he discovered oxygen, supposed it to be
common air deprived of phlogiston; since it did not burn of itself, but power-
fully supported combustion, by reason of its supposed attraction for the phlo-
giston contained in combustibles, He therefore called it dephlogisticated air.

Although the phlogistic theory ingeniously explained a great variety of
phenomena, there were certain eircumstances connected with combustion
which could not well be accounted for. Thus it was observed that certain
metals were heavier after heating than before: ten grains or ounces of lead
weigh more than ten after having been burnt to calx; and ten ounces of
fron increase in weight by conversion into rust;—in other words, the metals
lead and iron, supposed to be compound bodies, gave off by heating, one of
their ingredients, phlogiston, and were thereby converted into elements; and
yet the product—the calx—was heavier than the original metal ; whereas, if
phlogiston was really a material substance, and had escaped from the lead or
the iron, the products, after heating, ought to have weighed less. This diffi-
culty was explained by assuming that phlogiston, alone of all substances, was
endowed with the specific property of lightness, or levity, so that it buoyed
up, or made lighter, every body with which it combined. “This singular
evasion of the question of weight only introduced another perplexity ; but the
good old chemists were equal to the emergency. If the calx or rust of lead,
or of any other metal, became lighter, in common balance-weight, by eombin-
ing with phlogiston—that agent of positive levity—how was it that it also be-
came specifically heavier? The calx was comparatively a light stone; but
the lead into which it was converted by union with light phlogiston, was a
comparatively heavy metal; a cubic inch of the metal being twice as heavy
as a cubie inch of the stone. If the particles of an ounce of calx had buoys
of fire attached to them, so as at once to change them into particles of lead,
and to make them lighter in the aggregate, how should such enlarged and
lightened particles produce a metal of so much greater a specific gravity than
the unphlogisticated rust?’ To this it was replied, “ that the phlogisticated
particles of calx were not enlarged, but only lightened; the fiery particles
were not stuck on to the calx ones like so many vesicles; but they pene-
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trated them, and then compressed them, so that a greater number of the fire-
pierced earthy particles (thereby rendered metallic) packed into the same
space, and therefore the metal wag specifically heavier, though absolutely
lighter, than the calx from which it was made.”*—BREWSTER.

463. Such is a brief outline of the celebrated phlogistic theory which dur-
ing the greater part of the last century received the sanction and support of
all the chemists and scientific men of Europe. The honor of its overthrow
and the establishment of correct views, belongs to Lavoisier, whose decisive
experiments were instituted about the year 1780.

He took a glass flask, added to it a certain known weight of metallic mer-
cury, filled the flask with oxygen gas (which had been discovered some years
previously), and hermetically sealed it. The weight of the whole was then
carefully ascertained. The mercury contained in the flask was then heated
to about 600° F., at which temperature it entered into combination with the
gas, and formed a calx, or oxyd of mercury. Laveisier then weighed the
flask and contents, and found that it had gained nothing and lost nothing;
the phlogiston, therefore, if it had been driven out from the metallic mercury,
still remained in or incorporated with the flask and its contents.

The flask being next carefully opened, the air from without was heard to
rush into it, indicating the existence of a vacuum in its interior. The mer-
cury, therefore, had not by heating imparted any thing to the gas of the flask,
but had really abstracted something from it, and when taken out and weighed
separately, was found to have increased in weight. That this increase in
weight was due to the abstraction of oxygen, and to its incorporation with
the substance of the mercury, he further proved,-by decomposing the calx
(or oxyd) of mercury (formed in the first experiment) into oxygen gas and
metallic mercury, by heating it in a suitable apparatus to 'a temperature of
about 900° F. The two products being carefully collected, their joint weight
was found to be the same as that of the calx of mercury employed. These

* « How catholic, elastic, and satisfactory this venerable hypotlicsis must have been.
It was all wrong, indeed, as a substantive doctrine. In one particular it was a sort of re-
verse of trnth. It isnot the calxes (ores and rusts) and acids that are simple; it is not
the combustibles and metals that are compound; it is cxactly the reverse. Sulphur,
phosphorus, carbon, and the combustibles, on the one hand, with lead, iron, and the
metals on the other, are elementary ; the respective acids and calxes of these principles
are the compounds. The phlogistians may, therefore, be said to have perceived the re-
lation subsisting between these two classes of bodies upside down, like the figures in a
camera obscura. As to the generic idea of phlogiston, erroneous though it was and is,
it is extant in science yet; for it is impossible to see wherein caloric differs from it
as a scientific conception, although elaborated with Im ly greater precision, except
that caloric is the matter of heat, while phlogiston is the matter of fire, Both phlogiston
and caloric are substances which have no existence whateverin the external world; they
have both been convenient, though fictitious representatives of natural realities, and they
have both been eminently useful in standing for certain phenomena in their several days,
but the lattor ereation of the materializing tendency of unripe science is not a whit better
in essence than the former." —Sm DAviD BREWSTER.

Questions.—Who overthrew the pblogistic theory? By what experiments was its
falsity demonstrated ?
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experiments, therefore, proved unmistakably that the calx, or red rust of
mercury, was a compound of oxygen and mercury, and not an element, as
had long been supposed ; and that metallic mercury was not a compound of
its own calx and the positively light phlogiston, but the real element.

Lavoisier also burned phosphorus in a jar of oxygen, and observed that
much of the gas disappeared, and that the phosphorus gained in weight; and
that the increase of the one was in the exact ratio of the decrease of the
other. Iron wire, also, burned in oxygen, gave a result equal to the weight
of the wire employed, plus the weight of tho oxygen that had disappeared.

Observing also that the results of combustion in atmospheric air were the
same in degree as those in pure oxygen, he next investigated the nature of
air, and found that it consisted in part, of oxygen which supported and occa-
sioned combustion, and of another gas which possessed properties entirely op-
posite, and which we now know to be nitrogen.

The results of the experiments of Lavoisier, therefore, demonstrated that
there was no such substance as phlogiston, or the matter of fire; and that
when a body, compound or elementary, was burned, it did not give off imag-
snary buoyant phlogiston, but took in real weighty oxygen.

Lavoisier commenced his investigations in 1772, and fully announced them
in 1784. For eleven years he encountered the opposition of the whole scien-
tific world, with but a single supporter—Laplace, the astronomer. Gradu-
ally, however, the new doctrines gained ground, and before the close of the
18th century were generally received.*®

From this point discovery rapidly succoeded discovery, until it becamo at
last understood that oxygen was not only the great agent in combustion, but
that the respiration of all animals, the processes of vegetation, and the growth,
sustenance, and decay of all organic beings were dependent upon it as a con-
stituent of the atmosphere. The true idea of a chemical element was then
first arrived at,—affinity or chemical attraction was recognized as an inde-
pendent force, and the nomenclature of chemistry at present in use was es-
tablished. In short, the whole science of modern chemistry may be said to
date its origin from the epoch of the labors and investigations of Lavoisier.t

* The two great chemists of that day in England, Cavendish and Priestley, never, how-
ever, abandoned the doctrines of phlogiston. The former, when it became evident that
the new theory of chemistry had won the day, gave up the science in disgust : the latter,
becoming involved in theological difficulties, emigrated to Pennsylvania, where he after-
ward died—maintaining in his correspondence to the last, a defence of his favorite theory.

+ Lavoisier.—No attempt to sketch the history of ch ry can be idered com-
plete without some notice of the life of this celebrated man. He was the son of a rich
merchant of Paris, and was born in 1743, Ile early devoted himself to the study of chem-
istry, as it was then uwnderstood, was made a member of the French Academy at the
age of 25, and was put at the head of the national powder and saltpeter works at 33. His
great investigations on combustion, the composition of water, atmospheric air, ete., were
carried on during the years 1772-83, during which period he filled the office of a receiver,
or * farmer-general’” of the public revenues. In 1790 he was a prominent member of the
famous commission which originated the French system of weights and measures, now
generally recognized as the trne standard by most scientific men. His labors in other de-
partments of science were also numerous and important. In the common course of
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464. Combustion, in the strict chemical acceptation of
the term, is a chemical process in which at least two ele-
ments enter into combination, producing heat and a new
compound.

Combustion, in the ordinary sense, is the rapid chemical
union of oxygen with a combustxble body, attended with

an evolution of light and heat.

Every species of combustion with which we are familiarly acquainted is
simply a process of oxydation ; but combustion may occur without the pres-
ence of oxygen, or in oxygen without the sensible evolution of either heat or
light. For example, when antimony in powder or copper in the form of thin
leaf is presented to chlorine, a combination is instantly effected between these
bodies—a chloride of copper or antimony being produced, with an evolution
of vivid light and heat; and on the other hand, the decay of wood, or the rust
of metals in air—changes effected by union of these substances with oxygen
—are true examples of combustion—heat and a new compound being pro-
duced without the evolution of light.

465. All bodies may, with reference to combustion, be arranged under one
of three classes, viz., supporters of combustion, combustibles, and burnt bodies.

Supporters of Combustion are those bodies which, like oxygen,
allow other substances to burn in them freely, but which can not themselves,
in ordinary language, be set on fire. It is usual to reckon five supporters
of combustion, viz., oxygen, chlorine, iodine, bromine and fluorine.

Combustibles are bodies which, like charcoal, actually burn when
sufficiently heated in the presence of a free supporter of combustion.

Burnt bodies are those which will neither burn themselves nor sup-
port the combustion of others. They may be made red hot, but do not burn;
sand, iron-rust, and earthy bodies are examples of this kind. They are for
the most part compounds that have at some time or other been produced
by combustion ; or in other words, they are bodies which have been already
burned, and are no longer fitted to undergo this change. Chemists farther

events, it might have been expected that the latter years of his life would have been
passed amid the admiration and reverence which naturally wait upon the originator of a
new system of acknowledged truths. Such, however, was not his fate. He was arrested
during the *‘reign of terror,” and thrown into prison, on the wretched charge of having,
in his capacity of a publie officer, authorized the adulteratioun of the tobacco of the Re-
public. When brought before the revolutionary tribunal, he asked for a respite of a
few days, in order to complete some researches, the results of which, he sald, were im-
portant for the interests of humanity. The reply of the judge was, that the Republie
wanted no scientific men, and forthwith condemned bim to the guillotine, to which he
was dragged the next day, May 8th, 1794, in the 52d year of bis age.

QuEsTIONS.—Define combustion. Is oxygen necessary for combustion? Into what -
three classes may all bodies be divided in respect to combustion? What are supporters
of combustion? What are combustibles? 'What are burnt bodies ?
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distinguish and classify burnt bodies under the names of acids, alkalies, oxyds,
salts, etc.—MILLER.

466. Combustion and Explosion.—Explosion in most, and
perhaps all cases, is a species of combustion, differing from ordinary combus-
tion simply in the rapidity of action; thus in combustion, the combustible
and the supporter of combustion are brought together by degrees, as in the
flame of a candle; but in an cxplosion the whole action oceurs at once.

46%7. The origin of the heat which accompanies combustion has not been
satisfactorily accounted for. Every change in the state of a body we know
is accompanied by a change in temperature; but why the union of carbon
with oxygen to form a gas, or oxygen with hydrogen to form a vapor, should
produce a heat sufficient to melt the most refractory substances, still remains
unexplained.

468. In all ordinary cases of combustion, the heat
evolved does not depend upon the combustible, but upon
the amount of oxygen that enters into combination ; or
in other words, that combustible will evolve the greatest
quantity of heat which is capable, with a given weight,
of combining with the most oxygen.

For example, a pound of hydrogen in burning consumes or unites with 8
pounds of oxygen ; while a pound of carbon unites with but 2 2-3 pounds
of oxygen. A given weight of hydrogen in burning will produce, therefore,
three times as much heat as the same weight of carbon.

469. The quantity of heat which a combustible body
evolves in combining with oxygen, is the same, whether
the combustion takes place slowly or quickly, provided
only that the relative quantities of the combining bodies

are the same in both instances. |

Thus, as much heat is given out in the decay. (slow combustion) of a given
quantity of wood in the air, as in its guick combustion in a furnace; but in
the former case, the heat is much less intense, and often becomes ingensible,
because, during the long time occupied in the combination with oxygen, the
greater part of it is carried away by conduction.

The temperature required to induce combustion, or the combination of any
substance with oxygen, is different not only for different substances, but even
for the same substance, according as the combustion is to take place rapidly
or slowly. Thus phosphorus combines slowly with oxygen, or exhibits slow
combustion, at 77° K., but does not enter into rapid combustion till raised to

QuESTIONS.—What is the difference between bustion and explosion? What is the
origiu of the heat evolved in combustion ? To what is the heat evolved by the combus-
tion of a body proportioned ? Illustrate this principle. Is the quantity of heat increased
by the rapidity of the combustion? Illustrate this. Is the temperature at which com-
bustion oceurs constant for the same substance? What are examples of slow combustion?

14
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140° F. Tallow thrown upon an iron-plate not visibly red-hot, melts and

Fi1e. 160. undergoes oxydation, diffusing a pale, lambent flame, only visible
in the dark. When a coil of thin platinum wire is first heated
1o redness, and suspended in a glass containing a few drops of
ether or alcohol (see TFig. 160), the vapors of these substances,
mixed with air, oxydate upon the hot metallic surface, and sus-
tain the wire at a red heat, so long as the supply of mixed vapor
and air is kept up, without the occurrence of combustion with
flame. The product of the oxydation thus effected, is a pungent,
. irritating vapor, which affects the nose and eyes unpleasantly.

®  This experiment may be modified by suspendirg a coil of thin

platinum wire, or a ball of spongy platinum, over the wick of  Frg. 161.
a spirit-lamp, supplied withi alcoholic ether, (see Fig. 161); on
ighting the lamp, and then blowing it out as soon as the
metal appears red-hot, slow combustion of the spirit vapor
supplied by the capillary action of the wick, will take place,
and the platinum will continue to glow for hours.

470. In combustion, no loss whatever of f
ponderable matter occurs—nothing is annihil-
ated ; but the products of combustlon when
collected and weighed, always exceed the w ewbt of the
original substance burned, by an amount equal to the

weight of the oxygen absorbed during combustion.

The most simple illustrations of this fact are obtained in the combustion of
those bodies which afford a solid residue. Thus, when two grains of phos-
phorus are burned in a measured volume of oxygen gas, they are found con-
verted, after combustion, into a white powder (phosphoric acid), which weighs
4} grains, or the phosphorus acquires 2} grains; at the same time, T} cubic
inches of oxygen disappear, which weigh exactly 2% grains.—GrAHAM

471. The constituents of all ordinary combustible substances—wood, coal,
oils, fats, ete.—which give to them their value as fuel, are carbon and hydro-
gen. These substances also contain some oxygen; but this element contrib-
utes nothing whatever to their value as fuel, and the larger the proportion of
oxygen in a combustible, the less adapted is it for fuel.

472. Products of Combustion,—When combustion takes place
with a free supply of air, oxygen unites with the carbon of the fuel to form
carbonic acid, and with the hydrogen to form vapor of water. These products
being volatile, rise in the atmosphere, and disappear, forming part of the aérial
column that ascends from a burning body.

473, The activity of combustion is greatly increased by increasing the num-

QuesTiONs.—Is any matter lost during combustion? Ilow may this be illustrated?
‘What are the valuable constituents of ordinary combustibles ? What influence has oxy-
gen as a constituent of fuel? What are the ordinary products of combustion? Iow may
the activity of combustion be increased ?
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ber of particles of oxygen which are brought in a given time in contact with
the combustible, and by carrying away the gaseous products of combustion,
which are no longer capable either of burning or supporting combustion, and
which, if allowed to accumulate, would cut off the supply of fresh oxygen.
Hence the benefit of blowing a fire, or forcing a stream of fresh air upon it,
from a bellows, in order to revive it, or increase its intensity. The influence
of a long chimney, in producing a powerful heat in a furnace at its base, by
increasing the draft, is similar; while the effects of diminishing the supply of
air, by closing the damper, or shutting the door of the ash-pit, is seen in the
diminished temperature, and reduced consumption of fuel which occurs under
such eircumstances.—MILLER.

474. The weight of the air required for the combustion of fuel far exceeds
that of the fuel itself; and as the space occupied by a given weight of air is
much greater than that of an equal weight of fuel, the bulk of the air em-
ployed to effect combustion is immense. For example, it requires 1145
pounds of air to consume 1 pound of pure charcoal; and as 1 pound of
air occupies about 13 cubic feet of space, the pound of charcoal will require
for its combustion at least 150 cubic feet of air. = As fuel is burned, however,
a much larger quantity is employed ; thus, anthracite coal requires theoreti-
cally 136 cubic feet per pound, but in practice, under steam boilers, 276 cubic
feet are necessary.

The amount of heat which a pound of pure charcoal is capable of producing,
through its union with oxygen in the process of combustion, is sufficient to
convert 13 pounds of water at 60° F. into steam at 212° F. The ingenuity
of man can not generate from the combustion of a pound of coal a greater
amount of heat than this, or when generated, compel it to evaporate a greater
quantity of water.

The quantity of heat which is obtained from fuel in practical operations,
falls very far short of its theoretical value. In some of the Cornish steam-
engines, of England, which are the best in the world, it is stated that the ut-
most theoretical quantity has been rendered available; but this statement is
doubtful. Under ordinary steam-boilers not more than two thirds of the
available heat is ever utilized, and in a majority of cases tho proportion does
not probably exceed one half.

The reason of this loss of heat in practice, is due mainly to two causes, viz.,
the heated air escapes up the chimney before it has surrendered to the boiler
or heating apparatus, the full amount of heat it is capable of relinquishing ;
and, secondly, through want of a perfect combustion, the full amount of heat
is not evolved from the fuel. The remedy for the first difficulty is to be
sought for in improved mechanical arrangements of boiler and furnace; the

Questrons.~—How is it benefited by blowing it? Why is the temperature and con-
sumption of fuel reduced by closing the draft? What is said of the amount of air re-
quired to produce combustion? How much air is absolutely required to burn a pound of
charcoal ? * How much heat will a pound of charcoal in burning evolve? Is the largest
possible amount of heat from fuel ever wholly utilized? Why is it in practice that we
fail o utilize the full amount of heat derivable from fuel.
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remedy for the second pertains to chemistry, and is to be found in perfecting
the supply of air. When the supply of air is insufficient, carbonic oxyd be-
comes in great part the resulting product of combustion, instead of carbonic
acid; but for the formation of the first-named gas, only one half the quantity
of oxygen is required as for the production of carbonic acid, so that coal may
be dissipated in vapor, and may be apparently wholly consumed by one half
the amount of air that is usually required in an open fire, under circumstances
where the full amount of heat is given out. In such cases a pound of char-
coal, instead of emitting heat enough to convert 13 lbs. of water into steam,
will only give out one fifth of the heat, and will therefore convert but little
more than 2} lbs. of water into steam.* That so great an amount of loss as
this is ever practically experienced, is not probable; but in all furnaces of
ordinary construction, the waste of fuel from this source is very great. Owing
to the fact that carbonic oxyd is a colorless gas, and as the operations of the
farnace appear to go on uninterruptedly, the loss of heat occasioned<in this
manner is very apt to remain unsuspected.

By admitting, in & proper manner, an adequate supply of air, all the car-
bon in burning is converted into carbonic acid, and the maximum of heat
capable of being evolved from the combustion i3 generated.

475, Light of Combustion—The light emitted by burn-
ing bodies is a direct consequence of the heat evolved in the
process of combustion. All solids and liquids (as melted
metals), when elevated to a sufficiently high temperature,

(977° F.), become luminous.

The color of the light emitted from an ignited substance, depends upon the
degree of temperature to which it has been elevated. As the temperature
rises, the colored rays appear in the order of their refrangibility; first red,
then orange, yellow, green, blue, indigo, and violet are emitted in succession.
At about 2100° F,, all these colors are produced, and from their admixture,
white light results, and the ignited body is then said to be * white-hot.”

In all luminous flames, the light is emitted from solid
particles highly ignited.

A flame containing no such particles emits but a feeble light, even if its
temperature is the highest possible. For example, the flame produced by
burning a mingled jet of oxygen and hydrogen, although one of the most in-

* The great loss of heat involved in the production of carbonic oxyd, is due not merely
to the fact that carbonic oxyd requires less oxygen for its formation than carbonic acid,
but the former gas occupies twice the bulk of the latter, and, consequently, renders latent
a greater amount of heat.

Quesrtions.—Under whiat circumstances will fuel be burned to the best advantage?
Upoun what does the light which accompanies combustion depend ! What relation is there
between the light of an ignited substance and its temnarature? What is lame? Upon
what does the luminosity of flame depend? Ilustrate this,
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tense sources of heat at our command, is so little luminous as to be barely
visible in clear day-light; if, however, we introduce into it a solid body, like
lime, the light becomes so augmentéd that the eye can scarcely support it.
‘When phosphorus is burned in oxygen, the light is most dazzling, but when
burned in chlorine, it is extremely feeble; the reason for the difference in
these two cases is, that in the first instance the product of combustion is
solid, non-volatile phosphoric acid, the particles of which, becoming highly
heated by the combustion, are highly luminous; in the second case, the pro-
duct of combustion is a gas, and the heat which its particles acquire in com-
bustion not being sufficient to render them luminous, little or no light is
evolved.

476. Materials for Illumination.—The materials or-
dinarily employed for effecting artificial illumination, are
solid or liquid compounds of carbon and hydrogen—coal,
oils, tallow, etc.—which are generically termed hydrocar-

bons.

By heat we decompose them into gaseous compounds of earbon and hydro-
gen, and in this state only are they available for purposes of illumination. In
the combustion of these two elements in the flame of a candle, the oxygen of
the air combines with both, but by reason of a superior affinity, it unites first
with the hydrogen to form vapor of water, producing, thereby, a most intense
heat, but an almost imperceptible light. The hydrogen, in combining with
oxygen, abandons the carbon, which, being thus set free in the form of min-
ute solid particles in the midst of the heated space, becomes white-hot, and
imparts luminosity to the flame. The moment, however, the incandescent,
floating carbon comes to the edge of the flame, it finds the oxygen of the air,
unites with it, and becomes converted into invisible gas—carbonic acid—
while its place is immediately occupied by another particle of solid carbon.

Between the flame of a candle and the flame of gas-light there is no dif-
forence ; in the case of the candle, however, the gas is generated and burned
at the same time and place—the heat that produces it serving also to inflame
it. In the case of a gas-light, on the contrary, the inflammable gas is dis-
tilled by heat from the illuminating substances in close vessels in one place,
and conveyed by pipes to be burned at a place more or less distant where the
illumination is required. 3

The fact that the combustion of a candle generates gas of the same nature
as that produced in ordinary gas manufacture, may be demonstrated by intro-
ducing one end of a small tube of glass, p, Fig. 162, into the interior of the
flame of a large candle, when a portion of the inflammable gas existing there
may be drawn off and ignited at the upper extremity of the tube.

QUESTIONS.— What are the materials ordinarily used for artificial illumination? What
are hydrocarbons ? In what condition only are they available for illuminating purposes?
‘What takes place during their combustion? What difference is there between the flame
of a gas-burner and that of a candle? How may the production of inflammable gas in a
candle be demonstrated ?
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The existence of solid particles in every illuminating
flame may be also demonstrated by introducing a cold
body into the flame, which so interrupts the progress
of combustion that the solid particles are no longer
consumed, but are deposited as soot. When we say
a lamp smokes, we mean that the carbon contained
in the flame is passing off in an unconsumed state.

477. Combustion of a Candle,—A candle
il is an ingenious contrivanco for supplying flame with
as much melted fat as it can consume without smok-
ing. Itis easy to conceive that it would by no means
&2y be an impossibility to ignite a stick of wax or tallow

h by itself; it would, however, be a matter of difficulty,
"X inasmuch as the material would melt away long be-
fore it could inflame. Supposing, nevertheless, it could be ignited, then a
‘larger amount of combustible would be on fire than the air could consume,
and a large, thick, smoky flame would result. By the use of a wick, this dif-
ficulty is avoided.

‘When the end of the wick which protrudes from the center of the candle
is ignited, it radiates sufficient heat downward to melt a portion of the ma-
terial of the candle, and form a hollow cup filled with liquid combustible
around the wick-fibers. The spaces between the fibers of the wick, acting
like a series of small tubes, convey the fluid fat by capillary attraction up to
the flame, where it is decomposed into gaseous compounds of hydrogen and
carbon.

478. Structure of Flame .—The flame of every lamp or candle
consists of three distinct portions, or rather, cones concentric with one an-
other. The innermost cone, @, Fig, 163, is formed entirely of
combustible gases, produced by the decomposition of the illu- Fig. 163.
minating material. This is at a temperature below redness,
and is consequently non-luminous. Around this is the lumin-
ous cone (b), the flame proper, where the hydrogen is uniting
with the oxygen of the air, and the particles of carbon not
having yet done so, are floating about in an incandescent state
and radiating light. Beyond the second cone is another film,
or casing (), where the oxygen of the air unites with the car-
bon, and in a properly adjusted flame is entirely consumed.
In the flame of a gas-jet the same parts may be also recognized.
At the base of every flame a pale blue line of light may be ob-
scrved ; at this point, the supply of oxygen from the air is
sufficient to completely and simultaneously consume both the
hydrogen and the carbon supplied from the interior of the flame, and there
being no solid carbon eliminated, there is consequently but a feeble light.

F1a. 162.

QuEsTIONS.—How may the presence of solid particles in a flame be demonstrated ?
‘When we say a lamp smokes, what is understood ? 'What is the necesgity of the wick in,
a candle? Describe the structure of the flame of a candle.
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The portion of wick within the interior of a candle flame is charred and
blackened by the heat, but not consumed, owing to the fact that the burning
envelop which surrounds it effectually cuts off all access of air, and thus
prevents combustion. For the same reason, also, the interior cone of com-
bustible gases, in every luminous flame, remains unignited.

The tapering and conical form which flames assume, is due to the ascending
currents of rarefied air which are produced in the atmosphere by the heat
attendant on the combustion.

479, That the combustion of a candle is superficial, and that the flame is a
film of white-hot vapor, inclosing an interior portion which can not burn for
want of oxygen, may be demonstrated by bringing down upon the flame a
piece of thin glass, so as to make a transverse section of the flame; we shall
then observe a ring of light surrounding the dark interior part of the flame.
This experiment may be still better performed by meauns of a picee of fine

Fic. 164. ~ wire gauze. When this is brought down upon the flame
of a large and steadily burning candle, the flame will be
cut off where it touches the gauze, and the exterior lumin-
ous circle will be well defined. (See Fig. 164.)

That no combustion can go on in the center of flame,
may be shown in various ways; as for example, if we ig-
nite a small quantity of strong alcohol in a saucer, and

‘ place a rod of white wood across it for a few seconds (ses
Fig. 165), it will be found on removing the stick, that it is
burned or blackened at only two points, viz.,, where the
flame was in contact with the air. The same thing may
also be shown by holding a match stick for a few seconds
across the middle of the flame of a spirit-lamp with a large
wick. If a fragment of phosphorus be placed in a small
circular spoon, ignited, and then introduced into the mid-
dle of a largo flame, it will be extinguished, but will be re-
kindled the moment that the spoon is withdrawn from the flame.

480. In order that a flame should exist, a very high temperature is es-
sential. This is particularly the case with the flames produced by the com-
bustion of the hydrocarbons; and if in any manner the temperature of a
flame is reduced beyond a certain limit, it is immediately extinguished.
Thus, if a stout copper wire bo introduced into a flame, it will be observed
that a dark space is produced around it; a second wire cools the flame still
further; and a small flame may be completely extinguished by the cooling
effect produced by bringing down a coil of wire upon it. If a fine wire-gauzo
be brought over a flame, the inflammable gases will bo so far cooled by pass-
ing through its meshes (their heat being conducted off), that they no longer
continue in a state of inflammation. (See Fig. 164.) If the meshes are very

&

QuEesTIONs.—Why is not the wick of a candle consumed? Why are flames tapering
and conical? What experiments prove that the flame of a candle is superficial? What
that no combustion goes on in the interior of the flame? What is essential to the exist~
ence of flame? Illustrate this? 'Why can not & flame pass through a wire-gauze ?
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fine, the conducting power of the metal is sufficient to
cool the flame below the point of ignition, even though the
wire itself may be red-hot. The inflammable vapor which
passes through the gauze may, however, again be kindled
by the direct application of flame.

These experiments are well illustrated with a Jet of
gas issuing under low pressure. If the gauze be held over
the jet before it is lighted, and a flame  Fre. 167.
app]led above, it will take fire there, but the flame will
not pass through to the gas below. (See Fig. 167.) If
we place a piece of camphor on the center of the wire-

gauze, and apply a flame below, the cam-
Fia. 168. phor will melt and pass through the meshes,

but will burn only on the under side. (See
Fig. 168.)
481. Safety-Lamp.— These facts, discovered by

Sir Humphrey Davy, were beautifully applied by him in
the construction of the ‘“Safety-Lamp,” which allows the
miner to work in safoty in an atmospbere pervaded with an  FIa. 169.

explosive mixture of light carburetted hydrogen (fire-damp, %
see § 452). It comsists merely of a common oillamp, the @
flame of which is completely inclosed within a eylinder of wire- & —"_':A;
gauze. (See Fig. 169.) This completely arrests the passage § %
of the flame; so that, although the lamp be introduced intoan & %
explosive mixture, the flame will not pass through the gauze §§§
to ignite it. S=
482, Reqfiisites for the Production of Arti- §§§
fieial Light—The essential requisites for the ,\=§
successful production of artificial light by the £I=4

combustion of the hydrocarbons, are, 1st. That
there should be a free supply of air ; and, 2d.
That the products of combustion should be freely con-

ducted off.

These two facts may be illustrated by placing a glass cylinder over a lighted
candle, in such a way as to eut off its connection with air frem below; tho
flame, in this case, will be extinguished for want of a free supply of air. If
the cylinder be now closed at the lop, but held over the candle in such a way
that the air can gain admittance from below, the flame will also be extin-
guished, since the burnt gases, the products of combustion, are unable to
escape, and by their accumulation, prevent combustion. If the cylinder be

=

QuEsTIONS.—To what invention has this principle been applied ! Describe the safety-
lamp. Whatare the essential requisites for the production of artificial light? How may
these be illustrated ?
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placed in such a way that the air can gain free
admittance below, and escape freely at the top,
bearing with it the products of combustion (see
Fig. 170), the candle will not only continue to
burn uninterruptedly, but its combustion will be
more perfect, than when it is allowed to burn
openly in the air. The reason of this is, that the
nscent of the air, heated by the combustion,
creates a rapid current of fresh air from below up
through the eylinder—thus supplying more oxy-
gen within a given time and space, which occa«
sions more perfect eombustion, and a stronget
illuminating flame. Hence the benefit of sur
rounding a lamp-flame with a glass chimney, open at the bottom and top.

If too much air be supplied to a flame, the inflammable gases burn with a
blue and feeble light, an effect which may be seen by blowing upon a com-
mon gas-flame, or by watching the exposed gas-lights of shops upon a windy
night, In these cases, the gas becomes immediately mixed with the oxygen
of the air, which burns up the solid particles of carbon before they are sufs
ficiently heated to afford lights

The necessity of it for the support of flame, 13 also strikingly shown by the
fact, that it is impossible to light a lamp or candle with a match, so long as
the sulphur on the end of it is burning freelyj since the sulphurous vapor
abstracts the oxygen from the air around the wick, in order to form sulphur«
ous acid,

Fra. 171. 483, Argand Lamps,—=In an ordinary
lamp or candle-flame, the combustion goes on only
at those points where the air has free access, viz,
upon the outside of the flame, ag ig indicated by
the existence of a dark central portion. Ifj hows
ever; air be introduced into the interior of the
flame, combustion is effected both at the center
and at the cirecumference, and the light is increased.
This atrangement id practically carried out in
those lamps which are fiited with hollow or cir
cular wicksy and which are known ag “ Argand”
lamps, from their inventor. In these, a current of
air rushes up, through the hollow wick, into the
eenter of the flame, as shown by the central ar-
rows, Fig, 171, causitig it to burn in the form of &
hollow ting. The combstion is also made more
powerful, by surtounding the flame with a glass
chimney; which is usually made conical, or is

QuEsTIONS.—~What s the effect of admitting too much air to a flame? What isan
Argand lamp? Describe its construction ?
14*
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caused to contract at a certain height above the burher, so as to form a
shoulder, A B, in order to deflect the ascending outer current of air, and
throw it in upon the flame at an angle. In this way the temperature of the
separated carbon particles of the flame is enormously increased, and the
greatest quantity of light is produced, from a given amount of fuel.

The effect of the draft through the interior of the wick, on
the combustion of the inflammable gases, may be readily
made apparent by closing, witha piece of paper, the openings
in the base of the lamp, through which the air gains admis-
slon. The flame will immediately become impaired in bril-
liancy, burning with o red light, and the evolution of much
smoke,

In an Argand lamp we are able to burn the poorer and

cheaper oils (those which contain an excess of carbon) with-
out the production of smoke; inasmuch as the greater supply
of air effects the entire combustion of Tra. 113
carbon; whereas, in an ordinary lamp, e
by reason of the limited supply of air,
we can use only the best oils, or those
which contain a large proportion of hy-
drogen, Fig. 172 exhibits the external
construction of an Argand burner, and the direction of
the currents of air.
Fig. 174, 484. Berzelius Spirit-Lamp.—The
so-called ‘“ Berzelius Spirit-Lamp” (see Fig.
113), employed in chemical laboratories for -
obtaining a degree of heat greater than that

Fiq.. 112.

supplied with a metallic chimney, in place of
one of glass The standard to which it is attached is provided
with several rings of various sizes, for sustaining crucibles, por-
celain dishes, etc., which are to be heated.

485. The Blow-Pipe.—The principles upon which the
blow-pipe operates are essentially the same as those involved in
the construction of the Argand lamp: a jet of air or oxygen is
thrown into the interior of a flame, by which the rapidity of com-
bustion ig increased, and the heat of the flame powerfully augmented.

The mouth blow-pipe consists essentially of a bent tube, gener-
ally of brass, terminating in a fine uniform jet. (See Fig. 174). It
is usnally also constructed with a chamber, or cnlargement of tho
tube, near it4 small extremity, which serves to collect the moisturo
which condenses from the breath. When the jet of the blow-pipe

QUEsTIONS.—What is the effect of c¢losing the inuer draft of this lamp? IIow is an Ar-
gand lamp enabled to burn c¢heap oil? What is a Berzelins spirit-lamp? What is the
theory of the blow-pipe ? What is the construction of a blow-pipe ?
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is inserted into the flame of a candle, Fig. 176.
and a current of air forced from it,
the flame loses its luminosity, and is
projected laterally in the form of a
beaautiful, pointed cone, in which two
parts are distinctly discernible, viz., a
small, blue interior-cone, @ b, and a
larger exterior cone of a yellowish
appearance, ¢. The different parts of
this flame possess very different properties.

The blue cone is formed by the admixture of air with the combustible
gases Tising from the wick; in this part of the flame the combustion is com-
plete, and the heat greatest. In front of the blue cone is the luminous por-
tion, consisting of unburnt combustible gases at a high temperature, which
of course have a powerful tendency to combine with oxygen. If a fragment
of some metallic oxyd, such as oxyd of copper, be introduced into this part
of the flame, the oxyd will be deprived of its oxygen, in consequence of
the superior affinity of the hot gases for this element, and will be re-
duced to a metallic state: hence this portion of the flame of the blow-pipe
is termed the * reducing flame.” At the apex, or extreme point of the outer
flame, these effects are reversed. Here atmospheric oxygen at a high tem-
perature exists, and its tendency is to unite with any substance with which
it may be brought in contact. Hence if a fragment of metal, such as lead,
tin, copper, etc., be placed at this point, it will quickly become covered with
oxyd; and this spot is, therefore, called the *oxydizing flame” of the blow-
pipe.

The opposite actions of the different portions of the blow-pipe flamo may
be illustrated by the effects which they produce upon a piece of flint-glass,
which contains oxyd of lead, united with silica. In the reducing flame the
silicate of lead is partially decomposed, and the glass at this point becomes
black and opaque from the reduction of the oxyd of lead to the metallic
state; but by placing the blackened part for a few seconds in the oxydizing
flame, oxygen is again absorbed by the metal, and the transparency of the
glass is restored —MILLER.

So also if we hold a brightly pol-
ished cent over the flame of a spirit-
lamp (see Fig. 176) the parts exposed
to the exterior of the flame will be-
come covered with an iridescent
coating of oxyd, while those over the
center of the flame remain bright.
By moving the coin, after it has be-
come thoroughly heated, to and fro
over the flame, a very beantiful play

Fig. 176.

QuEsTIONs.—What is the constitution of the blow-pipe flame? What is the reducing
and what the oxydizing flame? How may their two actions be illustrated ?
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of colors will be observed, the metal being alternately converted into oxyd,
and the oxyd into metal.

486. Carbon, during the act of combustion, as in an ordinary flame, assumes
two consecutive phases, viz., while it is evolving heat and light it is a solid,
but immediately after it becomes a gas. It is this property which rénders
carbon, of all combustible bodies, the most suitable for heating and illuminat-
ing purposes—questions of cost and convenience being set aside. Phosphorus
burns in the air with a more-brilliant light than carbon—yet this substance
could not be used as an agent for producing light and heat, since the solid
products of its combustion remain solid, and being deposited on contiguous
objects, soon smother the combustible beneath its own ashes. Zine, when
highly heated, burns in the air with a brilliant flame, but the produets of its
combustion—white oxyd of zinc—fall about the illumirating center in a min-
iature shower. The ordinary product of the combustion of carbon, on the
contrary, is a gas, carbonic acid, which in virtue of its gaseous gualities es-
capes into the atmosphere, and combustive action remains unimpeded. Had,
however, the results of its combustion been a permanent solid, *the world
would have been buried beneath a covering of ashes.””*

CHAPTER VIII.

THE METALLIC ELEMENTS.

487. History—OF the whole number of elementary
substances included in the class of metals, fully one half
are so rare, that they are known only to the chemist and
the mineralogist ; of the remainder, some fourtecn or fif-
teen only admit of any extensive practical applications.
But eight metals were supposed to be known to the an-
eients.

* There ean searoely be conceived a nrore beasutiful bafance of powers designed for the
lish t of a specific end, than this fixation of carbon iz a pure state, and the
volatihty of its oxygen compounds; yet so familiar has the result become to us-—-so un-
noticed by its very perfeetion—that an effort of chemical reasoning is required to enable
us to appreciate it. The enormous guantity of ponderable, yet invisible carbon removed
in the draught of our larger fireplaces is, on its first announcement startling ; yet nothing
admits of more satisfactory proof. Through an average sized iron blast furnace there
rushes hourly no Iess a quantity of atmospheric air than six toms, carrying off fifty-six
hundredths, or more than half a ton of carbon in the form of carbonic acid.—FARADAY.

meo:és.-—What two phases does carbom assume in combustion ¥ Whyis it the most
suitable of all bodies for combustion? Why could we not use phosphorus as an illuminat-
ing agent? What is said of the relative abundance of the metals?
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488. Properties.~—The metals, as a class, are characterized by a pe-
culiar luster, termed metallic; a property. exhibited in the highest degree by
burnished steel, and the reflecting surfaces of mercury in glass mirrors. They
are also possessed of a high degree of opacity, and are good eonductors of heat
and electricity.

Density.—In density the metals differ greatly; potassium and sodium
being lighter than water, while gold and platinum are the most dense of all
substances, being respectively nineteen and twenty-two times heavier than
an equal bulk of water.

Hardness —Titanium and manganese are the hardest of the metals,
being harder than steel ; lead may be scratched by the finger-nail ; potassium
and sodium are as soft as wax ; while mercury, at ordinary temperatures, is
a liquid.

Malleability and Duectility.—The most malleable ofthe metals
arc gold, silver, copper, tin, eadmium, platinum, lead, zinc, iron, nickel, potas-
sium, sodium, and frozen mercury—in the order given. These may all be
hammered out into plates, or even into thin leaves.

The same metals are likewise ductile, or may be drawn into wires, although
the ductility of different metals is not always proportional to their malleability.
The most ductile of the metals are gold, silver, platinum, and iron.

In the manufacture of gold-thread, by recently improved processes, gold in
combination witht silver is drawn into wire, by foreing it through smooth
conical holes perforated in rubies—so fine, that a single ounce is made to
stretch over a length of sixty miles.

Tenacity.—The tenacity of the metals, or the power which they pos-
sess of resisting tension without breaking, is determined by ascertaining the
weight required to break wires of them having the same diameter. Iron
appears to possess this property in the greatest, and lead in the least degree.
A wire of iron 7-100ths of an inch in diameter, will sustain a weight of 444
Ibs. ; a wire of copper of the same diameter, 300 lbs.; of gold, 13%; of
lead, 24.

The tenacity of metals, however, varies greatly in the same metal, with its
purity and the method by which it has been wrought. Recent experiments,
made under the direction of the U, 8. War Department, have shown that the
cohesive strength of iron is greatly increased by fusing it a number of times
up to a certain point—its capacity to resist transverse strains being increased
thereby sixty per cent. The tenacity of iron is closely dependent om its
density. Thus east-iron, having a density of 6'900 has a tenacity five times
less than iron of a density of 7-400. Iron ecastings of the greatest weight,

QursTrons,—What are the leading characterfstics of the metals? What is said of their
density? Of their hardness? What metals are the most malleable? What most duc-
tile? What are illustrations of the ductility of the metals? How is the tenacity of a
metal determined ¥ 'What metals possess this property in the greatest and least degree?
How may the cohesive strength of iron be increased ? What connection is there between
the tenacity of iron and its density ?
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according to their size, are by far the strongest, and weighing them is a ready
means of judging comparatively of their strength.

A corrugated sheet of metal, or one that is doubled into ridges and folds,
will resist a far greater erushing force than a flat surface. In the caseof cop-
per, the ratio of strength has been proved to be as great as 1 to 9.

Fusibility.—All the metals admit of being fused by the application
of heat, but the temperatures at which they liquefy are very various. Mer-
cury, for example, remains fluid at a temperature as low ags —39° F., while
platinum, iridium, rhodium, and several others, require the intense heat of
the voltaic battery or the oxyhydrogen blow-pipe to effect their fusion.

Welding.—Some metals acquire a pasty or adhesive state before under-
going complete fusion, in which, if two clean surfaces be presented to each
other, and strong pressure or hammering be employed, they unite or weld
together, so as to form one continuous mass. The metals which possess this
property are iron, platinum, palladium, and the metals of the alkalies.

Volatility.—At higher temperatures than is required for their fusion,
all the metals are probably volatile. Seven of the metals are so volatile as
to admit of distillation from the compounds which contain them. They aro
mercury, arsenic, tellurium, cadmium, zinc, potassium, and sodium.*

489. Alleoys.—Combinations of the metals with metals are termed Al-
loys, many of which are most extensively used in the arts, as brass, bronze,
bell-metal, type-metal, German silver, etc.

490. Amalgam.—When the metals combine with mercury, the result-
ing product is called an amalgam.

1t is sometimes questioned whether alloys are true chemical compounds;
but the general opinion at the present time is, that they are mixtures of defi-
nite compounds, with an excess of one or other metal. The evidence in
favor of this view is, that some definite compounds of the metals occur natu-
rally ; and when an alloy is formed, the specific gravity of the compound is
eithor above or below that of the mean ofthe metals employed ; the fusing point,
also, of an alloy is generally much lower than the mean of the metals which
compose it. This is strikingly shown in an alloy called the *fusible metal,”
which is composed of 8 parts of bismuth, 5 of lead, and 3 of tin, and melts
at 203° F.—a temperature more than 200° below the melting point of fin,
the most fusible of its constituents, and 400° below that of lead. ~Its low fu-
sibility may be illustrated by melting a quantity of it in a paper crucible.

* Beams of wood suspended over eopper smelting furnaces have been observed to be
pervaded throughout their entire structure with minute beads of metallic copper—the
copper having been raised in vapor, and so deposited within the fibers of the wood. Gold
may be seen to nodergo volatilization in the focus of an intensely powerful burning-glass
and fine wires of the most refractory metals may be dispersed in vapor by transmitling a
powerful electric discharge throygh them.—MrLLER

QuEsTIONS.—What effect has corrugation on the strength of a metal? What is said of
the fusibility of the metals? What is welding? What metals canbe welded? What is
said of the volatility of the metals? What are alloys? What are amalgams?
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491, All the metals have the property of assuming the crystalline form
but it is not always easy to place them under circumstances favorable to their
doing so. Some of them oceur in nature, in a erystallized state, particularly
gold, silver, eopper, bismuth, and platinum.

492. All the metals are capable of uniting with oxygen, but they differ
greatly in their affinities for this clement. The greater number combine with
it at all temperatures, and arc reduced (deoxydized) with difficulty. Others
on the contrary, like gold and platinum, can not be made to combine with
oxygen directly; and their oxyds are decomposed at a slight increase of
temperature.

The metallic oxyds differ greatly in their properties. Some of them pos-
sess basic eharacters more or less marked ; others will not eombine with either
acids or alkalies; while a third class have distinetly aeid properties. The
strong bases are all protoxyds, containing single equivalents of metal and
oxygen; the peroxyds are generally neutral, while the metallic acids contain
the largest quantities of oxygen.

493. Classification of the Metals—The metals may be
arranged in four classes, viz. : 1. The metals of the alka-
lies ; 2. The metals of the alkaline earths ; 8. The metals
of the earths ; 4. The heavy metals, or metals proper.

The latter class may be again subdivided, according to the affinity of the
metals contained in it for oxygen, into two groups—the noble and the com-
mon metals, The former resist the aetion of oxygen, like gold, silver, etc.;
while the latter, like iron, lead, copper, cte., unite with it readily.

CHAPTER IX,
THE METALS OF THE ALKALIES.

TrE metals which by oxydation produce alkalies are
Potassium, Sodium, Lithium, and a hypothetical sub-
stance, Ammonium, the radical of Ammonia.

SECTION I.
POTASSIUM.
Equivalent, 39'2.  Symbol, K (Kalium).  Specific gravity, 0'865.
494. Nistory —Potassium was discovered by Sir Hum-
phrey Davy in 1807, who obtained it by decomposing

QuEsTIONS.—Do all the metals erystaliize? What is said of the affinities of the metals
for oxygen? What are the characteristics of the metallic oxyds? How may the metals
be classified ? What are the noble metals? When and by whom was potassium discov-
ered ?
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hydrate of potash (KO, HO) by the action of a powerful
galvanic battery.

The discovery of potassium marks an era in the progress of chemistry.
The alkalies and the alkaline earths had long been suspected to be compound
bodies, but up to this period they had resisted all attempts to decompose
them. When once, however, potassium had been separated from its com-
pounds, and potash had been proved to be an oxyd of this metal, the de-
composition of the other alkalies and earths, and the discovery, in quick suce
cession, of sodium, barium, strontium, and calcium, followed as & necessary
consequence.

495. Distribution.—DPotassium is widely diffused in nature, but al
ways in combination with other bodies. Many of the minerals which com-
pose the crystalline rocks, such as feldspar, mica, etc,, contain potash united
with silica—silicate of potash, As these rocks crumble down into soils,
potash assumes a soluble form, and is gradually taken up by plants, and ac-
cumulated in their structure. "When plants are burned, the potash thus ab-
sorbed constitutes a part of their ashes, and from these nearly all our supplies
of this substance are derived, Potassium also exists in sea-water, as chloride
of potassinm.

496. Preparation.—Tho original method of preparing potassium
through the agency of the galvanic battery is troublesome and expensive,
and a new method has been devised, which consists essentially in subjecting
a mixture of finely pulverized charcoal and carbonate of potash in an iron
retort to an intense heat; decomposition of the alkali ensues, and the potas-
sium distils over in metallic globules which are collected in a vessel of
naptha.

497. Properties.—When a globule of potassinm is freshly cut open,
it appears as & brilliant, silver-white metal; but the exposed sutface in-
stantly tarnishes by contact with the air, and in & few minutes becomes cov-
ered with a white coating of oxyd (potash). At common temperatures it is
soft, and may be molded like wax ; at 329 F. it is brittle and erystalline, Its
attraction for oxygen is so great, that it can only be preserved in a pure state
in exhausted and sealed glass tubes, or under the surface of some liquid,
like naptha, which contains no oxygen. At high temperatures it will re-
move oxygen from almost all bodies which contain this element, with which
it is brought in contact. The powerful attraction of potassium for oxygen
may be illustrated by throwing a small piece of the metal upon the surface
of water, in which ease a part of the water is immediately decomposed~—its
oxygen combining with the potassium to form potash, whilst the liberated
hydrogen, taking fire from the heat evolved, burns in connection with a por-
tion of the volatilized metal, with a beantiful rose-red flame (sce Fig. 177);

QUESTIONS.~What consequences followed the discovery of potassiumtf What is said -
of its distribution? From whence are the chief supplies of potassium and its compounds
obtained? How is potassium practically obtained ? What are its properties? What is
sald of its attraction for oxygen? How may this be illustrated ?
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the potassium at the same time fusing, assumes the Fre. 197,
spheroidal state (§ 154), and meves over the surface of
the water with great rapidity, finally disappearing with
an explosive burst of steam, as the globule of melted ==
potash, which is formed by oxydation, becomes suffi-
ciently cool to come in contact with the water. If this
experiment, which is one of the most beautiful in chemistry, be made on a
vessel of water reddened with a vegetable color, the alkali produced changes
this color to blue or green.

498. Compounds of Potassium.

Protoxyd of Potassium, Potash, or Potassa, K0O.—
The only known method of obtaining this oxyd free from water, is by ex-
posing potassinm to dry air, when it oxydates to a fine white powder. If

. once united with water, no degreo of heat is sufficient to expel the water.

The potash of commerce and of the laboratory is always a hydrate (KO, HO).
It is prepared by dissolving carbonate of potash in ten or twelve times its
weight of water, in a clean iron vessel, and adding to the boiling selution a
quantity of good quick-lime equal in weight to half the carbonate of potash
used. The lime should be previously slacked, made into a cream with water,
and added in small portions at a time, so that the liquid may be kept at the
boiling point. The lime abstracts the carbonic acid from the potash, and
%rms carbonate of lime; which, being insoluble, is precipitated, leaving hy-
drate of potash in solution. The clear solution, if properly prepared, will not
effervesce on the addition of hydrochloric acid, thus showing that all the car-
bonic acid has been transferred from the potash to the lime. The elear liquor,
which is known as selution of caustic potash, when drawn off by a syphon from
the precipitate, and evaporated to dryness, yields a grayish-white solid, with
a erystalline fracture—the crude potash of commerce. This, melted and cast
into sticks, constitutes the caustic or fused potassa of the shops (lapis infer-
nalis), and is used in this state by the surgeons as a cautery.

499. Properties —Hydrate of potash, after fusien, is a hard, grayish-
white substance ; very deliquescent, and dissolving freely in water and alco-
hol. Both in the solid state and in solution, it rapidly absorbs carbonic acid
from the air, and must therefore be preserved in closely-stopped bottles.

Hydrate of potash possesses in solution, the preperties termed alkaline, in
the very highest degree. It neutralizes the most powerful acids; restores the
blue color to reddened litmus, changes the blue infusion of cabbage into green,
but in a short time entirely destroys these colors. It has a peculiar odor,
an acrid and disgusting taste, characteristic of the alkalies, and quickly de-
stroys both animal and vegetable matters; for this reason, its solution can
not be filtered, except through pounded glass or sand, and is always best clar-
ified by allowing the impurities to subside, and then decanting off the clear

QuesTroNs.—How may potash free from water be obtained ? What is the composition
of commercial potash? How is it prepared? What is caustic potassa? What areits
properties ?
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-liquor. Hydrate of potash, when handled, imparts to the fingers a peculiar,
_soapy feel, which is occasioned by a gradual solution of the skin (cuticle).

" The affinities of potassa when heated are so powerful that but few sub-
stances are capable of resisting its action; those which contain silica are decom-
posed by it, and even platinum itself is oxydized by it. With the fats and
fixed oils it forms soaps, which are true salts, composed of a fatty acid and the
alkaline base. Its applications also in chemistry and in the arts are almost
innumerable.

500. Potassa is the strongest base known in chemistry; consequently, it
may be used to effect the decomposition of almost every salt. This may be
illustrated by adding a solution of potash to a solution of either the sulphatcs
of iron (green vitriol) or copper (blue vitriol), in water; the potash immedi-
ately unites with the acid, and the insoluble metallic oxyd is precipitated

Potash is a fatal corrosive poison.

501. Carbonate of Potash, K0,CO0w—~Pearlash. — This
important salt is obtained almost exclusively from the
ashes of land plants ; the ashes of marine plants, on the

contrary, contain soda, and but comparatively little potash.

In countries where wood is most abundant, as in some parts of the United
States, Canada, Russia, ete., it is burned exclusively for the sake of its ashes.
These are collected, placed in large tubs (leach tubs), and treated with water;
the water soaking through the ashes, dissolves out the potash salts, together
with various other soluble mineral substances, and is converted into ley ; this
when evaporated to dryness, yields an impure carbonate of potash, which is
sold in commerce in immense quantities, under the names of pot and peari-
ashes.

The weight of ashes furnished by different plants varies in different species
and soils. Herbaceous plants yield more than woody ones; and the leaves,
bark, and young shoots are the parts which furnish the greatest quantity of
alkali. Potash does not exist in plants in the form of carbonate, but is accu-
mulated in their substance in combination with certain organic acids. Thus,
potash in the vine is combined with tartaric acid, and in the sorrel with ox-
alic acid. When plants are burned, these acids are destroyed, and the potash,
uniting with carbonic acid formed during the combustion, is obtained in the
form of a carbonate.

Carbonate of potash has strong alkaline properties, and dissolves in about
twice its weight of water. Oree

502. Bi-Carbonate of Potash, K0, 2€0, is a compound con-
taining double the quantity of carbonic acid that ordinary potash does; it is

AR SN

QUESTIONS.—What gives to potash its peculiar feeling? What is said of its affinities
and uses? What of its basic properties? From what source is carbonate of potash ob-
tained ? What is the process of preparing it? Under what name does it occur in eom-
merce? What is said of the amount of ash yielded by plants? In whai state does potash
exist in plants? ‘What is bi-carbonate of potash ?
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very generally known under the name of “saleratus,” but this term is often
applied to designate any purified earbonate of potash.

503. Nitrate of Potashy KO, N Os. — Salipeter, Niter.—This galt
occurs somewhat abundantly as a natural product. The chief sources of its
supply are certain districts of the East Indies, where it i found disseminated
through the soil, or as an efflorescence upon the surface. It is obtained in a
geparate state by treating the earth with water, and allowing the solution to
crystallize. It is supposed to be produced by the decomposition of organic
matters containing nitrogen in soils containing potash and lime.

In Europe saltpeter is formed artificially by mixing animal refuse of all
kinds with old mortar, wood-ashes, etc,, in heaps, exposed to the air, but
sheltered from the rain. These heaps are watered from time to time with
putrid urine, and after the lapse of two or three years the mixture is washed,
and the salt crystallized out. A cubic foot of refuse may in this way be
made to yield as much as 20 ounces of niter.

The earth on the floor of many caverns, as the Mammoth Cave of Xentucky,
often becomes strongly impregnated with nitrate of lime, which, when leached
with wood ashes, or treated with potash, is decomposed, and yields nitrate of
potash, In this way saltpeter was manufactured for the Government during
tho war of 1812,

504. Properties.—Saltpeter crystallizes in long, six-sided prisms, and
is freely soluble in water; its solubility increasing in a remarkable manner
with the temperature of the water; thus, 100 parts of water at 32° F. dissolve
7 paris; at 66° F., 29 parts; and at 212° F., 400 parts. The taste of salt-
peter is cooling and saline; it is an antiseptic,* and is used in brine for pre-
serving the natural color of salted meats.

Owing to the great quantity of oxygen which saltpeter containg, and the
facility with which it parts with it, it is extensively used as an oxydizing
agent. When thrown upon burning coals it deflagrates brilliantly. If paper
be dipped in a solution of niter, and dried, it forms what is well known as
“ touch-paper,” which, when once kindled, steadily smoulders away till con-
sumed, and is hence largely employed in firing trains of powder, fireworks,
ete.

The occurrence of fearful explosions, when warehouses containing saltpeter

.in large quantities have been consumed by fire, has occasioned much specu-
lation as to whether ignited saltpeter will, under any circumstances, explode.
The facts in regard to this subject are as follows ;—saltpeter, when burned by
itself, will not explode ; but the oxygen, which is liberated during its ignition,
by mingling with the carbonaceous gases evolved during the combustion,
at the same time, of other substances, may produce explosive compounds.

* The name antiseptic is given to those substances which resist and rctard the decom-
position of organic substances, such as saline hodies, acids, ete.

QueerioNs.—What is saleratus? From whence is saltpeter mainly obtained? What
is supposed to be its origin? How may saltpeter be formed artificially? What are the
properties of saltpeter ? What is * touch-paper " Will saltpeter explode ?
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505. Gunpowder.—The principal use of saltpeter is for the manufac-
ture of gunpowder, which consists of a mechanical mixture of miter, sulphur,
and charcoal, in proportions which very nearly correspond to 1 equivalent of
niter, 3 of carbon, and 1 of sulphur; thus;-—

In 100 parts.
Niter, 1 eq. 101 148
Sulphur, 1 eq. 16 133 -
Charcoal, 3 eq. 18 119
135 1000

The great explosive power of gunpowder is due to the sudden conversion
of the solid grains into gases (principally nitrogen and carbonic acid); these,
at the ordinary temperature of the air, would occupy a space equal to about
300 times the bulk of the powder used ; but from the intense heat developed
at the moment of the explosion, the expansion amounts to at least 1,500
times the volume of the powder.*

506. Manufacture of Gunpowder.—In the mamufacture of
gunpowder, the three materials, in the state of the greatest purity, are first
pulverized separately, and then mixed in the proper proportions. They are
then slightly moistened, and further ground and blended together, in charges
of 42 lbs. each, by means of large cylinders or wheels of iron, weighing sev-
etal tons each, which roll round over the powder in a large wooden tub. The
mixture is then spread in layers of about an inch in thickness, between cop-
per plates, and subjected to an immense hydraulic pressure. A thin, hard
cake is thus obtained, which is broken into small fragments, or granulated, by
subjecting it to the action of toothed, brass rollers, of different successive
guages. The grains are next sorted by means of sieves of different sizes;
after which they are thoroughly dried by steam-heat, and finally polished and
glazed by rotating them in Wooden revolving cylinders, with a small quan-
tity of “black lead.”

The object of granulating the powder is to favor the rapidity of the ex-
plosion, by leaving interstices through which the flame is enabled to pene-
trate, and kindle every grain at the same moment. Powder, in the form of
fine dust, burns rapidly, but does not explode. The firing of gunpowder is
not absolutely instantaneous, inasmuch as gun-cotton and fulminating mer-
cury explode much more rapidly—which facts prove duration in the explosion

* The expansive force of gunpowder depends almost entirely upon the circumstances
under which it is fired. Count Rumford showed, during the last century, that if powder
be placed in a closed cavity, and the cavity be two thirds filled, the force will exceed
150,000 1bs. upon the square inch; and he estimated that if the cavity were entirely filled,
and restrained to its original dimensions, the force would rise to 750,000 lbs. per square
inch, Recent experiments, by Mr. Treadwell of Boston, also tend to confirm these con-
clusions. On the other hand, if powder be fired in constantly-maintained vacuum, it
would not rend walls made of cartridge-paper, if a single end were left open to its escape.

QuesTioNs.—What is gunpowder? To what 18 the explosive force of gunpowder dne?
How does its force vary? How is gunpowder manufactured? 'Why is powder made in
grains? Is the explosion of gunpowder instantaneous?
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of powder.* Substances which explode more rapidly than gunpowder aro
not adapted for the movement of projectiles, inasmuch as sufficient time is not
given to allow the charge to receive the full advantage of the expansive force
of the gases generated; their action, therefore, is not to project the ball, but
to burst the gun.

The goodness of gunpowder may be tested by placing two small heaps upon
clean writing-paper, three or four inches asunder, and firing one of them with
a red-hot wire; if the flame ascends quickly, with a good report, leaving the
paper free from white specks, and not burnt into holes; and if no sparks fly
off to ignite the contiguous heap, the powder is very good; but if theso tests
fail, the ingredients are badly mixed or impure.

SECTION II.
SODIUM,
Fquivalent, 23. Symbol, Na (Natrium).  Specific gravity, 0:972.

507, History and Distribution.—This metal was first
obtained by Davy, immediately after the discovery of
potassium, by the voltaic decomposition of soda. It is
now prepared very cheaply from the carbonate of soda, by
a process analagous to that followed in the preparation of

potassium.,

Sodium, in combination, occurs most abundantly in the mineral kingdom,
though it is not so widely diffused as potassium. Its great storehouse is
common salt, from which substance most of the soda of commerce is obtained.
% As potassium is in some degree characteristic of the vegetable kingdom, so

* While the logical solution of this question adds but little to our knowledge, we are
®ble to infer, from certain experimental results, the course of action which accompanics
or causes the amazingly rapid explosion of a quautity of powder confined in a close cavity.
% Thus, when the fire reaches the charge from the touch-hole, the nearest grains become
kindled, the hot fluid evolved 1s thrown further into the charge, and the burning succeeds

ively until the p e b so great as to condense the air contained between
the grains sufficiently to produce the heat required for firing these grains, which are
then consumed more or less rapidly as they are fine or coarse. We have then, first,
the burning, in succession, of a small part of the charge ; then the immensely rapid,
though not instantaneous, kindling of every grain compesing it; and then the consump-
tion of these grains, which is not accomplished without time. It is a task for the concep-
tion to grasp these events, following one another in distinct succession ; each having its
beginning, middle, and end, and all being compressed in a period not exceeding 1-200th,
of a second. , When we have mastered the imagination of these we may go further, and
combine with them the conuected and contemporancous action of the ball, which passes
from rest to motion, and through every gradation of velocity up to 1,600 feet per second,
and leaves the gun as our historical period of 1-200th of a second expires.” —TREADWELL,

QuEstIONS.~~Why are compounds more explosive than gunpowder not adapted for
moving projectiles? How is the goodness of powder tested? What is said of sodium?
‘What of its occurrence in nature?
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sodium is the alkaline metal of the animal kingdom, its salts being found in
all animal fluids.”

508. Properties,—Sodium is a white metal, having the aspect of
silver. It resembles potassium in its properties, but does not oxydate so
readily as potassium, and when thrown upon water, does not inflame, unless
the water has been previously heated. Sodium and all its salts, when ignited,
communicate to flame a rich yellow color; this reaction may be illustrated
by holding a piece of soda-glass, or any mineral containing soda, in the flame
of a blow-pipe.

509. The compounds of sodium have mainly the same composition and
properties as those of potassium.

510. Caustic Soda, or the Hydrate of Soda NaO, HO, is prepared
by decomposing carbonate of soda with quick-lime, in the same manner as
has been already described for caustic potash. Its properties and appearance
are also exactly similar to those of caustic potash.

511. Chloride of Sodium, Na Cl— Common Salt.—This important
and well-known compound is formed when sodium is burned in chlorine gas,
and also when soda or its carbonate is neutralized by hydrochloric acid.

The union of these two elements is attended with a most remarkable con-
densation of volume. Thus 24 parts by measure of common salt contains no
less than 25°8 parts by measure of sodium (more than its own bulk), and no
less than 30 parts by measure of liquid chlorine; or in other words, 558
parts by bulk are compressed by the action of the force of chemical affinity
into 24. * No known mechanical force,” says Faraday, * could have accom-
plished this result ;* and it is also strange that such an amount of condensa-
tion—of squeezing together of atoms—should bo co-existent with such perfect
transparency, for common salt is even more transparent than glass, allowing
a certain kind of radiant matter to pass which stands on the confines of light
and heat.” (§ 206.)

512. Common salt is found pure or native in the earth in rock-masses
(rock-salt), in various countries, and is regularly mined or quarried. The
celebrated mine near Cracow, in Poland, is located in a bed of rock-salt
which is estimated to be 500 miles in length, 20 broad, and not less than
1200 feet thick.

Salt also exists in solution in all sea-water, in a proportion of about 27 per
cent., which amounts to nearly 4 oz. per gallon, or to a bushel in from 300
to 350 gallons. Salt manufactured from sea-water by solar evaporation, is
termed “ bay,” or “solar salt.” The evaporation is not carried to dryness,
but when tho greater part of the chloride of sodium is deposited in crystals,

* The student, in this connection, will do well to bear in mind, that physicists are not
yet fully agreed as to whether a liquid is capable of any reduction of volume by any ap-
plication of mechanical pressure.

QuEesTIONS.—What are its properlies? What is caustic soda? What is common salt?
How may it be formed artificially ? What singular circumstance attends the union of its
clements? What is rock salt? What proportion of salt exists in sea-water? How is
salt manufactured from this source ?
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the mother-liquor is drawn off. This, which from its bitter taste is tech-
nically termed the “ bittern,” retains most of the other salts contained in
sea-water, 4. e., the compounds of magnesia, lime, bromine, etc.

Salt is also manufactured in large quantities, especially in the United
States, by evaporating the water of saline springs. From this source 6,000,000
bushels wero manufactured in the State of New York (principally in Onon-
daga County) and 3,500,000 bushels in the State of Virginia, during the year
1856. The water of the Onondaga salt-springs contain about one seventh part
of dry salt. The estimated amount of salt manufactured from all sources in the
United States during the year 1856, was upward of twelve millions of bushels.

The appearance of salt varies, according to the rate at which evaporation
is conducted. When boiled down rapidly, it forms the fine-grained salt used
upon our tables; if evaporated more slowly, the hard, crystallized salt, pre-
ferred for the packing of fish and meats, is obtained.

Commen salt crystallizes in cubeg, which are anhydrous, but crackle or de-
crepitate, when heated, from the water mechanically confined between their
plates. If the evaporation of the solution of salt takes place slowly, the
cubical crystals are large; but if it be rapid, they are small, and curicusly-
arranged in what is called a * hopper-shaped” form. Thus, let us suppose a
small cubical crystal has formed on the surface of the solution. rom its
greater demnsity, the crystal has a ten- Fia. 178
dency to fall to the bottom of the : e
liquid, but capillary attraction keeps
it upon the surface. (See Fig. 178.)
New crystals soon form, which are
joined to the first at the four upper
edges, and constitute a frame above
the first littlo cube. (See Fig. 179.)
As the whole descends into the fluid,
new crystals are grouped around the
first frame, constituting a second.
(Fig. 180.) Another get, added in
the same way, gives the appearance
shown in ¥ig. 181. The conse-
quence of this successive arrange-
ment is, that the crystals are group-
ed into hollow, four-sided pyramids,
the walls of which have the appear-
ance of steps, because the rows of
small cubic crystals retreat from each
other. (Seo Fig. 182.)

Common salt is equally soluble in hot and cold water; 100 parts of water
dissolve 37 parts of it; so that a saturated solution, or the strongest possiblo

F1a. 179.

QuesTtIOoNs.—From what sources is salt principally manufactured in the United States?
‘What occasions the variations in the appearance of salt? What is said of the crystalliz-
ation of salt? 'What of its solubility ?
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brine, contains 37 per cent. It is an essential constituent of the food of both
man and animals, who languish if it be supplied in insufficient quantities.*

513. Sulphate of Soda, Na0,80s+10HO0.—This compound
is popularly known as * Glauber salts,” from its discoverer, Glauber. Ithasa
galine, bitter taste, and is occasionally used in medicine as a purgative. It is
found naturally as a mineral, and occurs also in sea-water, and in many min-
eral springs; it is generally prepared, however, by decomposing common salt
with sulphuric acid, as in the process for preparing hydrochloric acid.

Glauber salts possess the peculiar property of being more readily soluble
in water at 90° ¥. than in water at a higher, or at a boiling temperature. It
crystallizes readily from a saturated solution in long four-sided prisms, which
contain more than half their weight of water; exposed to air, this water gra-
dually evaporates, and the crystals crumble to a fine powder—effloresce. A
very interesting experiment may be performed by closing hermetically a flask
containing a boiling saturated solution of this salt; in this condition, the so-
lution may be kept for months without crystallizing, but the moment air is
admitted, the whole becomes a semi-solid mass of crystals.

514, Carbomate of Soda, Na0,C0.+10H0.— Sal-Soda,
Soda-Ash—The preparation of this salt constitutes one
of the most important branches of chemical manufacture ;
immense quantities of it being consumed in the produc-
tion of glass, in the fabrication of soap, in the operations

of bleaching, and in the preparation of the salts of soda.
The material from which carbonate of soda is now manufactured, is com-
mon salt, and the details of the process are essentially as follows: a charge
of 600 Ibs. of salt is placed upon the hearth of a well-heated reverberatory
furnace,} and an equal weight of strong sulphuric acid is poured upon it

¥ ¢ Salt,™ says Mungo Park, ‘is one of the greatest of all luxuries in Central Africa
and the continned use of vegetable food creates so painful a longing for it, that no words
can describe the sensation.”” From time immemorial, it has been known that without
salt man would miserably perish, and among horrible punishments, entailing certain
death, that of feeding culprits on saltless food is said to have prevailed in barbarons
times. The explanation of this is, that the blood contains a very large percentage of
common salt; and as this is partly discharged every day throngh the skin and kidneys,
the necessity of .continned supplies of it to the hesithy body becomes apparent. The bile
also contains soda as a special and indispensable constituent, and so do all the cartilages
of the body. Stint the supply of salt, therefore, and neither will the bile be able properly
to assist the digestion, or the cartilages to promptly repair their waste.—Jon~son.

t A reverberatory furnace (Fig. 183), used extensively in the mannfacture of soda-ash,
the puddling and refining of iren, and in the smelting of metals, is a furnace so arranged
that the heating is effected, not by the fucl itself, but by thoe flame passing from the fire-
place, f, under the influence of a powerful draft, over a bridge into a chamber, where the -

QUESTIONS.—What of its necessity to man and animals? What are Glauber salts?
What is said of them? What of their solubility ? 'What of their crystallization? What
is soda-ash? What is said of carbonate of soda? From what is it manufaetured? De-
scribe the process. What is a reverberatory furnace?
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through an opening in the roof of the furnace. Hydrochloric acid is disen-
gaged, which is usually allowed to escape up the chimney (§ 360), and the
salt is converted into sulphate of soda. This operation is completed in about
four hours, and requires much care and skill.

The sulphate thus formed is next reduced to powder, and mixed with an
equal weight of chalk or limestone (carbonate of lime), and half as much fino
coal. The mixture is then heated to fusion, with constant stirring, about 200
1bs. being operated on at once. By this treatment double decomposition is
effected, the sulphate of soda being converted into carbonate of soda, and
the carbonate of lime into sulphuret of calcium. The mass, when cold, is
treated with water, the carbonate of soda dissolved out, and the solution
subsequently evaporated to dryness. The product constitutes the soda-ash
or British alkali of commerce (anhydrous carbonate of soda), and when of
good quality contains from 48 to 52 per cent. of pure soda.*

material to be acted upon is placed. The roof of this chamber
Fig. 183. being concave, reverberates or throws back the flame striking
upon it to the floor heneath—hence the name, reverberatory fur-
nace. The chamber has an opening upon the side, A, for the in-
troduction of materials, and another opening at the end most dis-
tant from the fire. The chimney is also provided with a damper.
D, by which the draft is regulated.

* The discovery and application of this method was one of
those great events in the hisiory of civilization which created or
revolntionized whole branches of industrial art, and by cheapen-
ing the productionof
great classes of art-
icles of convenience
and necessity, ma-
terially improved the
condition of the hu-
manrace. The pro-
cess in question was
devised by Leblane,
& French chemist, to-
ward the close of the
last century. Itre-
mained for a long

time unnoticed, and it was not until 1820 that any successful trial was made with it in
England. Previous to this, all the soda of commerce was obtained from the ashes of sea-
weeds, which were sold in the market under the names of Spanish barilla and kelp; the
former being produced on the coasts of France and Spain, and the latter chiefly on the
coast of Scotland. Only a small quantity of the weight of these substances, however, was
an alkali. The barilla contained ahout 18 per cent., and was gold for about $50 per ton ;
and the kelp only b or 6 per cent., and was worth $20 per ton. It is obvious, therefore,
that the soap and glass-maker, in buying these substances, would, in the one case, pur-
chase 95 parts of worthless material, and in the other 82 parts; we say worthless, because
of no service in the fabrication of soap or glass. It would seem, therefore, that the intro-
* duction of a strongand cheap alkali, would have been hailed by the manufacturers as one
of the greatest advantages; but the fact was quite the contrary, and the chemists and
manufacturers found it extremely difficult to dissipate the prejudice in favor of kelp and

QUESTION.—What is eaid of the history and introduction of carbonate of soda ?
15
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515. Bi-Carbonate of Soda, NaO, HO, 2C0, is obtained by
passing carbonic acid gas into a solution of carbonate of soda, or by exposing
soda-ash to the carbonic acid generated from fermenting grain, as in distiller-
ies, ete. This salt is often sold under the name of * soda saleratus,”

_516. Alkalimetry.—As the purity and value of the commercial car-
bonates of potash and soda differ greatly, it becomes important to the buyer

and the manufacturer to be able to determine rapidly and accu-
rately the quantity of available alkali in a given sample. This
operation, termed alkalimetry, consists in ascertaining how much
dilute sulphuric acid of a standard strength is required to neutralize
exactly .a known weight of a particular specimen. A good article
will require more acid than a poor one; consequently, the amount
of alkali present may be estimated from the quantity of acid con-
sumed. In practical operations, an instrument called an alkali-
meter is employed. This consists of a graduated glass cylinder, or
tube, divided into degrees (graduated)—Fig. 184)—in which the
acid used is measured instead of being weighed. For this purpose
a test acid must be prepared, of such a strength that one degree
of it will exactly neutralize one grain of pure alkali (potash, or
soda). The number of degrees then cousumed in neutralizing the
alkaline properties of a known weight of a sample, in solution, will
indicate at once, in per cents., the quantity of pure alkali in the ar-
ticle tested. <

-~ 511. Nitrate of Soda, Soda-Saltpeter, Cubic Niler, NaO,
NOs, is a native product, occurring in great quantities in Peru and
Chili, S. A. It resembles nitrate of potash in its properties, but
can not be used in the manufacture of gunpowder, as it freely ab-
sorbs moisture from the atmosphere. It is used, however, exten-
tensively in the manufacture of - nitric acid, and to some extent in agriculture,
as a fertilizer.

and barilla. When, however, the soda-ash was once introdueed, it so reduced the ex-
pense of making soap, that the operation of alkalizing the fats, which had before cost $40
per ton, was effected, in one third the time, for $10 per ton. Similar results followed its
application to the manufacture of glass; and the business of manufacturing soda-ash in-
creased so fast, that in 1837, seventeen years after the establishment of the first manufac-:
tory in England, the quantity produced was 72,000 tons, and at the present time it is
upwards of 200,000. The saving to the English nation in the manufacture of soap alone,’
from the introduetion of Leblanc’s process, taking as a basis the former price of barilla,
and the present consumption and price of soda-ash (1 ton of the latter being equivalent to
8 tons of kelp and 3 of barilla), was estimated in 1847 as equal to twenty millions of dol-
lars per annum; while the benefit to the world at large has been, that the prices of soap
and glass have been reduced so low, that the poorest are not debarred from their unre-
stricted use.

QuEsTIONS.—What i3 said of bi-carbonate of soda? What Is alkalimetry? What of
nitrate of soda ?
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fout ‘w’; D

SECTION III.
LITHIUM.

Equivalent, 6. Symbol, L.

518. This rare metal forms the basis of the third alkali,
lithia, and resembles sodium in appearance and properties,
The alkali, lithia (oxyd of lithium), occurs in small quan-
tities in a few varieties of minerals, and is rarely met with.

SECTION IV.

AMMONIUM (HYPOTHETICAL).
Equivalent, 18.  Symbol, NHy

519. The alkali ammonia so closely resembles potassa
and soda in its properties and in its salts, that chemists at
the present time generally regard it as the oxyd of a com-
pound metal, as the other alkalies are oxyds of simple
metals. The name applied to this hypothetical metal is’
Ammonium, its composition being 1 atom of nitrogen, and
4 atoms of hydregen.

All attempts to isolate this substance have failed, from its tendency to sep-
arate into ammonia and hydrogen gas. It can be apparently obtained, how-
ever, in combination with mercury. This fact may be easily illustrated by
the following experiment :—A little mercury is put into a test-tube, with a-
grain or two of potassium or sodium ;* on the application of moderate heat,
over a spirit-lamp, combination ensues, with an evolution of heat and light.
‘When cold, the fluid amalgam is put into a little porcelain cup, and covered
with a strong solution of sal-ammoniac (chloride of ammonium). A double
decomposition immediately ensues: the chlorine and sodium unite to form com-
mon salt, while the mercury at the same time commences to increase in bulk,
and ultimately swells up until it acquires eight or ten times its original vo-
. lume, assuming a pasty consistence, without losing its metallic luster. The
new substance, exposed to a temperature of 0° F., crystallizes in cubes, but
if left to itself; is quickly decomposed, at ordinary temperatures, into fluid mer-
cury, ammonia, and hydrogen. Now it is evident that the mercury has com-
bined with something; but in no case where mercury or any other metal

* The proportions should be about 100 of mercury to 1 of potassium or sodium, by
weight,

QUEBTIONS.—What is sald of lithium? What of ammonium? How may the apparent
production of this substance be illustrated ?
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combines with a non-metallic substance, is there ever a retention of metallic
properties after combination, as in this instance; therefore, the inference is,
that the substance which has entered into combination with the mercury is a
metal—ammonium.

The fact that a compound body——cyanogen—is generated from carbon and
nitrogen, which comports itself in every respect like the non-metallic element
chlorine, removes every difficulty in the way of our conceiving that a com-
pound may also be formed from nitrogen and hydrogen, which may have the
properties of a metal.
~ According to the ammonium theory, all the salts of ammonia are derived
from this radical, and correspond in constitution to the salts of the simple
metals.

520. Chloride of Ammonium, NHy Cl.—Sal-Ammoniac.—This
substance, which is a compound of ammonium and chlorine, is the most im-
portant of all the salts of ammonium, and occurs naturally as a volcanic pro-
duct. It was formerly imported from Egypt, as a product of distillation from
dried camel’'s dung, and from iis having been originally procured from a dis-
trict in Northern Africa, near the temple of Jupiter Ammon, the name am-
monia originated. It is now, however, manufactured in large quantities, from
the ammoniacal liquors formed in the manufacture of coal-gas, and from the
condensed products of the distillation of bones and other animal refuse, in the
preparation of animal charcoal. These are first treated with hydrochloric acid,
and the resulting liquors evaporated to dryness. The residue is then subjected
to heat in iron vessels, when the chloride of ammonium volatilizes in dense
white fumes, which condense, on cooling, into white, semi-transparent, fibrous
masses, the sal-ammoniac of commerce.

Sal-ammoniac has a sharp, acrid taste, corrodes metals powerfully, and is
readily soluble in water. It doesnot, however, possess the characteristic odor
of ammonia. It constitutes the source from whence most of the salts of am-
monia are prepared. -

521. Ammonia, NH,0.—Volatile Alkali, Hartshorn.—This alkali exists
in the atmosphere, in the juices of certain plants, in clayey and peaty soils,
and is freely evolved, in combination, from the craters of volcanoes.

522. Preparation.—Ammonia can not, under ordinary circumstances,
be formed by the direct union of its elements. A series of electric sparks,
however, passed through a mixture of hydrogen and nitrogen, will, after a
time, generate a limited quantity of it. The production of ammonia, on the
contrary, by the indirect combination of hydrogen and nitrogen, is a circum-
stance of continual occurrence. It especially takes place during the spon-
taneous decomposition of animal and vegetable substances which contain
hydrogen and nitrogen, and in almost every process of oxydation in the

QuesTioNs.—Have we any reason to doubt the possibility of the existence of a com-
pound metal? What is sal-ammoniac? What is said of its natural occurrence? What
of its manufacture? What is said of the natural occurrence of ammonia? What of ita
production ?
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presence of moisture; in the latter case, the hydrogen, at the moment of
liberation (in a nascent state) from the water by deoxydation, enters into
combination with the nitrogen of the atmosphere.

523. Ammonia is usually obtained by subjecting a mixture of quick-lime
and sal-ammoniac to a gentle heat in a flask or retort;—the lime decom-
poses the chloride of ammonium, forming chloride of calcium and liberating

free ammonia, which latter escapes as a colorless, transparent gas. The same
mixture slowly evolves ammo-

nia at ordinary temperatures,
and is sometimes used for the
filling of smelling-bottles. For
experimental purposes, ammo-
niacal gas i3 best prepared by
heating a strong solution of
ammonia in a glass retort, and
collecting the evolved gasover
mercury, or by displacement,
as is represented in Fig. 185.
When collected by displace-
ment, the gas must be allowed
to pass into the bottle until a
piece of reddened litmus paper
held to the mouth is imme-
diately turned blue. The tube is then withdrawn, and the stopper, slightly
greased, is inserted.

624. Properties.—Ammonia thus produced is a gas, which is easily
condensed to a liquid by a reduction of temperature (—40° F.) or by pres-
sure. It has an extremely pungent smell, and instantly kills an animal im-
mersed in it; but when largely diluted with air, it is an agreeable stimulant.
From the fact that ammonia was formerly prepared by distilling the homs
of deers and harts, it is often popularly called * hartshorn.”

Ammonia- does not support the flame of burning bodies, but is slightly
combustible. A jet of gas directed across the stream of hot air issuing from
a lighted Argand lamp, burns with a pale green flame. It acts strongly as an
alkali, turning vegetable-blues green, restoring the blue color of reddened
litmus, and neutralizing the most powerful acids. The change, however, of
vegetable colors produced by ammonia, owing to its great volatility, is not
permanent ; but the vegetable substances regain their colors after a time by
exposure to the air, which is not the case when the change is effected by the
fixed alkalics. Ammonia is, therefore, often called the “ volatile alkali.”

Any volatile or gaseous acid brought into an atmosphere containing am-
monia, produces a white cloud, from the formation of a solid salt. This
property is often employed to detect the presence of ammonia in quantities

Fic. 185,

Qm:s'nox&—ﬁow is ammonia obtained practically? What are the properties of am-
monia? Why is ammonia sometimes called hartshorn? How may the presence of am-
monia be detected ?
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too small to be recognized by their odor. The reactionmay be illustrated by
bringing a rod of glass, or a strip of wood moist-
ened with dilute hydrochloric acid, near to & vessel
or substance evolving ammonia ;—chloride of am-
monia being formed. (See Fig. 186.)

Water dissolves ammoniacal gas in large quan-
tities, and with great rapidity ;—water at 50° F.
absorbing about 670 times its volume. When a
piece of ice is introduced into a jar of gas standing
over mercury, it instantly liquefies, and by condensing the gas forms a
vacuum. The almost instantaneous absorption of this gas by water may be also
illustrated by closely fitting a perforated cork and tube
into the mouth of a jar containing ammonia, and in- Fig. 187
verting the jar in a vessel of water. (See Fig. 181.)
The first portions of water that enter the jar absorb
the gas so rapidly, that a vacuum is created, and a
miniature fountain produced.
© 525. Solution of Ammonia.—The aqueous
solution of ammonia, known as aqua ammonia, liquid
ammonia, etc.,, i8 a reagent much used in pharmacy
and chemistry. It 18 a colorless, transparent liquid, and
has all the pungent and alkaline properties of the gas.
‘When applied to the skin in a concentrated form, it blisters it, and is hence
often termed caustic ammonia. Exposed to the air, ammonia escapes from
it, and heat disengages it abundantly.

526. ‘There are several carbonates of ammonia. The ordinary sal-volatile

of the shops, which constitutes the basig of the well-known “ smelling-salts,”
is a sesqui carbonate of ammonia, 2NH,0, 3COs. It is a white solid, highly
volatile, and when exposed to the air absorbs carbonic acid, and becomes
converted into an inodorous bi-carbonate. This salt is frequently used by
bakers in the place of yeast, for raising bread, cake, etc.—heat converting it
into gas, which, escaping from the dough, renders it light and porous.
7/ 521. Hydrosulphuret of Ammonia, Sulphide of Am-
monium, NH,S-}HS.—This reagent, which is extensively employed
in chemical analysis, is formed by transmitting sulphuretted hydrogen through
a solution of ammonia to saturation. The solution thus prepared should be
kept cold and in closed glass bottles.

528, @eneral Properties of the Alkalies.—The alkalies
are the strongest bases known in chemistry. They are all soluble in water,
have alkaline properties in the most marked degree, and exert a caustic and
decomposing action upon organic substances.

Most of the salts which the alkalies form with acids are soluble in water.

QuEsTIONs,—What is said of the absorption of ammonia by water? How may this be
Hlustrated ? What is aqua ammonia ? What ere its properties? What is said of car-
bonate of ammonia? What is hydrosulphuret of ammonia? What are the general prop-
erties of the alkalics? What is said of their salts?
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This is especially true of their carbonates, which also exhibit alkaline prop-
erties. Carbonic acid can not be expelled from the alkaline carbonates by
heating, but it escapes immediately with effervescence, on the addition of
other acids.

With the fats and fixed oils, the alkalies yield soaps, which are soluble in
water. p

CHAPTER X.

METALS OF THE ALKALINE EARTHS.

529. Tre metals belonging to this class are Barium,
Strontium, Calcium, and Magnesium.

Their oxyds, baryta, strontia, lime, and magnesia, are called alkaline
earths, because they posgess an earthy appearance, together with some alka-
line properties. * The metals of the alkaline earths, like the metals of the al-
kalies, are all characterized by an intense affinity for oxygen, and their isola-
tion in a pure state is a matter of great difficulty.

SECTION I.

BARIUM AND STRONTIUM.

530. Barium.—Equivalent, 68°5 ; Symbol, Ba.—Barium
is a white, malleable metal, which is fusible under a red
heat. It was first discovered by Davy, and was named
Barium (from Bapv, heavy) in allusion to the great density

of its compounds.

The essential features of the method at present adopted for obtaining the
metals of the alkaline earths, is to subject their chlorides to heat in contact with
potassium, or sodium. These elements, from their greater affinity for chlorine,
decompose the earthy chlorides, and leave their metallic bases in a state of
greater or less purity.

Baryta occurs in nature chiefly as a sulphate—sulphate of baryla, heavy
spar—in beautiful, white, tabular crystals, often associated with copper or
lead ores; this mineral, ‘'when ground to powder, is extensively used for
the adulteration of white lead. A native carbonate is, howéver, the source
from whence most of the other preparations of baryta are obtained.

The Chloride of Barium, BaCl, is the most common soluble salt of barium ;

QuEsTIONS.—What are the metals of the alkaline earths? What are their properties?
‘What their oxyds? Whatis sald of barium? By what process are the metals of the
alkaline earths obtained? What is 8aid of the natural occurrence of baryta? What are
its principal salts ? .
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it is much used in chemical analysis as a test for the presence of sulphuric
acid in solution—which unites with baryta to form a white, in soluble sul-
phate.

531. Strontinm.—FEquivalent, 44 ; symbol, Sr—~Stron-

tium is a white metal, greatly resembling barium.

Its oxyd, strontia, occurs in nature as a carbonate (the mineral, strontianite)
and more abundantly as a sulphate (celestine). The most remarkable charac-
teristic of the strontia salts, is that of communicating a magnificent crimson
tint to the flame of burning substances. The red fires of the pyrotechnists
are composed of nitrate of strontia, chlorate of potash, sulphur, and antimony.
This reaction may be illustrated by inflaming a little alcohol, in which chlo-
ride of strontium has been dissolved.

SECTION II.
CALOIUM.
Egquivalent, 20. Symbol, Ca. .

632, Calcium is a light, yellow metal, of the color of
gold alloyed with silver. It is very malleable, and can be
hammered into leaves as thin as writing-paper. It melts
at a red heat, and oxydizes in the air at ordinary temper-
atures. In combination, as lime, it forms one of the most
abundant and important constituents of the crust of the
globe.

533. Lime, Ca0.—Oxyd of Calctum.—Lime is obtained in a state of
purity by heating pure carbonate of lime (calcareous spar) in an open crucible,
for some hours, to full redness: the carbonic acid is driven off by the heat,
and the lime remains. For commercial purposes, it is prepared by heating
common limestone, which is an impure carbonate of lime, in a stone kiln or
furnace, the interior of which is somewhat in the form of a hogshead, and is
filled with alternate layers of limestone and fuel. The lime, as it is burned,
gradually sinks down, and is removed by openings at the base of the furnace,
while fresh supplies of fuel and limestone are supplied at the top. In this
way the furnace may be kept in action for a great length of time without in-
terruption.

534, Properties.—Lime as thus prepared is termed “ quicklime,” or
caustic lime, and in a state of purity has resisted all attempts to fuse it.
‘When water is poured upon quicklime, it swells up, and enters into combina-
tion with the water, forming hydrate of lime, or slacked lime. If the propor-
tion of water is about half the weight of the lime employed, a light, dry pow-

QUESTIONS.-~What §8 said of strontium? What is a characteristic of its salts? What
is caleium? How is lime prepared? What is quicklime? What is slacked lime?
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der is formed, accompanied with a powerful evolution of heat—sufficient to
occasion the ignition of wood. The hydrate which is thus formed is a definite
compound of 1 equivalent of lime with 1 equivalent of water. Lime, also,
when exposed to the air, slowly attracts both water and carbonic acid, and
crumbles to white powder—*air-slacked lime.”

Lime is soluble in about 700 parts of water, forming what is called *lime-
water.” It is more soluble in cold than in hot water, the latter dissolving
only half as much as the former. Lime-water is characterized by a nauseous
taste, and decided alkaline properties. It restores the blue of reddened lit-
mus, and changes the blue infusion of cabbage to green. Exposed to the air,
it gradually absorbs carbonic acid; a pellicle of carbonate of lime forms upon
its surface, which, if broken, is succeeded by another pellicle, until the whole
of the lime is separated from the solution, in the form of an insoluble car-
bonate.

Lime diffused through water forms milk or cream of lime.

Quicklime exerts a corrosive and destructive action upon the skin, nails,
and hair, and upon some vegetable substances. Advantage is taken of this
property to remove the hair from hides, preparatory to tanning, by immersing
them in milk of lime.*

Lime is also largely employed as a manure, and is particularly valuable
upon very rich vegetable soils, such as those formed from reclaimed peat-bogs ;
its effects in these cases are due to the decomposition of the organic matter,
which it renders soluble and capable of assimilation, by plants. Lime formed
from limestone, which containg much magnesia, is unsuited for agricultural
purposes. Lime should not be mixed with manures in the state of decom-
position, since it liberates the ammonia contained in them, and impairs their
value as fertilizers.

535. Mortars and Cements,—The most important practical appli-
cation of lime is for the manufacture of mortars and cements. Pure lime,
when made into a paste with water, forms a somewhat plastic mass, which
sets into a solid as it dries, but gradually cracks and falls to pieces. It does
not possess sufficient cohesion to be used alone as mortar. To remedy this
defect, and to prevent the shrinkage of the mass, the addition of sand is found
to be necessary.

The proportions of lime and sand in good mortar, vary; the amount of

* According to Dr. John Davy, of England, the opinion popularly entertained, that
quicklime exercises a corroding and destructive influence upon animal and vegetable mat-
ter in general, and that animal bodies exposed to its action rapidly decompose and decay,
is wholly erroneous. The results of numerous experiments made by him, seem to show,
that with the exception of the cuticle, nails, and hair, lime exerts no destructive action
on animal tissues, but that its influence is antiseptic. In the case of vegetable substances,
also, the action was similar, and instead of promoting, it arrested fermentation.

QuUESTION.—When is lime said to be air-slacked? What is said of the solubility of
lime? What are the properties of lime-water? What is cream of lime? What is said
of the caustic action of ime? What of its uses in agricuiture? What is mortar? What
is the necessity of sand in mortar?

15%
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sand, however, always exceeding that of lime, and generally in the proportion
of 4 to 1. The more sand that can be incorporated with the lime the better,
provided the necessary degree of plasticity is preserved. That sand is most
suitable for mortar which is wholly silicious, and whose particles are sharp, or
not rounded by attrition.

The cause of the hardening of mortar is not thoroughly understood ; the
explanation generally given is, that the water gradually evaporates, and the
lime, by a sort of crystallization, adheres to the particles of sand, and unites
them together, A portion of the lime, also, by absorption of carbonic acid
from the air, is gradually converted into carbonate of lime. In the course of
time, also, a chemical combination takes place between the silica of the sand
and the lime, forming a compound of silicate and hydrate of lime, which pos-
sesses great hardness. This reaction explains the remarkable hardness often
observed in the mortar of old buildings.

It is an advantage to moisten bricks and stones before applying mortar to
them, in order that they may not absorb water from the mortar, and thus
cause it to set too rapidly. The completeness of the hardening of mortar, de-
pends upon a thorough intermixture of the lime and the sand.
 536. Hydraulic Cements.—Ordinary mortar, when placed in water,
gradually softens and disintegrates, while the lime dissolves away; it can not,
therefore, be used for subaqueous constructions. Some limestones, however,
which contain about 20 per cent. of clay (silicate of alumina), afford lime
which possesses the property of hardening under water. Such limes are
known as hydraulic limes, or cements, and may be artificially imitated by mix-
ing with ordinary lime a due proportion of clay not too strongly burnt.*

Concrete is a mixture of hydraulic lime with small pebbles, coarsely
broken.

6537. Carbonate of Lime, Ca0,C0,—This substance is one of
the most abundantly diffused compounds in nature, In its amorphous condi-
tion it forms the different varieties of limestone, chalk, and calcareous marl;
it is also the principal constituent of corals and shells, and enters, to some ex-
tent, into the composition of the bones of animals.

The term limestone is applied to those stones which contain at least half
their weight of carbonate of lime; and according to the other prevailing in-
gredients, a limestone may be argillaceous (clayey), magnesian, ferruginous
(containing iron), bituminous, feetid, etc.

* The rapidity with which different kinds of hydraulio limes set, varies with their com-
position. If the clay do not exceed 10 per cent. of the mass, the mortar requires several
weeks to harden. If the clay amount from 15 to 25 per cent., it sets in two or three days;
and if from 25 to 35 per cent. of clay be presen, it sets in a few hours, The substance to
which the term Roman cement is applied, is a lime of this latter composition. In order
that hydraulie lime should properly harden, it should not be submerged until it begins to
set.—MILLER.

QuEstioNs,—~What is the cause of the hardening of mortar? What advantage is it to
moisten bricks, etc., before applying mortar? What are hydraulic cements? What is
Roman cement? What is conorete? What is said of the distribution of carbonate of
lime? What isa limestone?
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The term marble is applied to those varieties of compact limestone which
are capable of being worked in all directions, and also of taking a good polish.

Carhonate of lime is found in a greater variety of Tig. 187.

crystalline. forms than any other known substance.
Tts primary form is a rhombohedron, as seen in double
refracting, or Iceland spar (see Fig. 187); but of this
figure over 650 modifications are known to mineral-
ogists. Carbonate of lime also crystallizes in another
primary form, that of six-sided prisms, as in the min-
eral aragonite.

538. Carbonate of lime dissolves in pure water to the éxtent of about two
graing to the gallon, but in water charged with carbonic acid it is taken up
freely, and again deposited as the gas escapes—often in anhydrous crystals.
It is in this way that the enormous rock masses of crystalline carbonate of
limo are supposed to have been formed. This action, which has been before
alluded to, (§ 434), is beautifully illustrated in the formation of stalactites
and stalagmites in caverns. 'Water charged with carboni¢ acid and car-
bonate of lime, falls in drops from the roof of the cavern; but each drop
before falling remains suspended for a time, during which a part of the car-
bonic acid escapes, and a minute portion of carbonate of lime is left behind.
It also deposits another minute portion of calcareous matter on the spot
upon which it falls, and as the drops are formed nearly on the same spot for
years together, a dependent mass like an icicle is formed from the roof—the
stalactite ; while another incrustation gradually rises up from the floor beneath
it—the stalagmite. In the process of time the two may meet and form a
continuous column. (See Fig. 188.)

539. Building Materials.—Carbonate of lime is a material much
used in architecture and building, but all its varieties are not equally valuable
for this purpose. Those varieties of marble which exhibit large crystals, or
contain disseminated throughout their mass crystals of sulphuret of iron, have
comparatively little strength, and are liable to disintegration. The stone of
which the Washington Monument at Washington is constructed, is an ex-
ample. On the other hand, very fine-grained porous limestones, and also
those varieties of porous sandstones which are termed free-stones, are ill-
adapted for the external portions of buildings, since they are liable to split
into flakes after a few years’ exposure to the weather. This generally arises
from the absorption of water, and its expansion by freezing in the interior
of the stone during winter. A simple and ingenious method of ascettaining
whether a stone is liable to this defect, is to thoroughly soak a smoothly-cut
block, one or two inches on a side, in a solution of sulphate of soda. On
subsequently drying the block in the air, the sulphate of soda crystallizes in

QuEesTIONs.-—What i8 marble? What is said of crystallized carbonate of lime? What
is the supposed origin of crystallized carbonate of lime ? What are stalactites and stalags
mites? Explain their formation? What is said of the adaptability of carbonate of lime
to building purposes? Why are porous stones liablé to disintegrate ? How may the
durability of a stone be tested ?



348 INORGANIC CHEMISTRY,

the pores of the material, and tends to split off fragments from its surface.
The resistance which the stone opposes to this action affords a basis for es-
timating its durability.*

Fig. 188.

540. Sulphate of Lime, Ca0,S 0; — Gypsum.— This salt, as
commonly met with, is a hydrate—Ca0, SO;-+2HO—and occurs abundantly
in nature. In transparent plates it is termed *selenite,” but in a fibrous,
granular, compact, or earthy form it constitutes the different varieties of gyp-
sum and alabaster. When ground to a fine powder, it is known in the
arts as ‘‘ Plaster of Pari,” from the circumstance of the mineral being ex-
tensively found in the vicinity of the French capital.

Gypsum is extensively used in agriculture as a manure; but its most re-
markable property, and the ore for which it is the most valued, is the power

* In selecting a stone for architectural purposes, we may be able to form a very good
opinion of its durability and permanence, by visiting the locality from whence it was ob-
tained, and observing the condition of the natural surfaces exposed to the weather. For
example, if the rock be a granite, and it be very uneven and rough, it may be inferred that
it is not very durable: that the feldspar, which forms one of its component parts, is more
readily decomposed by the action of moisture and frost than the quartz, another ingre-
dient, and therefore that it is very unsuitable for building purposes, Moreover, if it pos-
sess an iron-brown, or rusty appearance, it ms[y be regarded as highly perishable, owing
to the attraction which this metal has for oxygen—causing the rock to increase in bulk,
and so disintegrate.

The following 1s the comparative strength of some of our best-known building materials
in resisting a crushing force. The best varieties of Quiney granite (sienite) will sustain a
pressure of 29,000 Ibs. per square inch ; good compact red sandstone, 9,000 1bs. : a variety
of sandstone ealled the ** Malone,”” from northern New York, 24,000 1bs. ; ordinary mar-
bles, from 7,000 to 10,000; the poorer varieties of sandstone, like that composing the
body of the capitol at Washington, 5,000,

QuEesTroNs.—What is the constitution of gypsum? Under what names is it known?
For what is it used ?
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it possesses, after it has been deprived of water by a heat not exceeding
300° F., of again combining with water and forming a hard, compact mass.
When the dried powder, known as * boiled plaster,” is made into a thin paste
with water, the mixture becomes solid in a few minutes; a chemical combi-
nation being formed of 2 equivalents of water and 1 of sulphuret of lime,
which eventually becomes as hard as the original gypsum. This power of
resolidifying renders gypsum applicable for taking copies of objects of every
description, and for the construction of molds and models.

If the powdered gypsum is subjected to a heat much exceeding 300° F. it
loses its property of solidifying when mixed with water. By mixing gypsum
with 1 or 2 per eent. of alum, sulphate of potash, or borax, it forms, when
mixed with water, a material much harder than ordinary plaster, and eapablo
of taking a high polish. Artificial colored marbles, ealled ** Scagliola,” are
formed of gypsum, alum, isinglass, and coloring materials, incorporated into
a paste. Stucco is a combination of Plaster of Paris with a solution of gela-
tine, or strong glue.

541, Hyposulphite of Lime, Ca0,8,0; is an abundant con-
stituent of the refuse lime of gas-works, and by exposure to the air gradu-
ally passes into sulphate of lime (gypsum). Gas-lime has been used for
agricultural purposes, but it probably possesses little or no value as a fertil-
izer. It hag, however, been recommended for mossy land and for composts.
All the hyposulphites act as depilatories, or hair-removers, and many of the
depilatory powders sold by druggists are compounds of this character.

542. Chloride of Calcium, €CaCl, is formed by dissolving car-
bonate of lime in hydrochloric acid. The saturated solution evaporated to
dryness, and the residue fused, yields a white crystalline solid, which pos-
sesses so great an attraction for moisture, that it is used for drying gases, and
for depriving alcohol, ether, and other liquids, of water, by distilling them in
contact with it. "'When mixed with snow or ice, it forms a powerful freezing
mixture.

SECTION III.
12
MAGNESIUM. >3
Eguivalent, 12.—Symbol, Mg.

543, Magnesium is a malleable metal of the color of silver, and in combin-
ation, is an abundant constituent of the crust of the earth. Associated with
lime, as a double carbonate of lime and magnesia (oxyd of magnesium), it
forms magnesian limestone, or dolomite. United with silica, as a silicate of
magnesia, it enters more or less extensively into the formation of many rocks,
and a great variety of minerals—such as soapstone or steatite, serpentine, tale,

QuEsTIONS.—What are its properties? How may plaster of Paris be hardened ? What
is scagliola? What is stucco? What is said of hyposulphite of lime? What of the ag-
ricultural value of gas-lime? What peculiar property do all the hyposulphites possess?
Wkhat is said of chloride of caleium? What is said of magnesium and its distribution?
What is dolomite? Of what minerals is magnesia a principal constituent ?
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meerschaum, ete.—all of which are nearly pure silicates of magnesia. The
presence of oxyd of magnesium in rocks or minerals in considerable quantity,
may be recognized by a peculiar slippery or greasy feeling which it imparts
to them—hence the name * soapstone.” Magnesium, also, exists abundantly
in all sea-water, in combination with chlorine, iodine, and bromine,

544 O0xyd of Magnesium, MgO0.— Calcined Magnesia.— This
substance, forming a white, very light, bulky powder, is left when carbonate
of magnesia is heated to redness. It is much used in medicine as a mild and
gentle aperient.

545. Sulphate of Magnesia, MgO0,S0; constitutes the well-
known purgative medicine, Epsom Salts. It is manufactured largely from
the bittern, or mother-liquor left after the partial evaporation of sea-water,
by the addition of sulphuric acid to the solution of chlorides, and also by treat-
ing serpentine rock with sulphuric acid. It possesses a bitter, disgusting
taste, and readily crystallizes from solution in small prismatic crystals.

546. Carbonate of Magnesia, Mg0,C0,—The common, white
magnesia of the shops is formed by precipitating a solution of sulphate of mag-
nesia by a solution of carbonate of soda. It is insoluble in water, but a solu-
tion of carbonic acid dissolves it, and forms the popular medicine known as
Murray’s “fluid magesia.” Carbonate of magnesia also occurs as a mineral.

547. Properties of the Alkaline Earths.,— The alkaline
earths are, next to the alkalies, the strongest chemical bases. They have a
caustic action, but far less so than the alkalies, and form with fats, soaps
which are insoluble in water. The carbonates of the alkaline earths are in-
soluble in water, and when exposed to a powerful heat, part with their car-
bonic acid~—in this respect, being the opposite to the carbonates of the
alkalies.

CHAPTER XI.
METALS OF THE EARTHS.

548. The metals of the earths are, Aluminum, Glucin-
ium, Zirconium, Thorium, Yttrium, Erbium, Terbium,
Cerium, Lantanium, and Didymium.

Of these, all but the first, aluminum, are extremely rare, and comparatively
unimportant. Glucinium is the metallic base of the earth glucina, which is
the characteristic constituent of the emerald and the beryl. Zirconium is the
metallic base of the earth zirconia, which is found in the gems, zircon and
hyacinth. The others possess few points of general interest.

QuEesTIONS.—What is a characteristic of magnesian minerals? What is calcined magne.
sia? What are Epsom salts? How are they obtained? What is said of carbonate of
magnesia? What are the characteristic properties of the alkaline earths ? What arc the
metals of the earth? What is said of their occurrence in nature ?
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SECTION I.
I ALUMINUM.
Eguivalent, 13°7.  Symbol, AL Specific gravity, 2'5.

549. The metal aluminum was first obtained by Wholer, an eminent Ger-
man chemist, in 1827. Comparatively little, however, was known of it until
within the last few years, but processes have been recently devised by its dis-
coverer and M. Devillé of Paris, by which it is obtained, in considerable quan-
tities, at a cost which (at present) renders it about twice as valuable as silver.

Pure aluminum is a beautiful, white metal, closely resembling silver in color
and hardness. Its most striking characteristics are, that, while it closely re-
sembles in appearance the dense, heavy metals, it is in fact lighter than glass;
and, also, its power of resisting oxydation—not tarnishing by exposure to air
or moisture, or even when heated to a red-heat. It fuses at a temperature
below the melting point of silver, is malleable, ductile, and remarkably son-
orous. Nitric and sulphuric acids, even when concentrated, scarcely attack it
at ordinary temperatures; but it dissolves freely in hydrochloric acid, and
even in strong vinegar (acetic acid). Aluminum derives its name from alum,
into the composition of which it enters.

The properties of aluminum are such as to give it a high industrial value;
and it has been applied to some extent for economic purposes.

550. 0xyd of Aluminum, Alumina, Aly0;—This is the only
known oxyd of aluminum (a sesquioxyd). It oceurs in a state of purity,
with the exception of a little coloring matter, in the sapphire and the ruby;
the first of which is blue, and the latter red. These gems are only inferior in
harduess, luster, and value, to the diamond. Emery (corundum), which, from
its hardness, is so largely used in grinding and polishing, is also nearly pure
alumina. Next to silica, alumina, in combination, is the most abundant min-
eral constituent of the crust of the earth.

By mixing a solution of alum with an excess of ammonia, we obtain a
white, semi-transparent, bulky preeipitate—hydrate of alumina, AlsO3+3HO.
This, washed, dried, and strongly ignited, furnishes a pure alumina, i the
form of a white powder, almost insoluble in acids, and infusible, except be-
fcre the oxyhydrogen blow-pipe.

551. Alum .—Common alum is a combination of the sulphato of alumina
and the sulphate of potash, with 24 equivalents of water. The constitution
of this double salt may be represented as follows: Al,O; 3S0;4KO,S0s
24HO. When alum is heated, it froths up, loses its water of crystallization,
and is converted into a white, porous mass, many times the volume of the
salt employed ; in this condition it is known as anhydrous, or burnt alum.

Alum is occasionally found as a natural produet in the earth, but for indus-

QuesTIONS.—What i8 said of aluminum? What are its propertics? What is the form-
ula of alumina? In what substances is it found pure? What is said of hydrous and
anhydrous alumina ? What is alum? Give its formula? What is burnt alum ?
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trial purposes it is manufactured artificially. The sulphate of alumina, which
enters into its composition, may be obtained by dissolving alumina from com-
mon clay by sulphuric acid, or by exposipg certain aluminous (clayey) slates
and shales, which contain sulphuret of iron (iron pyrites), to the action of the
air, or to a moderate heat; under these circumstances, the sulphuret of iron
is decomposed, its sulphur uniting with oxygen to form sulphuric acid, which,
subsequently, combines with the alumina of the clay to form sulphate of al-
umina. This salt, obtained in solution from the clay by washing, is mixed in
large casks with sulphate of potash, in proper proportions, and the whole al-
lowed to stand. The formation of alum immediately commences, and after
the lapse of a few weeks, the interior of the cask becomes lined with a thick
mass of crystals. The staves of the cask are then removed, and an enormous
mass of alum crystals, of the shape of the cask, is left standing.  (See Fig.
189.) These, when drained and broken up, furnish alum ready for market.

Ordinary alum has a sweetish, astringent taste, and crystallizes very read-
ily in regular octohedrons.

652, The constitution and formation of alum affords a good illustration of
the principle of isomorphism. For example, we may substitute in its manu-
facture in the place of sulphate of potash, sulphate of soda, or sulphate of am-
monia, and thus obtain soda, or ammonia alums, which ecrystallize in the
same form as the potash alum, and possess similar properties; or we may

QuesTIONS.—How is alum manufactured? What are its properties? How does the
constitution and formation of alum illustrate isomorphism ?
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substitute in the place of the sesqui-oxyd of alumina Al,Os, sesquioxyds of
iron, chromium, or manganese, without changing the original octohedral,
crystalline form. These substitutions will be more clearly understood from an
examination of the annexed table :

Potashialum s nSoair pa il o AlO3, 3803+KO0, S034+24HO
Soda alum.,...... Al203, 3803+Na0, S03-+24HO
Ammonia alum. .. Al203, 3803+NT¥4 O, 803+24HO
Iron alum........ Fe203, 3503+K0, 503-+24HO
Chrome 8lum...voevuerncennnss Cre03, 3803+KO0, 803-+24HO

All these compounds are called alums, and are said to be isomorphous, be-
cause they possess a similar chemical constitution, and the same crystalline
form. They may be easily prepared by dissolving together in water their
simple constituent salts in proper proportions, and allowing the solution to
crystallize. Potash, soda, and ammonia alums are white, chrome alum a deep
purple, and iron alum a pale purple, or red.

Alum, and the compounds of alumina formed from it, are largely used in
dyeing, calico printing, and in tanning. Alumina has a very great attraction
for certain kinds of organic matter, and especially for coloring substances.
To such an extent is this the case, that the hydrate .of alumina is extensively
employed in the place of animal charcoal for decolorizing animal and vege-
table solutions, If cloth is soaked in a solution of alumina, prepared from
alum, a portion of the earth attaches itself to the fibers; and if subsequently
plunged into a bath of coloring matter, it becomes permanently dyed. Most
coloring substances, without this treatment, would be removed by washing;
but the presence of alumina seems to serve as a bond of union between the
color and the fiber, which renders the adhesion of the dye permanent; a few
other substances, such as binoxyd of tin, and the sesquioxyds of chromium
and iron, act in the same manner, and are called mordants (from the Latin
mordeo, to bite in).

‘When alum is added to a colored vegetable or animal solution, and the
alumina precipitated by the addition of an alkali, it carries down with it the
greater portion of the coloring substance, and forms a class of pigments
called lakes. Carmine is a lake prepared in this way from a solution of co-
chineal.

553, Silicates of Alumina.—The salts of silicic acid and alumina
comprise a great number of important and interesting mineral substances.

554. Clay —All the varieties of clay consist of hydrated silicate of alu-
mina, more or less mixed with other matters derived from the rocks, which
by their decomposition have formed clay ; such as potash, uncombined silica,
oxyd or iron, lime, and magnesia. According as one or the other of theso
ingredients predominates, the character of the clay and its adaptation to
specific purposes will vary.

QuesTIONs.—What are the uses of alum? What property characterizes hydrous alu-
mina? How does alumina act in dyeing? What are lakesa? What is carmine? What
is clay?
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Clays which are nearly free from oxyd of iron or carbonate of lime, are
termed fire-clays, and are used for the manufacture of fire-bricks and cruci-
bles; such clays are of,rare occurrence. Pipe-clay, used for the manufacture
of tobacco-pipes, is a fine white clay, nearly free from iron. When the pro-
portion of carbonate of lime in a clay is considerable, it constitutes what is
known as a marl; if the aluminous constituent predominates, it forms an
aluminous marl; if the carbonate of lime be in excess, it is a calcareous
marl; the latter is highly valued in agriculture as a fertilizer for light, sandy
soils. ZLoam is a mixed substance containing much clay, some sand, iron, and
a varying proportion of organic matter. Ochres are clays colored red or yel-
low by oxyd of iron; they are extensively used as paints. Fuller’s earth is a
porous silicate of alumina, which has a strong adhesion to oily matters; if
made into a paste with water, and allowed to dry upon a spot. of grease on
a board or cloth, it removes most of the oil by capillary attraction. It owes
its name to the fact that it is employed to remove the grease applied to wool
in spinning.

555. Clay emits a peculiar odor when breathed upon, which is known as
an argillaceous odor. When mixed with a soil, it gives it firmness and con-
sistency, and retains the moisture, ammonia, carbonic acid, and organic mat-
ters which contribute to the support of plants. In this way it indirectly
ministers to the wants of vegetation, although alumina itself is not known to
enter as a constituent into the structure of either plants or animals. |

Among other important minerals of which silicate of alumina is a prin-
cipal constituent, may be mentioned feldspar, mica, all the varieties of slates,
and lavag, trap, basalt, porphyry, etc. The gems, topaz and garaet, are also
in great part silicate of alumina.

The beautiful artificial blue pigment known as ultramarine consists mainly
of silicate of alumina fused with sulphide of sodium.

556. General Properties of the Earths.—The earths are
entirely insoluble in water, and do not combine with carbonic acid. They
possess weak basic properties, and alumina in some instances may even act
the part of an acid. The metals of the alkalies, the alkaline earths, and the
earthg, are all of a low specific gravity, and are sometimes called, on this ac-
count, the light metals, to distinguish them from the other metals, which are
dense and heavy.

QuEsTIONS.—What is fire-clay? What is pipe-clay? Whatare marls? What is loam?
‘What are ochres? What Is ““fuller's earth 2" What are the properties of clay? What
minerals are mainly composed of silicate of alumina? What is ultramarine® What are
the general properties of the eartha?
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CHAPTER XII.

GLASS AND POTTERY.

557. Glass is a compound substance produced by fusing
together, by a high and long-continued heat, mixtures of
the silicates of potash, soda, lime, magnesia, alumina and
lead—the nature and proportions of the ingredients vary-
ing according to the purpose for Whlch the glass is to be

used.

Silica fused with the alkalies, potash, or soda, readily yields a transparent
glass of easy fusibility, but not adapted for economic purposes, since it is un-
able to resist the action of water and acids. If the proportions are 3 of al-
kali to 1 of silica, the compound is so readily soluble in water as to be
designated as “ soluble glass.” (§ 414.) By increasing the proportion of
silica, we can greatly diminish the solubility of the alkaline silicates, but
not entirely so On the other hand, silica fused with lime, magnesia,
baryta, or alumina, yields compounds which resemble porcelain rather than
glass, gre entirely insoluble, and melt at only & high temperature. No single
silicate is, therefore, adapted by itself to form glass, but by judicious mix-
ture of the various silicates we can contain compounds which are transparent,
free from color, fusible at a moderate heat, and insoluble in water.®

The temperature at which glass fuses depends upon the amount of silica it
contains; the greater the proportion, the less the fusibility.

558. The principal varieties of glass are as follows:—

Common, colorless, or white glass, which is used for making tumblers, win-
dow-glass, and looking-glasses, is a compound of silicate of potassa or soda,
with silicate of lime. The character of the glass, however, varies very much
according as one or the other of the alkalies is used. Glass composed of sim-
ply the silicates of potash and lime, is exceedingly transparent, very hard, and
of difficult fusibility. It is highly prized in the laboratory for its adaptation to
certain chemical requirements. The celebrated Bohemian glass—the finest

* In strictness, the best-made glass is to a certain extent soluble. If very finely-pow-
dered window-glass be placed on turmeric paper, and moistened, it will exhibit an alkaline
reaction. Windows in old houses often show pnsmatlc colors, owing to the circumstance,
that the long-continned action of rain and moisture has washed out the alkali of the glass,
and left an irregular condition of surface, which occasions a refraction of light. Specimens
of ancient glass which have been dug out of the earth, often exhibit a pearly luster, re-

sulting from pure silica, the alkali having been slowly removed by long exposure to
damp.

QuresrioNs.—What is glass? Why is a mixture of silicates y for the formati
of durable glass? What is said of the fusibility of glass? What is the composition of
common white glass? What is the character of potash-glass? What is Bohemian glass?
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glass produced, is a silicate of potash and lime, with a little silicate of alum-
ina. By substituting soda in the place of potash, we obtain a more fusible,
but a less transparent glass; varieties of glass with this composition, are
known as “crown glass,” plate-glass, window-glass, ete. The presence of
soda in glass imparts to it a blueish-green tinge, which is not observed when
potash alone is used.

Green Bottle Glass, and other inferior desciptions of glass used
for the manufacture of articles in which color is not regarded, consist of an
alkali, silica, lime, and alumina; the cheapest and most ordinary materials
being used, such as wood-ashes and common salt, as alkaline products, com-
mon sand, clay, gas-lime, and the refuse lime and alkali left after the manu-
facture of soap. The green color of bottle-glass is due mainly to the presence
of oxyds of iron and manganese.

Flint-Glass, so called from the circumstance, that the silica used in
its manufacture was formerly derived from pulverized flints, is a mixture of
silicate of potash and silicate of the oxyd of lead. It fuses at a lower temper-
ature than the ordinary varieties of glass, has a beautiful transparency, and a
comparative softness, which enables it to be cut and polished with ease.
Glass which contains lead possesses the property of refracting light in a re-
markable manner, and is consequently employed for the construction of
lenses for optical instruments, glass prisms, chandelier-drops, ete.; it is, also,
the basis of the artificial gems known as paste, which are colored by metallic
oxyds.

559. The silica used for the manufacture of fine glass is generally in the
form of pure white sand, entirely free from oxyd of iron. ~Such sand is by no
means common, the finest in the world being at present found among the
Green Mountains of Western Massachusetts, from which localities large quan-
tities are annually exported to Europe. The silica of the Bohemian glass is
obtained by pulverizing masses of pure white quartz. The alkali used is a
refined carbonate of potash or soda. These two ingredients, with a proper
proportion of air-slacked lime, or oxyd of lead, are thoroughly mixed, and
fused in large crucibles of refractory fire-clay, in a circular reverberatory fur-
nace. This furnace is usually in the form of a truncated cone, 60 to 80 feet
high, and 40 to 50 feet in diameter at the base. The furnace is at the center
of the cone, and the glass-pots, to the number of 4 to 10, are arranged around
the circumference, and opposite to openings in the walls of the furnace. Fig.
190 represents the exterior of the furnace, and the general appearance of a
glass-house.

The fire of a glass furnace is never allowed to slacken, and the melting-pots
remain permanently in their situations for several months, being charged from
the exterior. A heat of about forty-eight hours is requisite to convert the
crude materialg into a liquid, homogeneous glass.

QuesTions.—What is the character of soda-glass? What is the composition of green
bottle-glass? 'What is flint-glass? In what form is the silica used in the manufacture of
glass? Whatits alkali? How is glass formed?
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The details of the working and molding of glass are purely mechanical, and
a description of them is foreign to the object of this work.

560. Colored Glass~Glass is colored by the addition to it, in a fused
state, of small quantities of the metallic oxyds, which dissolve in it without

Fia. 190.

affecting its transparency. Thus, oxyd of cobalt imparts a deep blue; oxyd
of manganese, a purple or violet; oxyd of copper, a green; oxyds of iron, a
dull green or brown ; and oxyd of gold, a ruby or rose color.¥

* Cut-glass ornamental artices, which exhibit different colors npon the same specimen,
and at different depths in the thickness of the glass, are manufactured in the following
manner: the object is first formed in white, transparent, and colorless glass ; then, being
allowed to cool until it acquires solidity and consistency, it is dipped for a moment in a
pot of colored glass in a state of fusion, and being suddenly withdrawn, it carries away
upon it a thin coating of colored glass, which immediately bardens upon it, and becomes
incorporated with it. The article is then shaped by the processes of the glass-maker, and
if it be afterwards cut, those parts which are cut will disclose the clear, transparent glass,
while the parts not cut remain coated with the color. It is by this process that all the effects

QuesTION,.—How is glass colored ?
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561. Enamel is a term given to glass which is rendered mill-white
opaque by the addition of binoxyd of tin. Examples of such enamels are to
be seen in watch-dials, and in the so-called porcelain transparencies. Colored
enamels are produced by the addition of metallic oxyds to white enamels.

662. Annealing —If glass be allowed to cool suddenly after fusion, it
becomes exceedingly brittle, and articles made from it are liable to break in
pieces from the least seratch or jar, or even from a slight but sudden change
of temperature, as when transferred from a cold to a warm room.

This property is strikingly illustrated by what are called Prince Rupert's

drops, which are little: pear-shaped masses of glass, formed by

F16. 191, dropping melted glass'into cold water. (See Fig. 191.) These

" may be subjected, without breaking, to considerable pressure,

oreven to a smart stroke, but if the little end of the drop be

nipped off, the whole mass instantly flies in pieces with a sort

of explosion, and is converted into powder. This effect ap-

pears to be due to the fact, that the particles of which these

little massesrare composed, are in a state of unequal tension, owing to the

formation of a-solid coating upon'the exterior, while the interior parts are still

fluid; the latter being thereby prevented from expanding, as they become

solid. The drops will bear a concussion because the mass then vibrates as a

whole, but if the end be broken, a vibratory movement is communicated

along the surface without reaching the internal parts; this allows them some

expansion, which overcomes the cohesion of the outer coating, and the whole

at once flies:in pieces. To obviate, therefore, this tendency to brittleness, all

glass articleg; after their manufacture, are subjected to the operation of an-

nealing, which is- a very slow and gradual process of cooling, by which the

parts are enabled to assume their natural position with regard to each other.

In some cases, several days, or even weeks, are required for the cooling of
particular articles: 3

563. Pottery and Porcelain.—The basis of all earthen-

ware, porcelain, and china, is silicate of alumina (clay).
Pure silicate of alumina, however, contracts greatly and unequally on dry-
ing, and, consequently, is unfitted to be used by itself for fictile purposes.
This difficulty is, however, overcome by the addition to the clay of a propor-
tion of silica, and to compensate for a loss of tenacity in the clay thereby oc--
casioned, it is also customary to incorporate with the mass some fusible.
material, as an alkali, silicate of lime, etc., which, at the temperature required
for baking the ware, fuses, becomes absorbed by the more infusible portion,

which are seen in ornamental articles, which consist partially of colored, and partially of
clear glass, are produced. Additional colors may also be combined on the article in the
same manner, and by cutting a surface so coated, to different depths, varieties of effects
may be produced, involving a display of two or more colors.

QuesTiONS.—What are enamels? What effect is produced by allowing glass to cool
suddenly? How is this illustrated by Prince Rupert's drops? What is annealing?
‘What is the basis of all earthenware? Why can not pure clay be used slone?
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and binds the whole, on cooling, into a solid mass. According to the greater
or less proportion of these fusible materials, the ware is more or less transpa~
rent, or resembles glass in a greater or less degree.

564. Porcelain is the name applied to the finest varieties of earthen-
ware. It is composed of a very pure, white clay, called “kaolin” (derived
from the decomposition of feldspar), very finely-divided silica, prepared by
crushing and grinding calcined flints, and a little lime. The utmost pains
are taken to thoroughly incorporate these ingredients, and to avoid the intro-
duction of particles of grit, or other foreign bodies. The mixture, having the
consistency and appearance of dough, is then fashioned upon a peculiar kind
of lathe—called a “ potter's wheel,”—or in molds of plaster of Paris, into ware,
—dried, and baked in a kiln or oven for a period of about 40 hours. The por-
celain in this condition is technically termed biscwit, and is compact and solid,
but so porous as to readily imbibe water, and even allow it to filter through
its substance. This difficulty is remedied by covering the ware with a glassy
coating called a glaze, which generally consists of a more fusible mixture of
the same materials as the porcelain itself. These, in a state of fine powder,
are made into a cream with water, and into this the ware is dipped for a mo-
ment, and then withdrawn ; the water sinks into its substance, leaving the
powder evenly spread upon the surface, which, when submitted to a moder-
ate heat, fuses, and forms a uniform, vitreous coating. In ornamented porce-
lain, the designs are printed or painted upon the surface with various metallic
oxyds, which develope-their colors only after. fusion with the ingredients of
the glaze.

The material called ““ Parian,” of which statuettes, etc., are manufactured,
is a carefully-prepared variety of porcelain.

The details of the manufacture of the ordinary vanetles of ‘“stone” and
“earthen” ware, are in principle the same as those involved in the manufac-
ture of porcelain, less care, however, being taken in the selection of materials,
and less labor being bestowed upon their preparation. The coarser kinds of
earthenware are_ sometimes covered with a yellowish-white glaze, of which
oxyd of lead is an important ingredient. The use of such vessels in culinary
operations is highly objectionable, inasmuch as the lead is liable to be dis-
solved off by acids, and act as a poison.

Bricks and common pottery-ware owe their red color to the iron naturally
contained in the clay of which they are composed, which, by heating, is con-
verted into red oxyd of iron. Some varieties of clay, like that found near
Chicago, contains little or no iron ; and, consequently, the bricks made from
it are all light-colored.

QuesTIONs.—What is the composition of porcelain? Describe its manufacture. How
is porcelain ornamented wigh colored figures? What is *‘ Parian?' How does the
manufacture of earthenware differ from porcelain? HHow is earthenware sometimes
glazed? Why is the use of vessels glazed with lead dangerous? Why are bricks and
flower-pots red ? \(

/Y
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CHAPTER XIIL

THE COMMON, OR HEAVY METALS.

SECTION 1.
IROXN (Ferrum).

Equivalent, 28.  Symbol, Fe. Specific gravity, 1-8.

565. Natural History and Distribution.—Iron is the
most abundant, the most widely diffused, and the most
useful of all the metals. It is the only metal which enters
into the structure of all the vertebrate animals, as an es-
sential constituent (existing always in the blood), and the
only one whose oxyds are not injurious to either animals
or plants.

Iron in a metallic and malleable state, alloyed with nickel, cobalt, and small
quantities of other metals, is found upon the surface of the earth in large
masses of meteoric origin. These masses are so peculiar in their composition
and structure, and differ so esseutially from all terrestrial substances, that
although they may not have been seen to fall, they are easily recognized.
Some of these extraordinary bodies are from 15 to 20 tons weight; one ob-
served to fall from the atmosphere in an ignited state in South America in
1844, was upward of a cubic yard in dimensions. A specimen in the cabinet
of Yale College weighs 1,635 1bs, and one in the Smithsonian Institution,
252 Ibs.  The occurrence in nature of metallic iron of a terrestrial origin is
exceedingly rare. It is, however, said to be occasionally found associated
with ores of platinum, and also in little nodules inclosed in masses of iron ore
"—the latter being evidently the result of electro-galvanic agency. Recent in-
vestigations by Hayes of Boston have also rendered it probable that a deposit
of native iron exists on the West Coast of Africa, in the vicinity of Liberia.

Iron in a state of perfect purity is not found also as an article of com-
merce—the very best artificial irons always containing some carbon, and
generally minute quantities of silica, sulphur, and phosphorus. Chemically
pure iron may, however, be obtained by reducing the pure peroxyd of iron
at a red-heat by a current of hydrogen gas.

566. Compounds of Iron with Oxygen.—Iron forms three
definite compounds with oxygen: 1. Protoxyd, FeO; 2. Sesquioxyd, com-
monly called the peroxyd, Fe,O3; 3. Ferric acid, FeO;. Another oxyd,
Fe30y, found native in large quantities, and known as the black, or magnetic
oxyd of iron, is by some regarded as a distinct oxyd, and by others as a com-
pound of protoxyd and sesquioxyd.

QUESTIONS.—What issaid of iron? Is malleable iron found in nature? Is the iron of
commerce pure? How may chemically pure iron beobtained? Whatare the compounds
of iron and oxygen ¥
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6567. Protoxyd of Iron, Fe0, does not occur in nature except in
combination. It is a powerful base, and unites with the acids to form salts
which have a greenish color and a styptic taste—properties which are pos-
sessed in a very marked degree by green vitriol, which is a sulphate of the
protoxyd of iron. Protoxyd of iron may be easily obtained in the form of a
hydrate, by dissolving pure sulphate of iron in water recently boiled and
adding an alkali to the solution. The bulky precipitated hydrate is at first
nearly white, but absorbing oxygen from the air, it soon becomes brown, and
finally red, from its conversion into sesguioxyd. In a moist state, this hy-
drate constitutes the most effectual antidote in poisoning by arsenic.

568. Sesquioxyd of Iron, Fey0; Peroxyd—is found native in
great abundance, and constitutes some of the most valuable of the ores of
jron. It is in this state of oxydation that iron is generally found in soils and
minerals, assuming oftentimes a deep red color (red oxyd) as in ocher, burnt
clay, etc. The substance called rouge, crocus, or colcothar, used for polishing
glass or metals, is this oxyd in a state of fine powder, prepared by igniting
the sulphate of iron. :

569. Black, or Magnetic Oxyd of Iton, F e;04 occurs abun-
dantly in nature, constituting the common magnetic iron ore, and the native
loadstone, both which acquire magnetic properties from the inductive influ-
ence of the earth. It is also the principal constituent of the scales of oxyd
which are detached during the forging of wronght-iron.

570. Ferric Acid, F e 03 may be formed by heating lpartofperoxyd
of iron with 4 parts of qaltpeter to full redness for an hour, in a covered cru-
cible. A brown mass is thus obtained—ferrate of potash—which digested
with water yields a beautiful violet-colored solution.

571. Ores of Iron.—The ores of iron are extremely numerous. The
following are some of the most valuable: ¥1g. 192.

1. The magnetic, or black oxyd, which
has a black color and a metallic luster.
It is found in beds in the primitive
rocks, and sometimes constitutes entire
mountaing, as the iron-mountains of
Missourl. It is one of the richest of the
ores of iron, and contains about 70 per
cent. of pure iron. The superior iron
of Sweden and Russia is prepared from
it. The specular irom, or red iron ore,
consists mainly of sesquioxyd of iron;
under this class are included the ores known as red and brown hematites, and
bog-iron ore. Red hematite often occurs in fibrous crystallized nodules,
forming beautiful cabinet specimens.  (Seo Fig. 192.) All the ores of this

QuEesTroNs.—What is said of the protoxyd¥ How may it be prepared? What is said
of the sesquioxyd? What is rouge? What is said of the black oxyd? What of ferrio
acid? What are the principal ores of iron?

16
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class yield reddish brown powders, and may thus be distinguished from the
black oxyd ;—they contain about 63 per cent. of iron; 3. Clay-iron stone is
an impure carbonate of iron, mingled with varying proportions of elay, lime,
magnesia, and manganese. This ore occurs cxtensively associated with coal,
and contains about 33 per cent. of metallic iren ; it is the chief source of the
enormous quantity of iron manufactured in Great Britain. All clays which
are capable of yielding 20 per cent. of iron are called ores.

572. Bi-Sulphuret of lron, FeSy—iron pyrites,~although a very
abundant mineral, is not used as a source of metallic iron; it occurs in cu-

Fia. 193. bical crystals (sce Fig. 193) and fibrous

; Tadiated masses; from its bright yellow color

i and metallic luster it is often mistaken for

il gold (fool's gold), but its eharacter may be

easily determined by the-sulphurous odor
which it evolves by heating.

573. Protosulphate of Iron,
Fe0,S0;4+7HO.— Copperas; Green Vit-
riol.—This salt may be readily formed by dis-
solving metallic iron in sulphuric acid, but
for commereial purposes it is prepared on a
very large scale by exposing iron pyrites to the action of a'r and moisture,—
the sulphuret of iron, by the absorption of oxygen, yielding sulphuric acid
and oxyd of iron. The salt produced is then dissolved out with water, and
the solution allowed to crystallize. In this way it is prepared in great quan-
tities at Stafford, Vermont. 5

Copperas forms beautiful, transparent, bluish-green erystals, which effloresce
in dry air, and become covered with brownish-white crust. In combination
with certain astringent vegetable matters, as tannin, extract of galls, cte,, it
forms permanent black dyes, and is hence much used in the arts for dye-
ing, and for the manufacture of inks.

674. Iron is employed in the arts in three different states, .viz, as crude,
or cast iron, as wrought, or malleable iron, and as stcel.

575. Cast Iron, the metal obtained by smelting the ore with earbon,
is a chemical compound of iron and carbon—a carbide, or carburet of iron,
containing also, as impurities, small quantities of uncombined carbon and
silicon, and generally some phosphorus, sulphur, aluminum, and calcium. It
is fusible at a glowing white-heat, is brittle, and can neither be forged or
welded. The proportion of carbon in different varieties of cast-iron varies,
but in no instance does it exceed 5 per cent. The proportion of silica varies
from 35 to 025 per cent.

In commerce, two varieties of cast-iron are recognized, viz, white and
gray metal. . The former contains more carbon, and is harder, more brittle,

QUESTIONS.—What are iron pyrites? What is copperas? Howis it prepared? What
are its uses? In what three conditions is iron employed in the arts? What is cast-iron?
‘What two varieties are recognized? What are their respective properties ?
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and more fusible than the latter. It is also characterized by a silvery white-
ness, and a lamelar crystalline fracture. Gray metal, on the contrary, is very
soft, dark in color, and of a granular texture; it admits of being filed and
drilled with ease, which white metal does not. If white iron be melted and
allowed to cool very gradually, a portion of its carbon crystallizes out as
graphite, and gray cast-iron is produced. The gray metal is best adapted for
castings, and the white for the manufacture of bar iron and steel.

576. Smelting of Iron.—The operation of smelting iron, or tho
reduction of its ores to a metallic state, is ef- Trc. 194,
fected through the agency of the blast-fur- "w

3

nace, which is a tall, chimney-like structure,
constructed of stone in a conical form, and
lined upon the interior with the most refrac-
tory fire-brick. Its internal cavity, repre-
sented in section in Fig. 194, resembles in
shape a long, narrow funnel, inverted upon
the mouth of another shorter funnel, and is
divided into the central portion, b, called the
‘shaft; the boshes, ¢, or the part of the fur-
nace sloping inward ; the crucible, £, and the
hearth, 2. The top, or mouth of the furnace
serves both for charging it, and for the es-
cape of gases. A steady and intense heat is
maintained by means of strong blasts of air
driven into the furnace by powerful blowing
apparatus through a number of blast-pipes,
or tuyeres, a @, at its base. The amount of
air thus supplied exceeds, in some large furnaces, 12,000 cubic feet per min-"
ute. It was formerly the practice to use the air at ordinary temperatures

(cold blast), but within a comparatively recent period the production of iron

has been very greatly cheapened and increased by heating the air to a tem-

perature of about 500° F. before it enters the furnace (hot-blast). -

At the commencement of operations, the furnace is first heated with coal
only, for about 24 hours, in order to raise it to the proper temperathre; but
when working regularly, it i3 charged alternately with coal and a mixture of
ore and limestone broken into small picces, until it is completely filled with
successive layers of fuel and of ore. The ore before smelting is generally
roasted, or heated separately, in order to expel from it water and carbonic
acid, and render it dry and porous. The limestone added serves as flux—
that is, it renders the silica, clay, and other foreign matters associated with
the ore readily fusible—forming a dark-colored glass termed ‘“slag.” As
soon as the ore has become thoroughly ignited, its oxygen unites with the
carbon of the fuel to form carbonic oxyd, while the metal fuses, and together
with the slag flows down to the bottom of the furnace. Here the slag, being

QuEesTIONS.—Describe the construction of a blast-furnace? How is iron reduced from
tho ore? Why is limestono used in the smelting of iron ?
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the lightest, floats upon the top of the melted metal, and from time to time
is raked off through apertures contrived for the purpose—the iron being
drawn off by openings at a lower level. As the contents of the furnace are
removed from below, or consumed, fresh materials are supplied from above,
80 that the process of smelting goes on uninterruptedly, day and night, for
years, or until the furnace requires repair. The melted iron drawn off from
the blast furnace is run into rude molds of sand, and when solidified consti~
tutes crude cast-iron, or the pig-iron of commerce.

STT. Malleable, or Bar Irom, is cast~iron deprived of
its carbon and other impurities. It is not fusible at a

white heat, and may be forged and welded.

The manufacture of bar-iron, or the purification of the crude pig-iron, is ef-
fected by exposing cast-metal to the regulated action of oxygen at a high
temperature, whereby the carbon, and other oxydizible impurities which it
contains, are burnt out of it, and the iron left pure. The details of the process
are essentially as follows :—the crude pig-iron is first remelted and suddenly
cooled, by which it loges a part of its carbon and silica, and is rendered white,

< e g
crystalline, and exceedingly hard. In this state it is known as jfine melal.
Broken into fragments, it is next introduced in charges of about 500 1bs. weight,
into a kind of reverberatory furnace, ealled a puddling furnace, and again
melted. The workmen then, by means of long iron bars, stir up (puddle) the
fused mass, and thoroughly expose it to the influence of the heated air circu~
lating above it. (See Fig. 195.) As the operation proceeds, the metal passes
from a liquid to a pasty condition, emits blue flames (carbonic oxyd), gradu-
ally grows tough and less plastic, and finally becomes pulverulent. At this
point the heat is raised to the highest intensity, and air is carefully excluded

QuUEsTIONS.—What is malleable or bar-iron? What is the principlo of its preparation ?
Describe the first step of the process? What is puddling ?
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by closing the furnace. After a time, the metal softens sufficiently to enable
the puddler to collect it in balls (called blooms), upon the end of an iron bar,
which are then withdrawn from the furnace, and subjected, while in a state
of intense heat, to the action of a massive hammer, moved by machinery. A
melted slag (silicate of the oxyd of iron) is thus forcibly squeezed out of the
metal, and the particles of iron are brought nearer to each other. The iron is
then fashioned into a bar, by passing it between grooved rollers ; and the bar
thus obtained is cut into lengths, piled up in a reverberatory furnace, reheated
and re-rolled. . For the best qualities of iron, this process of doubling upon
itself, reheating and re-rolling, is repeated several times, in order to render the
fibers of the iron parallel to each other—an arrangement which greatly in-
creases the tenacity of the metal. These operations, when properly per-
formed, free the iron from all but mere traces of the impurities contained in
the crude metal. The complete separation, however, of phosphorus and sul-
phur, when present, is'a matter of great difficulty; and these two elements,
above all others, are the most injurious to iron—rendering it brittle and
rotten.®

578. Malleable Iron Castings.~—Small articles of cast-iron, such
as stirrups, bits, door-latches, etc., may be rendered malleable in a degree, by
closely packing them in powdered hematite (peroxyd of iron) in tight fire-
brick cases, and subjecting them to a red heat; in what is called an annealing
furnace, for a period of time varying from six to ten days, finally allowing
them to cool slowly. In this case, the character of the iron is changed, by
a removal of a part of its carbon, through the agency of the oxygen of the
powdered hematite.}

579. Steel is a chemical compound of carbon and iron—
a carburet or carbide of iron—containing, however, a much

less proportion of carbon than cast-iron.
- The quantity of carbon in good steel varies between 0-7 and 17 per cent;
but steel which possesses the greatest tenacity, has been found to contain
from 1-3 to 1°5 per cent. of carbon, and about 0-1 of silicon.

What is called Natural Steel is produced directly from the best cast-iron,

* The presence in bar-iron of 0:033 per cent. of sulphur, is sufficient to destroy its prop-
erty of welding, and render it brittle when hot. Such iron is termed “ hot short.” Irom,
on the contrary, which contains phosphorus, may be readily forged and welded when hot,
but breaks when cold: it is accordingly known as ¢ cold short.” The diecovery of a
ready method of effectually separating these two elements from iron, is regarded as one
of the great problems of chemical science which yet remains unsolved.

+ Sheet-iron is bar-iron rolled while hot to the requisite degree of thinness. It is a very
popular notion, that the so-called * Russian sheet-iron™ is manufactured in Russia by a
secret process ; but such is not the case. The iron in question is, in the first instance, a
very pure article, rendered exeedingly tough and flexible by refining and anneallng. TIts
bright, glossy surface is partially a silicate and partially an oxyd of iron, produced by pass-
ing the hot sheet, moistened with a solution of wood-ashes, through polished steel rollers.

QuEsTIONS.—What are malleable iron eastings? What is steel? ‘What is the percent-
age of carbon in stecl? How is natural steel produced ?
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by exposing it, in a melted condition on the hearth of a furnace, to the action
of a current of air; the oxygen of the air burns off a portion of the carbon
from the’ cast-iron, and steel remains. The preparation of natural steel, there-
fore, is an intermediate stage in the conversion of wrought into cast-iron.
Steel thus obtained is of an inferior quality, and is used for making cheap
and coarse instruments. The best qualities of steel are obtained by a process
called cementation, which is an operation just the reverse of that by which
natural steel is formed. It consists in imbedding bars of the best refined mal-
leable iron in powdered charcoal contained in large boxes of fire-brick in such
a way that all access of air from without is entirely excluded. The boxes
are then subjected, in a furnace, {0 a most intense heat, for a period varying
from five to ten days, during which time the carbon of the charcoal completely
_penetrates the mass of the iron, and converts it into steel. The steel, when
withdrawn, has a peculiar, rough, blistered appearance, and i3 hence known
as blistered steel. Small bars of blistered steel, made into faggots and welded
together, at a high temperature, under a tilting, or trip hammer, forms “#ilted
steel ;" this, broken up, reheated, and re-welded, forms “ shear steel,” so called,
because it was originally thus prepared for making shears to dress woollen
cloth. The quality of the steel is greatly improved by these successive pro-
cesses of reheating and re-hammering. Cust steel is prepared by melting
blistered steel, casting it into ingots, and then drawing it into bars under the
‘Jhammer; it is the most perfect variety of steel, and is employed for all fine
-cutlery.

-~ Case-ha rdenin g —It is sometimes desirable to comnvert articles
mauufa,ctured from soft iron superficially into steel; this is termed case-
hardening, and is usually performed by heating them for a short time in
contact with powdered charcoal, or sprinkling theu‘ surfaces When red-hot
with powdered ferrocyanide of potassium.

580. The chemical changes which take place in the conversion of bar-iron
into steel are obscure, and it iy somewhat doubtful whether we yet fully un-
derstand the exact composition of steel. The most recent researches seem to
indicate that nitrogen is a constituent of -all steel, and that its presence, to-
gether with carbon, is essential to its formation. The finest steel known,
called Wootz, is produced in a very rude way by the natives of India, and is
used for the manufacture of the celebrated sword-blades of the East. The
most experienced English manufacturers are unable, with all their resources,
“to produce steel of an equal quality, and its peculiar excellence has bcen at-
tributed by Professor Faraday to the presence in its composition of a small
quantity of aluminum.*

* Some authorities have supposed that carbon is contained in steel in the form of the
diamond, since it seems almost impossible o refer the great differences which exist be-
tween cast-iron and steel to merely a minute variation of the proportions of the combined

: QuEsTIoNs.—How is the best steel obtained 7 What are the different varieties of steel ?
‘What is cast-steel? What is case-hardening? What is said of our knowledge of the
formation and composition of steel ?
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581, Properties of Steel—Stecl is less fusible than cast-iron,
and more so than bar-iron. Its most remarkable property consists in its
power of assuming a hardness scarcely inferior to that of the diamond by
heating to redness and then suddenly cooling by immersion in cold water;
by this treatment it is also rendered cxtremely brittle and almost perfectly
elastic. By reheating the steel and allewing it to cool slowly, it again be-
comes nearly as soft as ordinary iron, and between these two extremes any
required degree of hardness may be attained. In working steel, the articles
are first finished in a soft state, and afterward hardened ; they are then tem-
pered, or raised to such a temperature as is requisite to give them the degree
of softness and elastieity required. The workman easily estimates this tem-
perature by observing the color of the thin film of oxyd which appears upon
the surface. Thus, a light straw color indicates the degree of heat requi-
site for tempering razors; a deep yellow, that suitable for scissors, pen-
knives, ete.; while sword-blades, watch-springs, and instruments demanding
great elastlcn;y, must be exposed to a much higher degree of heat, or until
their surfaces acquire a deep blue color. These various changes in the color
of steel may be illustrated by heating a polished stcel knitting-needle in the
flame of a spirit-lamp.

SECTION II.

MANGANESE AND COHROMIUM.

582. Manganese.—Equivalent, 27-6 ; Symbol, Mn ; Spe-
cific gravity, 8—Metallic manganese is a grayish-white
metal, resembling some varieties of cast-iron.

It is extremely brittle, and so hard that it is not scratched by a file; a
fragment set at a sharp angle may be even substituted in the place of the
diamond for cutting glass. = It iz susceptible of a very high polish, and at or-
diuary temperatures in the air'is not readily oxydized. It dissolves easily
in acids.  No practical application has ever been made of this metal, and
previous to its investigation by Brunner in 1857, very erroncous ideas of its
properties were generally entertained. It is now believed to possess a high
economic value, especially as an element of certam alloys. Its preparation
is, however, difficult.

Manganese is not found in nature as a metal, but as an oxyd it is very
widely diffused in the mineral kingdom. Traces of it are very frequently

carbon. In accordance with this view, a theory has been proposed, that the fine cutting
properties of a steel blade are due to a minute form of diamond imbedded in the edge;
and that the benefit of dipping a razor into hot water before using is owing to the cirenm-
stance that the metal is thereby expanded, forcing the sharp edges of the embedded car-
bon crystals into such positions, that they cut with greater facility .

‘QuEsTIONS.~—What are the properties of steel? What is understood by the tempering
of steel? What is the appearance of metallic manganese? What are its properties?
‘What is said of its distribution in nature?
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found in the ashes of plants, and in river and lake waters. The dark, metal-
lic-like discoloration which may be often noticed on stones and pebbles in
the beds of streams flowing over igneous rocks, is due in great part to a
coating of oxyd of manganese deposited from the water. The most impor-
tant and valuable ore of manganese is the black exyd, also keown as the
peroxyd, or binoxyd, MnO,. Itis found abundantly at Bennington, Vermont,
and in many other localities in the United States.

Seven different oxyds of manganese are described, the $wo highest of which
possess acid properties, and are termed manganic and permanganic acids.
Manganic acid is knoewn only in combination with potash, with which it forms
a salt—manganate of potash—possessing some very curious properties. Itis
best prepared by intimately mixing 4 parts of finely-powdered peroxyd of
manganese with 3} parts of chlorate of potash; 5 parts of hydrate of potash
dissolved in a small quantity of water, are then added to the mixture, which
evaporated to dryness and heated to dull redness for an hour in an earthen
crucible, yields a dark green mass. This dissolved in water, gives at first
an emerald-green solution, but the eolor almost immediately and suceessively
changes to dark-green, hlue, purple, and finally to crimsen. These changes
of color are occasioned by a decomposition of manganate of potash, which is
hence often called chameleon mineral; the final red color retained by the so-
lution is due to the formation of permanganic acid, which is comparatively a
stable compound. -

The salts of manganese are characterized by a delicate rose-color, which iz
especially noticeable in crystals of the sulphate. The chief uses of the com-
pounds of manganese are chemical, the black oxyd being extensively employed
to decompose muriatic acid, and furnish chlorine (§ 350) ; it likewise supplies
the chemist with his cheapest source of oxygen, and is used as a coloring
material in the manufacture of glass and enamels.—MILLER.

583. Chromiunm.— Equivalent, 26'4 ; Symbol, Cr.—Chro~
mium is found only as an oxyd in.nature, and although
abundant in some localities, is very sparingly distributed
over the earth. The metal itself, which is obtained with
difficulty, is grayish-white, brittle, and so extremely hard,
that it resists the action of the strongest acids.

The most abundant ore of chromium, is a compound of protoxyd of iron
and sesquioxyd of chromium,—known as * chrome tron.” It is found more
abundantly in the United Statez than elsewhere, especially in the vicinity
of Baltimore, and at Lancaster, in. Pennsylvania.

Almost all the compounds of chromium are characterized by very beautiful
colors, and are hence highly valued in the arts as materials for paints, for

QuEsTIONS.—What is its principal ore? What is said of its compeunds with oxygen?
‘What peculiar properties does the manganate of potash possess? What are the proper-
ties of chromium? What is its principal ore? For what are the compoundsof chromium
remarkable?
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dyeing fabrics, and for coloring glasg, porcelain, enamels, etc. Oxyd of
chromium is the coloring ingredient of the emerald, of the green varieties of
serpentine, and probably also of the ruby.

Chromium is prepared for use In the arts by fusing the pulverized ore,
chrome iron, with nitrate of potash (saltpeter) ; by this treatment the chro-
mium absorbs oxygen and becomes converted into an acid—chromic acid—
which unites with the potash of the niter to form a yellow salt, the chromate
of potash, KO,CrOs. By adding sulphuric acid to a solution of chromate
of potash, we remove one half the base and form a new salt—bi-chromate
of potash, KO, 2CrO;—which crystallizes in beautiful red tables, and furnishes
thoe source from whence most of the other compounds of chromium are pre-
pared. It is also in the form of this salt that chromium ig best known as an
articlo of commerce.

584. Chremate of Lead, PbO0,Cr0s— Chrome Yellow.— By
adding a solution of bi-chromate of potash to a solution of acetate of lead, we
obtain a beautiful yellow precipitate of chromate of lead ; this, washed and
dried, constitutes the well-known pigment, chrome yellow. By mixing chrome
yellow with white substances, such as chalk, clay, etc., numerous other shades
of yellow are obtained, as Paris yellow, king's yellow, etc.; but by mixing it
with Prussian blue, a variety of cheap green pigments are formed, as Naples
green, olive green, etc.

585. Chromic Acid, Cr0 is readily prepared by mixing 4 mea-
sures of a cold saturated solution of bi-chromate of potash with & of oil of vit-
riol; as the liquid cools, chromic acid is deposited in the form of beautiful
crimson needles. The mother liquor is then poured off, and the crystals
allowed to dry on a porous brick, closely covered with a bell glass; since they
decompose instantly by contact with organic matter. When chromic acid is
brought in contact with alcohol or ether, it imparts to these substances a por-
tion of its oxyyen, and the intensity of the chemical action occasioned, pro-
duces an immediate ignition. This may be illustrated by projecting a small
quantity of chromic acid upon a little alecchol or ether contained in a tum-
bler.

If we mix in a small mortar as much chromic acid as can be taken upon
the point of a knife, with about one quarter as much of powdered camphor
(without pressing upon it strongly), and then let fall into the mortar a few
drops of alcohol from a considerable height, instantaneous ignition and de-
flagration ensucs—Ilike the burning of gunpowder. The residue in the mortar,
after the decomposition, is sesquioxyd of cliromium, which presents the appear-
ance of an elegant green, mossy vegetation.~—STOCKHART.

QuesTioNs.—~How i8 it prepared for use in the arts? What is the composition of bi-
chromate of potash? What is chrome yellow? How is chromic acid prepared? What
are its properties ? :

16*
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SECTION III.

COBALT AND NICKEL,

586, Cobalt—Equivalent, 295, Symbol, Co.—Cobalt is
a reddish-gray metal, which is never found in nature in a
metallic state, except as a constituent, in small propor-
tions, of meteoric iron.

Oxyd of cobalt is remarkable for the magnificent blue color it communicates
to glass, and also to porcelain. This may be illustrated by moistening a small
bead of borax glass with a solution of nitrate of cobalt, and then fusing it in-
the flame of a blow-pipe. The substance called smalf is a glass, colored blue
by oxyd of cobalt, and then finely pulverized; it was formerly much used as
‘8 pigment, especially in the manufacture of blue writing-paper; but. is now
almost entirely superseded by the cheaper wltramarine.

587. Sympathetic Inks.—The chloride of cobalt, CoCl, is easily ob-
tained by dissolving oxyd of cobalt in hydrochloric acid ; the solution, evapor-
ated to small bulk, yields ruby-red ctystals, which are freely soluble in water.
The liquid resulting from their aqueous solution, is of a deep-blue color when
concentrated, but when diluted, is pink. In this latter condition it.may be
used as a sympathetic ink: characters written on paper with it are invisible,
from their paleness of color, until the salt has been rendered anhydrous by
exposure to heat, when the letters appear blue. When the paper is laid
aside, moistuto is again absorbed by it, and the writing once more disappears.

588. Nickel—ZEquivalent, 29'6 ; Symbol, Ni.—Nickel is
a brilliant, silver-white metal, extremely ductile, and more
fusible than iron. It occurs in nature associated chiefly
with arsenic, sulphur, and cobalt ; but its ores are by no
‘means abundant., It is almost always found native in me-

teoric iron, sometimes in a proportion of 10 per cent.

The galts of nickel are of a delicate green color; both when in a solid stato
and when in solution.

The chief use of nickel i8 in the manufacture of German silver, which is a
white, malleable alloy, consisting, in 100 parts, of 51 parts of copper, 306 of
zinc, and 184 of nickel~the latter element imparting to the alloy, when pol-
ished, a silver-like appearance.

589. General Properties of Cobalt and Nickel.—These
two metals are especially remarkable from the circumstance, that they almost

QursrioNs.~—~What is said of metallic cobalt? What are the characteristics of oxyd
of cobalt? What is smalt? What is sympathetio ink? What is sald of the properties
and distribution of nickel? What of its salts? What of its nses? What is German
silver? In what respects do cobalt and nickel resemble each other?



ZINC.—CADMIUM. 371

always occur associated together in nature, have nearly the same chemical
equivalent, and agree very closely in their chemical properties. They are
also the only metals beside iron which are readily susceptible of magnetism.

SECTION IV.

ZINC AND CADMIUM

590. Zine.— Fquivalent, 32:5 ; symbol, Zn ; specific
gravity, 6:8 to 7.—Zinc is not found native, but its ores
are somewhat abundant.

The most important of its ores are the carbonate of zinc, called calamine;
the red-oxyd of zinc, found in great purity and quautity at Sterling, New
Jersey ; and a sulphide of zinc, called blende—the latter being usually associ-
ated with ores of lead.

591. Properties.—Zinc is a bard, bluish-white metal, which exhibits
a crystalline fracture when broken. It is brittle at ordinary temperatures,
but between 200° and 300° F. acquires considerable malleability and duc-
tility, and may be rolled and wrought with ease ; it is a' very singular fact
that zinc so treated retains its malleability when cold, and it is in this way
that the ordinary sheet-zinc of commerce is manufactured. At a temperature
of 400° it again becomes so brittle as to admit of being pulverized in a mor-
tar. At 770° it melts, and at a bright red heat it is volatilized. If its vapor
be brought in contact with air, it burns with a splendid green light, and is
converted into oxyd, which falls in copious white flakes, anciently called
¢! philosopher’s wool.” Zinc, when exposed to a moist atmosphere, soon
tarnishes, and becomes covered with a thin film of oxyd, which protects the
metal beneath from any further change. This property renders zinc valuable
for a great variety of economic purposes.

By reason of the volatility of zinc at high temperatures, it is reduced from its
ores by a process of distillation rather than smelting. This is effected by heat-
ing a mixture of pulverized ore and coal in earthen retorts, and condensing
the evolved vapors over water, or in receivers from whence free access of air
is excluded. The zinc of commerce always contains impurities, generally
iron and lead, and sometimes arsenic.

592. Galvanized Iron is sheet-iron coated with zinc. Itis prepared as
follows : the iron is first immersed in dilute sulphuric acid, to remove all scalo
or oxyd from its surface, and then plunged into a bath of molten zinc, cov-
ered with sal-ammoniac. The use of the latter substance is to dissolve off
any adhering film of oxyd from the iron, as a complete union of the two
metals will not occur unless the surface of the iron is chemically clean. The
thin coating of zine which adheres to the iron renders the latter metal nega-
tively electric, and prevents its oxydation or rusting. (§ 247.)

QuEBTIONB.—What is said of the distributi®n and ores of zinc? What are the proper-
ties of zinc? How is zinc reduced from its ores? What is galvanized iron?
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593. 0xyd of Zinc, %n0.—Zinc White.—Zinc forms only one com-
pound with oxygen, which, when pure, is a white powder. Mixed with
drying oils, it is much employed as a white paint, under the name of zinc-
white, as a substitute for white lead ; it wants, however, the opacity and dead
whiteness for which white lead i3 so much valued; but has the advantage
of not blackening by the action of sulphuretted hydrogen, and of not being
deleterious to the health of the workmen.*

Sulphate of zinc, Zn0,80;, constitutes the white vitriol of commerce; it
used medicinally in small doses, and also in the operations of calico printing.

The salts of zine are eolorless, and act powerfully and rapidly as emetics.

594. Cadmium, Cd, is a white metal, resembling tin in appearance,
but allied to zinc in its properties. It is usually found in very small quanti-
ties accompanying the ores of zinc, and has no practical value in the arts.

SECTION V.

LEAD ANXND TIN.

. 595, L ead.—FEquivalent, 103'5; Symbol, Pb (Plumbum}; Specific gravity,
11-44.—Lead is rarely found native, but its oresare most abun-

Fic. 196.  dant. Almost all thelead of commerce is obtained frém galena,

or the sulphide of lead, PbS, an ere which occurs in bound-
less profusion in the United States, especially in Missouri.
The reduction of the metal is easily effected by crushing the
ore and subjeeting it to a moderate heat in a reverberatory
furnace. Galena always contains a propertien of glver,
which is sometimes so abundant that the ore is worked for
this metal rather than for the lead. When the galena oc-
curs in bold, well-characterized cubes (see Fig. 196), the contained lead is

* Zinc-white is at present extensively manufacfured from the red zinc ore found at
Sterling, New Jersey, by an exceedingly interesting and simple process. The ore, pul-
verized and mixed with coal, is heated in large oven-shaped retorts of brick, to each of
which a wide pipe of sheet-iron is fitted ; these extend through the furnace wall and con-
nect with a very large horizontal tube, through which a current of air is kept moving by
the revolution of a fan-wheel. The current thus formed flows first through the retorts,
and buros the vapor of zinc to exyd ; which #s fmmediately transported by the draft of
air through the continuation of the tube to a chamber, where it falls as dclicate powder.

Oxyd of zine, in combination with chleride of zinc, has recently been applied to pro-
ducing a lustrous hard finish to the walls of rooms, in the place of plaster of Paris. A
coat of oxyd of zinc mized with size, and made up like a wash, is first laid on the wall,
ceiling, or wainscot, and over that & coat of chloride of zinc applied, being prepared in
the same way as the first wash. The oxyd and chloride effect an immediate combination,
and form a kind of cement, smooth and polished as glass.

QuesTIONS.—What is said of oxyd of zinc? Ilow is it prepared? What is said of sul-
phate of zinc? What of cadmium? Whatis said of the distribution of Jead? What is
galena? ‘What is a usual constituent of this ore?



LEAD.—TIN. 373

usually nearly pure; but a mineral which will yield 0:36 per cent. of silver,
or 120 ounces to the ton, is considered extremely rich.*

596. Properties,—Lead is a soft, bluish-gray metal, which may be
rolled into tolerably thin sheets, or drawn into wire; its tenacity, however, is
very feeble. It fuses at 620° F., and contracts considerably at the moment
of its solidification, which circumstance renders it unsuitable for castings. At
a temperature above red-heat it is somewhat volatile

The surface of a picco of lead, when freshly cut, presents a high metallic
luster, but it soon tarnishes by exposure to the air, owing to the formation of
a thin, closely-adherent film of oxyd, which protects the metal from further
change. In a perfectly dry atmosphere, lead undergoes no alteration, and
even when sealed up in a vessel of pure water, free from air, the metal will
retain its briliancy for an indefinite period ; but if it be ex‘posed to the united
action of air and pure water, it is subject to a powerful corrosion.—MILLER.

597. Lead, when taken into the system in any soluble form, is a dangerous
poison; its effects, moreover, do not generally manifest themselves immedi-
ately, but the poison accumulates, and produces, often after the lapse of years,
a number of different and distressing forms of disease, such as eolic, paralysis,
ete. The action of water on lead is, therefore, a matter of great impertance
in a sanitary point of view, sinee this metal is extensively employed in eis-
terns and pipes, for the storage and supply of water.

The action of different waters on lead varies considerably. Waters which
are very pure and highly aerated—waters which contain nitrates, ehlorides, or
organic matter, as those flowing from the vicinity of barn-yards, manure
heaps, or from swamps and fields, all dissolve lead from the pipes through
which they pass; and the constant use of such waters,-in the process of time,
will introduce sufficient lead into the system to produce disease. Waters, on
the other hand, which contain sulphates, carbonates, and phosphates, exert
but comparatively little action on lead. Bi-carbonate of lime is especially re-
markable for the preservative influence which it exerts; and as this saltis a
very common impurity in water, few spring waters act on lead to a dangerous
extent. In these cases, a film of insoluble carbonate, sulpbate, or phos-
phate of lead, is formed upon the surface of the pipe, and all further corrosion
prevented. Rain-water, as collected from the roofs of houses, is for the most
part sufficiently impure, especially in cifies, to prevent its action on lead. So
general, however, is the action of water upon lead, that it is rare to find any

* So small a quantity of silver as three or four ounces to a tom of lead, may be ex-
tracted profitably by a process devised by Mr. Pattinson, of England. It consists in
lting the argentiferous lead, and allowing it to cool slowly. Under these circumstances,
the lead tends to separate in tie form of crystals of pure metal, before the alloy of silver
has been cooled sufficiently to solidify. By a careful regulation of temperature, the great
mass of the lead may, therefore, be removed mechanically, leaving the silver concentrated
in a small bulk of alloy.

Qurstions.—What are the properties of lead ? What changes does Iead undergo in the
air? 'What is said of the poisonous influence of Jead? What of the action of water on
lead? What galts arrest the action of water on lead? How do they effect this?
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water that has been kept in contact with this metal for a considerable period,
which does not contain gome traces of it. Stone and wooden cisterns, and
tin, iron, or wood pipes, are therefore, greatly to be preferred to lead. Where
lead service-pipes are used, it is always advisable to allow the water to run
for some time before using.

598. 0xyds of Lead—Fourdistinet oxyds of lead are recorrmzed, the
most important of which are the protoxyd, PbO, and the peroxyd, PbOs.

Protoxyd of Lead, Litharge, Massicot, PbO, is a yellow powder,
usually obtained on a large scale, by the oxydation of molten lead in a cur-
rent of air. Its production may be illustrated by fusing a small piece of lead
on charcoal, before the exterior flame of a blow-pipe. The melted lead oxyd-
ating, is at first converted into a grayish powder—a mixture of oxyd of lead
and metallic lead—2but by continued blowing, the gray color is changed into a
brilliant yellow —litharge. This oxyd of lead is a powerful base, and is ex-
tensively used in the arts, especially in the glazing of pottery and the manu-
facture of flint glass. United with fatty acids it forms insoluble soaps (the
well-known diachylon, or lead plaster); and boiled with linseed-oil, it consti-
tutes a varnish much used by cabinet-makers.

Red-Lead, or Minium, 2Pb0.Pb 0, is a compound of prot-
oxyd and peroxyd of lead. It is formed by exposing protoxyd of lead, for a
long time, to the action of air, at a temperaturo below fusing. It possesses a
brilliant red color, and is much used in the arts in the manufacttire of glass,
as a pigment, and for the coloring of red sealing wax and of paper.

699. Carbonate of Lead, PbO,C 0 — White-Lead. — This salt
occurs in nature, but is prepared artificially, in immense quantities, for use as
a paint. Pure carbonate of lead is a soft, white powder, insoluble in water,
but easily dissolved by dilute nitric or acetic acids.

Two methods are in use for making white lead. One of these consists in
dissolving litharge in acetic acid, and precipitating the lead as carbonate, by a
current of carbonic acid gas.- The best white lead is, however, made by a pro-

Fig. 197. _cess known as the “ Dutch method.” A great number of

—_— small earthen pots are partially filled with weak vinegar,

and a thin sheet of lead, coiled in a spiral, placed in
each. (Sec Fig. 197.) The pots are then each covered
with a plate of lead, and arranged in rows and tiers, ono
above the other, to the height of 15 or 20 feet, and the
whole finally covered with decomposing stable manure or
spent tan. After the lapse of several months, the rolls
of lead are found to be mostly or entirely converted
into a pure white carbonate, which only requires washing and grinding to fit
it for immediate use. The theory of this curious process is as follows: the

QuUEsTIONB.—What oxyds of lead are there? By what names is protoxyd of lead
‘known? How isitprepared? What are its properties and uses? What is red-lead ?
‘What other name is applied to it? What are its uses? What is white-lead? How is it
prepared ?
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heat of the decomposing dung, ete., volatilizes a portion of the vinegar, as
acctic acid, and under the influence of air and acid fumes, a crust of acetate
of lead is formed upon the surface of the metal, The carbonic acid, generated
from the slow deeay and decomposition of the materials of the hot-bed, readily
converts this salt into carbonate of lead, leaving the acetic acid freo to com-

" bine with an additional portion of lead, which is, in turn, again decomposed;
and this action is repeated until the whole of the lead is converted into a car-
bonate. White lead is largely adulterated with sulphate of baryta, but the
fraud may be casily detected by digesting a sample in nitric or acetic acids,
when the baryta will remain undissolved.

600. The most ready solvent for lead i3 nitric acid; dilute sulphuric and
hydrochloric acids not acting upon it to any great extent.

The presence of lead in solution may be easily detected by any of the fol-
lowing tests: with sulphuric acid it forms a white, insoluble precipitate—sul-
phate of lead; with sulphuretted hydrogen, a
black sulphide, visible, when the quantity of lead
present i3 very minute, only after a little. time;
and with solutions of bi-chromate of potash or
iodide of potassium, yellow precipitates.

Zinc precipitates lead from its solution by vol-
taic action, in the form of crystalline metallic
particles, forming what is known as the lead-
tree. (Fig. 198. § 255.)

In caso of poisoning by a dose of soluble lead
salts, the best antidote is Epsom salts (sulphate ===
of magnesia), with which tho lead forms an in- S
soluble and inert sulphate. This remedy, how-
over, is ineffectual in the more usual forms of lead-poisoning, in which the
metal is introduced into the system in minute quantities, in water or in articles
of diet.

601, Alleys of Lead.—Tho alloys of lecad are numerous and impor-
tant. Shot is an alloy of lead, with a small proportion of arsenic, which
hardens it, and facilitates its scparation into globules, In the manufacture
of shot, the lead is melted at the top of high towers built for the purposc,
and poured into a vessel perforated in the bottom with numerous small holes.
The lead, in running through, is separated into drops, which falling through
the height of the tower, become spherical, and cool before reaching a reser-
voir of water placed for their reception at the base of the tower. For the
manufacture of the largest sized shot, a tower of at lcast 150 feet high is
required. Shot are proved, and the different sizes separated, by rolling them
down an inclined board. Those which are irregular in shape, roll off at the
sides, or stop, while the perfectly spherical ones continuc in a straight course.

Fre. 198

QUESTIONS.~What is the most ready solvent of lead? How may the presence of lead
in solution be detected ? What are antidotes tolead-poisoning? How are shot manufac-
tured? What is their composition? How are shot proved ?
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Type-metal is an alloy of 3 parts lead and 1 of antimony. This alloy is suffi-
ciently fusible to allow of its being readily cast, and it expands at the mo-
ment of solidification, and copies the mold accurately. Solder is an alloy of
lead and tin.

602. Tin—Zquivalent, 59; Symbol, Sn (Stannum);
Specific gravity, 7-29.—Tin occurs in nature usually as an
oxyd, but sometimes as a sulphide.

Its ores are very sparingly distributed over the earth—the most important
tin-mines being those of Cornwall, England, and Malacca, in Southern Asia.
It is also mined to a limited extent in Germany, and in a few localities in
Mexico and South America. It has hitherto only been discovered in one
locality in the United States, at Jackson, N. H., in very small quantities,

Tin of two qualities, as regards purity, is recognized in commerce, viz.,
“Pblock” or *bar” tin, and * grain” tin; the latter being a refined metal,

603. Properties.—The propetties which characterize tin and render
it valuable in the arts, are its malleability, fusibility, softness, silver-like color
and luster, and especially its slight affinity for oxygen, which enables it to
retain its brilliancy at ordinary temperatures, in the presence of air and moist-
ure. Tin melts at 442° F. If heated above this point it is not sensibly
volatilized, but becomes rapidly oxydized, and burns with & brilliant white
lightt When a bar of metallic tin is bent backward and forward, it has a
peculiar creaking or crackling sound, which is termed the “tin cry;” this
i3 due to the erystalline texture cf the tin, the crystals moving upon each
other. Tin i3 almost insoluble in dilute sulphuric acid, and dissolves slowly
in hydrochloric acid. Nitric acid acts upon it with great violence, not dis-
solving the metal, but converting it into a white powder, the binoxyd of tin.
This reaction may be easily illustrated by pouring dilute nitric acid upon a
little tin-foil in a porcelain dish. The binoxyd of tin thus formed, when ren-
dered anhydrous by ignition, constitutes the putty powder used for polishing
glass, and for the manufacture of enamels.

604. With oxygen tin unites to form several oxyds, the prineipal of which
are the protoxyd, SnO, and the peroxyd or binoxyd, SnOs This last oxyd
in its hydrated condition, has the character of an acid, and is then known
as stannic acid, SnO5,HO. Tin also unites with chlorine to form two chlor-
ides, the protochloride, SnCl, and the perchloride, SuCls. The last-named
chloride is an old and very curious compound, ‘which was formerly called tho
“ fuming liquor of Libavius.”” 1t is a dense, fuming liquid, prepared by ex-
posing melted tin to the action of dry chlorine. A preparation of bi-chloride
of tin ig extensively used in dyeing as a mordant. A bi-sulphuref of tin, SnS?,
formed by exposing to a low red heat in a glass flask a mixture of 12 parts

QuESTIONS.—What is type-metal? What s solder? What s said of the occurrence
and distribution of tin? What two qnalities of tin are known in commerce? What are
the characteristic properties of tin? What is * tincry ' What is the action of acids
upon tin? What is putty powder? Whatare the principal oxyds of tin? What is said
of the chlorides of tin? What is the composition of bronze powders ?
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tin, 6 mercury, 6 sal-ammoniac, and 7 flowers of sulphur, is of a brilliant
gold color, and is known as mosaic gold. It constitutes the well-known
bronze powders used in printing and in the manufacture of paper-hangings.
605. The useful applications of metallic tin are very numerous. Zin-plate,
of which ordinary articles of tin-ware are made, is sheet-iron superficially
" coated with tin, It is prepared by first rendering the surface of the iron
chemically clean by the action of acids, and then immersing the sheet-metal
for a considerable length of time in a bath of molten tin ; the union of the two
metals, thus effected, is not a case of simple adhesion, but the tin forms with
the iron an alloy.  Britannia~metal, which is much used for the manufacture of
tea-pots and cheap spoons, consists of equal parts of tin, brass, antimony, and
bismuth. Pewter of the best quality, consists of 4 parts tin and 1 of lead.
Ordinary brass pins are tinned, or whitened, by boiling them in a vessel con-
taining tin in a finely-divided state, and a solution of cream of tartar in water.
The acid of the cream of tartar effects a solution of some of the tin in the
first instance, which on longer boiling separates as a metal upon the more
electro-positive brass.

SECTION V1.
COPPER AND BISMUTH.

606. Cop per.—FEquivalent, 31'7; Symbol, Cu (Cuprum) ; Specific gravity,
8'9.—Copper is frequently found native, generally in small erystals, but some~
times in immense masses, as in the mines on Lake Superior. Its ores, also,
are numerous and abundant—the most important being the sulphurets of
copper, and the red oxyd. Carbonate of copper, constituting the beautiful
green mineral malachite, is also found in sufficient abundance in some locali-
ties to admit of working—especially in Siberia, Eastern Africa, etc.

607. Properties.—Copper is one of the metals which has been longest
known to man, and was extensively used long before the working of iron
was understood. It is moderately hard, tenacious, ductile, and malleable,
and is the only metal, with the exception of titanium, which has a red color.
Copper requires a high degree of temperature for fusion (1990° F.), and when
exposed to an intense heat is somewhat volatile—its vapor burning with a
green flame. It is one of the best conductors of heat and electricity.

At ordinary temperatures, in a dry atmosphere, copper remains unchanged,
but.when exposed to a moist air it quickly tarnishes, and ultimately becomes
covered with a strongly-adherent green crast, consisting chiefly of carbonate.
Pure water has little or no action upon copper, but in sea-water, or solutions
of the chlorides, it is gradually corroded. The corrosion and waste of the
copper sheathing of ships is due chicfly to the oxygen contained in sea-water,

QuesTIONS.—What is tin-plate? What is Britannia-metal? What is pewter? How
are pins whitened? What is said of the occurrence of copper in nature? What are its
chief properties? What is the durability of copper iu various situations ? What occa-
sions the corrosion of copper sheathing ?
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and to the friction of the water; the corrosion being greatest at those poiuts
where the bubbles of air inclosed in the water, by the surging at the bow,
rise to the surface and break against the bottom of the vessel. Corrosion of
a ship’s sheathing is also slow in mid-ocean compared to what it is at the
mouths of tropical rivers, or in harbors, where the water is filled with par-
ticles of organic matter in a state of decomposition.

608. The most ready solvent of copper is nitric acid. (§ 344) Many of
the weak vegetable acids also attack metallic copper, but dilute sulphuric and
hydrochloric acids have scarcely any action upon it.

609. The two principal oxyds of copper are the protoxyd, or black oxyd,
CuO, and the suboxyd, or red oxyd, Cuy0.

610. Protoxyd of Copperis the basisof all the ordinary salts of
copper. It is prepared by heating metallic copper to redness in a current of
air, and then suddenly quenching it in cold water; or more conveniently by
decomposing the nitrate of copper by heating it to redness—the product in
the first instance heing black scales and in the last a dense black powder.
It may also be obtained as a hydrate of light blue color by the addition of
caustic potash to a solution of any of its salts, (as blue vitriol). Protoxyd of
copper is a compound of considerable importance in chemistry and the arts;
when mixed with organic substances, and heated, it gives up all its oxygen,

F1a. 199, - and is hence much used to effect the
complete combustion of these bodies in
a process by which their elementary
composition is determined; it is also
used for imparting to glass and porcelain
a beautiful green color.

Suboxyd of copper is found native,
= and may be prepared by heating a mix-

: ture of 5 parts of black oxyd and 4 parts
of fine copper filings in a covered crucible; the red coating which is formed
when metallic copper (as a cent, for example, see Fig. 199) is slightly heated
and suddenly cooled, is also suboxyd of copper. Its principal industrial
value is for imparting to glass a beautiful ruby or purple color.

611. Sulphate of Copper, Bluevitriol Cu0,30;, is one of the most
important of the salts of copper, and is formed by heating metallic copper
with concentrated sulphuric acid. It crystallizes in beautiful blue crystals
and is soluble in 4 parts of cold and 2 of boiling water. Large quantities of
this salt are used in calico-printing, in the preparation of most of the other
salts of copper, and as an agent for exciting galvanic batteries. Wood steeped
in a solution of sulphate of copper is protected against dry-rot, and a wash
of it on the wood-work of cellars is highly serviceable in preventing the
formation of mold. Animal substances thoroughly imbued with it and then
dried, remain unaltered.

QuEestioNs.—What is the most ready solvent of copper? What are the two principal
oxyds of copper? What is said of protoxyd of copper? What of suboxyd of copper ?
‘What is the composition of blue vitriol? What are its uses and properties ?



COPPER.—BISMUTH. 379

612. Nitrate of Copper, Cu0, Nof is a beautiful blue, efilor-
escent salt, formed by dissolving metallic copper in nitric acid. It is highly
corrosive, and easily decomposed. Its tendency to decomposition may be il-
lustrated by closely enveloping a few moist crystals of nitrate of copper in
tin-foil, and placing the parcel upon a porcelain dish; the affinity of the tin
for the nitric acid in a short time occasions intense chemical action, accom-
panied by the phenomenon of ignition ; a paper also, moistened with a strong
solution of this salt, cannot be rapidly dried without taking fire from the de-
composition of the nitric acid.

613. Verdigris.—Sub-Acetate of Copper—Verdigris is a salt of acetic
acid (the acid of vinegar) and oxyd of copper. It may be formed experi-
mentally by moistening from time to time a copper coin with vinegar, which
oceasions the production of a green coating. It is prepared on a large scale,
either directly from copper and vinegar (green verdigris), or indirectly by
spreading the refuse of pressed grapes upon plates of copper exposed to
the air; in this latter case the juice adhering to the mash gradually changes
‘to vinegar, and forms blue, or French verdigris. This salt is much used in
the arts as a pigment,

614. Characteristics of the Salts of Copper.—Most of
the salts of copper have a blue or green color, and nearly all are soluble in
water. *They are distinguished by a nauseating metallic taste, and when
taken internally act as deadly poisons, producing violent vomiting, followed
by exhaustion and death. -Black oxyd of copper is soluble in oils and fats,
so that greasy matters boiled in an eopper saucepan which is not kept bright,
are liable to become impregnated with the metal ; verdigris may also be in-
troduced into food from the cooking of acid vegetables or fruits in copper
vessels ; the use of copper in domestic economy ought, therefore, to be dis-
‘pensed ‘with as far as practicable. The best antidote against copper poison-
‘ing 'is raw white of eggs, the albumen of which, by forming an insoluble
‘compound with the metal, renders it inert. Milk, or sugar mixed with iron
filings are also efficacious.

615. Alloys of Copper.—The alloys of copper are extensively used
in the arts. Brass is an alloy of copper and zinc; the usual proportions
being 66 parts of copper and 34 zinc. By varying the proportions, however,
the varicties of brass known as *“red metal,” *pinchbeck,” * Muntz” or
sheathing metal, etc., may be obtained. Gun-metal, used in the fabrication
of brass ordnance, is an alloy of 90 parts of copper and 10 of tin. Bell-metal
and speculum-metal contain a larger proportion of tin. Bronze for statuary
consist of 91 parts copper, 2 of tin, 6 of zinc, and 1 of lcad. The brass of
the ancients was an alloy of copper and tin.

QuEsTIONS.—What is 8aid of nitrate of copper? What is verdigris? How is it pre-
pared? What are the characteristics of the salts of copper? Why is the use of copper
vessels in culinary operations unadvisable? What is the best antidote against copper
poisoning? What is brass? What is gun-metal—bell-metal—bronze ?
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616. Bismuth is a reddish-white, hard, brittle metal,
which is generally found native in small quantities.

It crystallizes from fusion in cubic crystals of great brilliancy. Its principal
employment is in the preparation of alloys, a slight admixture of it increasing
the fusibility of several metals to a remarkable extent. Oxyd of bismuth is
used to some extent in medicine, and also as a cosmetic (pearl powder).

SECTION VII.

URANIUM, VANADIUM, TUNGSTEN, COLUMBIUM, TITANIUM, MOLYBDENUX,
NIOBIUY, PELOPIUM, ILMENIUM, ETC.

617. All these metals are very sparingly distributed over the surface of the
earth, and some of them are o rare, that they have been seen by only a fow
chemists. Uranium and titanium are used to some extent for the coloration
of porcelain and enamels; and molybdenum, in combination, as molybdate of
ammonia, constitutes the most delicate known test of the presence of phos-
phoric acid in solution,

SECTION VIII.
ANTIMONY AND ARSENIC. 2

618. Antimony.—Equivalent, 12:9; Symbol, Sb. (Stib-
ium).—Antimony is a blueish-white metal, with a highly
crystalline texture, so brittle that it may be easily reduced
in a mortar to a fine powder.*

‘When exposed to air and moisture, at ordinary temperatures, it under-
goes no change; but if heated, it burns brilliantly, emitting copious white
fumes, which consist chiefly of a teroxyd of antimony. A very interesting
experiment consists in fusing a little of the metal on charcoal before the blow-
pipe, and projecting the melted globule upon the floor or an inclined board;
the moment it strikes the hard surface, it bursts into a multitude of little
spheroids, which radiate in all directions, leaving a trail of white smoke (oxyd)
behind them. Antimony is not used by itself in the arts, but it enters into
the composition of several important alloys, as type metal, Britannia metal,
ete. Finely-powdered antimony, sprinkled into a jar of chlorine gas, ignites,
and occasions a miniature shower of fire.

* Antimony was first made known by Basil Valentine, an alchemist and monk, of Er-
furth, Germany. The etymology of its name is 'said to be due to the following eircum-
stance: its discoverer baving observed that its effects, when administered to hogs, were
beneficial, tried it upon his fellow-monke. The result of the experiment, however, was
that the monks sickened and died—hence the name antimoine, anti-monk, antimony.

QUESTIONS.— W hat is said of bismuth ? What are its uses? What is said of uranium,
titanium, and molybdenum ? What of antimony? What are the properties of antimony?
‘What its industrial uses ?
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619, Antimony forms three oxyds, the most important of which are, the
teroxyd of antimony, SbOs, and antimonic acid, SbO;.

620. The compounds of antimony are remarkable for their medicinal ef-
fects, and aro classed in pharmacy among the important remedial agents.
‘When taken, however, in inordinate doses, they act as poisons. ZTartar
emetic is a double salt of tartarate of potash and tartarate of antimony. It is
formed by boiling oxyd of antimony with cream of tartar, which last is a salt
of potassa and tartaric acid, containing free acid; this free acid combines
with the oxyd of antimony, and thus forms a double salt. Tartar emetic, dis-
solved in sherry wine, in the proportion of two grains of the former to a fluid
ounce of the latter, forms the well-known * wine of antimony.”

Sulphuretted hydrogen, added to solutions of antimony (as a solution of tar-
tar emetic in water), precipitates the metal in the form of a peculiar and highly
characteristic, orange-colored sulphuret.

621, Arsenic.—ZEquivalent, 75; Symbol, As.— Arsenic
is sometimes found native, but generally occurs in the
form of an alloy with some other metal, especially with
iron, cobalt, nickel, copper, or tin.

The greater part of the arsenic of commerce is obtained in Silesia, in Ger-
many, by roasting, in farnaces, a double sulphuret of iron and arsenic,~—called
mispickel, or the arsenides of nickel and cobalt. The arsenic, volatilized by
heat in the form of an oxyd—arsenious acid—is condensed and collected in
the form of a white powder in large chambers, into which the flues from the
furnace open.*®

Metallic arsenic may be obtained by heating arsenious acid with powdered
charcoal in a tightly-closed crucible. It is a dark, steel-gray colored metal,
extremely brittle, and may be easily reduced to powder. It is sold by drug-
gists under the very objectionable names of fly-powder, fly-poison, cobali, etc.
When heated, it volatilizes without fusion; and if air be present, it oxydizes
to arsenious acid, Its vapor has a remarkable odor of garlic, which is so pe-
culiar and noticeable, that it is regarded as one of the characteristic tests of
the presence of this element; this odor is easily recognized by heating a frag-
ment of arsenic, or arsenious acid on charcoal before the blow-pipe.

622. The oxyds of arscnic are two:—Arsenious acid, AsOj; and arsenic
acid, AsOs.

* The opening of these chambers, and the removal of arsenic, is a task of great danger,
and is performed about once in six weeks. The workmen engaged in the operation, as
protection against the poison, are completely encased iu leather, with glazed apertures for
the eyes. They also wear, in addition, damp cloths over their mouths and nostrils, in )
order to prevent the inhalation of minutely-divided patticles.

QUESTIONS.~~What are the chief oxyds of antimony? What is tartar-emetic? What
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