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FIRST STAGE INORGANIC CHEMISTRY,
JLRACTICALD
. .
CIHLADPTER 1.
INTRODUCTORY EXPERIMUNTS,

To bore a cork.- The cork must first be xoftened by
being rolled gently but tirmly under the foot. It will
shrink somewhat durving this process, so that acork some-
what wider than the neck of the hottle should be chosen,
Tuke now a round tile nnd press the shaep end gently into
the cork, turmmg it round all the tinee The tile will
gradually penetrate to the fur side, Jenving a sumdl hole,
which can be enlurged by filing wway ditferent pmrts of the
wall, until it ix sligghtly Jess than the tudee it has to contain,

More regular holes can be made by menns of  proper
cork bovers, which ure brass tubes of different sizes, with
one end sharpened and the other perfornted to admit o steel
roll. The borer having been chosen of  slightly less
dinmeter than the tube for which the holeis intended, the
sharp end is dipped in water, and the vod inserted in the
hole at the other end. The edge i pressed gently into the
cork, and the bover twisted (always in the sone divection)
under wentle pressuve until it cmerges at the other side,
It should not b pressed up against 0 haed object
ax this will blunt the borer. Well nlmr,wm-tl ’ml'o-rn'lln
also be ussd for indiurubber stoppers. In this case they
are  wmoistemsl  cither with aleohol or glycerine,  and
pressed  through more slowly, Tubes should always be
dipped in water before beinge pushed into the hole,



2 INTRODUCTORY EXPERIMENTS.

To bend a piece of glass tubing.—Tuke a piece of
Je-inch soft tubing, and hold it horizontally in the upper
part of an ordinury gas flume, with its length in the
plune of the flume, Turn the tubing slowly round and
round so as to heat it uniformly.  When it begins to soften
vemove it from the flame and bend it slowly and carefully
to the required shape.  Allow it to cool, and then remove
the conting of soot from the hend,

To cut narrow glass tubing with a fille.—Tuke a picce of
glass tubing and luy it on a table,  Taking hold of it
with the finger nud thumb of the Jeft hand near the point
whero it is to be cut, draw one edge of a sharp triangular
filo oner aeross ity from heel to point. Tho tube can now
ho broken by forcibly attempting to bend it away from the
fileeserutel, und at the sume time trving to pull it apart.
Round off the sharp edges by holding the tube vertieally
in the Bunsen flame, until the flame is coloured strongly
yellow by the sodin of the glass,

To draw out a piece of glass tubing; to make a jet.—
Take a short picee of tubing and heat the middle portion
in a small blowpipe thune, supporting cach end of the tube
with the fingers, and continually turning it round so as to
heat ull vides equudly ;5 when the tube is quite soft, remove
it from the flame und slowly draw it out.  The moreelowly
it in drawn out, the more gradually will the tube taper
towards the centre. Then with a ile cut the tube at a
suituble puint, round off the cut end in the tlame, and the
jot is ready for use,

To make a bulb tube.—Tuke u picce of Je-inch tubing,
about 6 inches long, and heat one end in the blowpipe
fHame until it ix complotely closed and rounded off.  Before
this roundud end beeomes too thick, take the tube vut of the
flae, and, holding it vertieal, blow into it steadily, but not
too strongly, until a smll bulb is blown at the heated end.
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Use of 8patula.—It ix often necessary to take a small
quantity of some solid substance out of a bottle.  For this
purpose the spatuls—an instrument very like a small table-
knife—is used. A small bone or ivory paper-cutter auswors
the purpose very wgll.  The blude of a penknife is
sometimes used, but the use of iron or steel is objectionable.
A platinum spatulu is the hest.

To fix a platinum wire in a glass holder.—Tuke six
inches of narrow gluss tubing and draw it out a little in the
middle as deseribed above.  Cut in two at the middle of
the drawn-out part. Into the narrow cut end insert a
picce of platinum wire about two inches long; then hold
this end in the flame until the gliss closes round the wire,
A pieee of glass rod mnkes n better holder. Draw the rad
out and cut in two ax deseribed above, Then hold the
narrow end of the rod in the lane until it s quite soft,
and insert the piece of platinum wire into the soft end,
The free end of the wire should be bent into a loop or
coiled into a flat spiral,

The platinum wire thus mounted will be in frequent use
for flame tests, and should he kept dipped in hydrochloric
acid in a test tube.  This ean be done by fitting the holder
with a cork which fits into the mouth of the test tube,
Keopsin this way the wire is always cloan,

To make a wash-bottle.—Tuke u 16-0z. flusk, cither of
the ordinary round form or, better, of the conieal shape,
fit it with a good cork or indinrubber stopper, in which
hore two holes {for the cork nse a round filo; for the
rubber, a sharp cork-bover moistened with aleohol).  Then
fit two pieces of tubing, bent ax whown in the fighre,
first rounding off the ends in the flame, and soe that the
tube n reaches very nearly to the bottom of the flusk ; to
the end » of the longer tube fit u picco (about 1} inchon)
of narrow {} in. diam.) indiarubber tubing, carrying at
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the other end a whort picce (ubout 1 inch) of glass tubing
drawn out to s jet. The wash-bottle is to be nearly filled
with distilled water, which can be expelled when required
by blowing down the tube m, and the fine strenm issuing

Fig. 1.

from the jot enn be discharged in any desived diveetion
by the flexibility of the rubber tubing.  The wash-bottle
in used chiefly for washing precipitates on tilters, and
sorves as i reservoit of pure water for general purposes.
To make a desiccator.—In some of the experiments to
be deseribed luter it will be found necessary to prevert the
substances tuking up moisture from the air.  In order to
socure thix, we place them in a dey atmosphere enclosed in
u vensel known as a desiceutor. Take o piece of thick
plate glaw about five or six inches square, and seleet a
atout-walled eylindrical glass vessel about six inches high
and® about four inches in dinmeter. A small gas jor or
wide-mouthed bottle serves very well. The eldge of the
wouth must be ground quite tlat by rubbing it with a little
water on a tlat piver of smdstone. Tuke a shallow, fairly
wide beaker, of such o size that the gus jor con pass
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over it easily, and half fill it with cithor caleium chloride
{anhydrous) or concentrated sulphurie acid.  Over  the
mouth of the heaker place a pipe-clay triangle, to form
a rest, and hend down the three ends of the wives over the
wdgge, Clean and diw the plate and gns jare Place the
beaker enntaining the desicenting agent on the plate, and
cover it with the jur. In order to have close contaet
between the jar and the plate, it is advisable to groase
tho edge with a little lavd, ov stiff grease,  If sulphurie
ncid in uxed, eare must he taken that no splushing s
enuned by shaking.

The water bath.—It isx frequently necossary to ovapornte
liquids over the water bath, for if they aro hoated with
the nuked flame, the temperature may hecome too high and
the substance be spoiled. A simplo form of water hath
consists of & bonker which is partially filled with water,
kept boiling by the flume of o Bunsen burner. The liguid
to be evaporated ix put into a poreelain busin placed on the
top of the beaker. The steam rising from the boiling water
heats the basin and produces the voquired ovaporntion.
Maore serviceable water baths, of various shapes, aro mude
of copper, generally with movenble rings ut the top so that
baxins of various sizes can be fitted in,



CHAPTER 1T
CHARACTERINTIC PIOPERTIES OF SOME COMMON SUBSTANCER,

In the preceding chapter, we have describead some of
the more important operations, with which the student
must become familiar, before he can conduct the experi-
ments to he deseribed lnter on. To be successful in these
he must carefully carry out the instructions given—even in
rogard to what may appear unimportant details. In many
cases the accurate boring of a cork will mean the difference
between the suceess and failure of an experiment, e.g. in
the preparation of gases.  Again, awkward accidents from
sharp tubes can be prevented by spending a fow minutes
in holding them in the gas flame, as dirceted above,
Apart from thiy, howover, he must also proceed to his
work with the determination to observe as much as
possible, and deduce from the observed facts, their causes.
It is not always possible to give reasons for the things
ho socs, but it ¢ possible to notice what takes place. ®An
account of every experiment should be written out—
cuncisely, and in such cases ns the collecting of oxygen,
hydrogen, ete., a sketch should be made of the apparatus
used. Whenover experiments appear to fail, although
carried out carefully according to the instructions, a note
of tRe fact should be made. The explanation may occur
to the student later when his knowledge is more complete.

It is often of great importance to the chemist to be able
to identify quickly some common substance. An elaborate
analysis would take too long, so he has to rely on the
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simpler characteristics. The student should cultivate the
habit of noting the more apparent properties of the
materials he uses and sees used, he should observe the
appenrance of the substance, notice if it has a charactoristic
sinell, test ity hardnesg, and observe the effeets of hoat on
it and if it sublimes the charncters of the sublimate.
Below is a short scheme for such an examination.

First.—Observe whether the substanee is a aolid, e.g.
common salt, a ligudd, e.g. ovdinary water, or a gax, e.g. air.

Second.—Note the colowr cavefully, By simple inspection
we cean distinguish between bromine and aleohol, coppor
and zine, ferric oxide and sulphur, ete,

Thirnd.—Smell the substunce—not too vigorously or the
results may be unpleasant. Many substances have very
characteristic odours and can be  vecognised by them,
Tuko for instanco a solution of sulphur dioxide in water,
aleohol, bisulphide of carbon, bromine, ete.

Fourth.—Note the lustre—whether  metallie,  glassy,
resinous, ete,, or its absence. Thus ordinary  wood
charcoal is quite dull, whilst graphite has o distinet
metallic lustre.  Quartz agniu has n glassy lustre, whilst
that of rock sulphur is resinous,

Fifth. —Test the hardness and malleability of the substance.
Dinmiond is harder than any other body, and ean always
be distinguished from another substance by means of that
property.  Aluminium again is harder than tin, iron than
cadmium, ete. The simplest manner in which to test the
rolative hardness of two substances, is to find out which will
scrutch the other,  The one which sustains the scratch is the
wofter. To test the malleability we usually place a snall
portion of the hody on a small iron block, and strike it
smartly with & hammer. In this way we can distinguish,
say, antimony and lead. The antimony is brittle and
breaks into pieces; the lead is malleable, and fiattens out,
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Sixth.—If the substance is a solid, heat a little in a dry
tost tube,  This test would enable us to distinguish at once
betweon iodine and graphite, which in most respoets
rescmblo cach other very closely.  The jodine volatilises to
a beautiful violet vapour, the graphjte remains unaltered.
Common salt and gummonium chilovide, again, resemble each
other in many rvespeets, They are both white solids,
soluble in water, and possessing a sharp taste. On heating
a little of ench in sepurate tubes; we ean distinguish at
onee.  Ammonium chlovide sublimes, that is, it passes at
onee into vapour and  condenses in the cool part of
the tube to n white soli.  We get a white crusty
deposit in the upper part of the tube.  Common salt, on
the other hand, does not volatilise,

Seventh.—1f the substance is a liquid, boil a small
portion in a test tube and note the colour of the vapour. -
On boiling, rg. a strong solution of hydrochloric acid
and a little stroug nitric ackl in separate test tubes, couds
of white irvitating fumes are given off in each case, but if
a sheet of white puper is held behind the tube containing
the nitvie acid, the vapour inside is seen to have o distinet
resddish tint. - This is due to the slight decomposition of
of nitric ueid into oxides of nitrogen, oxygen, and water.
A drop of bromine, aguin, when warmed gives off tery
dark veddish-brown vapour, of a pungent, irritating odour.,

Eighth.—Try the action: of water on a little of the sub-
stunee.  This test will at onee enable us to distinguish
quick-lime ealeium oxide? from common salt.  The quick-
lime will combine with the water, swell up, and become hot.
The ®alt will simply dissolve to a clear liquid.  When a
a drop or two of water is added to a small portion of
sulphur trioxide, there is a hissing sound, as of water
dropped on hot iron.  Great heat is evolved, and the white
solid dissolves to a clear liquid.  If the solid had been
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the metal sodium, we should have had the hissing sound,
and effervescence of a gas, hydrogen, which would ignite
with a sharp pop when we place a lighted match at the
mouth of the tube.

Some of the commaner substanees used by the chemist
ure hriefly deseribed below. The student should examine
these in the manner mentioned in the foregoing scheme,

Ammonia Solution.—A colourless  liquid  with  the
characteristic smell of ammonia.  If a little of it be heated
in a test tube ammonia gas is given off, which we can
detect by holding a picee of red litmus puper near the mouth
of the tube; the colour of the paper is changed to blue.

Ammonium Chloride (Sal ammoniuc).—A white solid,
soluble in water, volatilises when heated, and condenses in
the cool part of the tube.

Ammonium Nitrate.—-A white solid, very soluble in
water with considerable fall of temperature.  When
heated in a dry tube it first fuses and then givos off
bubbles of gas—nitrous oxide. It should not ho heated
too strongly, or a slight explosion may occur.

Bromine.—A heuvy liquid, almost black, which gives off
roddish-brown vapours of an offonsive and irritating smell,
It in sufficiently solublo in water to give a coloured solution,
Wheft warmed it gives off red vapours. All work with
bromine should be performad in tho draught chambers,

Calcium Oxide (guick-lime).—A hard greyish solid in itw
common form, white when pure. It combines with water,
giving out much heat, and falling to a powder it is then
said to be slacked. Remains unchanged when heated.

Caleium Chloride.—White or colourlows solid. When
left exposed to moist air it ubsorbs the moisture, and
dissolves in it, forming a clear liquid. It is oxtremely
soluble in water. On account of its attraction for water it
is often used for drying gasos,
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Calcium Sulphate.—A white solid, usually in the form
of powder, when it is known as ¢ Plaster of Paris.” When
mixed with a little wator Pluster of Paris forms a paste
which sets to a hard mass on standing, combining with the
water. Calcium sulphate is almost énsoluble in water, and
remaing unchanged on heating.,

Carbon.— (1) Chareoal. A dull, soft, hlack solid, insoluble
in water, unchanged by heating in a tube,

(2) CGraphite. Grevish black solid, with bright metallic
lustre, soft and easily split into small plates.  Insoluble in
water, and unchanged on heating,

(8) Diamond. Bright, glansy crystals.  Harder than any
other known substance.  Accordingly, it readily sceratches
glass,  Indolublo in water, and unchanged by heating in a
tube.  Brittle.

Carbon Bisulphide.—Colourless liquid, of offensive odour.
Heavier than water, with which it does not mix, but sinks
as oily drops to the bottom of the tube.  When warmed it
simply given off its offensive vapour, which is inflamable,
burning with a bluish flanme,

Caustic Potash and Caustic 8oda.—These are both white
solide.  They cannot he distinguished from one another by
their appearance, but if a clean platinum wire be drawn
over the surfuce of a piece of caustic soda and then facod
in the Bunsen flame, the flume in coloured an intense
yellow ; while, with caustiec potash, the flame is coloured
# fuint violet.  Both substances are sold in round sticks,
which dissolve in water with the production of much heat.
The wolution turns red litmus blue,

&llk.«—An opaque white solid which effervesces when a
fow drops of hydrochloric acid are poured upon it. It is
insoluble in pure water.

Copper.—A reddish metal, capable of taking a high
polish. Tarnishes when heatod. Malleable and fairly hard.
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Copper Oxide.—A black solid, dull, usually in the form
of powder. Insoluble in water, and unaltered hy heat.

Copper Nitrate.—(ircon crystals, very soluble in wator.
When heated in a dry tube the crystals give off reddish
brown fumes of nitriceperoxide mixed with oxygen, and
leave o black residue of copper oxide,

Copper Sulphate.—Fine blue crystals of glassy lustroe,
known as “blue vitriol.”  Soluble in water.  When
heated in a dry tube water is given off which condenses in
the cool portion of the tube, whilst the colour of the
residue gradually changes to white,  On adding water
again to the white residue it assumes its original blue
colour.

Iodine.—Greyish black solid of bright metallic lustre,
fairly soft and brittle.  Almost insoluble in water,
When heated in o dry tube it gives off beautiful violet
vapours,

Iron.—Greyish  white solid uf bright metallic lustre,
Hard and malleable. Not soluble in water, tarnishes when
heated in a tube,

Perrous Sulphate.—Green, glassy erystals, soluble in
water. Heated in a dry tube, water in first given off,
which condenses in the cool portions of the tube, the
crystals turning to a lighter colour.  On further heating, a
residue of ferric oxide remains,

FPerric Chloride.—Yellow solid, usually of a dull
appearance. Readily takes up wator, giving a clear yollow
solution. Very soluble in water.

Perric Oxide.—Roddish brown wolid, ususlly seon o
a dull powder. Insoluble in water, and unchanged “on
heating.

Indigo Solution.—Dark blue liquid, bleached by con-
centrated nitric acid, but unchangod by alkalies and dilute
acids,
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Litmus Solution.—Blue or red solution, according as it
is alkaline or acid.

Lead.—A groyish solid, usually dull, but a freshly cut
surfnco shows a bright metallic, ahinost silvery, lustre, Soft
and walleable; can he seratehed by the finger nail, and
onnily flattened under the hammer. Insoluble in water,
When heated in o dey tube it melts readily, and tarnishes,
taking up oxygen and forming o conting of lead oxide.

Lead Nitrate.—A white crystalline solid, the erystals
usunlly somewhat opagque.  Glassy  lustre.  Soluble in
water.  When heated it first erackles, and then gives off
reddish brown fumes of nitrie peroxide mixed with oxygen.
The residue, lead oxide, is yellow when hot, but assumes a
lighter colour on cooling.

Lime Water.—A colourless lignid which turns rod litmus
paper blue,  If a gluss tube, open at ench end, be inserted
into some of the liquid in a test tube, and air from the
lungs be blown through the liguid, it becomes milky, the
carbonic acid in the breath combining with the lime to
form insoluble ealeinm earbonate.

Litharge.—A vellow powder which becomes brown red
when heated. It is insoluble in cold water,

Magnesium.—Nilvery white metal. Usually dull because
oonted with the oxide, magnesin, but if this is seraped off it
is seen to have a bright metallie lustre.  Insoluble in water.
Beoomes dull when heated in the tube, and if heated
strongly enough, will take fire.  The best way to show this
latter proporty in to take a short picce of magnesium
ribbon, hold one end in a pair of tongs, and bring the
otlfer into the flame. 1t will burn with a duzzling light.

Magnesium Bulphate (Epsom salts).—White or colour-
less crystals with glassy lustre.  Soluble in water. When
heated they beoome opague and lose their water, which
condenses in the cool part of the tube.
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Manganese Dioxide.—Usually seen as a dull black
powder. Insoluble in water. When moderately heated
in a dry tube remains unchanged, but when atrongly
heatad gives off oxygen.

It is impossible to distinguish by the ondinary simple
tests between 1mwdvn=l chareonl, oxide of copper, and
powdered manganese dioxide. The chareoal could  ho
identified by its comparative lightness, By adding a fow
c.e. of hydrochloric acid and warming, we can easily
distinguish them. The charcoal remains unaltered, the
copper oxide gives a solution which is green when allowed
to wsettle, the manganese dioxide gives off a yellow
gus, chlorine, of offensive, irritating odour.  The white
fumes given off in each ease ave only hydrochlorie neid gas.

Mercury.—Nilvery white liguid of metallic lustre,  Very
heavy, and insoluble in water. When heated in a dry tube
it tarnixhes slightly and boils) the vapour condensing on
the sides of the tube in the form of minute silvery globulos,

Mercuric Oxide.—A bright red powder.  Heavy, and
insoluble in water. When heated in a dry tube it fiest
darkens, and on stronger heating decompones, giving off
oxygen, which can be identified by its cuusing a spurk on
a piece of wood to burst into flame, the mercury heing
deposited ax o bright mirror on the sides of the tube,

Nitric Acid.—A colourless liguid (if expowsd to bright
light slightly yellow). Mixes readily with water, and whon
heated gives u reddish vapour of o very irritating odour.

Phosphorus.— (1) Yellwr. A waxy-looking solid, yellow,
and if freshly cast into sticks, transparent. It is always
kept under water, heeause of the ease with which it m-
bines with oxygen and hecomens ignitd,  Cut o small picee
under water, dry, and pluee it on o small plato under o
jar. It will smoulder und gives off whites fumes of oxide
of phosphorus.  If it does not burst into flame, lift off
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the jar, touch with a hot piece of iron wire, and replace
the jar. It will now burn giving off dense white fumes.
When it has burnt out, a red residue will remain on the
plate. This contains red phosphorus amongst other things.

(2) Red DIhosphorus. This is a dark-red solid, usually
aecn as a dull powder. In the lunip form it has a glassy
lustro. It is insoluble in water. When heated in a dry
tube it partly changes to the yellow form, which combines
with the oxygen of the air producing white fumes of oxides.
It ean be handled more ensily than the yellow phosphorus
as it is stablo in air at the ordinary temperature.

Potassium.— A silvery solid when preserved from the
netion of the air by being kept in naphtha. When cut
with a knife it has o metallic lustre, but the surface rapidly
tarnishes und hecomes conted with a bluish film of oxide.
When a small picce is treated with a few drops of water,
there is a brisk effervescence of hydrogen.  When a small
portion ix heated in a dry tube, it first melts, and then
takoes fire, and burns with a blue flame, the white residue
being oxides of potassium.

Potassium Chlorate.—White cryvstals with glassy lustre.
Noluble in water.  When heated in a dry tube the crystals
at first erackle and break up (this is due to drops of water
which are inside the erystals expanding into stoam gnd so
breaking the crystals open), then melt, and give off
bubbles of oxyvgen. This can be identified as in the
oxperiment with mercurie oxide. The white residue is
potassinm chloride.

Potassium Nitrate (Switpetre or  Nitre).—White or
tragsparent crystals with glussy lustre.  Soluble in water.
When heated in a dry tube the crystals first cruckle and
fly about, then fuse, and finally on being strongly heated
give off bubbles of oxygen, and leave a white residue of
potassium uitrite,
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Sodium.—A silvery metal resembling potassium in most
respects. It burns, however, with a golden yellow flame,

Sodium Chloride (common aalt).—A white crystalline
powder; when large enough, the erystals are soen to be
colourless cuhes which have a glassy lustre. They erackle
when heated. Solubl® in water,

Sodium Bulphate ( (/luwbe:’s salt).—A white erystalline
wolid ; when fresh, the erystals aro transparent and have a
ilassy lustre.  When exposed to the air they efforesce, i.0.,
give up their water of crystallisation, and become powdery
on the surface. When heated the salt fuses, then loses
its water, which condenses agnin on the sidos of the tube,
and leaves o white residue of the anhydrous sulphute,

Sodium Nitrate.—A white crystalline solid which takos
up water from woist air, und dissolves in it forming a elear
solution,  When heated it behmves liko potassium nitrate,
giving off oxygen, and lenving a residue of sodinm nitrite.

Sodium Carbonate {washing sodu;—When freshly pre-
pared it is obtained as  large trausparent erystals of
glassy lustre, hut on exposure to the air, theso efforesce,
like sodium sulphate, und become conted with an opague
powder. When heated, it loses water and leaves the
anhydrous carhonate,

Sglphur.—A yellow solid.  Generally seen us & powder
(flowers of sulphur) or as lnmps (rock or roll sulphur). It
has # resinous lustre, and is insoluble in water.  When o
piees of roll sulphur is held in the hand, near the ear, it is
heard to crackle, the heat of the hand cnusing the outside
o expand and crack.  When heated over the flame it
elts to an amber-coloured liquid, This, on further heating,
darkens and becomes viscous, until it is as thick an
treacle ; on still further heating it becomes lews viscous and
finally buils, giving off & durk brown vapour, which takes
fire with a slight explosion, burning with a pale bluo flame.
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Sulphur Trioxide.—A white solid, usually in silky
neodles.  Combines eagerly with wator, great heat being
evolved. 1f a little is dropped into water, there is a hissing
sound, and sulphuric acid is formed.  'When gently heatod
it sublimes. :

Sulphuric Acid (ol of ritriol).—An oily liquid, colour-
less when pure.  When mixed with water the temperature
rises considerably,  When heated it gives off irritating
fumes of sulphur trioxide,

Nordhausen Bulphuric Acid.—Resembles sulphurie acid,
hut contains in addition a large amount of dissolved
sulphur trioxide.  On warming, this readily distils away.
On dropping a little of the acid into water there is the
hissing sound noticed in the case of sulphur trioxide.

Water.— Pure water has no taste or smell; and; except
in very thick layers, it is colourless; when heated in a
poreelnin dish it evaporatex and leaves no residue. It
gives no turbidity or colouration  with the following
reagents, barinm chloride, silver nitrate; Nessler’s rengent ;
the renson fur applying these tests will be understood after
reading chapter vii.

Zino.— Bright bluish-white solid, with metallic lustre,
Ar generally seen it is wlightly tarnished and therefore
dull.  Hand and brittle.  Not acted upon by water ag the
usual temperatures.  When heated in a dry tube it melts,
and becomes covered with a coating of zine oxide,

Zine Oxide.—A white flaky solid, which becomes pale
yellow on heating. It is insoluble in water.

Zine Bulphlte.--- White or colourless crvstals with glussy
lustge.  Soluble in water.  When heated in a dry tube,
it first fuses, aud then gives up part of its water of erystal-
linution, which condenses in the cool purts of the tube. The
residue still contains water which can only be expelled by
strongly heating.



CHATTER 1L

REPARATION AND PROPERTIES OF SOME COMMON
ELEMENTS AND COMPPOUNDS,

SecrioN J.—Oxyaes.
Preparation.
Exp. 1.—Fit up a small hard glass flask with cork and

bent delivery tube and areange the pneamatic trough
for the colleetion of the gas ns shown in Fig, 2.

Fiz 2.

RKReveral gas jurs must be guite filld with water and
a groased plate placed over the mouth of each; tho
F. 8. Prac. Chem, C
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jars can then be turned mouth downwards without the
wator running out. Now place the jars in the trough
(partly filled with water) with their mouths under
water and remove the plates; the water will still
remain in the jars. Place one of the jars on the bee-
hive shelf, which is simply an inverted earthenware
dish with one hole at the side for the delivery tube,

and another at the top to allow the gas to pass into

the jar. Noxt take about 20 grammes of potassium

chlorato; powder, and mix it intimately with about

one-fifth of its weight of black oxide of mangunese.

Put the mixture in the flask, replace the tube and

cork, and heat gently over a Bunsen flame. At first

hubbles of air, afterwards bubbles of oxygen, will be

driven over. When this is the case, place the delivery

tube under the bechive shelf ; the oxygen will bubble

through and displace the water in the jar. When it is
full, cover the mouth with a glass plate, and remove

from the trough. In a similar manner fill the remain-

ing jurs, and then remove the end of the tube from the

water. One jar should be set aside, mouth downwards,

in a small dish of water, for a future lesson.

Observe that the gas is colourless, without smell,
and tastoless. It is also but slightly soluHle in
water, or we could not have collected it in the
manner deseribed.

The manganese dioxide remains unaltered after
the oxperiment. The reaction is represented by the
equation—

2KCI0, = 2KCl + 30,.

By troating the black residue, which remains in the
retort, with hot water and afterwands filtering, the KCl
can he dissolved and scparated from the manganese
dioxide which remains on the filter paper.
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Properties of Oxygen.

Exp. 3.—Place a small picee of sulphur on a dotlagrating
spoon which iseprovided with a dise.  Ignite the
sulphur in the lamp tlame, and notice how foebly it
burnk.  Now remove the plate from a jar of oxygen
and mpidly insert the spoon, lowering the dise to the
top of the jar.  The sulphur at onee begins to hurn
with a wmuch brighter, more huninous lane, and a
suffocating pras - sulphur dioxide, 8O cis produced,
Remove the spoon when the flume soems to be
dying out, and add a little water.  Shake vigorously
to dissolve the gas. We have now a solution
containing sulphurous aeid, which will turn blue
litmus red.

Exp. 3.—Fill a small glaxs dish with watoer, and, using n
pair of tongs, place in it a picee of ordinary phos-
phorus. Cut off a simall picee of the size of a pes, and
rapidly dry it hetweon two pieces of filtor
(Gireat care must be cxercined sn handling
as st qgnites with the warmth of the hand; it should
always b kept under water). Place the small pieco of

® phosphorus on a deflugrating spoon, touch it with a
hot wire to ignite it, and rapidly remove the plate
from the second jar of oxygen and insert the spoon.
Very vivid combustion ensues, the phosphorus com-
bining with oxygen, and giving white clouds of the
oxides, Remove the spoon, and shake up with water,
On adding blue litmus we see that the solutich is
strongly acid, as in the sulphur experiment,

Exp. 4 —Take a splinter of wod, ignito it and allow to
burn for a foew seconds, then blow out the flame.
The splinter will have a spark on the end.  Insert it
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Exp. 6.—Tako one of the remaining jars of oxyygen,
rapidly introduce some sand, and replace the lid.
Shake the jar so that you have a complete layer of
sand on the bottum. Now twist together loosely a
fow strands of fine iron wire, and attach one end to
a cork which will cover the mouth of the jar.
Arvund the other end wrap o small piece of fine
string, ignito this in the lamp flame, and rapidly
introduce it into the oxvgen.  The wire burna with
bright scintillations, forming *mngnetic” oxide of
iron, which drops in molten globules upon the sund.

Secron 1I1.—Hybroarx.

Exp. 1.—Preparation. — Iutroduce into a twelve-ounce
flask, titted with funnel and delivery tube ax shown
in the figure, 10 grammes of zine, and add 180 e.c. of

dilute sulphuric neid (preparad by previously mixing
the concentrated acid with eight times its volume of
water). Bubbles of gas will be observed to rike at
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the surface of the zinc, and the gas passing out of
the delivery-tube may be collected in strong glass
cylinders as shown. Some cylinders of the gas may
be obtained and reserved for an experimental in-
vestigation of the properties of hydrogen. When
the action has ceased, the clear liquid from the flask
may be poured into a porcelain basin, and evaporated
‘until it has been reduced to about 20 c.c. in bulk.
On allowing the liquid to cool, crystals of a whitc
salt will be ohserved to soparate out; the zine has
displaced the hydrogen of the sulphurie acid and
formed sulphate of zinc.

Zn+H,80, = ZnS0 + H,.

Properties of Hydrogen.

Exp. 8—Tuke the cylinder of gas first collected, and
holding it mouth downwards, apply a light—the
hydrogen will burn instantaneously throughout the
vessol with explosion, owing to its heing intimately
mixed with air carried over from the flask in which
the hydrogen was generated.  The second ceylinder,
treated in the same way, will probably be found to
burn quietly, as it contains very little air. Netice
that in this instance the hydrogen burns only where
it has aceess to by, namely, at the mouth of the
eylinder; also that a lighted taper pushed up into
the exlinder whilst the hydvogen is burning, will be
extinguished.  Wo see; therefore, that hydrogen

« burns where it comes into contact with the air, but
will not support the combustion of a taper.

Bxp. 8.—Take a dry cylinder, somewhat smaller than
thoso used for collecting the gax, and holding it
mouth downwards transfer the hydrogen from one of
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the cylinders into it by pouring upwards. The
hydrogen will rise in the dry cylinder and displace
the air foom it. Now apply a light to the mouth of
this cylinder and there will bo a slight explosion,
owing to a small admixturo of air during the
transference, whilst the gas will burn and moisture
appear on the sides of the eylinder. Wo learn from
this experiment that hydrogen is lighter than air,
and that, when it burns, water is formed. The
burning consists in the combination of hydrogen
with the oxygen of the air.

Reserve a jar of hydrogen for an experiment to be
described later, with its mouth under water, as deseribed
under oxygen.

Exp. 4 —Hydrogen can also be prepared by passing

steam over red-hot iron.  The oxygen of thoe steam
combines with the iron and the hydrogen is liberated,

Fit up the apparatus shown in the figure. It consists
of a flask in which water can he builed to produce
steam. This flask is fitted with a cork through
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which passes o delivery tube leading to a porcelain
or hard glass tube containing iron filings. The other
ond of the porecluin tube is also fitted with a cork
und bent tube leading to a pneumatic trough for
collocting the hydrogen.  After the apparatus is
arrunged, light the Bunsen bubner under the poree-
Inin tube and wait until the iron has become red-hot,
noxt heat the water and allow the steam to pass
over the ivon, —hydrogen will be evolved, and o jur
of it can be colleeted at the pneumatic trough.

Neerion HI—WaTkr.

Exp. 1.—"Tuke u strong sodu-water bottle and fit it with

n good tight cork. Graduate it in the following
manner:—fill it with water, und pour into o measuring
eylinder; read off the volume of the water, und
tuke two-thivds of it and pour back into the bottle;
carefully mark the level of the liquid with a slight
file sernteh, holding the bottle verticnl.  Now il
up the bottle, and inverting it in the pneumatic
trough, carefully bring under its mouth the jar of
hydvogen. By carefully tilting the jur, hydrggen
can be pussedinto the hottle, bubble by bhubble,
When the hotthe is ¢ wo-thinds full of hydrogen (down
to the file warks Gll up the ranninder with oxygen
in the same manner, and vepliwe the cork whilst the
mouth is still under water. We have o mixture of
etwo volumes of hydrogen with one of oaygen.  Tuke
the bottle, carefully weap it in o towel, and light
a taper. Hold the bottle in one hand, remove the
cork with the other, and get someone to bring the
light immediately to the mouth of the bottle.  There
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will be a loud report, due to the combination of the
hydrogen with the oxygen.  Water will bo formed,
but its formation here is not evident because the
bottle was already wet. If we had tuken dry
gases and placed them in o drey bottle, on igniting,
water would have®been seen as a dew on the sides of
the vessel,
Exp. 2.—The apparatus shown in Fig

cept the wires hear-
ing  strips of foil
fused into cach Limb
of the U-tube near
the bend : these are
of platinum, and are
called the electrades.
The apparatus is
filled up to the bulb
with water contain-
ing a little sulphurie
acid, and cuch elee-
trode is connectod ".\'
wWocopper wire with
i pole of a battery
o'f four Bunaen's or
Groves's cells. As
sool as the connee-
tion s e, s s
~een to rise from the
clecteodes,  and  to
colleet in the tubes,
The volume of gus
collected in one tube
will be observed to be twice us great (or rather
more, owing to the grenter solubility of oxygen in
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water) as that in the other, and on examination it
will be found that this gas is inflammable, and shows
the properties of hydrogen, whilst the other will
prove to he oxygen.

Exp. 8.—With a clean knife cut a small piece of sodium
and place it in the pnenmatic trough, holding it down
with u wire net below the surface of the water and
under o gas jar filled with water. Hydrogen will
bo given off and will rise in bubbles into the jar.

2Na+2H,0=2NaOH 4+ H,.

Exp. 4—Another oxperiment by which water may be
shown to be a compound of oxygen and hydrogen,
is to pass dry hydrogen over heated copper oxide.
The hydrogen unites with the oxygen of the oxide
forming water, and metallic copper is left behind.
Fit up a Woulff’s bottle with a funnel and delivery
tubo as shown in the figure. Place about twenty grs.

of zinc in it and make the connections with the wash
bottles and U-tube. The first bottle should contain
permanganate, the second cuncentrated
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sulphuric acid, and the U-tube calcium ohloride.
Conneet the U-tubo with a bulb tube of hard glass
containing a fow grains of black oxide of copper.
Light the Bunsen burner under the bulb tube, and
when the copper oxide has become hot, pour dilute
sulphuric acid down the funnel of the WoulfP’s bottle
from time to time to keep up a steady evolution of
hydrogen. In a short time water will be found in
the end tube, which, condensing into drops, may he
colleeted in a small beaker placed to receive it
Exp. 5.—When hydrogen
is burnt in oxygen {or
air) the gasos combine
and form water. To
show this, take the hy-
drogen apparatus used
above, replace the long
delivery  tube by a
shorter one leading to
a calcium chloride
tube, the end of which
is drawn out to a point
as shown in the figure.
o I'lace some granuluted
zine (about 10 grms.)
in the flusk, add a
litthee dilute sulphuric
acild, — e gentle offer-
veseenee of hydrogen
will take place, and
the air will be driven
out. Before wo light
the hydrogen we must be sure that all the air
bas been expelled from the apparatus. We can

Fig. 7.
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tell when this is the case by holding a test tube
over the jet (which should be pushed well to the
top of the tube) for o few minutes, then raising it
gradually, und when clear of the jet rapidly bringing
the thumb over its mouth.  On bringing the mouth
of the test tube to a flame’ the gus should burn
quictly, and not with a sharp explosion.  When we
huve got vid of the wir, and not until then, we can
safely light the hydrogen issuing from the jot. It
will he seen to burn with o pale bluish flame,
scarcely Juminous, Now bring over tho jet a dry gas
jur for o few minutes.  Moisture will be condonsed
on the walls of the vessel, showing that water has
been produced,

.

Secerion 1V.—Curorise,

Preparation.

Exp. 1.— Pluce u little bluck oxide of muanganese in a
test tube, add a few el of coneentrated hydrochlorie
acid, snd warin gently. Notiee that the aivin the tubse
is veplucad by apreenish-yellow s of a0 pungent,
irvituting odour, Take a picee of litmus pgpeer,
woisten, and inteaduee it into the mouth of the tubee,
The chlorine will gradnally bleaeh it

Exp. 2. Onwecount of the dissgrecable effects resulting
feam hreathing ehlovine, lurge quantities of the gas
should aulways be prepared in the dmught eloset. | Fit
up the apparatus depicted on page 29; into the tlask
intraduee about 10 grmmes of manganese dioxide
iin the form of lumps), and about 150 e of strong
conunercinl hydrochloric acid.  In the smaller flask,
which will serve as o wash-hottle for the gas, place
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concentrated sulphuric acid so that there is ahout
half an inch of it above the end of the tube.  Place
the large flask on a sand bath and wurm gently,—n
current of gas will pass through the wash-bottle hy
the delivery tubey and into the jar. The Iatter will
gradually fill with the yellow gas, for the chlorine

Fig. 8.
being heavier than air sinks to the hottom of the
jar and displaces the air. This mode of

gases in known as ¢ downward dinplacement.” This
cannot be collected by the pneumatic trough

it in very soluble in water. Fill six jars with chlorine
in this manner.
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Properties of Chlorine.

Exp. 3.—Light a taper, and introduce it into a jar of the
gas. The taper still burns, but with a changed flame.
The colour becomes redder, and volumes of sooty
smoke are ovolved. The chlorine combines with the
hydrogen in the wax, but not with its carhon, which
is consequently set free as soot.

Exp. 4. —Throw a fow grains of powdered antimony into
another jar. The metal combines with a flash, giving
white antimony chloride.

Exp. 8.—Using the sume jar of gas, take a picce of
sodium  and heat it on a
deflugrating spoon until it takes
fire, then place it in the
chlorine,—it will burn vigor-
ously, giving white deposits of
sodium chloride.

Exp. 8.—Invert a jar of chlorine in
a trough of water. The water
will gradually rise, showing that
it dissolves the gas.

Exp. 7.—Fill a Cowper's tube with
chlorine water (see figured and
expose to direct sunlight;
bubbles of gas will he seen
to rise in the liquid. When
suflicient gas has collected it
may be tested with a glowing
splinter, and will be found to
he oxygen.

. The change which has taken

place is represonted by the equation—

201, 4+ 21,0 =4+HC1 40,
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Exp. 8.—Pass chlorine for some minutes through about
50 c.c. of water, and to about 20 c.c. of this add a
solution of sulphuretted hydrogen; hydrochloric acid
is formed, the liquid becoming turbid owing to the
soparation of sulphur, according to the equation—

Ch+NN=2TC14 R,

Exp. 9.—Introduce a lighted jet of hydrogen into a jur
of chlorine. It continues to burn with the production
of fumes of hydrochloric acid. The fumes bevome
denser if a drop of ammonia liquor be brought to
the mouth of the jar,

Exp. 10.—Place a piece of dry cloth dyed with turkey-
red in u stoppered jar of dry chlorine, and loave it
some minutes ; no decolourization will vocur, If the
cloth be now moistened and replaced in the jar it
will be bleached.

Exp. 11.—Place a printed label, smoarod with writing
ink, in a jar of moist chlorine; in a little while the
ink stains will disappear whilst the printing ink will
be unaffected.

Exp. 12.—Makeo some starch-iodide paste as follows.
Place a fow crystals of potassium iodide in 50 c.c. of

o Water in a heaker, and heat until the water boils,
Crush a small pieco of starch in a porcolain hasin,
make it into a thin paste with cold water, and add
with stirring to the boiling liquid mentioned above.
When cold take somo narrow strips of filter papor
and dip into the liquid, drain, and allow to dry;
these can be kept for later experiments, Take one of
the wet papers and put it into a jar contambing
chlorine. A dark colouration is produced, showing
that iodine has been liberated.

2KI4+ClL=2KCl+1,
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Seerion V.—TIvproenuronie Aein,

Preparation.

Exp. 1.—Placo about two grs. of common salt in a
test tube, and add a few e.coof coneenteated sulpharie
acid.  Warm gently, and note the white fumes given
off and their irvitating smell. The gas evolved is
hydrochlorie neid, which fumes in moist air.

Exp 2.—Set up n similar picce of apparatus to that
used in meking  chlorine; and  place ahout 50
grammes of common salt (in Jumps) in the large
flusk. (These can be made by sawing a block of
sult into picees of about a cubic inch volume.) In
the wush-bottle place n little water. Take 60 c.c. of
cone. sulphuric acid and stir it gradually into an
equal bulk of water.  When cool add gradually to
the salt, pouring it through the funnel.  The gas is
evolved and bheing heavier than air, can be collected
by downward displacement, just as in the case of
chlorine,  Fill two jars, and the bolt-head to be used
in Exp. 5, ascertaining when they are full by Ricans
of a lighted mateh, which will be extinguished.
It will be found advisable to colleet the gas in the
draught chaber.  The flask containing the salt and
acid must be gently heated if the gus does not come
off rapidly enough.  When the vessels are tilled, the

® gas can be passed into about 100 cee. of distilled
water, until the bubbles no longer disappear as they
pass into the liquid. The apparatus can then be
disconnected and the large generating flask filled up
with water.
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Properties of Hydrochloric Acid.

Exp. 3.—Fix a small picce of candle on a deflagrating
spoon, light it, and carefully lower it into a jar of
hydrochloric acid, It will be immediately oxtin-
guished, proving that the gms does not  support
combustion ; nor does the gas itself ignite,

Exp. 4 —Into the same jar pour a few drops of blue
litmux,  The colour will he changed to red, indicating
the acid nature of the gas,

Exp. 5.—To show the solubility of hydroehlorie acid, fill
a lurge bolt-head, of at least two or three litres

Fig. 10.

content, with the gas by dixplucement.  Fit it whth
an india-rubber cork, through which pusses a2 tube
with stop-gock, and drawn ont into a jet as shown,
Dip the extreme end of the tube into water and opeen
the

F. A
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Under these conditions the gus at first comes into
contact with the water very slowly by a process
of diffusion, and it is desirable to bring about contact
with a larger surfuce of water by cooling the flask;
this may bo done by pouring a few drops of ether
ovor its surface.  When the jet once comes into play,
the water continues to rise into the flask until all
tho hydrochloric acid is absorbed.

Exp. 6.—To a fow c.c. of the strong solution of hydro-
chloric acid add a few piecos of zine. Brisk
offervescenco takos place.  If a light is brought to
the mouth of the tube there is a sharp explosion.
On ovaporating the liquid to dryness a white solid
is ubtained,—zinc chloride. The gas evolved is
hydrogen. Zn+42HCl = ZnCl+411..

Exp. 7.—Tuke u few drops of the solution of hydro-
chloric acid made when preparing the gas, dilute
with ton or twelve timos its bulk of distilled water,
und add a fow c.c. of silver nitrate solution. A white
curdy propuration of silver chloride will be produced.
Divide it into two portions, and boil one with strong
nitric acid. It will remain unaltered.  To the other
add strong wmmonia solution.  The precipitate will

bo dissolved. AgNO,+HCl = AgCl+HNO,.

Secrion VI.—NITROGEN.
Preparation.
Bxp. 1.—Our chief source of nitrogen is the air, which
o tontains nitrogen and oxygen with a little argon.
By removing the oxygen we obtain a mixture of
nitrogen with the small amount of argon. Float
u small  poreelain crueible  coutaining red  phos.
phorus, on water, and place o large bell-jar with o
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narrow neck (Fig. 11) over it, =0 that the depth
of the water is about one-third the height of the
bell-jar. Now ignite the phosphorua by touching it
with a hot wire, and closo the bell-jar by means of a
cork or stopper.  The phosphorus will burn brightly
at first, and the htat evolved will expand the gas and
depress the water inside the jar.  After a little timo

Fig. 11.

the combustion will cease, and the water will ultim-
ately rise above its original level. The fine white
powder which is formed during the combustion, cea-
sisting of phosphorus pentoxide, will gradually settle
down, and dissolve iu the water.  When the water
has ceawsd to rise within the jur, pour more water
into the vessel in which it stands until the levels
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inside and outside are the same. The gas has
diminisbed in volume and altered in character. It
will be found to extinguish a lighted taper, and to be
quite inert towards chemical reagents. When air is
deprived of its oxygen, the residual gas, which we
have now in the jar, is nitrogen.

5 (ANy, 0)4 P, =P,0,,+20N.,.

Exp. 2.—Tuke a glass tube about 700 m.m. high and
15 m.m. diameter, closed at one end, and of as even
bore as possible. Invert this, filled with air, over
water, note the volume of the air, and pass up into it a
picce of phosphorus attached to a stout copper wire.
The phosphorus will slowly combine with the oxygen
of the air, and the water will rise in the tube. Allow
it to stand in a shaded place until the water ceases to
riso. Now remove the phosphorus, and adjust the
level of the water to the same height inside and
outside the tube, and note the volume of residual
nitrogen,  The volume (correction may have to be
made for variation of temperature and pressure
during the experiment) occupied by the original air
and the residual nitrogen may be ascertained with
tolerable accuracy by secing what volume of water ia
required to fill tho tube to the two levels noted. «

Exp. 3.—Connect a gas holder containing air with a
sl wash bottle containing cone sulphuric acid, and
provided with a delivery tube bent once at right
angles (Fig. 12). Now take a hard glass tube of about
18 in. length, fill it with copper turnings, which should

¢ be held in their place by two loose plugs of asbestos
fixed at about 3 in. from each end.  Fit with two corks
and into one intraduce the delivery tube from the
wash-hottle,  Into the other fit a delivery tube,
which should dip inte a trough of water. Heat
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the copper turnings to redness by means of n long
Bunsen burner, place a jur of water over the end of
the delivery tube. The gas which is expellad from
the gas holder, will, if the corks are tight and well

Fig. 12,

bored, pass through the drying bottle, over the coppor
and he there deprived of its oxygen. Note that the
nitrogen is colourless, practically insoluble in wlter,
without taste or smell, and a non-supporter of
combustion.  Shake up another jar countaining
nitrogen, with a little lime-water, and observe that
no turbidity is |
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Properties of Nitrogen.

Exp. 4 —Take a pieco of hard glass tubing about a yard
long and 2 in. diametor, seal off one end in the blow-
pipe flamo and bend it at abows 3 in. from that end so
a8 to mako an acute anglo.  Fill it with mercury,
and, using a small basin or mortar for a pneumatic
trough, invert it and fill with nitrogen from the
apparatus described under the previous experiment.
Close the open end with a tight cork and remove from
the trough. Cut off a strip of magnesium ribbon
about 6 in. long, scrape it to remove oxide, coil it into
a small narrow loop, and drop it into the end of the
tube, quickly replacing the cork. Fix the tube in a
vertical position with the corked end under mercury,
and heat the magnesium at the other end, first gently
and gradually more strongly. Magnesium is one of
the fow clements with which nitrogen can combine, so
on allowing to cool, and then opening the corked end,
tho mercury will vush in to take the place of the gus
now combined with the magnesium as nitride.

Secrion VII.—AMMONIA. .
Preparation.

Exp. 1.—Heat a little ammonium chloride and quick-
limo together in u test tube, after having powdered
them. Notice the pungent smell of the gas which is

¢ ovolved, and that a picce of moist red litmus paper
is turned blue by it.

Exp. 8 —Fit up the picce of npparatus shown below.
Powder 20 grammes of ammonium chloride and about
50 grammes of quick-line. Mix about 30 grammes
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of the lime with the ammonium chlorido intimately
and introduce the mixture into the flask. Place
the remainder of the lime on the top of this so as
to form a drying layer. Tn the U-tube place pioces
of fresh quickligie to further dry the gas.  (The

ordinary drying agonts, sulphuric acid and calcium
chloride, are inadmissible in this case hocause ®hey
combine with ammonia.) The jars used for storing
the gas should be carefully dried hefore experi-
menting. The gas comes off on gently heating the
sand bath on which the flask is placed, and being
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lighter than air, rises to the top of the jar. This
method of collocting gases is spoken of as upward
displacement. Several jars can be filled, and covered
with greased glass plates,

2NH,C14+0Cu0 = CuC'l, +11,0 4 2 NH,.

Properties of Ammonia.

Exp. 3.—Invert one of the jars in a trough full of
water which has been coloured with a little red
litmus. The gas will be absorbed rapidly, the
water rushing into the jar, and the red litmus will be
turned blue,

Exp. 4—Introduce a lighted taper into another jar of
the gas. Where the flame meets the ammonia and
air togoether there will be a pale greenish mantle,
showing that ammonia is combustible.

Exp. 5.—DPlace some strong ammonia solution in a small
flask and bubble a rupid stream of oxygen through
it from u gas-holder. Bring to the mouth of the
flusk a lighted taper.  Thero will be no doubt in this
caso as to the combustibility of the ammonia. It
may bo found necessary to warm the flask slightly to
got a good ovolution of gas, but with the stropgest
solution of ammounia it works quite well in the cold.

Exp. 6.—Fill two similar jars by displacement with
ammonia and hydrochloric acid gas respectively, and
cover the mouth of each jar with a glass plate. Now
bring them mouth to mouth and withdraw the glass

o Plutes.  The gases, as they come into contact, will
combine, forming a fine white powder, which remains
for some time diffused throughout the jars. This
substance is ammonium chloride, NH,C1.

NH,+H(]l = NH'L,
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S8ecriox VIII.—Nrrric Acip.
Preparation.

Exp. 1.—Introduce 20 grammes of potassium nitrate
into a stoppered retort, and as much concentrated
sulphuric acid as will just cover it. Apply a
moderate heat, and presently the vapour of nitric
acid will pass over and condense in the nock of the
retort. The liquid may be collected in a small flask
slipped over the mouth of the retort, and kept cool

by means of a stream of cold water, or a wet
cloth. When about 10 c.c. have condensed, or so
soon as whitish fumes of sulphurie acid begin to
appear, the experiment should be stoppod.

The reaction is represented by the equation o

KNO, + H,80, = KHS80, 4+ HNO,.

Potassium nitmte. Adid potassium sulphate.

Care must be taken that the mixturo of nitrate
and sulphuric acid does not cuke to the glass, A
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pieco of wire gauze would bhe useful to prevent this.
Place it on a tripod so that it is just in contact with
the glass of the retort, and shake the contents from
time to time. If fumes hegin to appear, remove
the burner from the retort—ypu are probably getting
more nitric acid off than you ean conveniently con-
donwa.  Obhserve that the liquid is of a yellowish
oolour (duoe to small quantitios of oxides of nitrogen
which are dissolved in it), and fumes in air. 'When
pure it is colourless.

Properties of Nitric Acid.

Bxp. 2.—Dry some sawdust thoroughly in a small basin

before a fire. Take about 20 c.c. of fuming nitric
acid and stir it into the middle of the sawdust. The
nitric acid will rapidly oxidize the wood and the
whole will become so hot ultimately that it will burst
into flame.  Suitable precautions should he taken to
prevent any inflammable material coming into contact
with the burning mass. A wet towel is an offectual
oxtinguisher.

Exp. 3.—Place about 20 c.c. of fuming nitric acid

in a small round-bottomed flask and warm it gently
in the draught-chamber over a tripod and gauze.
Fasten a long pencil of wood charcoal to a copper
wire, heat the pointed end in the basin until it glows
strongly, and then introduce it into the acid. It will
continue to burn vigorously, taking oxygen from the
acid and causing it to evolve copious fumes of oxides
of nitrogen.
2 HNO,4C = H.04NO,+NO+CO,.

Exp. 4.—To a few c.c. of indigo solution contained in a

tost tube add a few c.c. of concentrated nitric acid.
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The acid oxidizes the indigo to a substance called
isatin. The blue colour is consequently bloached to
& brownish yellow.

Exp. b.—Place a few pieces of granulated tin in a small
porcelain cruciblp in the draught-chamber, warm
slightly, and pour on them a fow draps of concentratoed
nitric acid. Ruddy fumes will be eovolved and the
bright metal convertod into a white powdoer, which is
a compound of oxide of tin with water. The tin
takes oxygen and water from the nitric acid and the
nitrogen is evolved combined with oxygen.

Exp. 8.—Tuke a picee of soft glass tubing of ahout § in.
diameter and 18in. long.  Blow a bulb on ono end,
using tho gas blow-pipe if necessary, hend the tube
twice at right angles, so that while the bulb is directed
downwards, the opposite end is directed upwands.
Allow a few c.e. of nitric acid to run into the bulb,
and place a dry, clean gas jar over the other ond.
Now heat the horizontal part of the tube by means
of a long burner, gently at first, and then more
strongly. When it is fairly hot. warm the bulb
curefully 8o as to drive a slow current of nitric acid
vapour through the hot part of the tubo. It will be

othere broken up into oxides of mnitrogen, water
vapour, and oxygen. Place a pioce of white paper
behind the gas jar,—the contents will gradually
assume a ruddy tint, due to the presence of nitrogen
peroxide,
4HNO, =2 H.0+4 N0, 40,

Exp. 7.—Take a few c.c. of a solution of potassium
nitrate in a test tube and add about an equal volume
of ferrous sulphate solution. Mix well and cool.
Now pour carefully down the side of the tube a fow
c.c. of concentrated sulphuric acid. The heavy acid
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will sink to the bottom of the tube, forming an oily
layer, and where it comes in contact with the upper
liquid there will be a dark brown ring. The sul-
phuric ucid reacts with the nitrate, liberating free
nitric acid, which is reduced by the ferrous sulphate
with formation of nitric oxide. This again combines
with more ferrous sulphato to form a dark brown
compound, which is scen in the ring. Being unstable
it is destroyed on warming.  This is a very
delieato test for nitric acid and nitrates.

Exp. 8.—To a few c.c. of concentrated solution of
potassium nitrate add a fow bright pieces of copper,
and warm gently. Nothing happens. Now add
carcfully n fow c.c. of strong sulphuric acid. This
liberates nitric acid, which at once begins to attack
tho copper, forming a green solution of copper nitrate
and liberating brown fumes of nitric peroxide.
(Nitric oxide which is colourless, is first formed,
but it combines with the oxygen of the air to form
nitric peroxide,)

3Cu $8HNO, = 3Cu NO;:, +2NO 4+ 4 H0.

Exp. 9.—To u fow cubic contimetres of dilute nitric acid
in a porceluin basin add fragments of lead, and digest
on a water-bath until the acid is saturated, asd no
more of the metal will dissolve.  Evuporate the clear
liquid to dryness, a white salt, nitrate of lead, remains.

Exp. 10.—Dilute 5 c.c. of nitrie acid with an equal bulk
of water and add a litde litmus solution, which will
become of a bright red colour.  Now add ammonia

e svlution, little by little, until the last drop turns the
litmus blue, and concentrate the liquid to a point at
which, when a drop of it is allowed to coul on the
end of a glass rud, it crystallizes. On standing,
arystals of anunonium nitrate will be obtained.



NITROUS OXIDE. 45

Exp. 11.—Heat a few grammes of potassium nitrato in
a test-tube until it fuses, and then drop into it one or
two fragments of dry charcoal. The charcoal will
ignite and burn with violence, being oxidized by the
nitrate to CO.. .

Exp. 12.—Repeat the experiment, introducing a few
small shavings of lead; substituting shavings of lead
for the charcoal, the lead will be oxidized at the
expense of the nitrate and transformed into a
yellowish powder of oxide of lead.

Skcrion IX.—Nitrous OXIDE.

Exp. 1.—Preparation.—Fit up a small, round-hottomed
flask with cork and delivery tube, us shown in Fig.

15. Place in the flask asbout 30 grammes of ammonium
nitrate, replace the cork and tube, and let the endyof
the latter dip into the pneumatic trough.  As the gus,
though fairly soluble in cold water, is almost insolube
in hot water, the trough and collecting jurs must be
fillad with the latter, or, hetter still, with mercury, as



NITROUS OXIDE.

shown in the figurec. Warm the nitrate gently to expel
tho moisture, and then more strongly so as to fuse it.
Bubbles of gus will riso through the melted mass
and expel the air. - When you think the air has been
expolled, bring a jur over the end of the delivery
tube. A gentle cevolution of gas must be kept up by
using only & moderate temperature. If heated too
strongly the nitrate will decompose with explosive
violence.  Colloct several jars of the gas, and then
raiso the end of the tube out of the liquid in the
trough, s that, on cooling, the liquid will not be
sucked back into the still heutod flask.

NU,NO, = 2 H.O+ N.0.

Properties of Nitrous Oxide.

Exp. 2.—Take a jar of the gas—notice that it is colour-
less uud of slightly swectish taste and smell. Light
a woodon spill and thrust it into the gas, observing
tho changoe in the character of tho flame. The gas
itself doos not burn, but tho spill burns with a much
brighter flame than in air.

Exp. 3.—D'luco u small picce of sulphur in the bowl of a
deflagrating spoon and ignite it by inserting it §or a
moment into the flame of the Bunsen. While
it is omly feebly burning, depress it into a jar of
nitrous oxide. Tho flame will be extinguished.
Withdraw the spoon, heat the sulphur until it
burns with a brighter flame, and replace it in the

o&88. The flame will become much brighter. Shake
up the contents of the jar with water when the com-
bustuon has coased, and test the liquid with a fow
drops of blue litwus, 1t will be turned red, showing
that the sulphur has formed an acid substance. Tt
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is the samo compound that wus produced by the
burning of sulphurin oxygen. Thoe oxygen in the
nitrous oxide has eombined with the sulphur, but as
it was previously in combination with nitrogen,
additional cnergy was required  in this  case to
decompose the oxide, hence tho need of a brightly
burning flame to begin with.
2N.048=80,42N..

p. 4. —Before tilling one of the jurs, fit it with a tight
cork. Heat the end of the rod of u deflagrating
spoon in the Bunsen flumoe until it is almost red hot,
and push it through the cork from the insido until
the bowl will just be opposite the middle of the jar.
Fill the jar with gas, rapidly slide the cover off, and
introduce the spoon, containing u fow small pieces of
ignited phosphorus, and push the cork well in.
Notice that the phosphorus burns almost us brightly
as in oxygen, and with the production of donse
white fumes.  Light a taper and, removing thoe cork
und spoon, lower it into the residual gas 1o the jur.
The taper is extinguished, the gas heing nitrogon.
Shuke up the white fumes with water, and tost, as in
the previous experiment, with a few drops of blue
#ftmus. A red colour will be produced,—the white
fumes being oxides of phosphorus, which combine
with water forming the corresponding acids,

P.4+10N,0 = PO, +10N,;
PO, 42 H,0 = 2H,P,0,.

Exp. 5.—Fill a large dish with cold water, and aer
inverting one of the jars of gas with its mouth under
water, slide away the glass pluto and tilt the jar so
that a few bubbles of gus escape and are replaced by
the cold flutd.  Tusert vour hand under water and
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cover the mouth of the vessel by firmly pressing it.
Remove from the dish and shake vigorously; the
water present will dissolve some of the gas and cause
a diminution of pressure, shown by the suction on
your hand. Still keeping youg hand tightly fixed over
the mouth of the jar, bring it under water again, and
allow more water to be drawn in, taking care, how-
ever, that no air is drawn in at the same time.
Replace your hand and shake up again. By repeating
the process described, if the gas is pure, it can be
completely dissolved and its place taken by the water.
This experiment further emphasises the need for
using hot water instead of cold in collecting the gas.

Exp. 6.—Take a jur of air and place it with its mouth
open and turned upwards. Tuke, again, a jar of
nitrous oxide and, sliding off its cover, pour out the
gas from it into the jar of air, as though you were
pouring a liquid. Test the jar which originally con-
tained air with a glowing splinter. It will be
re-ignited, showing that the air has been displaced
by the heavier nitrous oxide. Test the jar which
originally contained the nitrous oxide in the same
manner. It will be found to have no effect on the
splinter—heing now full of air. Nitrous oxiffe is
about one and a half times ns heavy as air.

SecrioN X.—NiTrIc OXIDE.

Exp. 1.—Preparation.—Tuke the apparatus used iu
making hydrogen (»xee Fig. 16, and introduce into the
tiaxk about 20 grammes of small pieces of copper.
Allow the end of the dolivery tube to dip under the
water in the trough, and pour just sufficient water



NITRIC OXIDE. 49

through the funnel to conveniently cover the end of it.
If your apparatus is quite tight bubbles of air will
he forced out of the delivery tube. Now mix about
50 ¢ of concentrated nitric acid with an equal

Fig. 168,

bulk of water, and pour a little of the mixture
through the funnel. The acid and the copper will
renct, und bubbles of gus will bhe given off, the
solution turning green from formation of copper

Ied fumes will at first he seen in the flask. When

these have disappeared, place a jur full of water
which need not be warmj over the end of the delivery
tube, and fill it with gas. Collect soveral jars, and
cover them with wet gluss plates in the usual way.

If the flask gets hot, cool it by pouring cold wates on

the outside. If gas does not come off rapidly enough,
add more acid. The reaction is representod by the
following equation :

3 Cu+8 HNO, = 3 Cu(NO,), 4+ 2 NO+4 H,0,
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Properties of Nitric Oxide.

Exp. 2.—Fix a small piece of candle to the bowl of a
deflagrating spoon by heating the latter slightly in the
flame of the burner and holding the candle on it until
it is set. Light it, and, after removing the cover, lower
it into the jar of nitric oxide. It will be immediately
extinguished. Notice that red fumes are produced
near the mouth of the jar on removing the plate.
Nitric oxide evidently does not itself burn, nor
does it support the combustion of a candle.

Exp. 3.—Place a pioce of sulphur in the bowl of a
doflagrating spoon and heat it fairly strongly in the
flame until it burns brightly. Lower it into a jar of
the gas. It will be at onco extinguished. Nitric
oxide does not give up its oxygen even to drightly
burning sulphur. (Compare the behaviour of nitrous
oxide in this respoct.)

Bxp. 4.—Cut off a piece of yellow phosphorus of the
size of a pea, dry it quickly with a piece of filter
paper, placo it in a deflagrating spoon, and touch it
with a hot wire. As soon as it begins to burn lower
it into a jar of the gas. It will be extinguished.
Remove it rapidly and replace the glass plate. Rgmite
it as before, but allow it to attain to vigorous com-
bustion this time before inserting it into the jar. It
will now burn with a much brighter flame than in air.
Nitric oxide is a more stuble compound than nitrous
oxide; henco a higher temperature is required

© to decompose it. Tho white fumes observed are
due to oxides of phosphorus. Dissolve them by
shaking up with water, and test the solution with a
drop or two of blue litmus. The liquid has a strong
acid reaction,
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Exp. 6.—For this experiment you will need a small
supply of oxygen. Take the apparatus you ueed in
preparing oxygen (Section I. Exp. 1), and charge it
with about 10 grammes of the mixture of potassium
chlorate and mangmnese dioxide.  Heat it until all the
air has been expelled by oxygen, and then fill a jar
with it by displacement of water. Invert one of the
jars of nitric oxide in the trough, remove the glass
cover, and allow about a quarter of the gns to esenpo,
taking care that no air enters during the procoss,

* Bring the mouth of tho jar of oxygen under that
of the jar of nitric oxide, and carefully tilting, pass a
few bubbles of oxygen into it. Whero the two gnsos
come into contact ruddy brown fumes of nitrogen
peroxido will be seen. Shake the water round the
jar so as to offer as large a surface as possible to
the gas, but be careful to prevent any air entoring.
The fumes will dissolve in the water, the contents of
the jar hecoming quite colourless again. Pass in a
fow more bubbles of oxygen and repeat tho abovo
process. The nitric oxide will gradually combine
with the oxygen, and the product will dissolvo in the
wator. Water will be drawn in to take its place,
¥nd if your gases are pure you will ultimately have
nothing in the jar but water. By reversing the pro-
cess, and paasing nitric oxide, bubble by bubble, into
a measured volume of air over water, wo can with-
draw the oxygen, and measure the residual nitrogon.
This was one of the first methods used in the analgsis
of air.

2NO 4 0,=2NO,; 2NO,4 H,0 = HNO, 4 HNO,.

Exp. 6.—Prepare a concentrated solution of ferrous sul-
phate, by powdering 10 grammes of the crystals in a
small mortar and shaking up in a flask with about
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50c.c. of water. Pour off the clear liquid rapidly
into & jar of nitric oxide, and cover the mouth with
your hand, which should be wet.  Shake up well, and
notice that the green solution of sulphate turns dark
brown. Tt has dissolved the pitric oxide, forming the
compound which served as a test for nitric acid. (See
Section VITI. Exp. 7). Now open the mouth of the
jar under water—if the gas was pure, and the ferrous
sulphate solution strong, the vessel will immediately
fill with water.

Exp. 7.— PPour a few drops of carhon bisulphide into a
jar of the gas and rapidly replace the cover.  Shake
wall, 8o that the liguid exposes a lnrger surface, and
hocomes vaporized.  Light a taper, remove the glass
plate, and bring the light to the mouth of the jar.
Thore will be a brilliant flash, due to the com-
bination of the earbon and sulphur with the oxygen
of the gas.

6NO 4+ O8N, = (0, 4280, 43N,

Exp. 8.—Pour off the greenish-blue solution of copper
nitrate from the flusk used in the preparation of the
gas, dilute it, and filter it free from particles of
copper, carbon, ete.  Evaporate it in a powelain
basin over a naked flame, on a tripod, taking care
that the flame does not play ubove the surface of the
liguid.  When most of the water and nitrie acid have
beon driven off, evaporate to dryness on a wator
bath. The green solid remaining is copper nitrate.

¢ Break off a small picce and heat it in a dry tube.
Dense brown fumes of nitrie peroxide are driven off,
mixed with oxygen, and black copper oxide is left
in the tube.

2Cu(NO,), = 2Cu0  4NO. + 0,
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Exp. 9.—Heat a fow crystals of potassium nitrato strongly
in a dry test tube. First they crackle and fly about,
then fuse and give off a colourless gas.  Teat it with
a glowing splinter. It is oxygen.  The residual salt
is potassium nitrgte.  When cool, dissolve it in a fow
drops of water, add a drop or two of dilute hydro-
chloric acid, and insert a starch-iodide paper. The
nitrous acid liberates iodine, which colours the paper
a dark blue,

2KNO, = 2KNO, 4 0,; KNO,4+ HCl = HNO, 4 KCl;
HNO, 4+ KI == KOIT + NO+ L.

Secrion XT—Svnruvs,
Properties.

Exp. 1. Tuke a few picees of the brassy mineral, iron
pyrite; powder it well and introduce it into a
narrow tube of hard glass, closed at one ond.  Heat
it gradually until it i< ved hot. The substance will
part with some of its sulphur, which will settle on
the walls of the tube us n light yellow doposit.  This
will melt toa light-coloured liquid on further honting.

@The residue; even after being strongly heated, still
contuing sulphur—heing a lower sulphide of iron
enlled *mngnetio pyrites.”

BFeN, = o 8,48,

Exp. 2.—Take u ronnd-hottomiad flask of about 250 e
capueity, cleanand dev i Break apubout 20 grummens
of roll sulphur in u mwortur until the picces are smflor
than peas, and trunsfir them to the flask. Grasp
the nock of the flask in a small clamp or test tube
holder, and warm the contents geutly over the flame
of a Bunsen hurner. Note carefully all that takes
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place. At first there is a slight crackling caused by
the uneven expansion of the sulphur, and then the
portions near the glass melt to a dark liquid. The
flask should be shaken gently to allow the tempera-
ture to become equalised, ,sulphur being a bad
conductor of heat, and then heated again. When
the solid has just disappeared we shall have a thin,
mobile, amber-coloured liquid, at a temperature of
about 115°C. COontinue heating,—the colour will
gradually become darker and the liquid more viscous,
until at a temperature of about 220°C, it is of a dark
brown colour and of the consistency of treacle, so
that the flask may safely be inverted without loss of
the contents. On applying more heat the colour does
not alter much, but the liquid again becomes more
mobile. At 440°C, it boils and gives off a dark
orange-coloured vapour, which will probably take
fire in the air with a slight report. Allow the flask
to cool slightly (to ahout 350°C), and slowly pour the
dark mobile liquid in a thin stream into a large dish
of water. Tuke out the yellow solid and note that
it is somi-transparent and plastic. It can be stretched
and twisted in the hands like a pieco of indiarubber.

Exp. 3.—Heat gently a few pieces of sulphur in ¥ test
tube until they are just melted, and then pour as
hefore into water. Take out the solidificd mass, and
observe that it is ycllow, hard, and brittle. In
making ‘plastic” sulphur, 1t is necessary to heat
it to the temperature mentioned above, viz., about

¢ 350°C.

Exp. 4 —Tuke a fairly large clay crucible and fill it with
pieces of roll sulphur. Place the crucible on a sand-
bath and heat it up gradually until the solid has
melted to the thin liquid, at a temperature of about
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120°C. Remove the flame from the sand-bath and
allow the crucible to cool slowly until a erust has
formed on the surface of the still molten liquid.
Pierce the crust in two places by means of a sharp
iron rod, raise the crucible with a small pair of tongs
and pour out the fluid into water, carefully allowing
the last drops to drain out. Remove the crust, and
notice the shape of the erystals of sulphur in the
crucible. They are long and needle-shaped.  This
is known as the prismatic modification.

Exp. 5.—Reduce a few picees of ordinury roll sulphur
to a fine powder in & mortar and introduce it into a
test tube.  Add ahout 20 c.c. of carbon bisulphide
(take care that you keep it away from the neighbour-
hood of any tlame), keep your thumb over the mouth
of the tube and agitate well.  Warm the tube gently
in a beaker of hot water, shake again, and filter from
undissolved sulphur, ote, into a wmall glass
evaporating hasin.  Cover with a large watch glass,
and leave in the draught chamber to evapornte,  If
the carbon  hisulphide has eseaped  fairly slowly,
beautiful transpavent erystals of a honey-yellow
colour will be left. This form of sulphur is known

® a8 octahedral.

Exp. 6.—Take ahout a gramme of *“ flowers of sulphur”
and place it in a dry test tube.  Add about 20 c.c. of
carbon bisulphide, shake well, and warm gently.
You will notice that there is still undissolved sulphur
present and that its colour is paler than hefore,
Has any dissolved? Lo nwcertain this, filté® off
the clear liquid after letting the particles of solid
settle to the bottomn, and allow the wsolution to
evaporate, us befurc, in the draught chamber. It
will deposit yellow crystals, henoe some sulphur has



56

SULPHOUR.

been dissolved. Treat the insoluble portion in the
same way with more carbon bisulphide. It still
refusos to dissolve. This almost white form, insoluble
in carbon bisulphide, is known as *“ amorphous” sulphur.

Exp. 7.—Take a small picce of,your freshly prepared

specimen of “plastic” sulphur, put it in a test tube
and pour on to it about 10 c.c. of carbon bisulphide,
und warm the mixture by placing the test tube in a
beaker of hot water.  Filter the liquid on to a dry
glass plate and allow it to evaporate in the draught
chamber, It willleuve practically no residue, as plastic
sulphur is almost insoluble in carbon bisulphide.

Exp. 8.—Put aside specimens of your plastic and pris-

matic sulphur and examine them from time to time.
After u few days the plastic form will become hard
and brittle, and will lose its transparency. The
transparent prismatic erystals will also turn yellow
and opnque.  Both forms are unstable and pass
gradually into octahedral sulphur.

Exp. 8.—Fusc a little ** flowers of sulphur” with an equal

quantity of sodium carbonate in a small ivon or poree-
lain erucible. Allow to cool, and dissolve the solid mass
in & little water.  Cleau a shilling by first scouring
with sand which has heen moistened with a few &ops
of caustic soda, washing, dipping in o little warm
dilute nitric acid, and finully rinsing with water.
Dip the clean shilling in the solution in the ereible,
It will be turned black, becoming conted with silver
sulphide, This renction is used in testing for sulphur,

Exp. 10.—Tuke the flask you used for melting

sulphur in Exp. 2, and place a few pieces of sulphur
in it. Bend a picee of stiff copper wire round a glass
tube of about } in. dinmeter, so that it will easily slip
into the tlask, and Lend a picce at right angles so
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that the spiral will be supported on the mouth of the
flask with its end just over the sulphur. Remove the
copper and carefully heat the sulphur until the
flask is full of dark-red vapour. Now heat the spiral
in the Bunsen flame until it is almost red hot,
holding it with a pair crucible tongs, and rpidly
introduce it into the sulphur vapour. Combination
will ensue and the vigour of the reaction will keop
the spiral at & red heat. 'When the copper censes
glowing remove the flame from the flask and take out
thewire, It will be found to be almost w holly converted
into & bluck brittle mass of cuprous sulphide, which
cun he easily broken away from the residual thin
thread of copper.  This and the following experimont
sufficiently demonstrate the aflinity of sulphur for
the metals. 2(M+S = Cu N
Exp. 11.—Mix intimatcly in a mortar 7 grammes of iron
filings and 4 grammes of *flowers of sulphur.”  The
iron and sulphur do not combine, but can be sepnrated
by means of a magnet.  Now heat the mixture
strongly in a clay crucible. The muss will glow
brightly when combination tukes pluce.  On cooling,
a frinble, black mass will be seen, on which the
®uagrnet has no action.  This is ferrous sulphide, and
it should be put aside for a future experiment.

Fe4+8S = FeN,

Seerton X1 Sveruvkerren Hyvokooes,
Preparation.
Fxp. 1.—Fit up a small hydrogen appuratus as shown
in the figure on the next page, and place in it sbout
10 grammes of granulated zinc. Connect it with a
small wash bottle containing a little lead acetate



SULPHURETTED HYDROGEN.

solution. Pour on to the zinc a little dilute sulphuric
acid. Gas will bubble through the lead acetate and

be thero deprived of any sulphuretted hydrogen it
may contain. Now heat a few picces of roll sulphur
in a small round-hottomed flack until it is just below
boiling point.  Warm the end of the glass tube
leading from the wash-bottle, and insert it in the
molten sulphur.  Hydrogen will bubble through the
sulpliur  and there combine to form sulphuretted
hydrogen. This can be tested for by holding aesmall
piece of filter paper, moistened with lead acetate
solution, over the mouth of the flask. It will be
turned black, owing to the production of lead sulphide.

Exp. 2.—Take a few pieces of the ferrous sulphide pre-
€ pared in Exp. 11, Section X1, place it in a test tube
and add a few c.c. of dilute hydrochloric acid. There
is immediate evolution of a gas, which has a
peculiar, offensive odour, resembling that of rotten
oggs. Test the gas by holding a picoe of lead



SULPHURETTED HYDROGEN. 59

acetate paper over the mouth of the tube. It will
be blackened.

FeS + 2HC1 = FeCl, + H,S.

Properties of Sulphuretted Hydrogen.

Exp. 3.—Thoroughly wash out the hydrogen generator
and wash-bottle used in Exp. 1, and bring into the
large flask several lumps of ferrous sulphide, and
into the wash-bottle a little water. Mix about 100
c.c. of concentrated commercial hydrochloric acid
with an equal bulk of water, and pour a little of the
mixture into the funnel of the genorator. Bul-
phuretted hydrogen will bubble out from the wash-
bottle, and several dry gas jars can be filled with it
by downward displacement of air. (The preparation
of this gas should be effected in the draught chamboer.)
When the evolution of gus slackens pour in more
acid. The jars must be covered with grensed plates.

Exp. 4. —Remove the glass cover from a jar of the gas
and bring a lighted taper to the mouth; it will burn
with a pale blue flame, sulphuretted hydrogen being
combustible in air, and a slight yellow deposit of

® sulphur will be produced on the walls of the jar.
Note (by its smell) the presence of the same gas that
was formwed when sulphur burnt in air. On thrust-
ing the lighted taper down into the gas it should be
extinguished, as sulphuretted hydrogen does not
support combustion. If it is not, the reason pro-
bably is that the air in the jar was not comp»tely
displaced by the gas.

2H,84 30, = 2 H,0 4+ 280,

RBxp. 5.—Take one of the jars which have been filled

by displacement of air, introduce about 100 c.c. of
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cold water, and close the mouth firmly with your
hand. Shuke vigorously. Your hand will be sucked
in, indicating diminution of the pressure of the gas
in the jar. Open the month under water, taking
care that no air is drawn in a the same time. Water
will rise into the jar to take the place of the gas
which has been dissolved.  Sulphuretted hydrogen
is fairly soluble in cold water, but only slightly so in
hot water, To oltain the gas free from air, we
colleet it over hot water as in the case of nitrous
oxide,  Pass some of the gas through a little water
in a flask and add a few drops of neutral litmus. It
will be reddened, indieating the presence of an acid.

Exp. 6.—Replace the delivery tube of the generator by
the drying tube and pglass jet used in Exp. 5,
Seetion 111, keep up a good gas evolution, and when
all the air has been driven out of the tube, light the
gns. Bring o dry gas jar over the flame and allow
it to remwmin there for a minute or so.  Notico that
moisture is condensed on the walls of the vessel.
This is produced from the hydrogen of the gas,
by its union with the oxygen of the wir.  From Exp.
1 we also know that sulphur is a constituent. Test
the moisture in the jar with o picee of neutral linus
puper. It will be reddened by the sulphurous acid
dissolved init.

Exp. 7.- Tuke five large test tubes. Tuto the first bring
n few cevstals of copper sulphate, dissolve in about
50 e of water, and acidify with o few drops of

® hydrochloric acid. Tuto the second briug a little
powdered white arsenic and dissolve in dilute hydro-
chloric acid. Placo a fow crystals of zine sulphate,
forrous sulphate, and sodium chloride in the third,
fourth, und fifth tubes respectivoly, dissolve each in
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about 50 c.c. of water, and acidify with a little hydro-
chloric acid. Now pass a stream of sulphuretted
hydrogen through the liquild in cach tube. The copper
solution will give a dense black precipitate of copper
sulphide: the avsgnic solution o hright vellow procipi-
tate of arsenious sulphide.  In the other tubes there
will be no apparent change. To them add o few e,
of strong ammonia solution, The zine solution will
give o white precipitate of zine sulphide, the iron a
black mass of tervous <ulphide, The sodinm chlovide
solution will still remnin unehanged,  These faets are
used in wdentifying the different metals, and form
part of the basis of qualitative analysis, The sulpludes
of copper and arsenie ave insoluble in dilute acids
those of zine, ivon and sodinm are soluble. Zine and
iron sulphides, however, nre insolublein alkalies, while
sodium sulphide is soluble,
CuSO, 4+ H NS = CuN4 1 80,
2ACL 43N = AN 46 L

Secrioy XTI —Sevenve Droxioe,
Preparation.

E®fp. 1.—Place u litthe culphur on a deflugrating spoon
and heat it until it burns with a pale blue flume,
Ohserve the charneteristio suffocating sumell of sulphur
dioxide, und also the peculine taste it lenvos,

N4-0, = 8O,

Exp. 2.—Heat n few bright copper turnings in o test
tube, with a few c.o. of concentrnted sulphurie fcid,
until brisk evolution of gus takes place,  Ohsorve
the smell, taste, ¢tc. of the gaa. It is sulphur dioxide.
The reaction may be regarded as taking pluce betwoen
the copper and sulphuric acid in the first place, with
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evolution of hydrogen, the hydrogen then reacting
with more sulphuric acid, breaking it up into water
_and sulphur dioxide.
Cu+H,80, = CuS0,+H,;
H.+1H,80, = 2 1,0 4+R0,
Exp. 3.—Fit up a small flask (about 500 c.c. volume) with
a good cork, thistle funnel and delivery tube, as
shown in Fig. 18. Introduce about 50 grammes of

Fig. 18.
ocopper clippings, and about 100 c.c. of concentrated
ssulphuric acid. Warm the flask with the Bunsen
flame until the gas is evolved briskly, and then turn the
flame low. Collect a few jars of the gas by down-
ward displacement of air, sulphur dioxide being
heavier than air. The jars should be dry, and
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ocovered with greased plates, and the gas should be
collected in the draught chamber on account of ita
unpleasant effects. When the gas has heen collectod,
turn out the burner and leave the apparatus for a
future experiment,

Properties of Sulphur Dioxide.

Exp. 4.—Remove the cover from one of the jars of gas,
and lower a lighted candle into it. The candle will be
immediately extinguished ; sulphur dioxide neither
burns nor supports combustion.

Exp. 5.—Add a few drops of blue litmus solution to
about 50 c.c. of water, remove the plate from a jar of
gas, rapidly pour in the coloured wator, and close the
mouth of the jur tightly with your hand. BShake
vigorously. The gas will dissolve in the water, turn-
ing the litmus red, and your hand will bo sucked into
the jar. Open the mouth of the jar under wator—it
will rapidly fill if the gas was pure. The water con-
tains sulphurous acid in solution.

H,0 480, = H,80,.

Rxp. 6.—Rose-leaves thrown into a solution of sulphur
dlioxide are bleached, the colouring matter, however,
is not destroyed as when chlorine is used, and the
colour may even be restored again by sdding a fow
drops of strung sulphuric acid, or by exposure to air
for some time.

Exp. 7.—Liberate iodine from a solution of potassium
iodide by adding a few drops of chlorine wuter; now
add sulphurous acid, and the brown oolour of the
jodine will disappear.

2 K14Cl, = 2 KCl+1,.
L+HO,+H.80, = HS80,+2 HIL
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The sulphurous acid reduces water, and is itself
oxidized to sulphuric acid, whilst the hydrogen which
in liberated combines with the iodine to form
hydriodic acid, which is colourless. The reaction
which tukes place with chlopine water is explained
hy the equation.

Exp. 8.—To u solution of potassium  chromate add
sulphurous acid, the yellmrs colour of the chromate
will change to green owing to the reduction of CrQ,
to Cr,0,, the salts of the former heing red or yellow,
whilst. those of the latter are green. This change
from vellow to green affords a means of testing for
the presence of sulphur dioxide either in the gaseous
state or in solution.

Exp. 8.—Tuke 50 c.e. of a solution of caustic soda, and
pass sulphur dioxide into it till it i« saturated with
the gus. On allowing the solution to evaporate at
ordinary temperatures (it decomposes when heated),
or on adding aleohol to it, the aeid salt, sodium
hydrogen sulphite, separates out-—

NaOH480, := NallRO |
If we add a second 50 c.e. of the same solution of
caustic sidn wo shall then obtain on evaporation or
treatment with aleohol the aermal salt— .
NaOH4NaHRO, = Na,S0 41,0,

Exp. 10.—Powder a erystal or two of sodium sulphite,
place the powder in a test tube, and add a few drops
of dilute hydrochlovie acid, Sulphur dioside ix given
off and cun be recognized by its smell and its action

e oun a picee of filter paper which has been dipped in
a solution of potassium chromate (sec Exp. 8 above.)
This is a convenient method for the production of
pure sulphur dioxide.

Na,S0,4-2 HCL = 2 NuCl4+H, 0430,
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Exp. 11.—Dissolve a bright, clear erystal of sodium
sulphite in a fow c.o. of distilled water in a test tube,
and add a few drops of bharium chloride solution,
There will be a white precipitato of harium sulphite,

Na SO, $ 1l = 2 NuCl 4 BaNO
Add a few drops of hydroehlorie acid; the procipitate
will dissolve with slight effervescence,
BaRO 42 HOl = BuCL 41,80,

Now add a few c.c. of chlorine water-—a pormanent
white precipitate will slowly form, the sulphurous
acid being oxidised by the chlorine to sulphuric
acid, which gives u precipitate of barinm sulphate,
insoluble in hydrochlorie acil.

LSO 4 1 O4CL = 18O, 42 HOL
HNO 4 BaCl = BuSO 42 HOL

Secrox NIV, Sveenvr Tuwoxioe,

Exp. 1.« Prepure a little platinissd ashestos hy dipping
asbestos wool in o strong solution of platinie chloride,
allowing it to sonk well, and then into a strong
solution of wimmonium chloride. This action enuses 1
precipitate of the double mmmonium platinwn chloride

®to he deposited in the tibres, Heat the wet mass (aftor
removing from the ammonium ehloride) in a water
oven until it is quite dry, and then over the nuked
Bunsen flame until no more white fumes of ammonium
chloride are evolvesl.  The asbestos will then bhe
conted with a thin luyer of finely-divided platinum,
Drmw out one end of a pices of hanl glass tubing
of ahout § in. dinmeter in the blow-pipe flame and cut
it off in the narrow portion.  Make the tube about
9in. long, and fit the wide end with a cork.  Bore the
cork and fit into it a narrow tube. Pluce the platinised

F. 8. Prac. (hem.
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asbestos about half way along the tube. Fit up a
wash-hottle, as shown in the figure, with a cork
through which three tubes pass, two nearly to the
hottom, the other just through the cork, connect one
long tube to a sinall gas holder containing oxygen,
and the other to a small sulphur dioxide generator
containing, instead of copper, sodium sulphite.  To
obtain sulphur dioxide, allow a little oxygen and
sulphur dioxide to bubble up together through

To ACay Nowner
Comvamina 0.

Fig. 19.
sulphuric acid in the wash-bottle, and then to pass
through the tube containing asbestos. Nothing
will be noticed. Now heat the portion of the tubo
oontaining the asbestos by meaus of the Bunsen
burner. White clouds of sulphur ¢rioride will be
seen streaming from the narrow opening. When the
dioxide and oxygen are heated together in the
presance of platinum they unite to form the trioxide.
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Note the suffocating smell. The reaction is repre-
sented by the equation 2 80,40, = 280,.

Conneet a small delivery tube to the contracted end
of the heated tube by means of a short picco of
indiarubber tubing, and pass the white fumes into a
little distilled water contained in a amall heaker,
After tive or ten minutes, add a fow drops of hydro.
chlorie acid, and then a few drops of barium chloride
molution. A whito ppt. of barinm sulphate will be
preduced, showing that sulphuric acid was present.

L0480, = H.80,.

Exp. 2 —Take a small stoppered retort and introduce
about 10 c.c. of Nordhausen sulphuric acid.  This
contains about 30 per cent. of free sulphur trioxido
in solution, which is readily driven off on heating.
At the end of the neck placo o flask ns a rocoiver,
and let a gontle
stream of eold
water  trickle
over it to keep
it cool. Gently
heat the retort
—densn  white
€umes of the
trioxide will be
ovolved, and
will  condense
as white silky
needles in the
flask. Place

of the
trioxidein some
water, a hissing sound ensues and sulphuric acid is

produced.

Fig. 20.
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Secrion XV.—SvLruuric Acip,

Exp. 1.—Preparation.—Fit up the apparatus as shown
in the figure. Tt consists of a flask of about five litres
enpneity fitted with a cork provided with five holes
through which pass tubes delivering—

(1) Sulphur dioxide,  (2) Nitrie oxide,

(3) Steum, (1) Oxygen from a gasholder.
The fifth hole is provided with a tube opening
into the air.

Fig. 21,

Pass some sulphur dioxide, nitric oxide, steam, and
oxygen into the flask, then shut off the steam supply :
erystals of nitrosulphonie acid (lead chamber erystals)
may be seen to form. On clearing the flask of red
fumes hy & current of oxygen, and then passing in
more steam, these erystals will dissolve with the evo-
lution of red fumes. The liquid condensed in the
flask may be tested for sulphuric acid.
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Properties of Sulphuric Acid.

Exp. 2 —Sulphuric acid when concentrated has great
affinity for water.  Place ubout fifty c.e. of water in
a small flask and pour in about ten .o, of strong sul-
phuric acid, keeping the liguid stireed. Note the
great evolution of heat,

Exp. 3.—The aflinity of sulphuric acid for water is so
great that it can abstract it even from its compounds,
Cane sugar for instance is a compound of enrhon,
hydrogen, and oxygen, the two last elements heing
present in the same proportion as in water,  Mako a
few ce. of u very strong solution of sugar in a
heaker, place the beaker in a saueer, und pour into
the syrup about twenty c.e. of coneentrati<d sulphuric
acid.  The latter will extract the hydrogen und
oxyvgen in the form of  water  and  immense
volumes of carbon will be disengaged.

"::“:.( ) = (‘u+ 11 ”:‘ )

Exp. 4.— Dip u nuteh-stulk iuto strong sulphurie aeid,
The white wood is almost homedintely blackened,
Waood s of similar composition to sugur, and on
treatment with the strong acid the water i partinlly

ewithdrawn and curbon left, as shown by the charring.

Exp. 5.—Dilute a fiw c.c. of the strong aeid with about
ten times its volume of water, and write with the
solution, using a stick, on 0 white sheet of paper.
There will be no appnrent design. Now waem before
the fire cor burner,.  The design will gradunlly
become davker antil it is gquite black.  The hodting
causes the weak acid to lose water anld w0 hecome
stronger.  The concentrated acid then attucks the
paper, taking the water and leaving curbon—the
charred design.
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Secrion XVI.—CARrboxN.

Exp. 1.—Place a fow splinters of wood in a test tube of
hard glass and heat strongly, keeping your thumb
loosely fixed on the end. Test the gas with a lighted
match.  After some time it will burn with a bright
luminous flame—it is the chief constituent of ordinary
coul gus.  Observe that an oily brown liquid distils
up thoe sides of the tube. Test it with a piece of
neutral litmus paper—the paper will be reddened
showing that the liquid is acid. The black residue,
after continucd heating, will be fairly pure charcoal.
Many substunces which contain carbon, when heated
out of contaet with the air, lose their volatile com-
ponents and leave the more inert carbon.

Exp. 2.—Hent a picee of bone in the same manner. 1t
chars; showing that carbon is present aud gives off a
pungent oil.  The residue after continued heating is
a very impure form of carbon known us bone black.
It has the valuable property of absorbing various
colouring matters from their solutions when they
are boiled with it.

Exp. 3.-— Vurious substances containing carbon burn in
an insufticient supply of air with a wmoky flpme,
This is the source of that form of carbon known as
lamp black.  Place a little oil in a small dish, apply a
light to it, and lower a cool white plate into the
bright smoky flame. A black deposit of jmpure
earbon will be obtained.

Exv. 4.-—Cane sugar is a very convenient substance to
use in the preparation of pure carbon, beeanse of the
vaso with which it can be decomposed by sulphuric
acid. We have already alluded to the great affinity
which exists between water and sulphuric acid.
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Mako about 100 grammes of sugur into a thick
syrup by dissolving it in a small quantity of hot
water, and placo it in a deep glass eylinder, then
pour in about 100 c.c. of concentrated sulphurie acid.
Presently the liguid will blacken and froth consider-
ably, and & mass Of black churcoal, much more bulky
than the sugar originally taken, will be formed.
‘Wash this thoroughly with water till free from acid,
and there remains earbon in a granular, amorphous
condition. By drying this, and then heating it ina
strenn of chlorine to remove hydrogen or other guses,
a very purce specimen of carbon is obtained,

Exp. 5.—Compare specimens of chareonl and graphite,
Chareonl is black and dull; graphite is grey, and has
a wmetallic lustre, Try the strenk, by writing on a
piece of white paper with cach. Chareonl lenves o
dull blnck mark like ordinary artist’s erayons, whilst
graphite lenves the bright grey line charaeteristic of
black lead peneils,

Exp. 6.—(Colleet two jars of oxygen in the manner
described in Section 1, Exp. Lo Place o pieco of
charconl on o deflugrating spoon and ignite it by
heating it in the Bunsen flame. Lowerit into the jur

o of oxygen. It will hurn vigorously with bright
seintillutions.  Remove the spoon, aund when the
jur s cool, wdd about 50 e of clear le-water to
the contents, und shake,  The lime-water will be
rendered guite turbid owing o the foruation of
insoluble enleimmn carhonate, indieating the presence
of the gns carhon dioxide, 1 large excens of cgrbon
dioxide is present the white turbidity muy re-dissolve),
Now repeat the experiment, using gruphito insteud of
charcoal. You will find that the graphite is very
difficult to ignite in the Bunwen, so use tho mouth
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blowpipe. When the graphite glows brightly, insert it
quickly into the second jar of gas. It will burn
more vigorously, but not nearly so brilliantly as the
¢harcoal. Remove the spoon, and test with lime-
water as before. The same turbidity will be
produced, showing that graphite is composed of the
same element as charcoal. In a similar manner we
can show that diamond is nothing more nor less than
‘¢arbon.

Exp. 7.—Take a narrow tuboe about 18 in. long and # in.

dinmeter, and seal off one end. Clean and dry it,
fill with mercury and insert in a small basin of
mereury.  Now fill it with dry ammonia gas by
means of the apparatus deseribed in Section VII,
Exp. 2, using a strong solution of ammonin instead
of the mixture of ammonium chloride and lime.
Expel all the air from the apparatus hefore collecting
any gas.  Heat strongly a few pieces of  wood
charcoal (preferably cocoa-nut charcoal), and a picce
of graphite, in a small erucible filled  with sand.
When cool take the graphite and allow it to rise
through the mercury into the tube. Nothing will
occur.  Now insert in the same way the piecq of
charconl.  Rupid absorption of the ammonia will
take place, the gas being condensed in the pores
of the charconl. By using a few picees of the
freshly ignited chareaal, the gas if pure can be almost
wholly ubsorbed,  Other gases behave in the sane
Janner, notably hydrachlovie acid, sulphur dioxide,
sulphurctted  hydrogen, nitrous oxide, and carbon
dioxide.  This property is not possessed by graphite
or diamond.

p. 8.—The absorption of gasex by charcoal is probably
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-due to its porous character. This is also the reason

of its action on dilute solutions of colouring matters
and other substances. Dilute solutions of strychnine,
for instance, can be deprived entirely of that substance
by boiling with freshly prepared animal charcoal.
Tako about a quhrter of a litre of water and add
indigo solution until it is of a dark blue colour. Now
add ahout five grams of animal charcoal, boil for ten
minutos, allow to settle for a few seconds, and then
pour through a paper filter. The filtrato will be
quite colourless, shewing that tho indigo has been
entirely removed.  Repeat the experiment with a
solution of blue litmus—it will behave in a similar
manner. Graphite and dinmond do not decoloriso
these solutions, but bone black, being  especially
porous, possesses this propoerty in a greater degroo
than the other forms of amorphous carbon.

Exp. 9.—Muke an intimate mixture of about a gramme
of fincly-powdered oxide of lead (litharge) with
about one-tenth its weight of charcoal, und heat to
redness in a hard gluss tube or poveclain erueible, for
tive minutes,  Now throw some of the powder into a
mortar with a little water and vub it up, using
dressure, with the pestle, and then wash away the
chaveoal by means of a stream of water, Pellets or
plates of metallic lead will he obtained -

2PhO 4+ C=2Ph 4 o,

Exp. 10.— Rub together in u small mortar about a
graumne of bluck copper oxide, and about an cighth
of thut wmeunt of fine charcoal.  Mix iutinutely gl
place in u test tube,  Fit the tube with u cork and
delivery tube, the lutter hent twice ot right anglos,
so that it can be dipped into clear lime-wator con-
tained in another test tube.  Tloat the tubse eontaining
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the copper oxide in the Bunsen flame. At first air
will bubble through the liquid, and then a gas which
turns it milky. This latter is carbon dioxide. Heat
until no more gas is disengaged. Remove the cork
and delivery tube, cool, and shauke out the copper
oxide on to a piece of white paper.  Note that it is
of a much lighter colour than the original copper
oxide, this difference being due to the presence of
reduced copper. Place a little in a test tube and add
a few c.c. of dilute nitric acid.  Reddish fumes of
nitric peroxide will be evolved, the copper reacting
with the nitric acid (see Section X, Exp. 1).  What
action has enpper oride on nitric acid ?

200 4 C =2 (Cu+4 0,

SeetioN XVITL.—Carsox MoNoXIDE.

Exp. 1.-- Fit an iron gun-barrel with a cork at cach

end, and pack it tightly with picees of charcoal of
the size of a nut, holding them in their places by
means of loose plugs of asbestos. Through one cork
arrange a delivery tube leading to a small pneumatic
trough, and through the other cork a tube connected
to a wash-bottlo containing water, connect the yash-
bottle by means of another tube to a gas-holder filled
with earbon dioxide (us shown in the figure), or with
a carbon dioxide genemtor like that described in
Nection XVIHL, Espo 1o Wrap pieces of wet filter
puper around the ends of the iron barrel near the

o torks, and wee that they are kept moist.  Heat the

barrel to bright redness by means of a small tube
furnace, and pass over the charcoal a slow stream of
carbon dioxide. Collect a jar of the gas at the
trough, and cover the mouth with a plate.  Ilisconnect
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the carbon dioxide apparatus, and apply a light to
the jar of gas. It burns with a bluish flame, but

does not allow the taper to burn o it. The gax is
curhon monoxide,
Co4 =200,

Exp. 2—About 20 grammen of crystallized  ogulic
acid ure put into an cight-ounce flask provided with
thistle funnel und delivery-tube, und as much concen-
trated sulphburic acid as will cover it.  Heat isapplied
steadily until effervescence hegine, und is then
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‘moderated so as to secure a regular and not too rapid
evolution of the gas. Collect over water, avoiding
any escnpe of the gas, as it is very poisonous. The
renction which takes place is—

288:: ; + 1L,SO, = ('0 4 €0, + H,0 4+ H,80,.
The sulphuric acid removes the eloments of water
from the oxalic acid without itself undergoing any
chomical change.

Exp. 3.—Pour lime-water into a jar of the gas, and shake
up; the lime-water will become turbid owing to the
formation of ealcinm carbonate—

(a0 4 0O, = ('aCO,.
The presenes of earbon dioxide is thus indicated.
After the experiment has been  performed, it is
well to burn the gas rather than let it eseapo directly
into the air.

Exp. 4 —Dour o few cubic centimetres of caustic soda
into a jar of the gus and shake up well, the carbon
dioxide will combine with the caustic soda, forming
sodium curbonate—

2 NaOIl 4 (O, = Nu,('O, 4 H,0.

Bring tho mouth of the jur under water, the water
will rise, and it will be seen that about half the
volume of the gus is left.  This is the carbon mon-
oxido.  Transfer some of this gas to a smaller vessol
by decunting it over water, and shake up with lime-
water; no turbidity will be producad, the carbon
edioxide having been removed. Now apply a light to
the gas; it will burn with u beautiful blue lambent
flame. When the combustion is finished, again shake
up the vessel, and marked turbidity will then be
produced, showing that carbon dioxide has again
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appeared. The carbon monoxide has united with
oxygen during the process of combustion, with the
formation of carbon dioxide—
200 4 0, = 2 (0,

It may also be neticed that earbon monoxide does not
itself support combustion, for if, whilst it is burning,
the lighted taper be plunged into the vessel, the flame
will be extinguished,

Exp. 5.—Remove the carbon dioxide from a second jar
of the collocted gas, and then decant into the jar
sufficient air to fill the vessel.

Wo have now a mixture of cqual volumes of carbon
monoxide and air, and if, after allowing the gases to
stand for two or three minutes to mix properly, the
mouth of the jar be held towards the flume of a
Bunsen burner, it will he neen that carbon monoxide
and air form an explosive misture,

Exp. 8.—Curbon monoxide ean be prepured quite free
from carbon dioxide, however, in severnl ways, Heat
a little coarsely powdered Potassium ferrocyanide
with a few ce. of concentrated sulphuric acid in a
test tube.  Gas will be evolved, which ean be shown
to be carbon monoxide by applying w light. It will
burn with a blue flame.  Before doing this, howover,
we can show that carbon dioxide is absent by passing
the gas into clear lime-water,

K.FeC' N 4 6 1L,SO, 4+ 6 11,0 = 6 (‘0 4+ 2 K80, +

FeR0, 4 3 (NH, 380,

Exp. 7.—Heat a fow picees of potassium formate with a
few c.c. of strong sulphuric ncid in a test tube.,  Gas
will bo evolved as in the previous case.  Test it first
for carbon dioxide by passing into lime-water, and
then for carbon monoxide by applying a light. It



CARBON MONOXIDE.

will burn with the flame characteristic of carbon
monoxide, and will not render lime-water milky.
KICO, 4+ 11,80, = KHS0, 4+ H,0 4 CO.

Exp. 8.—By passing steam over strongly heated charcoal
wo get a mixture of carbon ponoxide and hydrogen
which is known ns wafer gas, and is often used on a
largo seale as fuel. Bore s hole of nbout § in. dinmeter
in the hottom of a large cluy erucible by means of a
sharp file, and fill it with picces of charcoal of about
the size of a nut.  Cover the crucible with a similar
one, inverted, and also perforated.  Fit a small 8 oz.
flask with a cork and delivery tube bent upwards,
and with its end drawn out to u fine point. Place
some water in the flask and keep it gently hoiling so
that you have a fino jet of steam. Now turn the
blow-pipe flame into the lower hole of the crucible
and heat the charcoal to reduess.  Remove the flame
and direct the jot of steam into the crucible. A
mixture of hydrogen and carbon monoxide will escape
from the top and can ho lit by meaus of a lighted
taper.

H,0 + C=CO + H,.

Exp. 9.—Cuarbon monoxide, by virtue of tho fact that it
combines with oxygen forming carbon dioxide,eacts
as a goud reducing agent. Take the tube usod in
preparing sulphur troxide (Section XIV.,, Exp. 1)
or a similar one, aud instead of asbestos place in it a
thin Jayer of copper oxide. Connect the corked end
with a wash-bottle containing a strong solution of
Jaustic soda, and that again with your carbon
monoxide generator. Heat the copper oxide gently
and pass a slow stream of the monoxide over it. It
will be gradually reduced to reddish brown metallic
copper. You should of course first see that all the
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air is driven out of the apparatus. That carbon

dioxide is produced in this roaction can he shown by

passing the gas, after leaving the copper oxide, into

lime-water.  The lime-water will become milky.
CaO 4, CO = CO, 4 Cu.

Exp. 10.—Cuprous chloride, when dissolved in hydro-
chlovie acid, possesses  the property of dissolving
carbon monoxide.  Dissolve coppor oxide in hot
diluto hydrochlorie acid until no more will dissolvo.
Pour off the clear liquid aftor allowing the undissolved
oxide to settle, and boil it with some of tho reduced
copper prepared in the last exporiment.  Cork it up
in a bottle to keep it out of contact with the air.
Next collect a tube full of carbon monoxide, which
has been separated from the carbon dioxide by means
of caustic soda solution, by decanting from a largor
vessel in the pneumatic trough.  Pour in about 20
c.c. of your acid solution of the cuprous chloride,
close the mouth of the vessel lightly with your hand,
shake well, and open under water. The gas will
dixsolve in the cuprous chloride, forming a compound
with it, and water will be sucked in to take its place.

[ ]
Szcrion XVIII.—Canrson Dioxine.

Exp. 1.—Preparation.—('arhon dioxide is most con-
viently prepared by acting on a carbonate with dilute
mineral acids. Tuke a Woulff's hottle (a stout glass
bottle with two narrow necks) and charge it yith
about 50 grammes of marble, broken into pieces of
the size of a nut. Fit the bottle with two tightly
fitting curks, and through ome introduce a thistle
funnel which will barely touch the bottom of the



80

CARBON DIOXIDE.

hottle as shown in Fig. (23). Inthe other cork place

[E2]

Fiw 23,

n delivery tube bent twice at right angles so as to
muke three rides of a rectangle, one end just dipping
below the cork, the other almost reaching to the table.
If the gas is required free from hydrochlorie acid
it must first be passed through a waush-bottlo con-
teining water.  DPlace nbout 50 c.c. of water in the
apparatus, sce that all joiuts are tight, and add a
little dilute hydrochloric acid (made by adding an
equal bulk of waterto strong acid). Brisk efferves-
cence will ensuo, carbon dioxide being evolved.
Collect the gas by downward displacement of air,
placing the jars under the delivery tube, and covering
with greased glass plates. The jar is full when a
lighted match held at the mouth of the jar is
extinguished. Note that the gas thus collected is
colourless and without taste or smell.
CaCOy 4 2 HC1 = CaCl, 4+ H,0 4 CO,.
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Properties of Carbon Dioxide.
Exp. 2.- Fill n large benker of three or tour litros

capacity, by downward displacement, with earbon
dioxide which has been babbled theoagh water to
remove Iuynh‘urhlu}iu acid, and phinge 0 taper into
the gas; it will be fmmedintely extingnisheid. Now
detach a soap-bubble charged with wir into the beaker,
and it will be found to tloat on the surface of the
heavier carbon  dioxide. The density und  other
properties of the pas vy further be illustrated by
pouring it over a lighted candle, and thus extinguich-
ing it or by ladling out the gus with a smaller
beaker, nud showing the presence of earbon dioxide
in the benker by its extinguishing a taper,

Exp. 3. -To u foew cubic contimdtres of lime water add
four or tive times the volume of distillad water, and
puss u strenm of enrbon dioxide through the cloar
liguik. At first o turbidity is produced, owing to the
formution of ealeinm carbonate -

('n HHO .+ ('ll‘. = ('n() + 11 O,

Continue to puss the gas, and the Jigquid will beeome
quite clear agnine beonse we o have now  earbon
dioxide in solution in the water,  Divide the clesr
Liguid into two portions, and boil one portion for a
little time ;. to the ather add o volume of lime witer
equal to that orginally taken. Inoocucl cano the
turbidity first noticed will be reproduced, sinecin eaely
arsee wee have ot vid of the exeesa of carbon dioxide;
i the first case we expelled it by heat, in b
secotd we added sutlicient e to combine with it
to form ealeinm carbonate.

Exp. 4.— Pusw a stream of enthon dioxide thiough a few
cubic centimétres of water to which sne drops of

F. M. Prac. ¢hew G
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litmus solution have been added, and note that the
litmus assumes a claret tinge; contrast this with the
offoct of adding litmus to water containing a little
hydrochloric or sulphuric acid. Notice also that by
boiling, the carbon dioxide is expelled, and the litmus
assumos ity original colour. A solution of carbon
dioxide in water is, therefore, very unstable, and
possessed of u feobly acid character.

Exp. 5.—Puss the expired air from the lungs, or carbon
dioxide (washed) from marble, through a slightly
alkalino pink solution of phenol-phthalein,—the pink
liquid becomes colourloss. This change from a pink
to a colourless solution may be used as a means of
indicating the presence of carbon dioxide.

Exp. 6.—Simple proof that carbon dioxide contains
oarbon.—Although carbon dioxide has been shown
by Exp. 2 abhove to be incapable of supporting the
combustion of u candle, it can be decomposed by
some fow substuncos which have great affinity for
oxygen. Magnesium, sodium, and potassium are
metals of this nature. Take a strip of magnesium
ribbon about 9 in. long and serape it well with a knife
to remove magnesia. Hold one end in a pair of
crucible tongs and ignite the other in the Bynsen
flame. Imsert it immediately into & jar of carbon
dioxide. It will comtinue to burn brilliantly, white
oxide of magnesium and carbon deing deposited on
tho sides and floor of the vessel. In order to sce the
carbon more plainly, dissolve away the magnesia by

+ means of a little dilute hydrochloric acid, and filter.
Black specks of charcoul will be left un the filter paper.
2 Mg 4 CO, = 2 MgO 4+ C.

Exp. 7.—Carbon dioxide is fairly soluble in water at the

ordinary tomperature, watcer dissolving its own
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volume of gas at 15°C. Tako vne of tho jurs filled
with the gas, introduce about 200 c.c. of cold water,
place your hand tightly over the mouth and shake
well. There will be strong suction on the hand, show-
ing that gus has been absorbed by the water.  Open
the mouth under water, the liquid will riso in
the jar.

Exp. 8.—Shako up in a similar manner a jar of the gas
with dilute solution of caustic soda, and rapidly bring
tho mouth under water and open it.  If the gas is
pure the vessel will immediately fill with water, the
caustic soda combining with the carbon dioxide to
form sodium carbonate.

2 NulO 4 CO, = Na,CO, + H,0.

Exp. 9.—Pass carbon dioxide into a solution of caustic
soda until the liquid is saturated, und then evaporate
down to dryness on a water-bath. A residuo will be
obtained consisting of the monohydrated norwal
carbonate of soda, Nu,CO, . H,0.

Exp. 10.—Test for carbonates.—Add dilute hydro-
chloric acid to the solid carbonate, or to un aqueous
solution of a carbonate in a test-tube.  An effer-
Pescence will bo obscerved, and, on decanting tho gus
downwards into a sccond tube containing lime-water,
and shaking up, a turbidity will be produced in
the lime-water owing to the formation of calcium
carhonate.

Exp. 11.—Tuko tho liquid remuining in the genoratog at
the cloee of Exp. 1. Evaporate it to dryness in @
porcelain basin. The white solid which is obtained
is calcium chloride. Dissolve a little in water and
prove that a chloride is present by the silver nitrate
test. (See Soction V., Exp. 7).
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SecrioNn XIX.—FLaNE.

[ Frame.—Whenever a gus or vapour is brought into an
atmosphere with which it can react chemically, and the
heat genorated is sufficient to bring ebout incandescenco of
the particles, flame is produced. The heat is generated,
and the incandescence effected, in the region where the
reaction is carriod on, that is, at the surfuce where contact
ovcurs between tho two guses, as is seen when a jar of
hydrogen burns mouth downwards. When we speak of
hydrogen or coal gas as being a combustible gus, and of
air as being the supporter of combustion, we imply that
hydrogen or conl gns, when once ignited, burns in air. And
in flames under ordinary circumstances this is the case ; if,
however, wo wero to lead a stream of air from a jet into an
atmosphere of conl gas, the flume wonld attach itself to the
jot, and might be described as air burning in conl gas. In
oither caso the flame marks the surface of contact between
the air and coal gas, and is the region
where the chemical changes take
pluce, which transform the hydrogen
and carbon in the coul gas into water
aund carbon dioxide as ultimate pro-
ducts. .
Exp. 1.—Fit into the bottom of an
“ondinary lamp chimney a cork
through which passes a short
picce of struight wide tubing,
and a sccond narrow piece bent
at right angles as shown in
IS Fig. 24, and connected with
Fig. 24. the supply of coul gas. Close
tho aperture at the top of the
chimney, and allow the gus to escape by the etraight
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tube unmtil the air is displaced, then light it at
the lower extromity of this tube and uncover the
aperturoe at the top of the chimney.  The lame will
then pass up the tube amd attach itself to the inner
opening where the air and coal gas meet, the flame
area being air And the surrounding atmosphere conl
gns. The gas eseaping at the top of the chimney
may also bo ignited, combustion oceurring here in the
ordinary manner.

In uny caso bhofore flame can bo produesd at all, the
temperature of the combustible body must first reach a
certain limit known as the peint of ignition. This tempera-
turo varies with different bodies; the vapour of earbon
bisulphide may b ignited by a glass rod heated only to
1502, whil«t with hydrogen or coal gas a dull red heat
(6007 is insufticient.  Conversely, a flame is extinguishod
if its temperature is by any means roedieed bolow the point
of ignition of the vapours consumed in it (seo Exp. 3).

Exp. 2.-—Hold a pieeo of wire gnuze (about thirty meshes
to the inch) horizontally over a Bunsen burner and
about an inch ahove the
orifice (Fig. 25). Turn
on the gus and light it
on the upper side of the
gauze, the flame will not
bo communicated to the
stream of gus on the
underside of tho gnuze.
Much heat in carried off
by the gauze, and the part
of the flamne in contact with the gauze where it meots
the upward current of gas, is so far cooled in con-
quence of this that its temperature falls bolow the
puint of ignition of the gas.

Fiz. 25,
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Exp. 3.—Light the Bunsen burner and depress the gauze

into the flame,

The cold gaurze will conduct away the

heat from the portion of flamo in contact with it, and
lower its temperature below the ignition point of the
gnw, which will now only burn helow the wire.
After a time the gauze will atso hecome heated if no

Fig. 26.

specinl  precaution is taken to
keop it cool. When it becomes
quite red hot, the ignition point
of tho gas is reached, and the
flame will strike through and
burn above the gauze again.

Exp. 4 —Make a piece of the wire

gauze into a cylindrical roll and
pluce a candle within it. Now
direet  the flame of a Bunsen
burner against tho outer surface
of the gauze; the wax may be
melted, but the candle cannot
bo lighted unless the gaure is
heated to redness. The reason
for this will be gathered from
the cxplanation given in the
previous experiment.

The Dary L«mp (Fig. 26) is such an nmngemont, in
which an oil lamp is ghutin by a layer of gauze, and even
if such a lamp be entirely surrounded with inflammable
gas, this will not become ignited, although the inflammable
gas which passes through the gauze may burn inside it and
fill the space ubove the oil lamp with flame. If, how-
ever, the guuze becomes strongly heated, or if the flame
should be mechanically driven through the meshes, com-
munication with the inflammable atmosphere outside may
be established, and ignition will then take plaoe,
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The candle flame.—The inflammable matter in a candle
is the wax or tallow, consisting cssentinlly of earbon and
hydrogen. This is melted round the wick, which beeomes
charged and serves as a still, from which the vapours of
hydrocarbons are supplied into the area immediately sur-
rounding it. That such an area exists containing com-
bustible vapour may easily be shown.

Exp. 5.—Dopress a sheet of stout paper quickly iuto a
candle flame to tho level of the top of the wick, and
hold it steadily theve for about a second.  On with.
drawing it, a ring of sooty deposit will he seon,

enclosing a cleur aren.  Secondly, take a glass sayphon
tube, as shown in Fig. 27, and bring the shorter limb
into the centre of the flame; presently yolBwish-
brown vapours will be seen to pass down the tube
and issuo at tho other ond. These vapours will be
found to he inflammable, and may bo hurnt at the
exit of the tube.
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Exp. 8.—Mako a short coil of stout copper wire by giving
it half-n-dozen turns round a piece of glass rod abhout
5 m.an. in dinmeter, and so that only a small space is
left hetween one eoil anld the next.  Bring the coil
into the upper part of the luminous zone of a candle
flame;  the flame will hecome smoky . if it be
quickly depressed to the level of the wick, the flame
loses it Tuminosity, and indeed may be extinguished
altogother.  Copper, being a good conductor and
radintor, carries off heat and lowers the temperature
to such an extent that the particles no longer main-
tain the white heat which imparts the luminosity to
the flame, and the combustion is rendered so
incompleto that carbonaceous matters escape com-
bustion and pass off an smoke.  The vapours
may in this way be cooled down even below their
point of ignition, and the flame is then extinguished
altogether.

Secrion X.—Ihirresiox or (Rases,

The particles of gases possess a much greater freedom
of motion than do those of liquids or solids, for the
excursions which they mmay make are contined in the
caso of the latter to the space occupied by the liquid
or solid iteelf; in the case of guses, however, the
extent of these excursions is only limited by the walls
of the vesscel in which they are contained.  Furthermore,
if the walls are louse and open in texture, that is,
porous, then it is possible for the gaseous particles to
pass through them.

Exp. 1.—A stout glass collecting jar of about one quarter

litre content is filled with hydrogen and held eteadily,
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mouth downwards, for three or four minutes. A
lighted taper is then brought into it, and it will be
found that instead of the gas burning quictly, as
pure hydrogen does, there will he an explosion,
This shews that, during the period of exposure, the
heavier air purl‘iavs have diffused into the jar, the
explosion being due to admixture of air with the
hydrogen.

Exp. 2.—A porous cell such as is used in voltaie buttories,
is fitted with an indinrubber stopper, and a glass
tube about half a meter D
long, furnished with a
bulb, is passed through
the stopper; this in
bent and drawn out
into a jet as shown in
the figure.  Before
inserting the cork, fill
the bulb and lower
purt of the tube with
water.  Now place a
benker filled with hy-
drogen over the porous

ecell, and the water
will bo immediatoly
deprossed and driven
out of the jet in a
fine stream. This is
evidence that the light Fig. 28,

gas hydrogen passes through the walls intoe the
porous cell more quickly than the air is able to
pass out of it. A greater volume of gas collocts
within the spaco of the cell and tube and forces the
water out before it.
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Exp. 3.—Do a similar experiment with the arrangement
shown in the figure below, in which it is possible to
ohgerve, by bubbles passing through the water in
the bottlo, that air is finding its way into the porous
coll through the glass tubp. In this case the cell
containing air is surrounded with carbon dioxide in
a heaker. Under such circumstances the air diffuses
out of the cell more quickly than tho heavier gas,

carbon dioxide, passes into it. This tenda to produce
a partial vacuum within the cell, and air enters in
bubbles through the liquid in the bottle,
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Bxp. 4.—Repeat the last experiment, using oxygen
instead of carbon dioxide, and note that in this case
the bubbles pass in much more slowly, and altogether
a much smaller volume of air is required to restore
equilibrium in the cell.

The relative densities of the gases employed in the above

experiments are—
Hydrogen, 1. Air, 144, Carbon dioxide, 22.
Oxygen, 16.
The greater the difference in density, the more rapid is
the diffusion. By measuring the amount of different gasos
which diffused through a porous plug in a given time, under
like conditions, Gruham found that the relatice ratex of
diffusion are inversely proportional to the square roots of thesr
densitics. Thus in relation to air—

I Velocity of

o deusity. ::;-erv-d

Density of hydrogen = 00695 =3.792 3:830
' oxygen = 1'1043 = 0951 0-949

" carbon dioxide = 1'5180 = 0'812 0-812
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Ha8, €O, H.

1. It burns with n
vory pale blue flume
and n deponit of sul-
phur in seen on the
sides of the jar after
the combustion.

The gns wia

Sulphuretted

hydrogen.

Confirm by now
testing for 80 with
KaCri)y paper.

2. It burns with o
bright blue flume nnd
no sulphur is do-
powited,

Pour cloar limo-
wator into the jar.

The limowater ix
turned milky.

3. Tho gus was

Carbon monoxide.

The gas burns
with a noarly non-
luminous flame and
after combustion
limewater ia not
turned milky by the
resulting gas

Thoe gns was

Hydrogen.

DETECTION OF A

Lower a lighted taper into the gas.

l

{'THE GAS 18 NOT IGNITED
BUT THE TAPER CON-
TINUKES TO BURN.

0, N0, Q1. ,

The taper burns more’
ightly than in air.

The grais O or N,O. ¢
Withdraw the tapor
quickly so that as little
air iy admitted a8 pos-
sible, or if another jar of©
the gus is at hand, use:
it instend, for the ful--
lowing test. )

1. Takew jarcontaining
nitric oxide gas nnd place
it mouth to month under
water with thy jar of gns
to ho examined, and mix
the gnaes,

Red fumes are pro-.
i duced.
The g iz
Oxygen.

2. Nored fumesaregeen
(oxeopt a little due to the
air admitted if the first
Ljar is umed),

! The gay is

Nitreus oxide.
i 3. The taper burns with
s smoky fame.
The g in

Chlorine.
Chlurine is casily -
(cognimd by its green

irritating

1 br

icolour and

{ odour.

GAS.

THE GAS Is NOT IGNITRD
AND THE TAPER I8 RX-
TINGUISHED,

NHa, 80,, NO, H(l, N,
o,

Sinell the gns cautiously,
NHiand 8O; havo charne-
teristic odonrs,

1. Leavenpiecoof red litmus
paper, previously damped,
in the jar for some minutes,

The paper is turned blue.

The gas is

Ammonis.

2. Pour a little dilute solu-
tion of KMty into the jar,
if the solution is decolorised,

Sulphur dioxide.

. 3. Red fumes are formed

whennirisidmitted tothe jur.
The gas is
Nitrio oxide.
4. Pour rome clear lime-
water into the jar.
The limewater is turned
wmilky.
Thognsia ¢
Carbon dioxide
5. Leave a picce of blue
litmux  pajper, previe
dawmped, 1 the jur,
Lhe paper
The gas is
Hydroohloric asid.

6. I{thegussnawerstonone
of the above tests, it is

"It more than one juufﬁwguinnthnnd. confirm the above tests by
performing sume of the experiments with it described in Chapter 111,



CHAPTER 1V.

EXPERIMENTE ON THE ACTION OF HEAT, WATER, AND ACIDS
ON SOME FAMILIAR RUBSTANCES.

Tug following experiments are arranged for the purpose
of training the student’s powers of observation, and con-
firming his knowledge of certain importunt  chemieal
processes.  Accurate notes should be tuken, recording the
facts observed, and the equations representing the reactions
carefully worked out.

Exp. 1.—In a dry test tube place ahout two grammos of
oxalic acid and add  rather more than an equal
quantity of concentruted sulphuric acid.  Nothing
happens apparcntly in the cold.  Fit the mouth of
the tube with a cork and delivery tube;  the latter
should be bent so as to make three sides of a rectangle,
one side: being much shorter than the opposite one and
pussing just beneath the cork.  In another test tube
place ubout five ce. of clear lime water. Heat the
mixture of oxalic and sulphuric acids gently over o
Bunsen ; the erystals dissolve and then give off gas,
with a certain amonnt of eflervescence. It geptle
heat is upplicd, the evolution of gas will bo quite
steady.  Bubble a little of the colourless gus through
the lime water.  The lutter will beaonne quite milky.
What does this indicate ¥ Now rewove the cork and
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tube and apply a lighted match to the mouth of the
test tube. A beautiful blue flame is obtained showing
that the gas burns. But the match is extinguished
when pushed into the tube; the gas does not support
combustion. What common gas, burning in air with
a blue flame, are you acquainted with ?  Why do we
test with lime water before applying a light, rather
than after?
The following equation explains the reaction :—

COOL_ 04 00,4-11,0.
COOL
Oxalic acid.

Exp. . —Tuke u dry test tube of tho same dinmoter as
thut usod in the previous experiment, so that the
samo cork and delivery tube will do again. Place in
it a few crystals of the reddish compound, ammonium
dichromate, fit the cork and delivery tube, and heat
gently.  Suddenly a brisk agitation will be set up,
the lurger red crystals rapidly disintegrating into finer
green particles with increuse of volume. A gas is also
ovulved which is colourless, Bubble a little through
lime water.  No milkiness is produced. Remove tho
cork and test the gas with a lighted match. The
gas doos not burn, nor doos it support combustion.
It has weithor taste mor smell. What common
oolourloss gas has these properties? Examine the
ourious green powder left in the tube.  Is it soluble
in water? Is the ammonium dichromate soluble ?
The cquation of the reaction is :—

. {(NH 010, = N, 4+-4H,04+Cr,0,.

Ammonium Chromium
dichromate. sosquivxide.

Exp. 3.—1n u test tube pluce about hulf a gramme of
red load, add sbout five c.c. of fairly concentrated
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hydrochloric acid, and warm gently, kecping the
thumb loosely covering the mouth of the tube. The
air in the tube is gradually replaced by a gas having
a greenish yellow colour.  What gases are you
acquainted with, which have this character 7 Moisten
a strip of iodide-®tarch paper and bring it to the
mouth of the tube. A blue colour is produced.
‘What substance has the blue colour, and why is it
produced? Moisten a piece of litmus paper and
insert it just inside the mouth of the tube, but above
the level of the liguid. Replace your thumb and
allow the gas to act thoroughly on the litmus. It
will be gradually bleached. Observe the pungent,
irritating odour.  Test with a lighted mateh—it s
extinguished by the gas, which does not burn. On
allowing the liquid to cool, white needle-shaped
crystals separate out, some floating on tho surfuce.
What are they 7 The equation is :—
b0, +81Cl = 3PbCL4-4H,0 4+ Cl,.

Red lead. Tond
chloride.

Exp. 4. —Heat strongly in a dry test tube about a grammo
of barium peroxide, and pass the evolved gas into
clear lime water by means of the delivery tube.  No
furbidity is produced.  Remove the cork and test tho
gas by means of a lighted match.  The gas doos not
burn, but the match when thrust into the gaus burns
much more vigorously than before.  Colleet more of
the gas by looscly closing the mouth of the tube with
the thumb, and test with a glowing splinter. It ut
onee bursts into fame, however fecblo the splrk.
What is the gas evolved?  The equation is :—

2880, = 2Ba0+0,.
Barium Barium

ide

pe
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Warm with dilute hydrochloric or sulphuric acid
a little of the original peroxide, and then some that
has been strongly heated. Do you notice any
difference in their behaviour ?

Exp. 5—To a fow crystals of sodium sulphite contained
in & tube, add a fow c.c. of dilute hydrochloric acid.
Brisk effervescence takes place. Smell the gas. Do
you recognise it? Moisten a small piece of filter
paper with a solution of potassium chromate ; it will
he stained a faint yellow.  Bring it into the gas; it
is changed to a green, indicating the presence of a
strong reducing agent. What is the gas? The
equation is :—

Sodinm Sulphur
sulphite. dioxide.

Exp. 6.—Mix together in a small mortar about egual
quantities of solid ammonium chloride and quicklime.
Placo the powdered mixture in a dry tube and heat
gently over a Bunsen flame. Do you recognise the
smell of the gas evolved ?  Close the mouth of the
tube with the thumb and colleet a little of the gas;
tost it with a lighted match.  The gns may burn with
a yellowish flame, but it extinguishes the match.
Moisten a picee of red litmus paper and bring it to
the gus. It is rupidly turned blue, indicating that
the gas has a strong alkaline charucter. Remove
the stopper from a bottle of hydrochlorie acid and
bring it opposite the mouth of the tube. Marked white

JHumes are produced, showing that the hydrochloric
acid reacts with the gas. What is the gan, of alkaline
character, which possesses the properties  detailed
above? The equation is :—

2NH,C14Ca0 = 2N1l; 4 CaCl, + H,0.
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Exp. 7.—Fill a test tube to a depth of half an inch with
black antimony sulphide, and add about 5 .. of
fairly concentrated hy.lrochloric acid. Warm gently.
An offensive smell is noticod, resembling that of
rotten oggs. Apply a lighted match to the gas; it
burns with a pale bluish flame, and deposits a
yellow substance on the sides of tho tube, but the
match is put out. Place a drop of lead acotate
solution on a piece of filter paper and allow the
gas to come in contact with it. It is rapidly
blackened. What colourless gas  possesses  these
properties 2 What is the yellow deposit noted above?

8b, 8, + 6 1Ol = 2800, 4+ 31,8,

Exp. 8.—Heat a few picees of copper niteate in o dry
tube. Note the brown colour of the gas evolveld,
The green nitrate gradually turns black ay it loses
the gas. What is the black substanco produced ¥
Test the gas with o lighted mateh—the mateh s
extinguished and the gas does not burn. What is the
gos evolved 7 Equation :—

2Cu(NOL), = 2Cu0 44 NO,40,.

Bxp. 9.—DPluce a fow pieces of ealcium chloride in n test
wbe and cover them with concentrated sulphuric
acid. Heat gently; copious white fumes are evolved
of very irritating olour.  Test the gas with a piece
of moist, bluo litmus paper. It is rapidly turned
red, indieating the presence of a rtrongly acid gas.
Collect a little of the gas in the tube by closing tho
mouth with the thumb, and apply a lighted maPeh.
The mateh is extinguished, and the gus does not burn,
Fit the: cork and delivery tube in the mouth of the test
tube and drive off more of the gas. Dip the end of
the dolivery tube under water. The gas dmoolvm

P & Prac. Aem.
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and the water rises in the tube. What colour-
less soluble gas has the proporties observed? Note
tho white residue left in the tube. Test it
with water and seo if it dissolves. Is the original
calcium chloride soluble? Equation :—

CaClL+H,80, = 2H14Ca80,.

Calcium Calcium

chloride. sulphate.

Exp. 10.—Mix a little black oxide of copper with about

a sixth part of its weight of charcoal in a small
mortar. Heat the mixture in a dry test tube fitted
with cork and delivery tube, and pass the gas evolved
through a little clear lime water. The liquid is rapidly
turned milky.  What does this show? If passed
through long enough, the gas will gradually re-dissolve
tho precipitate which causes the milkiness. Why?
Test the gas with a lighted match; the match is
oxtinguished. After heating strongly for some time,
shuko out the contents of the tube into a mortar.
Observe the change in colour. Rub well with a
pestle and note that some of the particles can be
readily burnished, and have a distinct red colour.
To a portion of the changed powder udd a few drops
of dilute nitric acid. Red fumes are evolved. ,What
aro they ? Would copper oxide behave in the same
manner if similarly treated ? 'What is the action of
the carbon in this reaction? The equation repre-
senting the reaction is,
2Cu04C = 2Cu+00,.

Bxp. 11.—Dissolve a lump of sugar in the least possible

quantity of water, add three or four times the bulk
of strung sulphuric acid, und warm slightly. The
liquid rapidly chars, turning black. What can the
blackening be due to? Pour out the frothy mese
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into a basin and note the solid black substance which
has been produced. Whatisit? In what notable
points does it differ from the sugar originally taken?
What is the action of the sulphuric acid on the
sugar?

CuHyuOn = 120411 H,0.

Exp. 12.—Heat o few picces of thin zine foil in a tube
with about 10 c.c. of fuirly concentrated caustic soda
solution. After a short time brisk offervescence will
tnke place. Test the gas, which is colourless, by
passing through clear lime water. No turbidity is
produced.  Apply a lighted match. The gas ex-
tinguishes the match, but itself burns with a faintly
luminous flame.  Has it any smell?  Equation :—

Zn4+2 NuOH = Na,Zn0O,4 H,.

Exp. 18.—Roughly powder a piece of potassium forro-
cyanide, place in a test tube, and add doubls tho
bulk of concentrated sulphurie acid.  Heat gontly.
Effervescence tukes place, the gus evolved boing
colourless.  Puns & fow bubbles through clear limo
water; no turbidity is produced.  Test with a lighted
match; the gas burns with a brilliant bluo flame.
Yhat is it? In what respects does it differ from the
gus obtained in Exp. 17 The reaction is somowhat
complicated.

K FeCyN;4-6 H ;80,46 11,0 = 2 K,80,4Fe80,
+3 (NIL),80,46 CO.

Exp. 14 —Powder about equal proportions of potassium
nitrate and ammonium chloride togethor in u mortar,
dissolve in the least possible quantity of water, and
heut gently in o test tube. A colourless gus is
steadily evolved. Puss u littlo into limo wuter—no
milkiness is produced. Apply a light to the mouth
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of the tube—it is extinguished and the gas does not
burn. Also it has no taste or smell. The reaction
is the same as if we had heated ammonium nitrite.
Equation :—

NHNO, = N,+2 }{,0.

Exp. 15.—Ileat a few crystals of potassium nitrate

(*“ saltpetre”) with a fow c.c. of concentrated sul-
phuric acid. Note the irritating fumes, with their
fuint reddish colour, in the tube. The faint reddish
tinge is due to oxides of nitrogen, the presence
of which distinguishes the fumes from those of
hydrochloric acid. What vapour can it be?
Equation :—
KNO,+H,80, = KH80,41NO,
Potnium Nitric
nitrate. acid.

Exp. 18.—Mix together about equal proportions of iron

filings und yellow “flowers of sulphur,” and heat the
mixture strongly in a test tube,  Suddenly the mix-
ture will glow strongly, showing that some reaction is
taking place. When the mass is cool, break it up,
and placo in a fresh tube. Add a few c.c. of dilute
hydrochloric acid and warm gently. A gas of offen-
sive smell and taste is evolved. Test with a lighted
match; it burns with a pale bluish flame and
deposits & light yellowish powder on the walls of
the tube, but does not allow the match to burn in
it. Test the gus with a picco of lead acetate paper ;
the paper is immadiately blackened. What gas is
indicated by these temts? The reactions are repre-
sented by :—
Yo48 = FoB; FeS42 HCl = FeClL+H,8.
Ferrous Salphuretted
sulphido. hydrogen.
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Exp. 17.—Pour a few dropa of mercury into a teat tube
and add a few c.e. of concentrated sulphurie acid.
Warm gradually; after a short time gas will he
evolved,  Test with a lighted mateh ; the mateh will
be extinguikhed and the gas will not burn. Note the
characteristic taste and smoll.  Tost again with a
pice » of potassium chromate paper.  The paper will
be turned green. After the reaction a white substance
will settle from the liquid.  What is it?

Hg+2 H,80, = HgSO,+2 [1,04-80,,
Mereurie sulphate.

Exp. 18 —Mix « little salt with about 100 c.e. of water,
To obtain pure water from the mixture, fit up
the apparatus as shown in the figure.  Pluee the
mixture of salt and water in the flask connectid to
n Liehig condenser, through the outer tube of which

Fig. 30.

.
a stream of cold water is passed.  Boil the mixture :
the water is driven off as steam, which paswes into the
condenser, where it is liquefied, and tho pure water
produced runs into the flask placod to rececive it,



102 ACTION OF HEAT, WATER, AND ACIDS.

The salt remains in the heated flask. This process
in callod distillation.

Exp. 19.—Mix intimately about equal portions of
sugar and rand. To separate the mixture into its
constituents agnin, first place the mixture in a
small beaker, and add water as long as any diminu-
tion oceurs in the bulk of the solid. Fold a small
filter paper, place it in & small glass funnel and pour
on tho clear liquid from the insoluble aand. Collect
the filtrate in a small basin and evaporate it almost
to drynoss on a tripod. When almost dry, allow the
basin to cool. Crystals of sugar will separate out.
Now wash the sand by decantation several times
with a little water, and finally pour it upon the filter
paper. Place the funnel, filter and sand in a water
oven until dry. The sand can then bhe removed.
Thus by combining the processes of solufion, filtra-
tion, and crystallization, we have recovered our original
substances sugar and sand from the mixture,



CHAPTER V.
SIMPLE QUANTITATIVE EXPERIMENTS,

On Weighing.—In performing the oxperiments to he
described in the following pages, we shall find it necessary
to weigh accurately
some of the substances
which take part in the
reactions. The quan-
tities used are, as a
rule, small, hence the
need for a more delieate
balance than those used
hitherto. A beam is
poised at its centre on
a knife-odge, and has
at ench end a sunilar
knife-edge on which is
balancod a pan. When
the balance is not heing
used the beam and pans
are supported on rests,
but when we wish to
weigh, we place the
objoct to be weighed on
one pan and the weights on the other, and by gently turn-
ing a metal axle (generally provided with o willod head

Fig. 31.
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and placod beneath the pillar of the balance) cause the
long needlo attachod to the beam to swing across a small
ivory scale. If the needle swings to points at equal
distances from the zero of the seale, the object and the
weights are of equual mass, and the process of weighing
has been accomplished,  Our first shusiness is to see that
the necdle awings equal distances from the zero of the
scale when tho pans are unloaded ; to ensure which the
screw at the end of the right arm of the beam must be
adjusted if nocessary. (Insome balances a vane is attached
to the needle, by moving which to the right or left weight
is added to the corresponding portion of the beam.) As
a rale this adjustment should only be made hy one with
somo practical knowledge of the balance. Having proved
the balance to be in equilibrium about its zero reading, we
place the objeet to be weighed on the left pan, take the
lurgest weight from the box, and place it on the right pan
(using a pair of forceps). Next weo slowly twrn the axle
and allow the beam to swing. The needle probably moves
at onee to the left and shows no tendeney to swing bhack.
Thia indicates that the right pan is too heavy. Try the
next weight, replacing the first. At length we shall find a
woight which is too light, the one before it having been too
heavy. Koop the light weight still on the pan and place
beside it the next smaller one.  If these are too heavy,
removeo the smaller one and try atill smaller ones in succes-
sion,  Woe shall gradually work down from the grammes
to the decigrammes, then to the contigrammes and finally
to tho milligrammoes.  As we get to the smaller weights,
we ppust allow the needle to swing onee or twice to each
side bofure taking the readings.  (1f we read first, say on
the left, wo must take the mert reading on the right.) At
last we shall tind that a certain weight on the right pan is
too large, whilst a milligramme less makes it too small,
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The actual weight obviously lies hetween these, but for our
purpose it will be sufficiently acenrate to take the weight
which gives the nearest approach to oqual swings on ench
side of the zero,  Now we count up the gramme weights
on the pan, write the total down, then the decigranmmes,
centigrammes, ote., in drder.  Having written down the
weight of the object, we restore the weights to the hox,
checking them over to see if the total agrees with the

woigh.t we have noted down.  This preenution is very
necossary, especially  to  beginners—it - prevents many
erroneous weighings which would simply undo all the ather
work of the experiments. Articles with any lignid attached
to them should never be placed on the pans; loose sub-
stances should always be weighed in glass vensolsg e.g.
beakers, watch glanses, ete.; no crucible, tube, ete., should
be weighed when hot. It is advisable to have a small
camel-hair brush for removing dust from the pans and
weights. A pair of forceps in usually provided with
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box of weights for lifting them from the box to the pan,
ote. Woeights should nover be lifted with the fingers. As
the student hecomos more practised he will be able to save
much time in weighing, by choosing a weight somewhere
near that of the ohjoct instead of working down from the
largest in the box.

Determination of the amount of water of crystal-
lization contained in copper sulphate.—Take about 20
grammes of ordinary copper sulphate crystals (‘blue
vitriol ’), powder in a mortar, and then dissolve in the
lonst quantity of boiling water. Filter the hot solution
through a small filter paper placed, if possible, in a funnel
surrounded by a steam jacket. Allow the clear liquid to
run into a clean porcelain basin surrounded by cold water,
and stir it rapidly with o glass rod. Fine crystals will
separate out.  Pour off the mother liquor and place the
fine wet powder on a watch glass inverted in a small
funnel, in order to drain off as much of the liquid as
possible.  (This can be greatly accelerated hy connecting
the ond of the funnel with a small water pump.) Press
the druined crystals between blotting paper, turning them
frequently. Chango the blotting paper and after pressing
well and turning, leave in & warm room for some hours.
Heat o small porcelain crucible, cool it in & desiceatdr, and
weigh.  Add now about half a gramme of the fine crystals,
and weigh carcfully again. The difference between the
weighings gives us the amount of crystallized copper
sulphate taken. Place the crucible and contents in an air
oven provided with a thermometer, and by regulating the
bufner, heat up the oven until the thermometer remains
fairly steady at about 110°C. After it has rcmained at
this temperature for about half an hour, raise the flame of
the burner until the temperature is about 250°C.  Keep it
fairly stoady between 250° and 260° for about twemty
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minutes. Take out the crucible, place it in the desiccator
for fifteen minutes and weigh again. Place again in the
oven, which should be still at 250—260°C. and heat for
another quarter of an hour, cool as before, and weigh, If
the two weighings do_not differ hy more than 1 or 2
milligrammes, we can assume that all the water has hoen
driven off. The difference between the second and last
weighings gives us the amount of water contained in the
weight of sulphate taken.

1. Weight of crucible 8:672 grms,

2. ' w g FCuSOLTLO 9183

Copper Sulphate tuken H11 grma,
3. v s + (a0, 8998
1. " 1" ye ' K007

Water driven off 186

511 parts contain 186 of water %, 100 contain 36:1,
(Theoretically 100 should contain 36:03,

Determination of the amount of iron contained in
ferrous ammonium sulphate.—When certuin  crystalline
bodies are dissolved together in water and allowed to
crystallize out aguin, it is possible to obtain crystals of a
substance containing equal numbers of molecules of the
respective substances originally taken.  These complex
bodies are often termad ‘‘double salts.””  Ferrous am-
monium sulphate issuch s double salt, Fe! N ), (80,6 FLO,
formed by the umion of ferrous sulphate, FeS0.7 H0,
and ammonium sulphate, (NH,),80,, with the elimina-
tion of one molecule of water. Tuke about 50 grafmen
of good ferrous sulphate crystals and 25 grammes
of ammonium sulphate—mix well and powder in a mortar,
then dissolve in the least possible quantity of boiling water.
Filter into a clean basin, observing the samo procautions as
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in the previous exporiment, drain the fine crystals and dry
betwaen blotting paper as there described.  The substance,
if kept in a well-stoppered bottle in the dark, keeps much
hetter than ferrous sulphate.

Hent, eool; and weigh a small porcelain crucible and
lid.  Add nbout -3— of a grantme of the dry substance
preparod above and weigh exactly again.  The difference
is the weight of sulphate taken. Place the crucible on a
pipeclay triangle, so adjusting tho lid that there is a very
small opening between it and the edge of the crucible.
Bring undor it a small Bunsen flame fixing the triangle
whout 6in. above. Heat the contents of tho erucible
gradually, so that no spurting occurs from the sudden
expansion of the water in the crystals. When the greenish
colour has disappearad, being replaced by a dirty white,
increaso the supply of gas slightly ; white fumes will be
slowly ovolved, due to the escape of the ammonia and
sulphur trioxide,  On more strougly heating the white
colour will be replaced by a bhrown, showing that the
ferrous sulphate is being decomposed, leaving reddish
brown ferric oxide. Ileat up to bright redness, remove
tho lid so that the contents of the crucible can become
thoroughly oxidized, and continue the heating for about
ton minutes. Cool and weigh. Repeat the heating for
another ton minutes, cool and weigh again,  (Of course the
lid should also be strongfy heated in order to decompose
any sulphate that may have bheen spurted on to it.) If
the weighings do not differ by more than a milligramme
or 80, wo can assumo that the experiment is comploted.

The differenco hetween the first and final weighings
gives us tho amount of ferric oxide present. Lths of
this is the amount of iron contained in the sulphate. It
should amount to 142 theoretically.

"FecNH‘SO.)‘.G 1130 +Og=2l‘(‘a()'+8Nl{g+8 &)' + 10 E‘Oc
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1. Weight of crucible +lid 14:562 grma.
2 e e »+sulphate 15094

Sulphate taken 232 grins.
3. ” ” ” .H+F(“.'“3 14-668 "
4‘ " ” ” ” 1 14.670 ”"

Ferric oxide 108 grns.
Amount of itun present =%, X ‘108 = 075 grmx,, i 14010/,
Determination of the amount of silver contained in
silver nitrate.—Take a bulb tube of combustion glass
similar to that described on p. 2, about six inches in
length and about  of an inch in dinmeter.  Wash it out
carefully, and dry it.  (This can be done by heating it, and
slowly sucking a current of air through by means of o
straight picce of narrow gluss tubing.) Take some erystals
of silver nitrate, powder them, and press well hetween
blotting paper to remove any water which may be included.
Now carcfully weigh the bulb tube, and add about 1°5
grammes of the nitrate, taking care that none remnins
attached to the outside of the tube. Weigh accurately
agnin; the difference is the amount of nitrate taken.
Wrap a pieee of filter paper round the upper part of the
tube, and fix the tube at this part in o claup stand, 8o
arrange it that the tube is in a sloping position.  Bring a
small Bunsen flame under the bulb !where the nitrate
should be) and grudually heat it.  The substance will
first melt to a clear liquid and then simmer, giving off red
fumes of mitric peroxide and oxygen.  So regulate your
supply of heut that the desmposition goes on quictly and
without any violent spitting.  The liquid will gradually
become turbid owing to the deposition of metallic silver.
2AgNO, = 2Ag +2NO, 40,
Finally u white crust of silver will udbere to the bulb;
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heat it more strongly to be sure of complete decompo-
sition, and then carefully heat the upper portions of the
tube to convert any spittings of nitrate into metal. Allow
to cool and weigh carefully. To make certain that no
nitrate remains unchanged, heat the tube thoroughly,
oool, and weigh ugnin. There should be practically no
difference betweon the two weighings.

The differonce botweon the first and final weighings gives
the weight of silver present.

1. Woeight of tube 10-372 grms.

2. s s nitrate 11-984

"

AgNO, taken 1-612 grms.
3. . dsilver 11398
4' " " " " ll.:j!)7 "
Silver obtained 1:025 grs.

1'612 of nitrate contains 1:025 of silver ,°, 100 contain 63-6.
Theoretically 100 parts should contain 635 of silver.)
Determination of the amount of carbon dioxide contained
in calcium carbonate.—When calcium carbonate is strongly
heated in a current of air it loses carbon dioxide and
becomes converted iuto ealeium oxide or lime.  This fact is
made use of in the conversion of limestone into limegin an
ordinary lime-kiln. We can also apply it to the estimation
of the perventage weight of carbon dioxide in a specimen
of pure carbonate. 'Inke a small poreelain crucible and lid
(platinum is better if it can be had), clean thoroughly, and
heat to redness on a pipeclay triangle over u Bunsen flame.
Removoe the flume and allow to cool partiully. While still
wari, transfer by means of a clean pair of tongs to a desic-
cator and allow to cool completely for fifteen minutes or
longor. Weigh accurately, and bring into the crucible
about half u gramme of pure precipitated calcium carbonate,
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heat gontly over the Bunsen flame, but not to percoptible
redness, to remove moisture, cool as before in the desiceator
and weigh accurately again. The difference givos us the
weight of carbonate taken. Now place the crucible on a
triangle, with the lid almost covering the mouth, but
leaving a small opening dor the csenpe of carbon dioxide,
heat it up to redness with a Bunsen flame, and then
turn on a small blowpipe flame. Gradually increase the
supply of gas until you have the hottest flame possible, and
heat with this for a quarter of an hour, then slowly
diminish the flame and allow the crucible to cool down
gradually. Transfer to the desiceator, cool for fifteen
minutes, and again weigh accurately.  The contents will
have diminished in weight owing to the loss of carbon
dioxide, but may still contain undecomposed enrbonute.
To test whether this is the case or not, heat exactly as
before but only for five minutes, cool, and weigh aguin.
If the further loss is only a milligramme or so we cun con-
clude that all the curbonate is practically decomposed. The
difference botween the final weighing, and the weight
of the erucible, lid, and contents, gives us the weight of
carbon dioxide contained in the weight of carbonate taken,
Calculate what weight 100 parts of carbonate would contain,
1t shogld be 44.
CaC0, = CaO + 0,
404+ 124 48 44

Determination of the amount of carbon dioxide oon-
tained in sodium carbonate.—Muny carbonates ennnot bo
decomposed by heat at all readily, and consequently demand
for their analysis some method differing from that adopted
in the last experiment. Sodium carbonate is one of the
most typical and best known of these,  Take o wmall flask
holding 150—200 c.c. and having a fuirly wido mouth. Fit
it with a good cork or indiarubber stopper. Tuke one of
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those straight bulb tubes known as calcium chloride tubes,
fill it with pieces of granulated caleium chloride, and fit the
wider end with a small cork perforated by a short piece of
glass tubing. This latter should be closed by a short piece
of indiarubber tubing containing a piece of glass rod, so
that the calcium chloride can be prévented from picking up
moisture from the air when the apparatus is not in use.
Bore two holes in the cork selected for the flask: one to
take the narrow end of the bulb tube, the other to take a
short straight pieee of quill tubing closed by a small piece
of cork. (A horing does very well) Take a very short
test tubo—of such a length that it will readily go into the
flask—and fasten round the open end a piece of thread.
Place in the flask about 50 c.c. of dilute sulphuric acid
(aboutoneof sulphuric acid to four of water), replace the cork
with its two tubes and indiarubber cap, place the dry test
tubo with its thread on the balance pan with the flask, and
woigh carefully. Now pick out some bright crystals frem
some washing soda, introduce about one gramme into the
test tube, and by passing the thread through the short tube
in the eork of the flask, allow the tube to dangle just out
of contact with the acid.  Fix the thread in the tube by means
of the mmall cork (which should fit tightly) und weigh the
whole apparatus again.  The difference in weight gives us
the amount of soda crystals taken.  Now remove the appa-
ratus from the pan and take off the indiarubber cap.
Romove the small cork and lower the tube slightly in the
flask replacing the cork. By tilting the flask and gently
shaking we can gradually decompose our carbonate by
bringing small quantities of acid to it. The meist carbon
dioxide has all to pass through the drying tube, which
prevents loss in weight from the escape of moisture. Hence
all we lose ix carbon dioxide. When no further decom-
position ensucs on addition of the acid, lower the tube
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bodily into the acid, replace the cork, and gradually heat
the liguid almost to boiling on a tripad over & Bunsen
burner.  This will liborate any gas dissolvidd by the liquid.
To the end of the ealeium chloride tube attach a long pieee
of indinrubber tubing and, after removing the little cork,
gently draw nir through the npparntus to displace the warbon
dioxide.  Shut off the ealeinm chloride, by means of the
indiarubber cap, from communication with the outside air,
allow the apparatus to cool, replace the cork, and weigh
again. The difference hetween the second and final weighe
ings gives un the amount of carbon dioxide contained in the
enrbonate,
1. Weight of flask 4 tubes 56562 grrma,

2. " " + crvatals 57583
Weight of ervstals tuken 1'021 grrms,
3. Weight of flask 4 tubex
+ ervstals—C0, 5T 128,
Weight of CO, 16O germs,

1:021 of Na-0'0,10 H.O contain 160 of CO: ., 100
would contain 156
{Theoretically it khould contain 15:3°/ of €0),.)
This wmethod can also be usidl with culcium earbonate,
using hydrochloric ucid; lead carbonate, using nitric aeid, ote:,
Detegmination of the equivalent of magnesium by
weighing the hydrogen evolved. ‘The cquivalent of mng-
nesium may be shortly defined as that weight, which will
roplace unit weight of hydrogen in one of its compounds,
A wide-mouthed weighing bottle of thin gluss is fitted
with a rubber stopper and tubes, nw shown in the figurs,
and about 5 c.c. of water run into it.  One of the tube®in
simply bent at right angles, nnd closed with a short pisee
of rubler tubing and glass rud. The other is furnished
with & bulb lightly packed with dry fibrous ashestos or
glass wool, and cuncentrated sulphuric acid is introduced
F. 8. Prac, Chem, 3
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into its lower part, as shown, by dipping it up to its orifice,
in a test tube containing the acid. The outside is then
rinsed with water (from a wash-hottle), s0 as to remove
any acid adhering to it. A quantity of magnesium (not
more than 0°2 gramme) is accurately weighed and dropped
into tho bottle, and the indiarubber cork fitted into its

place. The whole apparatus is then weighed.
Momentarily removing the glass rod, blow gently down
the bulb tube till about half the acid is expelled, and
quickly replace the glass
rod. The acid is acted
upon by the metal, hy-
drogen is evolved and
passes out by the only
exit loft for it, viz. the
bulb tube; the concen-
trated acid still remain-
ing there serves to dry
the gas.  When the
metal is all dissolved,
remove the glass rod and
draw a gentle curront
of air through the ap-
paratus, so as toeremove
any hydrogen in the
bottle, replace the rod,
; and again weigh, A de-
Fig. 33. crease of weight will be
found to have occurred,
ofing to the discharge of hydrogen frow the apparatus, eg.

Weight of apparatus bofore reaction 35-534 grammes,
" »» after " 36-520 v

Loss of weight 0-014 ”
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This is the weight of the hydrogen evolved. The weight
of the magnesium taken was 0-168 gramme. Tho oquiva-
lent of mugnesium is then—
0168
o014
The equation reprosentings the reaction is -
Mg+ HLS0, = MO 41
Determination of the equivalent of magnesium from
the volume of hydrogen evolved. —Tuke a long mensuring
tube closod at one end and graduated in e¢.e. One gradu.
ated up to 100 c.c. is preferable.  Take a narrow heaker,
pour in about half a litre of water and add about 30 .. of
concentrated sulphuric acid, stirring briskly.  Whon cool,
fill up the tube completely with the acid, tuking care that
no air bubbles are allowad to enter, elose the opon ond hy
means of the thumb and invert in the beaker, which con.
tains the groater portion of the diluted acid,  Fix the tube
in a small clamp stand.  Draw out a picce of soft glias
tubing of about 2 in. dinmeter {it should slide comfortably
in the graduated tube} in the blowpipe flamo und round
off the end.  Cut it off at about 1§ in. from the closed end
and round off the edges. Next serapo s picco of mng-
nesium ribbon to remove all oxide, and weigh out a pisce
of aboft ‘1 gramme (it should not be more). Drop tho
coiled ribbon into the small tube and fill up with wator,
shaking well, if necessary, to disongago any air hubbles.
Close the end hy means of the thumb and bring it under
the mouth of tho gruduated tube (which is still under the
diluto acid). Force the small tube up into the wider ano
and lower the latter until it almost touchos the bottom
of the beaker and completely encloses the othor.  Remove
your hand and rinse off the acid. Soon tho heavier acid
will diffuse to the magnesium and begin to dissolve it,
Hydrogen will be evolved and will be collected in the tube,

=12
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When the magnesium has complotely dissolved, adjust the
tube so that the liquid inside is lovel with that outside,
more water hoing poured into the heaker if necessary. Do
not touch the tube with your hand but let it remain in the
clamp, upon which hang a thermpmeter close to the tube
in onder to read the temperature of the air in the neigh-
hourhood of the gas. In a few minutes the temperature
of the hydrogen will be sensibly the same as that indicated
by the thermometer. Tuke a reading also, of the height of
the barometor. Now carefully measure the volume of the
gas, raising the tube (still in the clamp) until the liquid in
it is slightly above that outside. Having thus read the
volume, temperature, and pressure of the wet gas, we can
deduco the weight of dry gas, i.e. the hydrogen in the
manner indicated below,

The volume of a moist gas having heen measured at a
given tempoerature and pressure it is necessary to first find
what volume the dry gas would occupy at 0°C. and 760
man. pressure.  Allowance must be made

(«) for the temperature of the gus (i.e. of tho room);
(8) for the pressure to which it is subject (that of the

atmosphere at the time of the experiments);
(r) the teusion of the water-vapour.

This involves a somewhat complex calculation! and a
tablo has thercfore been drawn up to enable the student to
make the correction hy using the factor given in the table.

Thus, suppose the temperature of the laboratory to be
10° . and the atmospheric pressure 740 m.m. ; the tension
of aqueous vapour with which the gas is saturated is for
10°C,, 91 mum. Now if v is the volume of the moist'gas
as observed, then V the volume of the dry gas at 0°C. and
760 m.m. pressure is given by the expression—

VX273 (740—=9"1) _
V= 3835760 {=0928v.
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Observed volume of gas, 120 c.c.
The factor under 16°C. and 750 m.m. is 0:0823.

Weight of hydrogen = 00812(':0)3 120 _ o-00988 gr.

Determination of the equivalent of zine.—Use the
same apparatus as sbove and proceed in exuctly similar
manner.  Weigh about 2 gramme of bright zine foil, roll
it up and placo it in the short tube full of water and intro-
luco as before into the measuring tube.

Zn 41,80, = ZuSO, 4+ H,.

Determination of the equivalent of iron. Dilute hydro-
chloric acid will be found to act more rapidly than sulphurie
in this experiment. . Weigh out about -2 gramme of fine
iron wire which hus boen serubbed with o picee of sand
paper to remove rust, and follow the sume method as in
tho magnesinm experiment.

Fe42HCl = Fe(l. 411,

Indirect determination of the equivalent of silver. In
the above coxperiments we have directly measured  the
quantity of hydrogen replaced by a given weight of metal,
and from the two numbers caleulated the amount of metal
oquivalent to one gramme, or unit weight in any system,
of hydrogen.  In some cases such a method is impossible
beeause the metal will not act on the acid and evolve Lydro-
gen. Then we have recourse to indirect methods, such,
for instunee, as the following. Nilver does not cause evolu-
tion of hydirogen from tho common acids, but imagnesium
does; we can therefore determine the equivalent of mag-
nesium. . Now magnesium can readily replace silver in
silver nitrate, giving freo silver and magnesium nitrate.

2AgNO+Mg = Mg(NO,),4-2 Ag.

Obviounly, if we can determine the weight of silver
liborated by the equivalont of maguesium, we shall have
tho equivalent of silver.
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Take a large porcelain crucible—one that will hold 25 c.c.
eomfortably—wash it carcfully, dry it in the hot water
oven, and allow it to cool. Place it on one pan of the
balance and on the other a light, small beaker,  Into the
beaker drop shot, one hx one, until the counterpoise is just
too heavy ; remove one shot and place instend small picees
of paper until the counterpoise is just equal in weight to
the crucible. Now take about two grammes of silver
nitrate crystals, dissolve in 20 c.c. of distillul water and
place the solution in the crucible (now removed of courne
from the balance pan).  Put the counterpoise asido for o
short time and weigh out aceurately somewhere about
‘1 gramme of bright magnesinm ribbon,  The weight of
metal need not be precisely <1 gramme, but whatever it i,
it should be accurntely known.  Plaee the ribbon in the
solution—it will soon become conted with a grey deposit
of metallic silver.  Stir it about with a short glass vl in
order to loosen the silver, which will fall to the bottom of
the vessel, and expose a fresh surfuce of magnesium to the
action of the silver nitrate. Do not remove the rod from
the crucible until the end of the expeviment.  Gradually
the magnesium will disappear and be replaced by a greyish
powder. By gently tupping the sides of the crucible we
can g& this to colloct on the bottow, the clear solution of
tho nitrates remaining above.  Carefully pour this off from
the silver, down the gluss rd, into the bottle kept for silver
renidues. (I there was silver on the gluss rod it should
have been rinned back into the crucible by a few drops of
distilled water from a wash-bottle ;. Fill up again with dis-
tilled water, stir well, und again sllow the precipit®ed
wetal to settle, tapping the crucible gently.  Pour off the
supernatant liquid, taking care thut no metal is lost.
This washing operation should be repeatesd five or six times
in order to remove all silver and magnesium nitrates from
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tho metal. Finally wash with a little rectified spirits, also
removing all solid matter from the outside of the crucible.
Dry in the water oven for twenty minutes, and gradually
hoat the crucible to redness on a pipeclay triangle, over
a Bunsen flame, a lid being placgd over it to throw back
any spittings. Allow to cool, remove the lid and place on
the balance pan. On the other pan place the counterpoise
and determine the extra weight needed to bring the two
pans into equilibrium. This will be the weight of silver
displaced by the known weight of magnesium taken. The
problem is to find the weight of silver replaced by the
equivalent weight of magnesium.  The equivalent of mag-
nesium is 12'1—by a simple sum in proportion we can find
from the above data the weight of silver it corresponds to.
This in the weight of silver which would replace unit
weight of hydrogen in any acid with whieh it reacted.
Indirect determination of the equivalent of copper.—
Copper, again, is o metal which does not cause evolution
of hydrogen from the common mineral acids.  We must
adopt a method similar to that deseribed in the above
experiment.  Weigh accurately a rather deep porcelain
crucible of about 50 c.c. content. Into this bring about
40 c.c. of a solution containing not less than 2 grammes of
vopper sulphate, und then about 015 gramme of maghosium
ribbon, the exact weight of which has been determiued.
The magnesium will slowly disappear, and a heavy powder
will be precipitated to the bottom of the vessel.  When on
stirring with u gluss rod there is no longer any sigu of the
foil, tho reaction is complete, The magnesium has replaced
the copper in the salt originally taken, and we have now,
in the vessel, metallic copper and a solution containing
magnesium sulphate and excess of copper sulphate.  Now
place the porcelain crucible in the centre of a basin of
about the same depth, and direct a cery gentle stream of
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water on the surface of the liquid, as shown in the
figure below. Adjust the stream so that littlo if any
of the particles are so disturbed as to bo earriod out of
the crucible, and allow it to continue some minutes and

Fig. 31.

#0 long as the faintest trace of blue colour is to b seen,
On adding ammonia to u little of the liquid in u test tube
the ®lue colour is intensifiod, and if then, on looking
down the tube, the colour in no longer apparint, the
washing may be dircontinued.  Now  tuke  out  the
erucible, pour off the liquid carefully, so asx to avoid the
loss of uny copper, and if somo granules ure found at
the bottom of the busin, pour off the liguid in it and wish
these into the crucible.  After the water hns heen denined
away as completely as possible from the copper, add o
few cubic centimetres of alevhol, pour off again and ropost
this washing with alcohol once or twice more.  Now place
the crucible in a water oven, allow it to remain till quite
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dry, cool, and then weigh it. The increase in weight will
ropresent the amount of copper it contains.

Wo have now (a) the weight of magnesium used, (3) the
weight of copper which this magnesium has displaced,
and if the oxporiment has been carried out with duo care
these weights will be found to show Very nearly the relation
12:1:31:6. Thus if 12:1 be aceepted as the equivalent
of magnesium, 31°6 must be taken as that of copper.

An exporiment of the same kind may be performed with
motallic iron and copper sulphate.

Direct determination of the volume of oxygen contained
in a weighed amount of potassinm chlorate.—Solect a
thick-wulled bottle with a fairly wide mouth, and of about

one litro capacity. Fit it with a gowd sound cork, pre-
viously softencd. Take a picce of narrow quill tubing of
suitahle length, and bend it twice at right angles so as to
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make three sides of a rectangle; one sido should be
slightly longer than the bottle, and tho one parallel
slightly loss. Tuke a picce of the sane tubing about 6 in,
long and bend it in the middle at an obtuse angle.  Round
the ends of the tubes in the flame of the burner, and por-
forate the cork in two Places. Through one hole pass the
longer limb of the first tubo until, when the cork is pushed
home, the end almost touches the bottom of the bottle,
Through the other hole push the short tube until the end
just appears below the cork.  To the other end of this
Iattor tube attach a short picee of sound indinrubher tubing,
fitted with u brass ¢lip by meuns of which it can he cons
plotely closed. 'Wo have yet to muke the vessel in which
to heat our potassium chlorate. It must be of fairly
infusiblo gluss in order to stand the tempernture newbod
for the complete decomposition of the substanee,  The
glass known as “* combustion " tubing is convenient,  Heat
u picce ahont 18 in. long at the middle in the hottest blow.
pipe flame, and when fairly soft draw it rapidly apart.
Saap it in the middle and take one portion; where it tapers
most rapidly, soften it and draw off the long narrow
portion, and seal up the end.  Now hent this thoroughly
in the hottest flaine, and blow it out into n small hulh,
When cool wash out carefully and dry, fit with a good
cork, and bend u picee of quill tubing at o right angle,
rounding the ends. Bore the cork and insert the glass
tube so that the end just appears below the cork.  Before
procesding to weigh out the potassinm ehlornte we must
test our apparstus in onder to s whether it s quite
tight,  Fill the bottle completely with water, clip the
indiurubber tube wo that it is clossd, aud curefully foree in
the cork. As it is pushed into the bottle, water will he
forced out of the tube which projects. Now connect the
indiarubber tube with the glass tube of the bulb, having
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previously pushed in the cork until it was quite tight,
Release tho clip, so that there is a perfectly free passage.
If tho apparatus is quite tight, little or no water should
run out of the side tubo. We shall suppose that all is in
perfect working order. Replace the clip and remove the
bulb gently from the cork. ShaKe the bulb to be quite
suro that no particles of cork have fallen into it, and
carefully woigh it. Introduce about 15 grammes of
crystals of potassium chlorate, and weigh again. The
difference gives the oxact weight of substance we have
taken. Replaco the cork carefully in the bulb tube and
reloase the clip from the indiarubber. Observe that the
apparatus is quite air-tight, and place under the tube pro-
jocting from the bottle a tall graduated measuring eylindor
of 500 c.c. content 8o us to catch the fluid expelled. Now
gradually hout the chlorate contained in the bulb, by
moans of 1 Bunsen flame—not too strongly at first.  Tho
bulb is better fixed in a small clamp stand s0 a8 to slopo
slightly upwards, The chlorate will first fuse, and then
givo oft bubbles of oxygen. Keep the liquid gently
simmering until very little more water is expellod from the
bottle, and then heat it more strongly. The side tube
should now dip somo distance below the surface of tho water
in the graduated eylinder. When no more liquid is expelled,
oven on strongly heating, the flame can be gradually
lowored, and finally removed altogether, and the apparatus
allowad to assume the tempernture of the room. When
tho level of the liguid in the cylinder is practically
stationary, we carefully adjust tho evlinder so that the
watw in it is lovel with that in the bottle, observe the
volume of water and read the temperature of the sur-
rounding air by means of a thermometor hung near.  The
height of the barometor must also bo read to give us the
pressure, and the aqueous temsion for the observed
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temperature noted and deducted. The volume of water read
off, which is of course the volume of oxygen oxpelled, can
then be corrected to 0°C. and 760 m.m. pressure in the usual
munner (see the section on the equivalent of magnesinm,
p- 116).  From our data we can calenlate the volume of
oxygen measured at 0°C. and 760 mam. evolved hy 1225
grammes of KClO,. It ought to be about 33+5 litres,

2 KO0y = 2 KCE 4+ 30,

2 x 1225 3 x 22:32 litres,

On acids, alkalies, and salts.—.4cids muy he hroadly
defined as those substances which contain hydrogen which
is replaceable by a metal. Thus hydrochloric acid when
treated directly with zine, for example, gives off its
hydrogen, the place of which in the acid is now occupied
by the zine, giving us zine chloride.  Many acids, however,
are too weak to give off hydrogen and dissolve the metal
when treated divectly with it; the hydrogen in them can
be replaced hy metal, but indirectly. If wo present the
metal to such in the form of un oxide, we cun in many
cases get it to dissolve, the hydrogen of the acid uniting
with the oxygen of the oxide as water, the metal combining
with the remaining part of the acid. A reaction of this
nature is seen in the following equation,

. PbO 4 2 HCl = b, 4+ H,0.

Even weak acids can often be recogmissd ns such by their
action on certain colouring matters. A solution of litmus
for example is turned a bright red by most acids,  Pour o
drop or two of hydrochlorie, nitric, and sulphuric neids into
soparate beakers, dilute considernbly, snd add a drop or two
of neutral litmus solution to each. A bright red eoleration
will result in each case.

HBases may be defined as those substances which react
with acids to produce water, the hydrogen of the acid being
replaced by metal. They are the oxides and hydrates of
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the metals. Many of them form insoluble compounds
with cortain acids, and consequently appear to have no
action on thom. Before deciding that a substance is not a
base, we must therefore try it with several acids. We can
rocognise the presence of a hase again, in many cases, by
the action with certain colouring mdtters like littuns,  Only
those which are soluble, or slightly soluble, in water exhibit
this property.  This action is shown also by cortain salts in
which we have what is called a strong base united with a
weak acid, ¢.9. sodium carbonate. All these substances can,
when dissolved in wator, turn red litinus blue, and are said
to possoss an alkaline ronction. Pour a few drops of caustic
soda solution, NaOH, limewater, Ca{OH), and sodium
carbonate solution, Na,CO,, into separate beakers, and add
a fow drops of red litmus solution to cach. The solution
will bo immodiately turned blue.

Finally, salts aro the compounds produced by the
union of an acid with a buse. They may be regarded,
quite as correctly, as acids in which the hydrogen has
been roplaced by a metal.  Acids turn litmus red ; bases
rostore the blue colour; salts have no action on litmus
—they are said to be noutral. Take about a quarter of
a stick of solid caustic soda, dissolve it in about 20 c.c.
of water in a boeaker, and add a fow drops of litmus.
Pour about 20 c.c. of concentrated hydrochloric acid into
a small flask and add about twice its volume of water;
mix woll, and pour it gradually into the sodium hydrate
solution. By cautious addition of the acid, the blue colour
of the litmus can be made to merge into & purple—neither
red nog blue. The alkali will then be completely neutralised
by the acid and wo shall have a salt, neither free acid nor
alkali being present. Pour the neutral liquid into a small
poroelain basin and evaporate to dryness on a tripod. We
shall obtain a white solid, coloured slightly by the litmus.
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Taste it. Do you recognise it? Compare the taste with
that of a little diluts caustic soda solution. Is there any
difference ? Scrape out a little of the solid substance into
a dry test tube, pour a few c.c. of strong sulphuric acid upon
it, and warm gently. What are the white fumes produced ?
Would caustic soda gite them when similarly treated ?

The reaction which has taken place is veprosented by the
following equation :—

NaOI 4 (1 = Na(l 4+ H,0.

Sodium  Hydrochloric Common
hydrate neid sult

Fig. 36.

In order to carry out the following «
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tho graduated vesscls shown in Fig. 36, viz,, a pipette, a
stoppered flask and two burettes.

7'he amount of a given acid required to neutralise a fixed
teight of a certain alkali i also fized. This being the case,
if we take double the amount of alkali, we should
require double the amount of acid to completely neutra-
lise it. Tnke a stoppered measuring flask, graduated to
contain 250 c.c. when filled up to a certain mark on the
neck, and counterpoise it on the balance. On the pan
“which supports the counterpoise, place in addition weights
making up 16 grammes; weo wish to add to the flask
approximately 16 grammes of nitric acid. Clean and dry
a 10 c.c. pipette, suck up into it pure nitric acid to the
mark. (Care must he taken that no acid can enter the
mouth, It is advisable to attach a long piece of india-
rubber tubing to the end of the pipette and suck from the
ond of that.) Remove the flask from the balance and add
the acid; replace and see if the acid weighs enough—it
should not. Remove the flask and add a few more drops
of ncid. When about 16 grammes of acid have heen taken,
woigh exactly. Then fill up the flask with distilled water
to the mark and mix thoroughly. We have now 250 c.c.
of dilute acid containing a known weight of pure nitric
acid; each c.c. consequently contains a known weight of
acid. Now take a stick of solid ,caustic soda, dissolve
it in about 250 c.c. of water—there is no meed to
measure it very exactly—and stir the solution thoroughly.
Moeasure out, by means of a 10 c.c. pipette, 10 c.c. of
tho soda solution into one beaker, and 20 c.c. into another.
Notos that in measuring out liquids from pipettes, the
last drop should not be blown out, but allowed to run
out by holding the nozzle of the pipette on the side of
the hoaker for a few scconds.) Fill up a burette, with the
acid prepared as above, to the zoro mark, and sco that the
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nozzle below the tap is quite full of liquid.  To the 10 c.c.
of caustic seda solution taken, add enough litmus to give
it a distinet hlue colour, and then add the acid from the
burette gradually until the blue colour becomes a purple,
indicating that the alkali has been neutralisal.  Aftor a
little practice the student will be able to tell when this
point is being approached, and he can then add the aeid drop
by drop.  Carefully read the level of the liguid in the
burette—-it gives us the volume of acid added. Now repeat
the process with the 20 e of moda solution.  Aw double
the volume of solution is tuken, it will contain double the
weight of sodn, and consequently xhould vequire double
the amount of acid to neatvalise it. When the purple
colour is obtained, subtraet the second reading of the
burette from the thind; the difference ix the volume of
acid added. It should be double the first volume taken.
In reading the level of the liguid it is advisable to take
the lowest point of the curved surface,

From the volume of acid of known strength required to neutra-
lise a giren volume of alkali solution we can determine the
atrength of the latter, By the strength of o solution of aeid
or alkali, we menn the weight in granmes of the pure aeid
or alkali contuined in one cubic centimetre of the solution,
If weaknow the strength of the acid and the namber of c.c.
of it taken, we can, by multiplying, determine the total
weight of pure, undiluted acidd contained in that volume,
If we know the equation which represents the reaction we
ean caleulute from the weight of pure acid taken, the
weight of pure alkali necded to neatrlive it. Now this
weigght of alkali is contuined in the number of e.c. of $olu-
tion of alkali tauken: if we divide this weight by the
number of e, weo consequently obtain the weight of alkali
contained in one c.e. of solution, which is its strength.

To make tho abuve reasoning clearer let us consider the

F. 8t Prac. (hrm K
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oxperiment described in the foregoing paragraph. Suppose
that our 10 c.c. of soda solution required for neutralisation
9°2 c.c. of the nitric acid solution, and the 20 c.c. required
183 c.e. Then 30 c.c. of soda needed 27'5 c.c. of acid.
Now 250 c.c. of acid solution contained, say 16 grammes
of nitric acid, the remainder being, of course, water; 1 c.c.
of solution therefore containg 28 grammes of nitric acid,
27:5 c.c. will contain 27'5 X 1%, grammes. According to
the equation of the reaction,
HNO,; + NaOH = NaNO, + H,0),

63 40 85 18
63 grammes of HNO,; need 40 grammes of NaOH for
complote neutralisation. What weight will 2135)5.1.9

grammes require ?
275 X 16
- 250

30 c.c. of caustic soda solution must therefore contain
1'117 grammes of solid caustic soda. 1 c.c. will contain
%l__' =037 grammes. Thix is the strength of the unknown
solution of soda we began with. The example illustrates
the fact that by neutralising with solutions of known
strength, we can find the unknown strength of a sclution
of acid or alkali, if we know what ucid or alkali we are
dealing with. !

The determination of the amount of acid in a solution
by means of Iceland spar.—Clean a small flask and place
in it exactly 50 c.c. of the solution of uitric acid, prepared
as dfrected above, using a 50 c.c. pipette. Pick out a piece
of Iceland spar of 5 or 6 grammes weight, and of such a
aizo that it will readily pass down the neck of the flask.
Woeigh it accurately. Now attach a piece of stout thread
to it, and suspend it in the acid. Brisk effervescence will

63 : w40 ry o 2= 1117 grammes.
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take pluce, tho spar dissolving with formation of ealeium
nitrate and evolution of carbou dioxide.  Most of the par-
ticles of liquid thrown up by the efforvescence will be
reflected into the solution by the sides of the vessel, so
there will be very little loss from that cuuse. The solution
should be agitated from time to time to bring frosh portions
of acid in contact with the spur.  When all effervescence has
ocased, tako out the spar, remove the thread, wash, and dry
botween blotting puper, and finally weigh again.  Tho
difference between the two weighings gives the weight of
spar dissolved. From the equation representing the renction,
we can caleulate the amount of nitrie acid necessary to
dissolve that nmount of calcium carbonate.
CaC'0y + 2HNO, = Cu NOy), 4+ H,0 4 €O,
100 126 144 I8 41

It 100 grammes of CaCO, newd 126 grammos of TINO,,
what weight will £ grammes of CaCOyneed ¥ The unswer to
that gives the weight of nitric acid contained in the 50 ¢.c.
of unitric acid solution taken.

1. Weight of spar before solution 6:984 grmm,
2, w g ufter " 1460,
w oy dissolved 2534 grns.
100 : 2:834 35 126 : 7. z = 3193 grms. of HNO,,

The strength of the solution of nitric acid can of course
bo obtained by dividing £ by the volume, viz, 60 c.c.
This experiment cannot be applied to detormine the amount
of sulphuric acid in o solution, eauso insoluble calcium
sulphate is formed in that cuse, which couts the crystal and
protects it agninst further action.



CILATTER V1.
INTRODUCITON TO SYSTEMATIC ANALYSIS,

Quartrative Analysis has for its object the determi-
nation of the number and nature of the constituents of
substances, without reference to their proportions.

Urually it has referenco to the examination of aalfs, i.e.
combinations of acids and bases, and in such cases the
problem involved is the determination of the particular
base and ncid present in any given substance. Thus we
examine suhstances to determine, not directly what elements
are present, but what metals and what acid radicles—the
latter, of course, being usually groups of elements.

In determining the metal or metals present in a given
substance, we submit a portion of the substance to the
action of various reagents.  Theso reagents are applied in
the dry way, e.g. before the blowpipe, or in the wetavay,
t.e. in the state of solution. The latter method is the
more important.  Usually, the phenomenon which we take
advantage of in dotecting any substance is the formation
of a precipitate, when solutions of certain hodies are brought
togethor.  The formation of o precipitate, of course, is duo
to tht interaction of the substances in solution giving rise
to the production of some new compound which is insol-
uble, or only slightly soluble, in the liquid present.

Roagents arc divided into group reageats and special

The former arve those which produce a similar
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general result with severnl metals—e.g. hydrochlorie acid
gives a white precipitate with either silver, moreury, or
lead, and is, therefore, the group rengent for those metals,

Specinl reagents are those which we mnke use of for
confirming the presence or absence of a particular metal.
In applving reagents®to a body to be analysed, it is of
the utmeost importance that they should be used in a
systematic order; otherwise altogether erroncous results
may be obtuined,

The group reagents usually employed are the follow-
ing :—hydrochloric  acid;  sulphuretted  hydrogen  in
presence of hydrochlorie acid; ammonia in presence of
ammoninm chloride; ammoninm sulphide in presence of
ammonia and ammoninm ehloride; ammoninm enrbonnte
in presence of ammonin and ammonium chloride. These
are applicl in the ahove order,

The metals are usually divided into six groups, necord-
ing to their hehaviour with the above rengents,

Gronp 1. comprises those metals whose chlorides are
insoluble in water, und which, therefore, ure precipitntod
hy hydrochlorie acid (or, indewd, by any soluble chloride),
They are silver, lead, and mercury (ous),

Group 11 comprises those of the remaining metals whowse
sulpdhides are insoluble in hydrvochlorie acid, and which,
therefore, are precipitated by sulphuretted  hydrogen in
presence of that acid.  They are mereury {ey, lead,
bismuth, copper, ecndmium, tin, antimony, and arsenie,

Group I11. includes those of the remaining melals whome
hydrutes are insoluble in water and in ammonium chloride
solution, and which, therefore, are precipitated by ananonia
in presence of ammonium  chloride,  They wre iron,
chromium, and aluminium,

Group IV. consists of those of the remaining metals whone
sulphides are insoluble in water, and which, therefore, ure
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procipitated by ammonium sulphide in alkaline solutions.
Thay are nickel, cobalt, manganese, and zine.

Group V. includes, of the remaining metals, those whose
carbonates are insoluble in water and ammonium salts,
and which, therefore, are thrown down by ammonium
carbonate in presence of ammoniuin chloride. They are
barium, strontium, and cale¢ium.

Group VI. comprises the remaining metals. They are
magnesium, potassium, sodium, and ammonium,

Special notice should bhe taken of the words ‘“‘of the
remaining metals,” which appear so often in the above
account.  Group IV, for example, does not consist of all
tho metals which are precipitated by ammonium sulphide
in alkaline solutions, but of such of these only as are not
included in Groups 1., 11, IIL.

As we are only concerned with, at most, two metals in a
group, and genernlly only one, our attempts to identify a
metal present in one of its salts are much simplified.

After determining the group to which a metal belongs,
the next thing is to identify the particular metal present.
Advantage is takon of the slight differences in the
properties of the similar compounds of different metals
existing in the same group—e.g. as to colour, solubility
in various roagents, ete.—in order to scttle this quesgion;
and, finally, the answer is confirmed and substantiated
by the application of & apecial or confirmatory test. In
testing for the acid radicles the splitting up of the various
acids into groups cannot be so fully carriod out, and
more importance is to be attached to confirmatory or
specisl reactions.

It must be carefully borne in mind that analysis is
founded upon a knowledge of the properties of the metals
and acids, and is really an application of such chemical
knowledge to the question in hand. The student should,
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therefore, in all cases endeavour to clearly understand the
chemical changes which are produced in the various
operations of chemical analysis. o this end he will devive
great advantage by making it a rule to express by
means of equations the varvious reactions which oceur,
These equations should be written in a note-book at the
time the experiments are heing made in the laboratory.

It will be found that almost all reactions oceurring in
analysis are examples of metathesis or double decompaosition,
e.g. the interchange of acids and bases—thus barium
chloride and sodium sulphate give us sodinm chlorido and
barium sulphate ; the latter, being insoluble in water, is
thrown down as a white precipitate.

N80, 4 BaC'l, = BaSO, 4 2 NaCl,

Such reactions, of course, present little difficulty, but the
practice of writing the equations should be adhered to,
even in simple cases, as by this means the student acquiros
a valuable familiarity with the valency of metals and the
basicity of acids.

Flame tests.— {1’ Place a small quantity of solid ealeium
chloride, ('aCl,, on a watch-glass.  Lift a small portion of
it with the loop of the platinum wire, and hold in the lower
outeg part of tho Bunsen flame.  The Hume xhows an
intense orange-red colour charneteristic of caleium com-
pounds. Clean the wire by holding it in the flame until
all trace of the orunge eoloration disnppears.  Then wash it
in dilute HC'l and again heat it

(2) Take some copper sulphate {or any copper salt) and
heat it in the same way. The flumne is of a bluish green
colour, but possibly not very inteuso.  Pour a few drops
of H(1 into a watch-glass, dip the loop of the wire in it,
and take up with the moistened wire a few particlos of the
salt. When the wire is now placol 1 the flame the bluish
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green coloration will be much more intense. Now clean
the wire by alternately dipping it in HCl and heating it in
the flame. The first effoct of this is mevely to increase
the intensity of the ecoloration, but after some time it
becomes fainter, and by using fresh weid onee or twice
we enn thoroughly cleanse the wiree

(8) Take some potassinm nitrate and treat in the way
deseribed above.  The flame is coloured a beautiful violet.
Moistening with I1('l makes the flame more intense.
Clean the wire, wash it, and put it away in a corked test
tube or bottle.

Borax bead reactions.—Borax, being an acid borate,
Na,B,); = 2NaBO,. B,0;, has the power of displacing
other (volutile) acids from metallic salts, so forming fusible
bhorates,  These borates, in the case of many metals,
possess distinetive colours, and so afford valunble evidence,

(1) Tuke a piece of platinum wire fitted with a glass
handle, as already deseribed, hut without a loop at the
ond, heat in the Bunsen flame, and dip into powdered
bhorax. Bome of the salt will adhere to the wire.  Again
hoat the wire, when the borax upon it will first “in-
tumoence,” r.e. swoll up from the escape of its water of
erystallization, and then fuse quietly to a clear, colourless
boad. Now take a small quantity of an ivon compgund,
e.g. FoBO, or Fe,0, and bring it into contact with the
bead, and aguin heat in she oufer part of the Bunsen flame;
a characteristic reddish-brown colour will be produced.  If
now the air-holes at the base of the lamp be partially
closed, 80 as to produce a slight luminous appearance in
the ypper central portion of the flame, and the bead be
heated in this flame (* reducing flame ), since there is an
excess of coal-gas there, the oxide of iron, existing as
borate in the bead, will be reduced to a lower state of
oxidation, and the bead will, when cooled (best in the
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coal-gas at the contre of the base of the Bunsen flame),
be found to be palo green. Treated in the same way,
copper compounds give a blue bead in the oxidizing e,
and a red in the reducing.  In all cases only a very smnll
quantity of the substance to be tested must ho used, other-
wise the colour produce® is too dark to be recognisable,

The blowpipe.—To acyuire the proper use of the hlow-
pipe will necessitate a good deal of practice. A continuous
blast of air must he kept up; for this purpose it is neces-
sary to blow without interfering with the breathing.,  The
secret of doing so is to use the checks to blow with, and
to breathe through the nose.  1f the checks be hlown out,
it will be found that air ean be forced out of the mouth by
contraction of the checks at the same time that inspiration
is effected through the nose.  With practice this operation
may he  prolonged indefinitely. When blowing  con-
tinuously, however, since the air is foreed out of the
mouth by the pressure of the cheeks —not by their
contraction—they must be kept distended. It s not
necessary to blow hurd : a very gentle blust suffices.

To obtain the blowpipe flame, the air-holes at the
bottom of a Bunsen burner are closed so as to give a
smoky luminous flame, and the blast of air from the nozzle
of thablowpipe is then dirceted across this flame s s to
produce a long straight pointed flame. Tt s used for
observing the effects of a very high temperature on dif-
ferent substunces, and in some cases to effect their oxidation
or reduction.

To oxidize a substance it is heated in the outer flame—
that is, at the tip of the blowpipe flame.  To effect rodue-
tion, the inner flame must be used —that is, the substanoe
is heated in the centre of the blowpipe flame, which for
this purposc must show s small luminous streak in the

centre,
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Experiments with the blowpipe.—(1) Take a piece of
hard charcoal and scrape a small groove near one end.
In this groove place a small quantity of litharge (lead
oxide) and direet on it a reducing flame. In a short time
the oxide will melt, and if the heating be continued long
enough a globule of lead will wemain on the charcoal.
This is an example of reduction cffected by the reducing-
flame and the charcoal.

(2) Take some potassium nitrate, KNO,, and, having
placed it on charcoal as described in (1), bring the blow-
pipe flamo to bear on it. It suddenly flares up, and causes
ignition of the charcoal. This is deflagration.

(8) Take weights of powdered sodium carbonate,
N, (’0,, and potassium carbonate, K,CO, proportionate
to their molecular weights, and mix them thoroughly.
This mixture is known as fusion mirture, and should be
kept ready for use. Take a small quantity of litharge
(lead oxide), mix it with three or four times its weight of
Jurion mizture, and heat the mixture on charconl before the
blowpipe. The mass fuses, and in a short time small
globules of lead appear and are readily fused into one
large globule. The use of the fusion mixture is twofold—
it prevents the fused litharge from being absorbed by the
charcoal, and the fusion and reduction are more, casily
offccted than in Experiment 1. The fusion mixture here
acts as a flur. "

Note.—When a substance is to be reduced, it should be
heated on charcoal, with some suitable flux, in the reducing
Slame. 1f oxidation is to be effected, it should be heatod on
theg platinum wire, or on a piece of platinum foil in the
oxidizing flame.

(4) Take some zinc oxide, Zn(), mix it carefully with
fusion mixture, and heat on charcoal before the blowpipe.
The oxido is reduced to the metallic state, and zine,
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volatile, burns on passing through the outer flame with a
bluish green flame, forming the oxide which ix deposited
on the charcoal in the form of an merustation, which is
yellow when hot and white when cold. Now moisten the
mass with a few drops of cobaltous nitrate, and again
heat in the outer flumes The mass now assumes a tine
green colour.

(6) Tuke a small quantity of tin oxide, and mix it with
powdered potassium cyanide, Kt'v; pluce the misture
on charcoal, and cover it over with a little KCv, then heat
in the reducing blowpipe flame.  The tin oxide is quickly
reduced, and small globules of metallic tin are obtained,
Substances that are not easily veduced by charconl alone
are readily reduced in the presence of KCy, owing to the
tendency of that compound to tuke up oxygen or sulphur
to form KCNO or KONS,

(6) Powder some copper sulphate, and mix it with five
or six times its weight of fusion mixture.  Heat the
mixture on charcoal before the inner blowpipe flume, The
mass fuses, and the CuSO; i reduced to wmetallie copper,
which is too infusxible to he obtained as a globule, nnd
therefore remains on the charcoal ns small reddish par-
ticles or scales which are not easily detocted.  Allow the
mass t cool, remove it from the charconl together with
the crust of underlying charconl, and place the whole in a
small mortar. Powder it very fincly, and transfer the
powder to a small besker.  Pour on some water, and stir
the whole for some time; on standing, the metallic par-
ticles sink quickly, so that, if the water be pourad off aftor
a short time, the copper will be found as o powder at ghe
bottom of the beaker, and may be recognised by the effoct
of adding a few drops of nitric acid.  Iron compounda
may be similarly dealt with, and tho iron particlos are
readily detected by means of a magnet,
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Sublimation. —Take some ammonium ecarbonate, and
place a small quantity in the bulb of a bulb tube. Holding
the stean of the tube with a pair of erucible tongs, heat
the substance in the Bansen lame. Tt gradually disappears
from the bulb and condenses as o white sublimate in the
upper part of the tube, ¢

To test the solubility of substances.—(1) Take some
Epsom salts, MgSO,, and with a spatula place a very small
quantity of it in a dry tost tube.  Half fill the test tube
with water from the wash-hottle, using the jet of water to
wash all traces of the salt down the sides of the tube.
Closo the tube with the thumb, and shake up the solution.
It will then be found that all the substance has dissolved,

(2) Take a small gquantity of lead chloride, Phtl;, and
attempt 1o make a solution of it in the way deseribed
above, It will be found that this salt does not dissolve
rendily in cold water. Now hold the test tube in the
Bunsen flame so as to hoil the water.  The lead chloride
soon dissolves, and a clear solution is obtained.  Allow
this solution to stand and cool—the lead chloride again
crystallizes out.

(3) Take some caleinm hydrate and attempt to make a
solution as ahove. It will he found that this substanee is
apparently insoluble in both hot and cold watera Take
somoe red litmus paper and test the solution, it will be
found to give a strong alkaline reaction, thus showing
that a solution has been obtained, and that ealeium hydrate
in slightly soluble in water. Also, place a few drops of the

. solution on a piece of clean platinum foil and heat over the
Bugsen flame. A small white speck ix left on the foil,
showing that the solution contained some solid substance.

(4) Take some pure calcium carbonate and treat as
above. It will be found to be insoluble in water. Take a
fresh quantity of the substance in a test tube and pour in



INTRODUCTION TO SYSTEMATIC ANALYRIN, 141

some dilute hydrochloric acid, HCL  The carbonato rapidly
dissolves with effervesconce, carbonic acid gas, ('O, lwin;.;
evolved.

Precipitation is tho hasis of testing in the wot way.
One of Berthollet’s laws of double decomposition may be
cnunciated thus :— .

“Two substances in solution will always decompono
onch other, if it be possible, by double decompuosition, to
produce another substance less soluble than cither of the
vriginal substances.”

This lnw expresses the principle of testing by precipi-
tation. For example, take a solution of bavivm ehloride
in a test tube and add to it a small quantity of a solution
of magnesium sulphate, MgSO,. The following double
decompaosition is possible : —

Ba('l, + Mi80, = Ba80, + My('l,.
insluble,
Now barium sulphate, BaSO, is quite insoluble in water
and acids, and therefore the renction tukes place, und o
white precipitate of BaSO, is produced,

This reaction now furnishes us with o test for the
detection of barium compounds, und of sulphates; for
the test is based on the insolubility of BaSO, and mny
therefgge indicate Ba or 1,80, but has nothing to do
with Mg or HOL A condideration of the reaction given
below will further explain this:—

Ba(N(O),), + Nu,80, = Ba80, + 2 NuNO,.

(mrluble;
Substances employed in systematic analysis for the
detection of other substances are culled reagenta. °
Nolutions of guses or of solids, with other liquids so
employed, ure called “ocet™ reagents; thow: usal in the
solid form, *“ dry ” reagentn. Solutions used us wet reagouts
should not be too concentratid.
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Filtration.—Z7v fold a filter paper—If, as is usually the
case, the precipitate is required as well as the clear liquid,
an ordinary plain filter answers best. In cases where the
amount of precipitate is but small, and the filtrate is the
portion desived, a ribbed or folded filter should be used,
as the liquid Hlows through suth a paper much more
quickly than through a plain filter.

o fold a plain filter.—Take a circular piece of filter-
ing paper of the requisite size, and fold it in half.
Then agnin fold it in half, so as to form a quadrant.
Now open it in such a way that a cone of paper is formed
having one thickness of paper on one side and three thick-
nossos on tho other.  Take a plain funnel (ie. not a fluted
ono) having an anglo of 60° at the apex, and fit the filter
paper carefully into it, and moisten the paper with water.
The paper should be in contact with the glass in every
part, aud ought in all cases to be small enough to go
entirely into the funnel, and leave a smaull portion of the
glass uncovered all round its upper edge.

If, as sometimes happens, the angle of the funnel is not
oxactly 60°, it will bo found that the paper will not fit
accurately to the glass.  In this case, fold the filter puper
the socond time, not exactly in half, and open the smaller
or larger side according as the angle of the funnelsis loss
or greater than 60°,

A little care in folding and fitting the paper to
tho funnel ix well repaid by the greater rupidity with
which the liquid will flow through; and, since filtra-
tion is the most tedious operation in analytical work,
any meuns by which it can be facilitated is well worth
attention.

Cortain provipitatos—e.g. silver chlorido—filter easily
and rapidly in tho usual way, whilst others—e.g. ferric
hydrate—filter very slowly by the ordinary method. In
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order to increase the rapidity of filtration in such cuses,
the following arrangement may be used :—

The funnel and filtering paper are arranged us alroady
described, but, instead of allowing the filtrate to drop
directly from the funnel into the test tube or other vessel,
fit to the lower end of the fuuncl, by means of u short
length of indiarubber tubing, a picce of narrow glass
tube bent round upon itself, near its upper extromity.

The bend insures that the liguid shall entirely fill the
tube, and there is therefore formed an unbroken column
of liquid in the lower part of the tube, und thix column
by its weight, reduces the pressure on the lower side of
the filter paper, and hence very greatly increases the rate
of filtration.

In using this arrangement it is important that the
paper should fit closely to the funnel, otherwise channels
are formed for the admission of uir, which, of course,
altogether spoils the action of the long tube in reducing
the pressure below the paper. The tube should be of us
great a length as the filter-stand will allow, but a length
of u fow inches hus u remarkable effeet in aceclorating
filtration, especially of gelatinous precipitates like forric
hydrate, a precipitate which it is most tedious to filtor
by ordinary means,

In making the bend in the tube, it will be found bost
to heat the tube at the proper place in a large flat flume,
and, holding cach end of the tube in the fingers, whon
the portion In the flame becomes quite woft, to bring
tho hands neur together, ut the same time giving one
hand a slight twist. A loop will thus be formed, @ a
similar manner to the forming of u loop in u short pisce of
string, if it be held by ono hand st cach end and the
hands be then brought nearer together. A littlo practice
will make this clearer thun any amount of description.
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o fold a pleated or folded filter paper.—Take a circulur
piece of filtering paper and fold it in half, then again, and
again in half, then open so that its outline is a semicirele ;
the creanes produced by the other foldings are merely to
serve ax guides. Then, boginning at the straight side (i.e.
the dinmetor of the circle of which the paper now forms
half), fold the paper from the centre to the circumference
as far as tho first erease; then turn the whole paper over,
and fold the folded portion back an equal amount on the
other sido; and so on, until the whole paper is folded into
a sector-shaped piece,  Press the paper well so as to render
the creases distinet, and then open it. A conical, pleated
filter will thus be formed which, when supported by a
funnel, will allow a liguid to flow through with great
rapidity.

Filtration.—Take a solution of barium chloride BaCl,,
and add a solution of sodium carbonate, Na,C0,, slowly,
and finally drop by drop, until no further precipitate is
formed,

Fit a filter-paper into a funnel, and moisten it
with a jot of water from the wash-bottle to make it fit
closely to the glass.  Then support the funnel on a
suitable stand, and, having placed a test-tube or small
beaker helow to receive the filtrate, pour a portion ¢f the
contents of the test tube gently on to the side of the
filter-paper, taking care not to fill it too full. When
this portion has filtered through, add another portion,
and o on until the whole is filtered.

To wark the precipitate on the filter-paper, dircet a jot
of gater on to it so as to wash it down into the apex from
the upper edge of the paper, fill up with water, and allow
to stand until this water hax all filtered through.  Then
fill up uguin several times until the wushings show no
alkaline reaction.
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Testing solubility of precipitates.—Take a small
quantity of a solution of silver nitrate, AgNQ,, dilute it
with water, and add dilute hydrochlorie add, TClL; &
white curdy precipitate of silver chloride, AgCl, is obtained.
Add a solution of ammgnia, AmHO, in excess, and shako
up the mixture: the precipitate dissolves, showing that
Al is soluble in AmloO,

This is a convenient method of procedure applicable in
most ordinary eases, but it is sometimes advisablo  to
separate the precipitate from the avcompanying liguid,
Thiv ean he done thoroughly by filtratien and washing,
but more readily thue:--Allow the precipitate to subside,
pour off the liquid and §ill up with water.  Agnin allow
the precipitute 1o settle down and pour off the water.
Repeat this onee or twice. This method of washing by
decantation is upplicable only 1o heavy precipitates,

Tuke, for exumple, a erystul or two of copper sulphate
in a clean test tube, and dicsolve in about 20 ce. of dis-
tilled water.  Add a few drops of hydrochlorie acid and
then pass a slow strenm of hubbles of sulphurotted
hydrogen through the liquid as long as any change seoms
to he produced.  Fill up the tube with water, and beil ;
the black precipitate will separate fairly readily und we can
then pour off the top liquid. Repeat the washing onee or
twice, finally pouring away from the precipitate as much
of the liquid as possible. Now add a few drops of dilute
nitric acid and warm gently; the precipitate will dissolve
to a clear bluish solution with perhaps a yellow globule of
sulphur floating in it. Pour off from the sulphur info
small test tube, and divide into two portions. In the
ordinary course of events, the precipitate obtained with
sulphuretted hydrogen might contain cither lead or copper ;
we accordingly test the solution of the precipitate for both
of these. To ome of the portions, asdd a few drops of

F. 8. Prace.
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dilute sulphuric acid and a bulk of methylated spirit
equal to that of the solution. (Note that only as much
dilute nitric acid should be used for dissolving the black
procipitate as is absolutely necessary.) Shake well—mo
white precipitate of lead sulphate will be obtained;
hence lead is absent. To the ofher portion add a few
drops of ammonia solution ; a fine blue colour is obtained,
indicating the presence of copper. By washing a heavy
precipitate and decanting off the washings, much of the
time which would be occupied by tedious filtrations can
be saved.

qﬁi

ini

[ Fig. 37.

Sulphuretted hydrogen.—This is best used in the form
of gas, though a solution in water will suffico if the
apparatus for tho manufacture of the gas be not readily
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available. The best form of apparatus consists of two
bottles with necks in the side, connected together by a piece
of indiarubber tubing. One bottle is partially (about
half) filled with a mixture of fragments of iron sulplide
and glass marbles, the Iatter heing used to allow of o free
passage of a liquid in the interstices between the piecos of
iron sulphide; the other bottle contains dilute hydrochlorie
acild (one of strong acid to about two or three of water).
The upper neck of the bottle containing the iron sulphide
is fitted with a cork carrying a tube which is bent at right
angles, and fitted either with a piceo of indiarubber tubing
and a pinch-cock, or, better, with a glass stop-cock. When
in use, the acid bottle ix raised on a block and a piece of
straight glass tube is fitted, by means of a short length of
indiarubher tubing, to the delivery tubo of the other
bottle, and the flow of the gas governed by the stop-cock
or pinch-cock. When not in use, the position of the
bottles is reversed, when the acid runs away from the iron
sulphide, and all action consos. This arrangement in
shown in figure 37.

The following should be taken as the golden rules of
analysis :—

Use small quantities of the substance to he tested, oven
if you have a large stock of it at your disposal; othorwise
reactidns will often bo maskod, especially thoso performed
in the dry way. If you have only a small allowanoe,
treasure it, and always keep some in reserve.

Work systematically, avoid making random shots, and
record your processes and results in an orderly way.

Do not assume what you think ought to have happoned
if it does not; the hasis of your expoctation may be
erroneous, and in laboratory practice should be confirmed,
though it is foolish to follow up an unsatisfactory result
in an examination.
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Make a note of seeming discrepancies of results: you
will probably find the explanation later.

Get some one to test you frequently: any ono may do
this roughly by furnishing you with a numnbered test tube
or packet, of which the contents are known to him.
Remember that it is permissible*for an examiner to try
your skill on a base or an acid alone; or even on aguas
purissima.

Keep your test tubes and vessels scrupulously clean.
Wash them and your platinum wire at the end of your
work cach day; try the wire alone in the flame beforoe
using it.

Be exact in carrying out the directions given.



CHAPTER VII.
NYSTEMATIC ANALYSI .

WHEN a substance is given for analysis it should first be
oxamined in the dry way by the tests described on pp.
149-152.  If the substance ix a solid a solution of it should
next be made as deseribed, pp. 153-154, and the various
reagents applied in the order given in the table, p. 155,
and afterwards the meotals contirmned by the tests given on
pPp- 157-161.  Anothor portion of the substance should
be examined for the acid by the mothoeds given on
pp- 1566, 157, 161-163.

Preliminary Examination in the Dry Way.

If the substance is in solution, s portion should be
evaporated to dryness on a water-bath while the oxamina-
tion ingthe wet way is heing procooded with.  The residue
aftor evaporation should then be examined as below,
L.—VIL

1. Note the general physical characteristics of the
substanoce.

On this point the previous experionce of the student
must be his guide, and for this purpose he should noto€ho
appearance, colour, lustre, crystalline form, «te., of all
substances with clearly marked characteristics which come
under his notice. It is useless to give any list of such
substances, as they must he seen to he rocognised.
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II. Heat a small portion of the powdered substanoce in
a bulb-tube in the Bunsen flame.

OBSERVATION. INFERENCE.
1. The substance fuses and so- |,Salts of the alkalies or
lidifies on cooling. . alkaline earths.

2. The substance changes colour —

(a) Yellow while hot, whste
on cooling. ;
(8) Dark red while hot, yel- Fo.0
lowish brown on cooling. &%
(¢) From yellow to reddish
brown whilo hot, yel- I PbO.
low whon cold, fusible s

ZnO.

at a red heat.
3. The substance gives off water  Balts containing water
with or without fusion. of crystallization.

4. The substance volatilizes and NH,.
condenses as a sublimate in the
upper part of the tube—

5. A gas s evolved—
(@) O (test with glowing Nitrates.
splinter). ’
() Brown fumes of N,O,. Nitratesof heavy motals,
e.g. Pb, Cu, etc.

I71. Heat a small quantity of the substance in a test
tube with a little dilute HCI.

OBSERVATION. INFERENCE.

A gas s evolved— Carbonates.
€O, (lime-water test). !
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IV. Heat a portion of the substance on charooal in the

inner blowpipe flame.

OBBERVATION.
L ]

1. It decrepitates.

2. It fuses and sinks into the
charcoal.

3. It deflagrates.

4. A while mass remains, lighly

lumsnous while heated.

5. The cold residue of 4 when !

mosstened with coballous nitrate,
Co(NQO,), and strongly heated, s
coloured green.

°
6. A coloured vesidue ss left on
the charcoal.

7. An sucrustation is formed on
the charcoal—
(@) White incrustation,
(8) Yellow when hot, white when
cold.

INFERENCK,

KCl, KNO,, ote.

K(l, KNO,, ote.

.~ Nitrates.

Zn0), Ca(),

Zn0,

Cu, Fo.

Am,

Zn.,
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V. Mix a portion of the substance carefully with fusion
mixture and a trace of KCy, and heat on charcoal under
the inner blowpipe flame.

OBSERVATION. ' INFERENCE.
1. A metallic bead i3 obtatned.
A white malloable bead which | Pb.
marks paper (yellow in-
orustation on charcoal).

2. Red snfusible scales. Cu.
3. Magnatic metallic particles. Fe.

4. When the fused mass is placed | Sulphatos.
on a bright silver coin and moistened
with a drop of water, a black stain
of Ag,8 18 produced. i

V1. If the substance is coloured, heat on borax bead.

| ORSERVATION.

| INFERENCE.
i U.ridi:ing Flume., . Reducing Flame. ;
Yolluw (e u]d‘, hmwn (hut) ~ Dirty green, olive, Fe. o
| Groon (hot), blue (cold). ~ Colourless or rod. Cu. ¢ !

' Blmk (too much u! ﬂl\ uubuhlnu hms b\xn uwd

VII. Hold a piece of the substance moistened with HCl
on the loop of a CLEAN platinum wire in the Bunsen
flame.

‘ 1. The Huwe s etolet, K.
2., » orange-red, Ca.
3. ,, » green, Cu.

4 " blue, Pb, Cull,.
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EXAMINATION FOR BASE.
Preparation of Solution.

1. If the substance is solid, it should be finoly powdered,
then try its solubility «n water, (i) cold, (ii) boiling.
If insoluble in water, try first dilute HCl, then conoen-
trated HCL. If insoluble in HCl, try agua regia.

Nots.—It will generally be found unnocessary to
employ agua regia, but, if used, the solution should be
evaporated to dryness with excess of H(, und the residue
dissolved in warm water before proceeding with the
examination.

2. If the substance is insoluble in the ahove solvents,
powder it very finely and mix thoroughly with five or six
times its woight of pure fusion mixture. Heat the
mixture on a boat made of a large picce of platinum-foil,
first over tho Bunsen flame, and thon over the blowpipe.
‘When cold, treat the foil and the fused mass with boiling
water until the wholo mass is completely broken up and
separated from tho foil. Tho selution now contnins the
acsd of the substance combined with X und Na, while the
residue contains the dase as an oxide or carbonate.  Filter
off andgwash the residue with hot water until the washings
give no alkaline reaction. Then—

(a) Test filtrate for acid, as directed in exumination for

acid.

(8) Test residue for base by dissolving i dilute HC

and proceeding us detailed below,

3. If the substance is provided in solution, or is soluble in
water, test with litmus paper. If the reaction is—

(a) Aeid. Free acid, acid ealt, or a normal salt having
an acid reaction, may be present.
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(8) Alkaline. Froe alkali, or alkaline earth, or a strong
alkali (¢.g. KOH united with a weak acid—eg. H,CO,
may be present.

(¢) Neutral. Wator, or one of a large number of salts,
may be present.

When the solution is prepared, the examination must
be carried on in accordance with the following table.
When the base is found by this method, its presence
should he further confirmed by the special tests given in
pp. 157-161.
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EXAMINATION FOR ACID.
In testing for acids, the student should be guided by—

() The results of the preliminary ezamination. In many
cases the acid will have been detected in this examination,
and it is only necessary to confirm the result in the wet
way. ‘

(8) The result of the examination for the base. The base
being now known, and the properties and solubility of the
substance being determined, the field of search is often
oonsiderably narrowed. If no acid is found, the substance
may be an oxide or hydrate, and here, again, a knowledge
of the nature of the base helps to decide whethor such a
compound is likely to occur.

A knowledge of the commoner compounds of each metal
is often suggestive, but it should not encourage random

shots.
Preparation of Solution.

1. T'he substance 1s sn solution or soluble in water.

If motals of Groups I. or II. be present, remove them by
boiling with a slight excess of pure sodium carbonate,
filter, and use the filtrate for the oxamination for acids.
If Groups I. and II. be absent, use the original solution.

2. The substance ss tnaoluble in water, but solubls in acids.

Boil a portion of the solid with a strong solutios of
sodium carbonate, filter, and use the filtrate.

3. Z'he substance is snsolubdls.

Troat as described for the preparation of the solution for
the examination for bases, using the aqueous filtrate.

Before adding the reagents, exactly neutralizo a portion
of tha solution with HINO,, or, if acid, with ammonia. If
the solution has been boiled with sodium carbonate, the
liquid will bo strongly alkaline. In this case, make it
distinctly acid with HNO,, boil to expel CO,, and then
neutralize again with ammonia.
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Test AND OBSERVATION.

1. 7o neutral solution add BaCl,.

White precipitate, tnsolubls in
HCL

White precipitate, soluble in
HCl, dissolves with effervescence.

2. To another portion add
AgNO,.

White precipitate, tnsoluble in !

HNO,, soluble in NH,.
If no precipitate is produced by
BaCl, or AgNOy,—

8. 7o a portion of solution add a

INFERENCE.

Presence of H,80,.

Presence of H,C0,.

Presencee of TTOL.

solution of FeSO,, and then pour .
down the side of the test-tube strong ,

M,80,. B8ee Note, p. 163.
A brown ring formed at junction
of fluids indicates

. HINO,

)
i

LEAD, Pb.

8olution—Lead Nitrate, Pb(NO,),.
1. Group-reagent, HCl, gives a hAcavy while crystalline
precipitate of lead chloride, PbCl, : soluble in hot water, but
crystallizing out on cooling; insoluble tn ammonia.

precipitate is formed in dilute solutions.
2. Potassium chromate, K,Cr),, gives a bright yellow
precipitate of lead chromate, PhCrO, : insvluble in dilute
nitric acid and acetic acid; soluble in sodium hygdrate,

NaHO.

1587

NU

3. Potassium iodide, K1, gives a golden yellow procipitato
of lead iodide, Pbl, : soluble in boiling water, but crystal-
lizing out in brilliant irridescont scales on cooling.
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COPFPER, Cu.
Solution—Cupric Sulphate, CuS80,.

1. H,8 gives a brownish-black precipitate of cupric
sulphide, Cu8 : insoluble in hot dilute sulphuric acid.

2. Ammonia, AmHO, or ammonium carbonate, Am,CO,,
whon added in small quantities, produces a greenish-blue
precipitate of a basic salt, which is readily dissolved in
excess of tho reagent, forming a splendid asurs-blus liguid ;
this coloration is easily perceptible, even if the solution
contains only slight traces of copper. Tho blue solution
contains ammonio-cupric sulphate, (NH,),Cu”S0,.

3. Potassium ferrocyanide, K,FeCy,, gives a reddish-
brown precipitate of cupric ferrocyanide, Cu,FeCy,, in
neutral or slightly acid solutions, but not in alkaline
solutions. A brownish colour is produced in very dilute
solutions of coppor salts ; it is bost seen when the reaction
takos place in a watch-glass placod on a sheet of white
paper. K,FeCy, supplies one of the most delicato reactions
for copper salts.

IRON (Forric), Fe". N
Solution—Ferric Chloride, Fe,Cl.

1. Ammonium hydrate, AmHO gives a reddish-brown
precipitate of ferric hydrate, Fe,( HO),.

2. Potassium ferrocyanide, K FeCy,, gives a derk dlue
precipitate of Prussian bixe, Fo,(FeCy,),.

3. Potassium ferricyanide, K,Fe,Cy,,, gives no precipitate,
but a desp green (very dilute solutions) or drown coleration.
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IRON (Ferrous) Fe".
Solution—Perrous Sulphate, FeS0,.

1. AmHO gives a &kt coloured precipitate of forrous
hydrate, Fe(HO),, which rapidly turns dirty grees, and
more slowly reddish-brown, by reason of tho ahsorption of
oxygen : complete precipitation of forrous hydrato by
AmHO is prevented by the presence of ammonium salts.

2. Potassium ferrocyanide, K,FeCy,, givos a bluish-white
precipitate, which speedily turns blue by ahsorption of
oxygen.

3. Potassium ferricyanido, K,Fe,Cy,s, gives a dark blur
precipitate of Fe,Cy, 3 FeCly, (Turnbull's blue). [ Distinction
Jrom ferric salls.]

ZINC, 2n.
Solution —Zinc Sulphate, ZnS0,.

1. Am,8 gives a whits precipitate of zinc sulphide, Zn8

2. Sodium hydrate, NaH(), precipitaton zinc hydrate,
Zn(HOY),, as a whits gelatinous precipitate, soluble in efcoms.
Addition of AmCl does not reprecipitate the zinc hydrate.

3. Potassium ferrocyanide, K,FeCy,, gives a whils pro-
cipitate of Zn,FoCy,: insoluble in dilute acids.
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CALCIUM, Ca.
Solution—Calcium Chloride, CaCl,.

1. Ammonium Carbonate, AmCO, gives a white pre-
cipitato of calcium carbonate, CaCO,.

2. Ammonium oxalate, Am,C,0,, give a white powdery
precipitate of calcium oxalate even in very dilute
solutions. The precipitate is inscluble in acetic and oxalic
acids, but is readily soluble in nitric and hydrochloric
acids,

3. Dilute sulphuric acid or soluble sulphates give, from
concentraled solutions, a white procipitate of calcium sulphate,
Ca80,, which is slightly soluble in water.

AMMONIUM, NH,(Am).
Solution— Ammonium Chloride, AmCl.

1. Platinic chloride, PtCl,, produces in noutra! and
oconcentrated acid solutions a dense yellow precipitate of the
double chloride, PtCl, . 2 AmCl.

2. Add NaHO or KHO, and heat gently. Ammonia,
NH,, is given off, and is readily recognised by its smell,
mt:on on litmus paper, and by fuming when a glass rod
dippéd in HCl is brought near it.

8. Heat some dry ammonium chloride in a test tube: a
white sublimate is formed in the upper part of the tube.
All ammonium salts are volatilized or decomposed by heat.
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POTASSIUM, K.
Solution—Potassium Chloride, KXCl.

1. Place a fow drops of the solution on a watch-glass,
and add to it two or three drops of platinic chloride, PtCl,,
e little HC], and then a fow drops of alcohol. If the
solution is concentrated, a denss yellow crystalline precipitate
of the double chloride, PtCl, .2 KCl, is at once formed; if
the solution be dilute, tho precipitate is obtained only after
some time. In this case, if allowed to stand quietly
for half-an-hour or w0, a yellow crystalline precipitute forms
on the bottom of the glass, where it is readily detectod by
stirring it with the point of a thin glass rod. In very
dilute solutions no precipitate is obtained.

2. Tartaric acid gives in concentratod noutral or slightly
acid solutions, a whste orystalline precipitute of cream of
tartar. 8haking or stirring favours the precipitation.

3. Potassium compounds colour the flame riolet. Owing
to the presence of truces of sudium in all potassium salts,
this flame test is not always dietinct. By looking at the
flame through a piece of blue cobalt glass the putassium
flame can be distinguished in the prescnce of the sodium,
but this method is not very reliable, and, unless the
potassium flame is very distinct, tho prosence of this
element will need careful confirmation in the wet way.

SULPHURIC ACID, H,80,.
Solution—Potassium Sulphate, K,80,.
1. *Barium chloride, BaCl,, gives a hsavy white powdery
precipitate of barium sulphate, BaS0,, insoluble in HEL
2. Lead acetate, Pb{C;H,0;),, gives a Aeavy white pre-
apnm of lead sulphno PbSO,

‘Uu Bulu NM &{)0:): it
7. & Prac.
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HYDROCHLORIC ACID, HCI.
Solution—S8odium Chloride, NaCl.

1. Bilver nitrate, AgNO,, gives a whits curdy precipitate
of silver chloride, AgCl : insolublein strong boiling nitrie
acid : soluble in solution of ammonia.

2. Mix with MnO,* and H,S0,, and heat: chlorine gas.
is given off, and may be recognised by its colour, odour,
and bleaching action.

3. Strong sulphuric acid, when added to a strong
solution of a chloride or to the dry salt, produces acid
fumes of HCL.

CARBONIC ACID, H,CO,.

1. All carbonates aro decomposed by dilute acids with
the evolution of CO,;. This may be detected by suspending
a drop of lime water on a glass tube over the gas, when
the drop soon turns milky.

Note.—Acid carbonates, or bi-carbonates, evolv~ CO,
on boiling, and are converted into carbonates; e.g.

2 KHCO, ='K,C0, + C0, + H.0.

2. Add NaHCO, to a solution of MgSO, : no precipitate
is formed, but on boiling the solution a white precipitate
of MgCO, is quickly formed. The normal carbonate,

gives a precipitate of MgCO, at once.

¢ Common MnO; !m’mtly contains chlorine; the best is ‘needle’™
or native ‘ manganese.’
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NITRIC ACID, HNO..
Solution—Potassium Nitrate, KNO,.

1. Take a weak solution of the nitrate, and dissolve in
it a crystal of ferrous sulphate, FeSO,. When quite cold,
pour into the tube enough concentrated H,S0; to form a
distinct layer at the bottom. A deep purple or brown.
ooloured ring will appear where tho liquids meet.

Note.—When the addition of FeSO, produces a pre-
cipitate (e.g. with lead nitrate), a portion of the solution
should be boiled with sodium carbonate, then filtered,
oonocentrated, and tho filtrate acidified with dilute H,80,.
The test may then be applied to this solution which
contains the acid as sodium nitrate, the base having been
precipitated as a carbonate.

2. Heat with concentrated sulphuric acid and copper
turnings : nitric oxide, NO, is given off, which becomes
nitric peroxide, N,O,, in the upper part of the tube from
absorption of oxygen.

8. A nitrate heated on charcoal deflagratos.

Note.—All nitrates are soluble in water; henco we have
no precipitation reactions.

On the following pages will boe found some model
analyses. These the student should study us a guide to
the best method of writing out the results of his work.
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Now Ready: Prios
The Organized Bcience Deries.

FIRST STAGE
INORGANIC CHEMISTRY.

(THEORETICAL.)

1Vith a Summary and Eramination Queations appended to each
Chapter, and a Chapter on Chemical Calculations.

BY
G. H. BAILEY, D.Sc. Loxn.,, Pu.D. HeineLsero.

EDITED BRY

WILLIAM BRIGGS, M.A., F.C.&.

PRESS OPINIONS.
* This book is clearly writton, and most of the statemonts are
illustrated by well-planned and describod exporiments. '’ - Kdi

“The volume is one of the best published us n preparution for the
Elementary Stage Examination of the Scionce and Art Depnrtment,””
—Teachers’ Monthly.

It is an admimble book, lucxdly written, well armnged, and
illustrated. All through, instructions for practical work are given.”
— ional Times.

¢ A"thorvugh piece of work. It is clearly and condnly vrm-:.
and will bo useful to young students attending good classos

Guardian.
“A nlunble and comprehensivo book for young studsnts,'’—§

"Thhbookvmbelonndtol»lmddoompmlan in the Iaboratory.”
~—Jowrnal of Microscopy.

¢ Probably the bost systematic introduction to dunhtry yot
published.”’— Pharmaceutical Journal.

¢ This book is a very one. l'haillumtwmmvcyehw
and the ts to be done are well chosen.'’— Eduestion.

A straightforward, and accurate manual, writlen in accordeance
with mﬁmﬁd&ﬂm%ﬂymd&w
and Art Department.”’— Sokeolmaster.
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The QOrganized Science Dexies.

—— ——

PRACTICAL
ORGANIC CHEMISTRY

FOR THE ELEMENTARY AND ADVANCED EXAMINATIONS
OF THE SCIENCE (AND ART DEPARTMENT.

BY

GEORGE GEORGE, F.C.8,

ASRINTANT MASTER AT ALLAN OLEN'S TECHNICAT SCHOOL, GLARGOW.

PRESS OPINIONS.

* The instructions are clear, and the book should prove useful.”—
Educational Times.

** Quite up to the high standard of the seriea.’’— English MegAawic.

¢ The arrangement of the matter prescribed in the syllabus is
oarried out with very considerable skill. We strongly recommend
it to toachers and students of the subject.”’— Educational News,

¢ Sound practical illustrations are given of the work necessary to
be carried out by students who desire to be successful at the practical
:ﬁnnie c\hemiuiry examinations held under the South Kensington
.scheme. The book is-evidently written by one conversant with his
subjget.””— PAarmacsutical Journal.

¢ This is & very excellent work, which cannot fuil to be of essential
service to Bubject XI. candidates, indeed to laboratory students
goverally.”"—Iurvention,

¢¢ The tests are plainly described, and we think students will find
this book & valuable aid to their studies.”’— Electricity. . :
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General Editor: WiLLIiM BRiees, M'A., LL.B., F.0.8., F.R.AS.
Classical Editor: B. J. HAYEs, M.A.

The object of the UNIVERSITY TUTORIAL SERIES is to provide
candidates for examinations and learners gemerally with text-books
which shall convey in the simplest form sound instruction in accord-
ance with the latest results of scholarship and scientific research.
Important points are fully and clearly treated, and care has been
tuken not to introduce details which are likely to perplex the be-

ginner.

"The Publisher will be happy to entertain applications from School-
masters for specimen copies of any of the books mentioned in this

List.

SOME PRESS OPINIONS,

** *The University Tutorial Series’ should prove most useful to students generally.”
Weastminater Ketiew.

“ ¢The Univernity Tutorial Series’ .. a businesslike undertaking which has all

the prostige of success.” —Spectator,
* Turned out in » workmanlike way by competent scholurs.” —Saturday Review.
“This serios has proved serviovable to many, and is now well-known for its
teachi 1 iples, and the thoroughness of the aid which

l‘tlupplu’l."-—-A‘dumliunul Kevrew.

« This serien ix successful in bitting its murk and supplying much belp to students
in places where & gui:unc hand is sorely noedud.” —~Journal of L’dw‘atsau. ®

¥ The more we see of these excellent manuals the more highly do we think of
them." -Schoolmaster. .

 The text-books in this series are well suited to the object fur which they are 0
carefully prepiared.”— Young Man.

« This excellent and widely appreciated series.” —Preeman's .hnu-ul.‘ '

s and th h charscterise ihis neries of classics, which will be
found eminently useful.” Educational Times. )

. C o clearly conosived plan, the genuine scholarship, and the

The cﬂ@‘mt M‘\g:t,.d ductio nm the ,a:no. give them high claums to com-

addon ' — Educational News. ¢
« This useful series of text-books.''—Natwre. )
« Has done tent work in pr ting higher education."” - Vorning Post.
said that any books published in this series are admirabl
-y m&&”moch .l‘u;c’dm dpnudenn for whom they mtnwx

w~Cambridge Keview.



THE UNIVERSITY TUTORLAL SERIRS.

Aatin and Greck Classics.
(See also page 4.)

The following are smong the editions of LaTIN and GuEke
CLASSICS contained in the UNIVERSITY TUTORIAL SERIER, and are on
the following plan:—

A short INTHODUCTION egives an account of the Author and his
chief warks, the circumstances under which he wrote, and his style,
dialect. and metre, where these call for notice.

The TEXT is based on the latest and best editions, and ia clearly
printed in large type.

The distinctive feature of the NoTks is the omimion of parallel

w8 aud controversial discussiona of difficultion, and strees ie
d on all the important points of grammar and subject-mutter.
Information as to persons and plucos mentioned is grouped tognther
in & HISIORICAL AND GROGRAPIHICAL INDEX; by this means the
expenss of procuring a Classical 1hctionary is rendervd unneconsary.

The standard of proficiency which the loarner is sssumed to possoss
varies in this suries nccording as the clussic dealt with is usually rosd
by deginners or by those who have already made consideruble progress.
A complete list ia given overleaf.

Caesar.—Q0sallic War, Book 1. By A. H. ALLcrorr, M.A. Oxoun., and
F. G. Praistowg, M.A. Camb. 1s. 6d.

‘A clearly printed text, a good duction, an tlent set of notes, and o
historical and geopraphioal index, muke up a very guod edition at & very wnall
price.”"—ScAoolmunter.

Cicero. De Amicitia. By A. H. ALLcsorT, M.A. Oxon., and W. .
MaxoM, M. A. Lond. 1s 6d.

Cicero.- De Senectute. By the same Editors. ls. 6d.
*The notes, although full, are simple.”’ —Kducational Times.

Horam.--0des, Books I.-III. By A. H. ALLcrorr, M.A Oxon ,and
B.J. Hayes, M.A. Lond and Camb. 1s. 6d. each.
““ Notes which leave no dificulty unexplained ' SiAvolmaster.
“The Notee on Book 11I.; are full and good, and nothing more can well be
demanded of them."' ~—Jowrnal of Kducation.

Livy.- Book I. By A. H. ArLicrorr, M. A Oxon, and W. F. Masou,
M.A. Lond. ird Edition. 2s.8d.

“The notes are concise, dwelling much on tienl points and dealing with

questions of hi-t.ry and archaology su s simple but interesting tashion.” — Education.

Vergil. Aeneid, Book I. By A. H. ALLckorr, M.A. Om... and
W. F. MasoM, M.A. Lond. 1s 6d.

Xenophon. - Anabasis, Book I. By A. H. Aricuorr, M.A. Oxon,,
and F. L. D. Ricnarpsox, B.A. Lond. 1s. 6d.
“The notes are all that could be desired.”—Schoolmastor.




THE UNIVEKSITY TUTURIAL 8BRIES.

Ebditions of Latin and GreeR Glassics,

(INTRODUCTION, TEXT, AND NOTES.)

Books marked (®) are in the press and (t) im preparation.

AXscHYLUS—Parse, 3/6; Pro-
metheus, 2/6; BSeptem Contra
Thebas, 3/6.

ARISTOPHANES—Ranae, 3/6.

OaxsaB—QGallic War, Bks. 1,2, 8,
4, 5, 6, (each) 1/6; Gallic War,
Bk.'1, Ch. 1-29, 1/6; Gallic
War, Bk. 7, 2/6; Gallic War,
Bk. 7, Oh. 1-68, 1/6; +Invasion
of Britain (IV. 20-V. 23), 2/6.

Crokrkn—Ad Atticum, Bk. ¢, 3/6;
De Amicitia, 1/6 ; De Finibus,
Bk. 1, 2/6 ; De Finibus, Bk. 2,
3/6; *De Officiis, Bk. 3, 3/6;
Pro Cluentio, 3/6; I'ro Milone,
3/6; Pro Plancio, 2/6; De

Senectuts, In Catilinam 1.,

Pro Archia, Pro Balbo, Pro

Marcello, (each Book) 1/8.

DrMosTHENES—Androtion, 4/6;
Meidias, 8/0.

RURIPIDES— Alceatis, 3/6 ; Andro-
mache, 3/6; Ba o, 3/6;
tHecuba, 3/6; Hippolytus, 3/6.

Herovoros—Bk. 3, ¢/6; Bk. 6,
2/6; Bk. 8, 3/6.

HouEr—Iliad, Bk. 6, 1/6 ; Iliad,
Bk. 24, g:; Odymey, Bks. 9,
10, 2/6; y-ay. Bks. 11, 132,
(’{:; Odyssey, Bks. 13, 14, 2/6;

yssey, Bk. 17, 1/6.

tiorabm—Episties, 3/6; Epodes:

1/6; Odes, 4/6; tOdesa and !
) ea, 4/8,; Odes, (each Book: i

A dotailed catalogwe of the above can be obtai

Juv:rn.—&tim, 1, 8, 4, 3/€:
8, 10, 13, 2/6; Satires,
11, 13, 14, 3/6.

LIvY—Bks. 1, 5, 21, (each) 2/6.
Bks. 3, 6, 9 (each), 3/6; Bi.
21, Ch. 1-30, 1/6; Bk. 22, Ch.
1-51, 2/6.

N nrgu—}lmnibd. Cato, Atticus,
1/0.

Ovin—Fusti, Bks. 3, 4, 2/6;
Heroides, 1, 6, 12, 1/6 ; Meta-
morgho-u, Bks. 11, 13, 14,
(each) 1/6; Tristia, Bks. 1, 3,
(each Book) 1/6.

PraTo—*Apology, tlon, Laches
Phaedo, (each) 3/6. '

SaLrusr—Catiline, 2/6.

Sopnocl.ee—Ajux, 3/6; Antigone,
2/6 ; Electrs, 3/6.

TaciTue—Annals, Bk. 1, 3/6;
Annals, Bk. 2, 2/6 ; Histories,
Bk. 1., 8/6.

TErERCK—Adelphi, 3/6.
THUCYDIDES—DBk. 7, 3/6.

VEReIL—Aeneid, Books I.-XI1.,
each) 1/6; Eclogues, 3/6;
‘Georgice, Bks. 1, 2, 3/6.

XENOPRON—Anabasia, Bk. 1, 1/6;
Anabasis, Bk. ¢, 3/6; Cyro-
ein, Bk. 1, 3/6; Hellenica,
. 3, 3/6, Hellenica, Bk. 4,

3/6 ; Oeconomicus, 4/6.

g Ji g bi
on app




IOR UNIVERSITY TUTORIAL SERIKS.

Vocabularies and Test Papers.

The VOCAKULARY contains, armanged in the order of the Taxt,
words with which the learner is likely to be uainted. The
principal parts of verbs are given, and (when there ?An dificulty
about it) the parsing of the word as it occurs in the Text. The
Vooabulary is interleaved with writing paper.

‘Two series of TEST PAPRRS are, as & rule, provided, of which the
first and casier series is devoted entirely to translation, accidence, and
very elementary points of Syntax: the second, which is intended for
use the last time the book is read through, deals with more advanoed

pointa

Buoks marked (®) are wn the press and (1) in preperation.

ACTS OF APONTLES, 1/0.
CAr8AR—Gullic War, Bks. §,2. 3,

 Livr--Bke. 1, 3, 5, 6, 9, 81, 23,
i Ch 1-51, (mch) 1/0.

6.6, (each hook) 1/0: Gallic Wnr. Ovip-- Fasti, Bks. 8 and 4, 1/0;

Bk. 7, 1/6,
Brituin, 1/6.
CicEro-~De Amicitia, 1/0; tDe
Officiis, Bk.3,1/0; De Seneotute,
8.0; In Catitinam 1., 10; In
tilinam I11., 1/0; Pro Arehia,
1/0; Pro Balbo, 1/0; Pro Claan.
tio, 1/0; Pro Murcallo, 1/0 : I'ro
Milone, 1/0; Pro Plancio, 1/0.
Evuirinms—Ion, Bacohse, Hip-
polytus, (each book) 1/0.
HExoDOTUS— Bks. 3,6,8,(each)1/0.
Hoxup—Iliad, Bk.6,1/0; Odymsey,
Bk. 17, 1/0.
Horack—Epistles, 1/0; Odes, Bks.
1-4, each 1/0 ; $Odes and Epodes

(wstA Translation), 2/6;Setives, 1 /0.

+T'he Invasion of '

Heroides, 1, 2, 3,8, 7,13, 1/6,
. Motamorphoses, Bka. 11, 13, 14,
. each, 1,0; Tristia, Bks. 1,8,1/0.
| PLATO—#1on, 1/0; Laches, 1/0.
| 8aLLUST—Catiline, 1/0.
B80PHOCLES— Antigone, 10 ; Elec-
tra, 1/0.
TaciTus—Annals, Bk.
" Historios, Bk. 1, 1/0.
VRoiL—Aeneid, Bks. 1, 3, 8, 8,
8,7, 8, each, 1/0; 9, 10 (togrethor),
1/0; b‘tlogum. 1/0; Georyios,
ks. 1, 2, 1/0.
| Xraornoy— Ansbasis, Bk.1,1/0;
' Cyropuedeia, Bks. 1 and 5, (each)
1/0; Onaconomicus, 1/0.

1, 1/0;

Rotabilla.

ABSCRYLUS-—Bumenides, 1/0.

ARISTOVHANRA— Vespase, 1/0.

Cicknro — Pro Roscio Amesino.
1/0.

) ;:nmm:;:m::s—l 0.
| PLATO— Gorgine, .

: TrRENCE—Phormio, 1/0.
{'rRucYDipes —Book 1., 1/6.

4 detailed catalogue of the sbovs cen ba obtsined on application,



6 THE UNIVERSITY TUTORIAL SERIES

Latin and Greek.

GRAMMARS AND READERS.

The Tutorial Gresk Reader, or PrOOEMIA GRAECA. B Waven
Youxae, M.A. Lond., Gold Medallist in Classics, t Ex-
aminer at the University of London. 2s. 8d.

The Tutorial Gresk Grammar. ‘ [In preparation.

Higher Greek Reader: A Coursc of 132 Extracts from the best writers,
in Three Parts, with an ApBendu: containing the Groek Unseens
set at B.A. Lond. 1877-1897. 3s. 6d.

The Tutorial Latin Grammar. By B. J. Hayes, M.A. Lond. and
Camb., and W. F. MasoM, M.A. Lond. Third Edition. 3s. 6d.
Practioal experience in
y recognisable in this new Latin Grammar. Great pains have been taken to
dhdm uﬁ before the mmd all tho:: main pointu which are of fundamental

Im 0o an —KEducational News.

It is accurate and full without being onrlolded with detail, and varieties of
type are used with such effect aa to minimise the work of the learner. Tested in
respect of any of the arucial points, it comes well out of the ordeal.” - -ScAcolmaster.

The 'l‘lurhl Latin Grammar, Exercises and Test Questions on. By
L. D. RicHARDSON, B.A. Lond.,, and A. K. W. HazEL.
LL D.,MA, BCL. 1ls 6d.

*This will be found very uacful by students preparing for University examina-
tivns." -~ IFestminater Review.

The Pmpum’ Latin Course. (I the press.

Latin Composition AND BYNTAX. With oognioun Exzrcises. By A. H.
AvLLcrorr, M. A. Ozon., and J. H. HarpoN, M. A. Lond. and
Camb. Fowrth Fdition. 2s. 6d.

“This useful little book." —~Journal of Bduration.
*This is one of the best manuals on the above mbjact ml we have mat. mth tor

teaching and thorough lnnllhﬁty with details are

sume time. Simplicity of st and p Jt

each rule, exoe t.iom to those adroitly stated just at the pnpcr place uul e, are
smong some of ntchumnnm of this n«llcnt book. la.uq adn.nu\fe
100 Las besn taken of printing and ¢ to bring the |

Nton the eye nd mind of the —J8choolmaster.

of this book throughout are truly remiark-
lﬂl.”-l.lhlmlum ° 4

Higher Latin Composition. By A. H. ALLCROFT, M.A. [ /5 preparation.
The Tutorial Latin Reader. With VoOABULARY. 2s. 6d.
“A tund!y practioal work. "--Gurdm
Higher Latin Reader. Mlhdbyn J. MAIDMENT, M.A. Lond. and
Oxzon., and T. R. MiLLs, M.A. 3. 6d.

“A work vm will be found generally useful students. The notes
valuable.” — I ul-m\sler Rocicw, 4 i e

“Oon some o g;-nmwhtchhubnd&dhmnmww
~Cambridg-




THE UNIVEKRSIIY TUTURIAL SERIBS. 7

Roman and Greeck bistory.

The Tutorial History of Rome. (To 14 A.D.) By A. H. ALLcROPT,
M.A.Ozon.,and W.F. Masor, M.A Lond. \Vyiun Mape. 3s. 6d.
“ It is well and clearly written.”'—Saturday Rerierw.

A r History of Rome. In Five Volumes, each containiug s
pter on the Lite¥ature of the Period : -~
I. History of Rome, 287-908 B.c.: The Struggle for Empire.
By W. F. Masod, M. A. Lond. 3s. 6d.
I1. History of Rome, 908-133 B.c.: Rome under the ”lW.
By A. H. ArLrcrorr, MA. Oxon, and W. F ABOM,
\A. Lond. 3s. 6d.
IT1. History of Rome, 133-78 b.C.: The Decline of the Oligarchy.
By W. F. Mason, M.A. Lond.  3s. 6d.

**This volume gives a vigurvus and oarefully studied picture uf the men and of
the time."' Npectutor,
IV. History of Rome, 78-31 s.C.: Thu Making of the Monarchy
By A. H. ArLcrorr, M.A. OUxon  3». 6d
*“Well and necurately written ** - Yorkshire Post
V. History of Rome, 31 n.c. t0 88 A.0 : The Early Principate.
By A, H Arwcmorr, M.A. Ozon., and J. 1. Harvboxn,
M.A. Camb. wnd Lond  Second Edition 3s. 6d
** Written in a ~lear and direct style 1t authors show a thorugh sguaintane
with their authorities, and have als: used the works of modern historiane W gvod
eflect.” —Jowrnai of Kducation

!in.or? of Rome, 390-303 s.c. By W F. Mo, M A Lond , and
W. J. Woonaotse. M.A. Oxon  4s. 6d
** A goud specumen of » well-told historical narrative ** Westminster Revsow.

A History of Greece. In Six Vulumes, each containing s Chaplor on
the Literuture of the Period : —
I. Early Grecian History. (T« 495 s.c.) By A H Anvenorr,
4 M.A. Oxon., and W. F. Masom, MA Lond. s 6l
“For thuse whu require a knowledge of the penod n. better buok could be
recommended ™ — Edurntiwnnl Times
II. History of Greece, 400 to 481 B.C.: The Makiug of Athena
By A. H. ALLcrorT, M.A, Oxon. 3 684
111. History of Gresce, 431404 B.C.: The Peloponnesian War
Hy A. H. ALcrorr, M. A, Ozon. 3» 64
IV. History of Greece, 404-382 1.c.: Npurtn wiul Thebes Iy
A 3 ALLCROFS, M.A. Pxon.  3s. 6d 2
V. Histery of Gresce, 371-333 B.c.: The Dwcline of Hallas.
By A. H. Ar1ckorr, M A, Oxon. 3 64,
VI. History of Sicily, 490-389 n.c. By A. Il. ALLCuort, M A.
Uxon., and W. F. Mason, M.A. Lond. 3s. 84
* We can bear high testimony % its merits.” —Schoolmnster,



s THE UNIVERSITY TUTORIAL SERIES.

" french.

The Tutorial French Accidence. By ErNEst WERKLEY, M.A. Lond.,
Professor of Vrench, University College, Nottingham. With
ExERCISES, and a Chapter on Elemontary Syntax. 3s. 6d.

“The essentiala of the uccidence of the French Language are skilfully exhibited
in fully d d ;ynu]ptic ctions.” - Educational News.

“ A most practical aud able compilation.” —L'ublic Opinion.

The Tutorial French Syatax. By Ernwsr WeEkLEY, M.A. Lond.,
and A. J. Wyarr, M.A. Lond. & Camb. With Exercises. 3s. 6d.

“ 1t is a decidedly good book and should have & ready male.” —Guardion.

“ Mr. Weckley ban produced a clear, full, und careful Grammar in the * Tutorial
Yrench Accidence,’ and the companion volume of ‘Byntax,’ by himself and Mr.
Wyatt, is worthy of it.” - Naturday Heview.

The Tutorial French Grammar. Containing the Adocidence and the
Syntar in One Volume  4s. 6d.

The Preceptors’ French Course. By ERNEST WEEEKLEY, M.A.
Lond. 2s. 6d.

Frenoh Prose Composition By ErNEST WeErxkLRY, M.A 3s. 6d.

"*The arrangement is lucid, the rules clearly expressed, the suggestions really
helpful, and the examples carvtully chosen.' - Eduecational Times.

The Preceptors' French Reader. By Eunest WekxLey, M.A. Lond.
With Notos und Vocabulary. Second Kdition. 1s. 6d.

“A very useful first reader with good vocabulary and sensible notes.’’ —ScAool-
master.

Freush Prose Reader. Edited by 8. Barikr, B. & Sc., Examinor
in Fronch to the College of Preceptors, and W. F. Mason, M.A.
Lond. With VOCARULARY. 7hwd Kdition. 28 6d.

* Admirably chosen extracts. They are so selected as t0 be thoroughly interestine
and ut the same time thoroughly illustrative of all that is best in French literature **
-~ Sehool Koard Chroniele.

Advanced Fremeh Reader: Containing passges in and verse
representative of all the modern Authors. l'kliwfm‘ BaRLE®T,
B. & 8c., Examiner in French to the Colloga of Preceptors, and

m‘w, F’}u&Aslol. M.A. Lond. Second Edition. 3s. 6d.

*Chosen als of mod authors, the book vides qroallent

Mnh'ﬂnm-w--&lwl-mA - proride §.

% French Reader. Edited by Ervust WERKLRY, M.A. 3s. 6d.

P are well ch ng in th lves, and rep tative of
(e best sontemnporary stylists.” -~Jowrnol nf Educetion.
English bistory.
The Intermediate Text-Book of lish : a Longer History
o " By C. 8. F‘:A‘RK.NBIDB. .A..Oxon., and A

JommsoN Evans, M.A. Camb, B.A. Lond. With lnr & Plans.
Vol..1., to 1485 (In preperation.) VoL. II1., 1603 to . 6d.
Vou. I1,, 1485 to 1603. 4s. 6d. Vor. IV, 1714 to 1837. 4s.64d.
“Mmﬂh«wnm“huwhnm s amall

P e e oy o

mm\unﬂhﬁu‘udwnuymm '



THE UNIVERSITY TUTORIAL SERIES. 9

English Language and Literature.

The English Language: Its History and Structure. By W. H. Low,
M.A. Lond. ith TEST QUESTIONS. Fourth Bdition. 3a. 8d.

CoNTENTS : —The Relation of English to other ee—Burve
of the Chief Changes that have taken phcelﬁhe an Y
Sources of our Vocab —The Alphabet and the So\mfs’:l
English—Grimm's Law—Gradation and Mutation—Trans-
mu_on. Assimilation, Addition and Disappearance of Sounds in

lish—Introductory Remarks on Grammar--The Parta of
Speech, etc. —Syntax—Parsing and Analysis—Meotre—320 Teat
Questions.
A cl rkmanlik
-suw::; !;:"‘ ': e history of the English language done on sound principles.”
“The author deals very funz'n.h the source and growth of the Ia . The
mhg mh mdedl& '!d{ l'not:l‘nlly as well as grammatically. The work (o
"m’ﬁm of the language and etymology are both well und fully treated."—
Teachers’ Monthly.
“ Tgﬂy and cleverly written.”—TeacAers’ Aid.
*The arrangement of the book is devired in the manner most suited to the
student’s conveni and most oalculated Lo impress his memory.”  Lycewm.
“ It is in the best sense a nclentific treatine. are {s not & superfluous sentence.”
—-EBducational News

The Preceptors’ English Grammar. With numervus Fxercises.
ARNOLD Wart. M.A. Lond. [ In proparatsom.

The Intermediate Text-Book of English Literature. I3y \WV. II Low,
M.A. Lond., and A. J. WyatT, M.A. Lond. and (‘wmb.

PART 1. (to 1660), 3s. 64.; PaRT II. (1660-1832,, 3. 6d.
[Part 11. 1 the press.
Also: VorLcue 11, 1658 to 1660. By W. H. Low. s Ad.

YoLuME ITI, 1660 to 1798. By W. H. Low. 3 6d.

* Really judicious in the selection of the details given ' ~Saturday Review.

“ Desigmod on @ thorou-hly sound principle. Facta, dnten, nn tative
quotations are plentiful. ‘I he critical extracts are judiciouly rhosen, and My, 1Lov's
own writing is clear, effect.ve for ita , and eviden y\hrruultdw
hwlnd’.md s very considerable ability to choose betwesn good and bed.'’—
”“lt-lonlu other ple of the author’ cnnr-hndn of his oty

* AR example o aul .
mundﬁmnmw-tmo: using suc %g&ﬂuﬂ
more salient points mmﬁ clearly into - Teae. ontMly.

* Mr. ln“ml.u ded in ﬁﬁn‘"‘:v' readable and lunid scoount®f the

time."'— Litera ‘orid.

"&.Wlbwhimantgcu&mmmd an lmportant peried in
"-'-mm';fw“u:uu The repreeentative quotations are aptly uad

The criticlms are well gr 2ed desrly exp snd

j-“, presented.”—Morning Post.




10 THE UNIVERSITY TUTORIAL SERIB&

English Classics.

Addison.—Essays on Milton, Notes on. By W.H. Low, M.A. 2s.

ﬂnmr — ht's Tale. With INTRODUCTION and NoTES
nrr .A. Lond. and Camb., and a Glossary by
s J Euxs M.A. Lond. 2. 6d.
**The notes are of real value." —Educational Beview
* Quite up to date. The Glossary is exocellen "-Mp Post.
Chaucer.—Man of Lawes Tale, with the PROLOGUE to the CANTER-
BURY TALES. Fdited by A. J. WyarT, M.A. Lond. and Camb.,
with a (GLossakY by J. MaLINs, M.A. Lond. 2s. 6d.
Dryden. —Essay on Dramatic Poesy.—Edited by W. H. Low, M.A.
Lond. TEXT and NotTes. 3s. 6d.

Goldsmith.. Poems. KEdited by AveTIN DoBsON. 3s. 6d. net.
Langland. - Piers Plowman. Prologue and Passus I.-VII., Text B.
Edited by J. F. Davis, D, th M.A. Lond., Assistant Examiner
at the University of London. ts. 6d.
Milton.- Paradise Regained. Editedby A.J. Wrarr, M.A. 2. 6d.
**The notes are concise and to the point.” —Cembridge Reviow.
Milton. —Bamson Agonistes. Edited by A.J. Wrart, M.A. 2. 64.
“ A capital Introduction. The notes are excellent." —Bducational Times.
Milton.—-Bonnets. Kdited by W. F. Masox, M.A. Lond. 1s. 64.
Shakespeare.- - With INTRODUCTION and NoTEs, by Prof. W. J.
RoL¥E, D.Litt., in 40 volumes. 9. each.

A descriptive oatalogue, containing Prof. Rolfe’s Hints t0 Teachers
and Students of Shakespeare, can be obtained om application.

Tem tor v 'hhj“l. i Lear
Illl,:-“nu Night's mmn. m e
Dream x Henry IV. Pamtl Julius Cassar
BTN v | ERPE AR Sl
Night ! luu-yv.L Parta. 'I-n’otuhu
of l Reary VI. PartIL. Treilus and Oressida
Iu-r’ ives of Windesr | Henry VI. Part Ik Pericles
Love's Labour's Lost . Rishard IIL "hholcbhli_
TwoOGentiemen of Vercna . Heary VIIL T
‘h-h&:ﬂhlhc' , Remeo and Jullet ‘V-unl“
AlYe Well that Ends Well ' Macdeth [
for ' Othelle
odition is ded by Prok Dowden, Dr. Abboty, and Dr. Fwrnivall.

Shakespeare.—Henry VIII. Edited by W. H. Low, M.A. Lond. 2s.

Spenser.—Faerie Quoeens, Book !. Edited with INTRODUCTION.
Norss, and GrLossary, by W. H. HriL, M.A. Lond. 2a 6d.
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fMental and Moral Scicnce.

Ethies, Manualof By J. 8. MACKENZIE, M A.. Professor of Lawic
and Philosophy in the University Colirge of South Waler nnd
Monmouthshire, formerly Fellow of Trinity College, Cambridge,

aminer in the Universitis of Cambridge and Aberdeen
Third Edition, revised, eul.nryrd. and partly rewritten  Bs. 6d

**Im wrdl this book Mr. Mackensie bas produced an rarnest and striky -
trbution to the ethioal Hteratan oF the tame & ira. = ™ 4 on

*“This excellent manual."— International Jowrnal of Kthes

**Mr. Mackensie may be congratulated on having presonted a thoroughly good
and helpful guide to this attractive, yet elusive and difficult, subjrct = ScAoolmaster.

** 1t is & most admirable student’s 1.""— Teacher's Monthiy

** Mr. Mackensie's book is as nearly perfect as 1t oould be. It covers the whole
field, and for p ity and th h leaves nothing to be demred.  The pupal
who masters it will ind himself equipped with 1 ound grasp of the subject such un
no one book with which we arc acquainted has hitherto been wusl th supplying
l;gt t‘];e least recommendation 1a the really intercsung style of the work." -Literary

orid.

“Written with lucidity and an obvious maastery of the whole beartng of the subject.*
-~Standard.

** No one can doubt either the author's talent or lus information.  The ground of
ethical sci is d his plotely, sensibly, and in many
respucts brilliantly.” - MancAester Guardsan.

“ For & practical aid to the student it is very admirably adapted. It 1a able, cloar,
and acute. The arrangement of the book is axcellent. Vewrastic Daily (Aromecis

Logio, A Manual of. By J. WiLTON, M.A. Lond. and Camb. 2 vals
ﬁol. 1., Second Editson, 8a. 6d.; Vol. [I., 8x. &d.

This book embraces all those portions of the un).iwt which are
usually read, and renders unnecessary the purchas: of the numerous
books hitherto used. The relative importance of the sections is
denoted by variety of type, and s minimum course of resding is thus

Vol. €. contains the whole of Deductive: fawic, oxcopt Falluciee,
which are treated, with Inductive Fallacies, in Val 1l

** A clear and oumpendious of the views of variuus thinkers on tmpottant
and doubtful points.” -—Journal of Kducatiun.

“A very book . . . not hikely to be rupetaeded for 8 lieng Ume o coms. '
Bducational Recirv .
t "Cn.?md'l'y ﬂpl-‘u and relisble  The arrergement of diviions and eubdivieiorne

*“The manual msay be safely ded." —Bd 1 Times
“ Undoubtedly excellent.'—Board TeacheR

!lnholaqy, A Mannal of By G. F. Srour, M.A,, Fellow of 8t

John's College, Cambridge, Lecturer on Comparntive Usychology
in the University of Aberdeen. Two Vols., 4s. 6d. emch.

[/n the press.

2
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(Dathematics and Mechanics.
Books marked (1) are in the Organised Science Series..

Algobn, A Middle By WiLLiaM Briees, M.A., LLB,
F.R.A.8.,and G. H. BrYaN, Sc.D., M.A,, F.R.8. Buoedanthe
Algebra of Radhakrishnan, 3s. 6d.

Algebra, The Tutorial. By the same A'uthors.

Purt 1. ELeMENTARY COURSE. [In preparation.
Part [1. Apvaxcep CoURSE. 6s. 6d. [In the press.

Astronomy, Elementary Mathematioal. Gy C. W. 0. BarrLow, M.A.,
Lond. and Camb., B.Sc. Lond., and G. H. BRYAN, 8c.D., M.A
F.R.8., Fellow of St. Poter's Col]ego, Cambridge. Second Mtwn,
with ANSWERS. 6n. 6d.

* Probably within the limits of the vol no better & of the metbods by
which the marvellous strurture of scientific uhonomy bas beon built up could have
been given.”--Athewaewm.

““Rure to find favour with studenta of astronomy.” —A
Coordinate Geometry: The Right Line and Circle. By WiLLIAM

Brioas, M A, LL.B.,, F.R.A.S., and G. H. BRyaN, Sc.D.,M.A,,
F.R.8. Third Fdition. 3s. 6d.

** It in thoroughly sound throughout, nnd indeed deals with some difficult points
with a cleartiess and necurac X that has nut, we believe, been surpassed. ’-- S .ducation,

“Thoroughly practica! and helpful, " _Sehoolmaster.

*The arraugement of matter and the copious explanations it would be hard to
aurpass. It in the best book we have seen on the subject.” —Board Teacher.
Coordinate Geometry, Worked Examples in: A Graduated Course on

the Right Line and Circle. Second Editson. 2s. 6d.

Dyuamics, Text-Book of. By WiLLiax Briges, M.A., F.O.8,,
F.R.AS. and G. H. BRYAN, 8¢.D., M A, F.R.8. 2. 6d.
*The treatment 1z conapicuous for ite nlurm- and oondm"-llam
Ruolid.— Books I -IV. Ry RUPERT D1 \kIN, M.A. Lond. and Oxon.,
Headmaster of Stourbridge Grumnur School. 2 6de  Also
soparately: Books 1., IL, ls.
**The book in clearly w'mud. .n demonstrations are well arranged, and the

by the judicious use of thin and thick hines, are rendored more intelligible.
@urﬁg Roview.

** An sdmirable school lﬁh"—.ﬂlﬂ

a.qnt:‘i Similar Figures and the Plane. (Euclid VI. and XI.)
With numerous Deductions worked and unworked. By C.W.C.

Barrow, M.A.,BSc.,and G H. Buran, 8c.D., F.R.N" s 6d.

ties, An Elemeatary®Texzt-Book of. By WiLLIAM Bricas,
M.A., FCS F.RAS, und G. H. Bryax, 8c.D., F.R.8.
&nnlﬂmm 2.

*The work is sound. The hand of the practical teacher is manidest
throughout. **—. m&
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fMatbematics and Mechanics —continued.

sMathematios, Second Stage. deted by WiILLiaM Brieas, M.A.,
LL.B., F.C8,F.RAS. 3s6d

$Mechanics, Advanced. With the Qneutwns of the last eleven years
sot at the advanced examination of the Science and Art
De rtment. Bsy; Wu. Brieas, M.A., LL.B,, F.R.A.8,, and
BRYAN D, F.R8
Vol. 1. Drnulcs 3s 6d.
Voo L. V%l I;I ) us'u'm:s 3s. 6d.
ely with th rti f D st
Ihl:h are e uired for th:us?:::; I,lld. Art S:e‘:ugo (A:;::n‘:wl,yg::::“i::::imciz
In Theoretical Mechanics.
Mochanics, An Elementary Text-Book of. By the same uuthors
Second Edition. 3s. 6d.
** A most useful and helpful 1."" —~Bducatienal Rewi
$Mechaniocs (of Solids), Pirst Stage. By F. Ronknskea, M.A., B.&c
Second Kdition. s.
**The work of & practioal teacher." — Edweatsonai Kerrow.
Moechanics, The Preceptors’. By F. Roskxbkre, M.A., B.8c. . 6d.

{Mechanics of Fluids, First 8 . By G. H. Baraw, 8c.D., F.RS,,
and F. RoskNBkRG, M.A., B.8c. 2.

Mochanios and Hydrostatics, Worked Examples in: A Graduated
Course on the London Matriculation Syllabus. Third Editiom,
Revised and Enlarged. 1s. 6d.

Mensuration of the Simpler . By WILLIAM Buicus, M.A.,
F.CS., FRAS, and T. W. EpMorpson, M.A. Camb., B. A
Lond  Second Kditwon. 8. 6d.

Mensuration and Spherical Geometry: Being Monsumstion of the
Simpler Fxgur-- nnd the Geumetrical Proportics of the Sphere.
8 ly intended for London Inter. Arts and Science. By
the same authors. Second Edition. 3s. 6d.
“The bovk comes from the hands of experta; we can think of nothing better
qQualified to enable the student to m bnncm of uu syliabus, and to
promote & correct style in his math Sehovimaster,

Statics, The Tutorial. By WiLLIAM anoa MA,LLB,FRAN,
and G. H. Buyaw, Sc.D., M A, FRS. 3 6d.

try, The Tutorial. By WiLLiaM Bkicos, M.A., LL. B,
FHAs and G. H. Bunx 8D, MA.FRN s 64
- text-L 'htlz might ‘well be eubstituted o8 88
d-mhqmtwwoud’munu- -Guardian.
;gaodummt-da‘-utbmmm,mnu:mhu-umoll&th"
- Fducation.

M Synopais of Elementary. WiLLIAN Biigas, M A,
LL.B., F.R.AN. Interisaced. los. Gdy
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Chemistry.
Books marked (3) ave i the Urganized Science Series.

Analysis of & Simple 8alt. With a Belection of Model Anal
and TABLES OF ANALYSIS (on li.nqn By the same Au

Pourth Fditi 2s. 6d. Tuul u.nu od.
“The seloction 'ol':odol analyses is ln Lma’lbd.
Ohemistry, The Tutorial. By G. H. Bul.n D.8c. Lond., Ph D
Heidelborg, Lecturer in Chomuuy at Victoria University.

by WiLLIaM BRIGas, M.A.,

PaRrT 1., NoN-METALS. 36. od.
Panr II METALS. 3s. Gd.

W ly recommend it for the her forms of Secondary
other :nhnoh ”-—-l'du?:’ “ :: and the
* A good text-book. c “Mt thoro clear, experiments
are good and vou arranged.”’ - Ouardioum

;Chemistry, First 8tage Inorganic. By G. H. BAILRY, D.Sc. 2s.

“A valusble and comprehensive book for young students.’’—Secondary
Education,

{Chemistry, First Stage Practical Inorgamic. By F. BeEppow,
D.8c., Ph.D. 1s.

Carbon Compounds, An Introductiom to. By R. H. Abpik, M.A,,
B.8¢  2x. 6d. [In the Press.

Ohemistry, Synopsis of Non-Metalliec. With an Appendix on Culcu-
lations. By WiLLIAM Briaas, M.A., LL.B., F.C.8. New end
Revised Edition, Interleaved. 1s. 6d.

“ Arranged in a very clear and handy form.”—Journal of Education.

Chemical Analysis, Qualitative and Quantitative. By WrLLIAM
Bu:don M A, LL.B.,F.CK, und R. W. STEWART, D.Sc. Lond.
3s. .

Motals and their Compounds, By G. H. BaiLEY, D.Bc., Ph.D. ls. 6d.

Biology.

Biology, Text Book of. By H.(i. WELLS, B.8Bc. Lond., F.Z.8.,F.C.P.
Pr. 1., Vertobraten. 6s. 6d.; Pr. 11, Invertebrutes and Plunts. 6e.6d.
:...h],{: Text-Book of. By'H. G. WeLLs, B.Bc. Lond., F.Z8.,

P. Enlarged and Revised by A. M. Davizs, B Sc. Lond. 6a.6d.

“ The information appears tv bu well up to date. Students will find this work
of the greatost service to them.” -~ Weatminater Reriew.

Botany, Text-Book of By J. M LowsoN, M.A., B.8c. 6a. 6d.
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Pbysics.

Bosks marked (3) are in the Orgenized Sevrmee Soriee.

R W. 8rxwaxr, D.8c. Lond.
Neat and Light, tary Text-Book of. Third Kdition. 3. 6d.
“ 1t will bo found an admirable text-book.” — Bducational Newe,
Heat, Klementary Text-Book of 2s.

${Hsat, Advanced. (For the Advanced Stage of the Scieuce and Art
anlhmnt } 3s. 6d.
Light, Rlementary Text-Book of 2.

b¢ et nun.omdty.ﬁntlw ByBHJImI.IA.

nymm. First Stage. By A. M. Davies, BSc. s
$8ound, Light, and Heat, First Stage By Jou~ Don, M.A., B.8¢. 2.
Sound, Elementary Text-losk of. By Jouw Don, M.A., B.B¢c. 1».6d.

THE TUTORIAL PHYSICS.

B; CarcurooL, B.8c. Lond., First Clase Honourman.
Vol. 'oud. Text-Book of. Second Edition. 3s. 6d.

By R. W. 8Stewast, D.8c. Lond.
Vol. IL. Heat, mblul of. Thwd Editwon. 3e. 84.

Vol. II1. Light, Text-Book of. TAird Edition. 3e. 6d.

Vel. IV. lqnmalluntldty. Text-Book of. TAwd Edition. 3a.64.
* The author wntes a» a well-informed taacher, and that is equivalent to s,
thst he writes clearly and aorurately. There sre Looks on

fow cover exactly the same 'rw-d as this, or are more suitadble introdustions to &
setious study of the subjemt.” -- Nature.

“Clear, cuticier, well-arranged and wall-fliustrated, and, as for unhn“
;n.‘m"-—-hvnul -/t‘uealu;. ohe and luad
uwml ﬂ-:?’ 7
* It is thoroughly well dune. '~ Sehocimaster.
orxmrzﬂy“mh;‘n d-;:'-'y oppear :: ‘y his d-“ m.:"
them. " — Toschors’ Monthly.
of Matter: an Introduction to the Tutorial l’hyda. By
E. Cazemroor, B.8e. (In preperation.
GENERAL RELEMENTARY SCIXNCE.
Rlementary Scisnss. Edited By WiLLIAN Brices, M. A,
&h’& ‘mu‘-"‘m’.“ .af"m-d-ut work.  The Medhanios
is sound, and the uplﬁ-cnhl part is decidedly good.”. -

- W -.ml‘nly llhbot"»-lmdqll‘-ucm
ﬂ’v-‘y 4 for ite purp




The Organized Science Beries. -
Adapted to the Requirements of the Seisnce aad Art Depertmant.

FOR THE ELEMENTARY STAGE. $s each Vol

Firet Stage Moechanios (Solids:. F. Rosxwszze, MLA., B.fSec.
Mlulrluhnhldﬂliﬁ. Q. n.hru.sen t.n.s..

First Stage Inorganie (Theorgtieal). By
Tirst Stage Physiogrs, A.M.D Yy
Btowe Sebe Mopaetims sas Bostcietty. By namn.ae.

mwmwm”‘yemnncm F.CS8. 1s 6
FOR THE ADVANCED STAGE. 3. 64. each Val.
Sooond 8 Mathematios. Edioedb Wn.untBum HA 1‘08.
Advanoced Mechanios (Solids). ILLIAM B no; O!..

F.R.A.8.,, and ;. H. nn'ux. 8¢.D.,
Drxasics. Part II. 8raTICcs.
Advanced Heat. By R. W. Srewazy, D.8¢. Lond.
The follow books are in course e ‘l'l'l
lmm&ru Btrnfax—-l'\int MW P
logy, First Stage Botany. Fa Taz Anvum S'uel—Advunod
and Elwtricity, Advanced Inorganic Ohanuha'("!"hoo-
Fﬁull‘.‘d A)dvumed lnurgtn{ o Chemistry (Practical), Organic istry
The Wniversity ¢orresponbcnt

AND
UNIVERSITY CORRESPONDENCE COLLEGE MAGAZINE,
lesued every Saturds Price 1d. Post 1 Half-yearly
Subzcnphon. ,& Yearly ‘Bal pno:‘: 8s. 6d.

B:amiﬁ?ti&t Directories.
Answers h

e T e rm-,u
":':u.(...:m..fm"' 189%). Non. VL, VL, g3 37 4
XXITTXRIV e toch, a

Pa SnbechhﬂnY “x’z I (1
eoﬁ.'(::oa .5 j oer). Nos. I1 (1069

l'u-iudnhm\l I to Yx’;?oaz-ed-e:.*
Nos. 1. -3}, . wot,
B.A. Direstery, with Full Answers to &a Examiaation Papers
mﬂn Subjects for the Year.) Nos. 1.—IIL, 1889-91.
. each, net. No. IV., 1893 (with Full Answees to the Papase
in Latin, and Pure Mathematics). h.u.-a




























