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PREFACE

To be successful in passing an examination is one thing,
perhaps a good thing, but to have a sound knowledge of
the subject is another and far more important matter. It
is because the course of work set out in the following
pages has been found, from personal experience, to give
students a good foundation of clementary knowledge that
it is now published. .

Care has been taken to describe only those experiments
which offer no particular difficulties in carrying out, and
which give fairly accurate results.

The book is intended for those who are beginning
Laboratory Work, and students should attend a course of
Lectures on Elementary Chemistry at the same time.
Careful descriptions of every experiment—{ailures as well
as successes—should be written out by the student and
shown to the teacher for his criticism.

In order that the descriptions may be in the student’s
own words, very brief aceounts are given in the text, and
the teacher is thus enabled to judge of the honesty of the
work that is being done, as well as to discover want of
care in observation.

Theoretical deductions and generalisations are left to
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the teacher, so as to avold, as far as possible, what is very
common among students—to generalise before a sufficiently
wide knowledge of facts has been acquired.

The author desires to acknowledge his indebtedness to
Dr. Tilden’s Hints on Teaching Chemistry for some sugges.
tions ; and to his assistants, Messrs. Froude, Vaughan, and
Doresa, for help in various ways.

THE CLIFTOX LABORATORY, BRISTOL,
November 1897.
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CHAPTER 1
INTRODUCTORY.

THE study of chemistry resolves itself into an investigation
of the properties of matter, and of the changes which it
undergoes when placed under the influence of natwral
forces, such as heat, cte., as well as the alterations which
sometimes occur when different kinds of matter are brought
into contact. It is a purely experimental science, that is,
one which is founded upon systematic observation. Not
that there are not theories in chemistry ; there are plenty
of them, some even think there are too many; but all
these theories are founded upon observations, and very
often, when more observations have heen made, the theories
arc found to be unsupported by facts. Over and over
again in the history of the science, we find that a theory
which the most eminent chemists of the day believed to
be true has been proved to be false hy more extended or
more careful observation.

Such being the case, it is evident that the most import-
ant thing for the practical chemist is to learn to observe
correctly.  And at the very outset, I cannot too strongly
impress this upon the student. » When nivking an experi-
ment be careful to give your whole attention and thought
to it. Do not consider anything which occurs—whether
you see it, or smell it, or hear it—as too trivial or too
common to be taken notice of.  Also, when performing an
experiment, especially if doing so for the first time, follow

B



2 EXPERIMENTAL WORK IN CHEMISTRY.

implicitly the directions laid down. Finally, keep very
carefully written notes of the experiments made and the
results obtained ; and illustrate these whenever possible by .
neatly drawn sketches.

The chemist, therefore, like the engineer and the
physicist, has to deal with matter, but the chemist’s branch
is more particularly concerned with the inner structure or
constitution of matter, and how changes in this structure
can be brought about. The engineer, on the other hand, is
engaged in placing matter together so as to form some new
arrangement suited for a particular purposc; while the
physicist is studying the peculiar results observed when
matter is subject to the action of certain forces. Now it
will readily be helieved that, since chemistry is a very
old science, chemists have gradually made the apparatus
which tliey use more and more perfeet.  And this is per-
feetly true.  We cemploy the most complicated and deli-
cate instruments, in order that we may be able to regulate
with the greatest accuracy the conditions under which the
experiments are made. But claborate and costly apparatns
is not essential for doing good work in chemistry, Some of
our greatest chemists made their most important discoveries
with very simple appliances. Probably the materials em-
ployed by Priestley, for example, would not be tolerated in
any modern laborator V.

In an clementary course the sunplest apparatus should
be used ; and in this book I shall therefore describe this
kind only. Most of it could be easily made in an ordin-
ary laboratory, hut it is only the advanced student who
can profitably employ his time in doing this. A student
who enters a laboratory for the first time Dbecomes dis-
heartened at his failures if he is put to glass-blowing or
soldering straight away. It is much Dbetter for him to
acquire skill in such operations gradually, and to attempt
only the fitting together of such trains of apparatus as can
be done by g UlaSb tubes and india-rubber conuections.

As the source of the heat which he employs, the
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chemist makes use of gas burners or gas furnaces, and, if
a metallurgist, of coke furnaces. A spirit lamp is some-
times used, but very rarely. The commonest form of gas
burner employed is that invented by
Professor Bunsen and kuown as the
Bunsen burner. The gas issues from
a small orifice into a wider tube, from
the end of which it is burnt. But
during its passage through this wider
tube it mixes with air which comes
in through openings in the side of
the tube. The result is that the
flame at the end of the tube is in-
tensely hot, and does not deposit
soot on any surface placed init. The
openings in the wider tube for the
admission of air must be adjusted so
as to allow a proper amount of air to enter, This will
casily be known, hecause if too much enters, the flame will
“roar” shlghtly, while if too little, the flame will hecome
luminous and blacken any article placed in it.  The Bunsen
burneyr is suitable for operations requiring great heat ; when
a gentle heat is required, it is not so useful, because if you
turn it down too low, the flame will not burn at the end
of the wide tube, but jumps back to the end of the
small opening at the bottom of the wide tube, where it
will continue to burn as a very small flame, making the
wide tube hot and producing a very poisonous gas, which
mixes with the air of the laboratory.

The hurner employed for obtaining a gentle heat is an
ordinary Argand Inwner fitted with a chimney. The sub-
stance or vessel to he heated is placed at o little distance
above the top of the chimney hut not in contact with the
flame. In this way the substauce is not blackened, but is
made hot hy the heat which is radiated from the flame.
Argand hurners are shown in several of the following
figures.
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Apparatus is usnally fitted together and connected by
glass tubes, corks, and india-rubber tubing. There are two
kinds of glass tubing in common use—soft, and hard or
combustion,  The terms have reference to the effect of
heating — the former heing readily softencd, while the
latter requirves the high heat of the blow-pipe to soften it.
Test-tubes are made of the former kind, so that they
should only be used for heating liguids, or such solids as
require little heat to change them. Soft glass tube is the
kind employed for eonnecting flasks, cte., together. The
most convenient size for general work is called “quill”
tubing, and is about 4 to 6 wmm. in diameter. Combus-
tion tubing is required of varying sizes, sometimes of about
the same size as the soft, hut frequently of larger diameter,
so that a piece of small may Dhe fitted into a piece of large
by means of a cork. It is nccessary that the student

should be able to fit together simple

N pieces of apparatus, and we will
\ therefore commence owr work by

\ learuing iow

"‘qx (L) To fit up a Wash-Dottle.—
(LS. This ds a Dottle fitted with a cork
= \ with two Doles through which two
LUW glass tubes pass, so arvanged that
/‘ ‘ the user can pour water from the

bottle through one tube and blow
it it a gentle stream through the
other.  Sometimes the water is
required  hot, and therefore the
hottle must he made of a kind of
("7_—,':"” gliss that will stand water being
;7;;___J hoiled in it without its cracking,
Fio. 2. The Dbest kind to use is a conical

flask  made of DBoliemian glass,

known as an Erlenmeyer flagk, after the inventor.  Select
one of about half a litre capacity. (Most chemists use the
Metric System of Weights and Measures. If you are not
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familiar with the tables you must study them from some
work on the subject. The flask here mentioned would
hold a little less than a pint.) Find a cork to fit it. If
the cork is hard it may he softened by wrapping it in a
piece of paper and gently rolling it under foot on the
floor. This cork must now be bored. This is done with
cork-horers, These arc pieces of brass tube with one end
filed down until it forms a sharp edge all round. They
are made of different sizes to correspond to the varying
diameters of glass tube.  Take the horer which is slightly
smaller in diameter than the tube you are going to use.
Hold the cork firmly hetween the thumb and fore-fingers
of the left hand, place the sharp edge of the cork-borer
flat upon the top of the cork, but ncaver to one side
than the other, and press firmly, rotating the hover while
doing so. Be careful to keep the axis of the cork and
that of the borer parallel to cach other. In this way a
clean-cut hole will be bored through the cork parallel to
its axis. Now repeat the operation, but boring necarer to
the opposite side of the cork. In this way, if the opera-
tions have heen successfully performed, you will have two
holes through the cork parallel to each other. It is, how-
ever, unlikely that success will attend the first effort, the
holes will perhaps run into cach other, or run out at the
sides. If this happens, take another cork and try again
until success is attained. It will help if you bore a single
hole through the middle of a cork to begin with and *then
try the two.

Having suceessfully bored the cork, we have to fit the
tubes in.  For this pwrposc you must cut off a piece of
glass tube. This is done by making a scratch with a
three-cornered hard steel file across the place where you
want the glass to hreak. If you use the size recommended
ahove for your flask, you will want two pieces, one about
15 em. and the other about 30 em. long. These tubes
must now be bent, one at an angle of about 130° and
the other at an angle of about 50°. To do this the
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glass must Dbe softened in the flame. The best flame
to use for this purpose is an ordinary gas burner, sach
as is used in our houses for lighting purposes (*fish-
tail 7 or “bat’s-wing” serves equally well).  These burners
heat & very much longer length of the tube than a Bunsen
burner does, and consequently the bend produced is more
regular and less liable to crack than one made with the
latter. Moreover the soot deposited upon the tube by
the luminous tube is not a disadvantage but an advantage,
for it makes the glass cool more slowly and thus annecals
it a little.

Take the shorter piece of tube first and hold it with
one hand at each end, then place it in the flame so that
the middle of the flame shall be about 5 cm. from one
end. The flame will thus heat ahout 5 cm. of the tube.
Keep the tube turning so that each side of it is equally
heated. In a few minutes the glass will soften. When
this is the case, bend the tube gently ungil it is at the
proper angle. Then take it out of the flame and allow it
to cool. Do the same with the other piece, but making
the angle of the Dbend about 50°, and the bend about
12 cm. from one end. Now cut the shorter tube so as to
have about 6 cm. from the bend on each side, and the
longer onc so as to have about 4 cm. on the shorter side
of the bend. Next take a picece of the same-sized tube
about 10 e¢m. long, and turn down the Hame of the burner
until the flame only heats about 2% em. of tube. Hold
the middle of the tube in the flame until it is soft, keep-
ing it turned whilst heating, then gently draw the two
ends apart. The tube will thus be contracted. Lemove
it from the flame, and when cool, cut it across the narrow
part; and also at the other end so as to make it about
1 cm. long.

You will now have three tubes: one about 12 cm.,
one ahout 22 cm., and a third about 4+ em. The ends of
the tubes will be noticed to be very sharp. To round
them off hold them in the flame of the Buusen burner
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until the flame is coloured yellow just where it touches
the glass. In this way the ends will be fused a little and
the sharpness removed.  The tubes are now put through
the holes in the cork. They should fit tightly. The
smallest tube is now connceted to the short end of the
longest tube by means of a piece of india-rubber tubing of
the requisite size and about 3 cm. long. The apparatus
when complete should have the appearance shown in the
sketch.

An india-rubber bung for the flask is an advantage.
These can be hought alrcady bored ; if, however, you have
to hore them, it can be done in the same way as a cork,
but the horer must be moistened with a little turpeutine
before use.

The making of a wash-bottle as above described will
have given the pupill a little practice in cork-boring and
in the bending of glass tubes. He will, of conrse, require
a great deal more before he is able to set up appavatus
with ease. Numerous examples will be given in working
through the exercises that follow. We will therefore
defer further illustration until we come to consider special
cases in detadl.



CHAPTER IL
CIIARACTERISTICS OF CHEMICAL CHANGE,

So numerous and complicated are the changes which matter
undergoes when it is placed under conditions which favour
such changes, that any attempt at classification is almost
impossible to be complete. We can, however, make a few
broad gencralisations which help to fix some of the
- peculiarities on the mind. The first of these has reference
to what is called chemical action and physical action. By the
latter is usually meant some action brought about by the
operation of one or other of the natural forces, such
as gravitation, eleetricity, magnetism, ete., which, while
altering the relative position or condition of the substance,
does not bring about any change which forms a new body,
or bodies, from the original. Thus, for example, if we allow
a stone marble to fall to the floor, or if we hold one end
of a magnet near another suspended magnet, we bring
about physical changes. We have in both cases caused
forces to act which have altered the relative position of
the bodies. It is true that instead of a marble we might
have allowed an egg to fall, or be acted on by gravity,
when it is equally true that “ Not all the king’s horses nor
all the king’s men could ever put” the egg together again.
But, nevertheless, the whole of the parts of the egg are still
there, and ¢f we had the requisite skill we could gather
them up and put them together. It would have been
different if a chemical change had occurred; in that case
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no simple gathering together of particles would have
sufficed ; the only way would have been to have brought
about another chemical change which would have exactly
reversed the former. In only a comparatively few cases
can such be done.

Now when these physical changes are carefully observed
it will be seen that there is always an appreciable distance
between the centre from which the force emanates and the
substance acted upon. Thus, for example, we are warmed
by a fire although at some distance from it ; we are able to
see a body which is illuminated by a light placed some
distance away; and if we support a thin lath upon the
bottom of an upturned flask and hold a dry and warm glass
tube which has been rubbed with dry silk near it, it will
attract the lath.

It is, however, different with chemical actions. For
these to oceur the bodies must be brought into intimate contact
with each other. In illustration of this the {ollowing may
be cited :—

EBxzperiment 2—Take about 5 grms. of tartaric acid
and powder finely in a clean dry mortar. Now add about
5% grms. of dry sodium bicarbonate, and rub the two sub-
stances together in the mortar. If Doth substances are
quite dry, no effect will be noticed. Place the mixed sub-
stances in a beaker and pour in some water. A violent
commotion will be observed to take place in the beaker
accompanied by a fizzing or effervescence. A chemical
action has taken place. The fact that no action oceurred
in the first case but it did in the second, 7.c. when the
water was added, is supposed to be due to the circumstance
that the rubbing was unable to bring the particles into
sufficiently close contact to enable them to act upon each
other. When, however, the water is added the contaet is
much closer and a chemical action can take place. The
effervescence is caused by the escape of some gas which is
different from air, because if a lighted match or taper be
held in the beaker above the substances it will be scen that
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the light is cxtinguished, showing that there is a colourless
gas present which will not allow the taper to burn.

This experiment also illustrates what is found to be a
very common thing, viz. that two solid bodies will seldom
act upon each other so as to cause chemical action to take
place ; if, however, the bodies can be dissolved in some
solvent and then the solutions mixed, chemical action will
frequently occur. There are cases, however, in which solids
apparcntly enter into union. For example :—

Experiment 3.—Place a piece of dry phosphorus, about
the size of a small pea, in contact with a few crystals of
iodine, and in a short time the phosphorus will burst into
flame. But if you watched the experiment carefully, you
must have observed that the phosphorus melted before it
ignited, so that even in this case when ignition took place
one of the substances was a liquid.

Again, it is found that chemical actions even of the
same class vary in intensity. This is very well shown in
processes which take place when bodies are heated in the air.

Eaperiment 4. —Take a piece of platinum wire, a piece
of thin sheet tin known as tin-foil, and a piece of
magnesium wire. Now hold them successively in the
flame of the Bunsen burner. The platinum will become
very hot and bright, but on taking it out of the flame it
will be scen that no change has taken place in it. The
piece of tin will become hot but will not give out light like
the platinum, and will gradually crumble away to a powder.
This powder when examined will be found to be white and
rather heavy. The magnesium on the other hand will,
directly it is put into the flame, burn with a most brilliant
bluish-white light, forming clouds of a white powder. This
powder will be observed to be much lighter than the former.
Thus we see from this experiment that platinum is not
affected when it is heated in the air, that tin is changed
into a white powder but the change is not accompanied by
any production of light, and that magnesium is so power-
fully affected as to produce an extremely powerful light. In
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the second and third cases the shining metallic substances
have heen changed into white powders. This is one
peculiarity of chemical change: the products of the change
are difierent from the substances which enfer info tf.  Also the
oxperiment shows that under the conditions described, tin
is less anxious to enter into change than magnesium is;

whilst platinum will not do so at all.

Such experiments as those we have described up to the
present take account only of the change produced in the
appearance or quality of the bodies entering into the
change.  These changes are called quafifativee  But
chemical knowledge would not have progressed very far
if the chemist had not studied his experiments quantitatively,
i.e. by carefully weighing the substances before the change,
and the products afterwards. In this way innumerable
new facts have been discovered, and it has heen found that
all changes take place, not in a haphazard manner, but in
strict accordance to the amounis of the materials which
enter into the change as well as the amounts of those pro-
duced by it. In some cases, as for instance when a candle
burns in the air, there is an apparent loss of matter, because
it is evident that the candle does not weigh as much when
nearly burnt out as it did at the beginning. But the loss
in weight in such cases is caused by the circumstance that
one or more of the products of the action are gases. Thesc
mix with air and thus escape weighing, but if special pre-
cautions arc taken to prevent this, no loss of weight will he
noticed. Abundant illustrations of such actions will be
met with in the following pages.

Alinost every kind of chemical action can be produced.
In fact, if we omit the case of two solids, about which
there is some doubt, we have examples of all other possible
kinds. Thus:—

(1) Two gases can produce a solid, a liguid, a fresh gas,
or mixtures of these.

(2) Two liquids may produce a solid, another liquid, a
gas, or mixtures of thesc.
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(3) A gas anla liquid may form a solid, a liquid, or a
gas.

(4) A gas and a solid may form a solid, a liquid, or a
gas.

(3) A liguid and a solid may form a solid, a liquid, or
a gas.

Experimental illustrations of some of these reguire
somewhat complieated apparatus, but many of them can be
shown with simple materials.

Eirperiment 5.—Take a glass cylinder filled with the
colourless gas ammonia and loosely covered with a glass

circle, and invert it over another similar cylinder
T filled with the colourless gas hydrochloric acid.

Iy Slip out the circles, and thus allow the two gases
to come into contact: a white solid will be
/ formed which will quickly settle down upon the
S0 sides of the cylinders.!

e FEaperiment 6.—Take a piece of glass tube of

about 1 or 1'3 cm. diameter and 40 cm. long
and bend it at right angles at about 7 cm.
from one end, draw the other end out to a jet
(Ixperiment 1), and then bend this end around
parallel to itself at a point about 7 cm. from
the end. Now attach the first end to the gas
supply to the laboratory by means of a picce of
india-rubber tubing. Turn on the gas and light
a small jet of it at the end of the tube. Take
a clean dry gas cylinder and lower the burning
jet down into it. Allow the gas to burn in the cylinder
for a few minutes and then withdraw the tube.  The sides
of the cylinder will be found to be covered with a dew of
some liquid substance which has been formed by the burn-
ing of the gas, i.e. the chemical action between the gas and
the air—two gases.

Experiment 7.—Ta rigidly prove that two gases can

T In this experiment as well as in Nos. 6, 7, 8, 10 (8), 10 (¢), 11 («),
11 (b), the teacher must provide the gases for the student to use.
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combine and produce a new gas is not ecasy with simple
apparatus, bust a sufficiently accurate proof is afforded by
repeating Experiment 5 but with the cylinders filled
with oxygen and nitric oxide gases respectively. When
they come into contact a reddish-brown gas or vapour will
be formed.

Lrperiment 8.—To show that two gases may produce
mixtures of gases, liquids, and solids.  Take two eylinders
as before, but filled—one with chlorine and the other with
sulphuretted hydrogen. Mix them as described, when it
will be seen that the sides become covered with a white
eoating—a solid ; and on separating the cylinders they will
be found to be filled with a gas that fumes strongly when
allowed to come into contact with the air. Thus a solid
and a gas have heen formed by this change.

Eaxperiment 9.-—That liquids will react upon each other
in the ways mentioned can be shown by the following :—

(a) Place about 5 grms. of caleium chloride in a small
dish and add about 5 c.c. (cubic centimetres) of water to
it.  Stir and allow to stand. When all has dissolved,
pour the liquid into a small heaker and add very slowly
about 3 c.c. of strong sulphurie acid. Stir the liquids
together with a glass rod; a large quantity of steam will
be given off and a white solid substance will be left hehind.

() Place a little distilled water in a beaker and
cautiously add, drop by drop, a little strong sulphuric
acid. The two substances will unite and form a liquid
compound of sulphiwic acid and water, and great heat
will be produced by the action.

(¢) Dissolve a small quantity of carbonate of sodinm in
distilled water, and allow to stand wntil all has dissolved.
Now drop in « little sulphuric acid.  An abundant evolu-
tion of gas will take place. Two liquids have produced a
gas.

(/) Place a few drops of mercury in a small dish and
pour on it a little strong nitric acid. Immediate action
will take place, and a reddish-brown gas will be evolved.
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Allow to stand for a little time, when the whole mass will
become converted into a white solid.  Thus the two liquids
have formed a gas and a solid.

Fxperiment 10.—The modes of change mentioned above
between a gas and a liquid may be illustrated by the
following :—

() Crush a crystal of sulphate of copper in a mortar,
place the powder in a beaker, and dissolve it "in distilled
water. When all has dissolved, attach a glass tube to the
sulphuretted hydrogen apparatus and allow the gas to
bubble through the Dblue liquid. After a little time the
whole tube will appear to be filled with a Dblack substance,
This is a solid body and can be separated from the liquid
by filtration through filter-paper, and then dried.

(0) Into a cylinder full of sulphur dioxide pour a solu-
tion of potassium permanganate and shake. The highly-
coloured liquid will become quite colourless, in consequence
of the action of the gas upon it. Another liquid has been
formed.

(¢) The cases where a gas and a liquid act upon each
other and produce a gas are somewhat rare. The following
experiment is an example of this mode of change. Into a
jar of chlorine gas plunge a piece of paper moistened with
a little turpentine. Chemical action will immediately
oceur between the gas and the hydrogen of the turpentine,
and the heat will be so great as to ignite the paper.
Before this happens, however, a gas will be produced
which fumes very strongly in the cylinder. This gas is
hydrochloric acid.

Experiment 11.—The changes between a solid and a gas
may be shown as follows :—

(¢) Place a small picce of dry phosphorus in a dry
deflagrating spoon, set it on fire, and then place it into a
gas cylinder filled with dry air or with dry oxygen. The
phosphorus will continue to burn for some time, producing
dense white clouds, and on allowing to stand, a white solid
will be found to be deposited on the sides of the cylinder.



x

VYHARACTERISTICS OF CHEMICAL CHANGE. 15

(0) Repeat the preceding experiment, but with the
cylinder filled with dry chlorine instead of air, and do not
light the phosphorus; it will ignite itself.
After the phosphorus has burnt out, small J‘[
oily drops will be observed on the sides of e
the eylinder.

(¢) Place a little powdered lead acctate

at the bottom of a dry test-tube and pass on €17
it from the Kipp’s apparatus (see I'ig. 17) z y
some sulphuretted hydrogen. The white A
salt will immediately be turned black. Q(I_,

Place your thumb over the end of the tube C,(/n) ;

e

and shake; the smell of the sulphuretted
hydrogen will have disappeared and the
smell of acetic acid will be noticed. s

Finally, the actions between a solid and Fro. 4.
a liquid are illustrated by :(—

Experiment 12.—(a) To a small quantity of solid caustic
soda (sodium hydrate) placed in a dish, add a few drops of
strong sulphuric acid. Steam will be given off and a white
crystalline solid substance will be left behind.

(b) Into a small beaker containing hydrochloric acid

- add a small quantity of mercuric oxide ; on warming, the

mereuric oxide will dissolve, forming a clear liquid.

(¢) Place some carbonate of sodium at the bottom of a
tall beaker and drop on it a few drops of sulphuric acid.
A violent frothing and effervescence will take place and a
gas will be produced. To show that this is the case, place
a lighted taper down into the beaker, after the action has
gone on for a little time ; the taper will not burn because
the gas has driven out the air and now fills the beaker.

The foregoing experiments are samples of the different
ways in which chemical action can oceur, but it must not
be supposed that all bodies can be made to act upon each
other ; we find that some substances cannot be made to act
upon cach other at all. Lven in the case of some that do
react, very great difficultios are cxperienced in causing the
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change. In endeavouring to bring about the changes the
chemist uses every artifice that is known. He employs
every degree of heat from the very lowest temperature
known (below that of liquid air), up to the very highest—
that of the clectric are. He also makes wse of light, elec-
tricity, as well as every variety of pressure, hoth enor-
mously great and exceedingly small.  From his study of
the behaviour of certain classes of hodies when treated in
a particular manner he is sometimes able to predict that a
certain substance belonging to a class will behave in a
manner similar to the other bodies of that class. This is
often quite true, but it is not invaviably so, and it must be -
carefully remembered that all such predictions must be
verified by actual experiment before they can be received
as true.

Among the large number of chemical changes there are
many of a similav character. These can be placed into
classes. Two of such classes are of great importance ; they
are—first, those in which a substance consisting of two
or more different kinds of matter can be resolved into less
complex combinations; and secondly, those in which a
complex substance can be made by uniting less complex
ones. The first kind is essentially a splitting up and is
called analysis ; the second is essentially a building up,
and is called synthesis. By both methods we are enabled
to find the composition of a substance. When analysis is
carried as far as it can possibly be, it is found that we
arrive at certain kinds of matter out of which we can make
nothing else. There ave at present about seventy of these
different kinds of matter known, but many of these are of
extreme scavcity, and only seldom met with. Also more
powerful means of breaking up matter are being introduced,
and fresh discoveries are therefore constantly being made,
so that this number is inercasing. Tach of these different
kinds of matter is called an clecment. These elements are,
as it were, the stones with which the chemist builds. Out
of these, combined with each other in all kinds of propor-
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tions, every substance is formed.  Chemists employ certain
symbols to represent these elements. A list of these will
be found in any work upon theovetical chemistry. The
student iz expected to make himself acquainted with these,
as well as with the formule of the commoner chemical
substances. Ide is also expected to make himself familiar
with the use and significance of chemical oquations. If
this has not been alrcady done, the student should do so
while he is working through the experiments detailed in
the next chapter.



CHAPTER IIL

ACTION CY HEAT, WATER, ACIDS, AND ALKALIES UPON
VARIOUS SUBSTANCES,

THE changes which bodies undergo when they are heated
are some of the most important which the chemist has to
study. There are practically two ways in which substances
can be tested by this agent: first, they can be heated
in a closed vesscl or out of contact with the air; or they
can be allowed to come freely into the presence of the air
whilst being warmed.  As will be abundantly proved later
on, there is an essential difference in the two cases.
Perhaps the simplest illustration of this is a matter of
common knowledge. When we burn coal in an open fire
we get, when it is completely burnt, ashes left behind
which are gray, red, or white according to the kind of coal
used ; but when the same coal is strongly heated in a closed
fire-clay tube, as in the making of ordinary gas, we get
coke left behind; which coke when again heated in an
open fire will burn away to the same kind of ash.

The source of heat usnally employed by the chemist is
the Bunsen burner, but very often the blow-pipe is cm-
ployed, and when great heat is required furnaces of various
kinds arc used. The use of the blow-pipe will be treated
of in a later chapter, but it is not proposed to touch upon
experiments requiring the use of the furnace.

Almost cvery variety of vessel for holding the substance
is used, but when examining the effect of heat upon it
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alone, either glass tubes, or porcelain crucibles, or dishes
" are employed. \When the heat vequired is moderate, .c.
only two or three minutes in the Bunsen flame, ordinary
glass test-tubes may be used ; but when a longer exposure
* to the heat is necessary, tubes of harder glass are required.
These do not melt so easily as ordirary test-tubes, and they
would be better to use in every case except that they are
more expensive and are very apt to crack when a liquid is
heated in them. The best size of test-tube to use is about
12 mm. diameter and 10 cm. long.

When testing the effeet of heat upon the dry substance,
the tube is first made thoroughly clean and dry. A little
of the substance is placed in it and heat applied. This
must be done carvefully. Hold the tube in a slightly
slanting position and, at first, just ahout 1 cm. above the
top of the flame. Move the tube into and out of the hot
- space continuously and note any change which may ocewr.
Gradually lower the tube until it is fully immersed in the
flame, keeping up the movement all the time. By pro-
ceeding in this way there is very little liability to cracking,
and it can be secn whether moderate or strong heat is
required to produce the changes.

The following experiments have been selected in order
to give the student examples of some of the typical changes
which take place when substances are heated, and to give
- him an opportunity of cultivating his powers of observation.

Careful notes of all the effects produced should be made.

These must be neatly copied into a note-book and handed

to the teacher for examination. In order that an idea may

be obtained of the way the notes should be kept, the earlier
- experiments are described in some detail.

Lxperiment 13.— Effect of Hewt upon Todine.—Place a few
erystals at the bottom of a test-tube. Notice the colour of
the crystal and the shape. Warm gently as directed.
The erystals will be observed to Lecome liquid (this is
spoken of as fusing), and at the same time a beautiful violet
vapour will be given off. This vapour will gradually fill
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the tube and run over the side, when it will he observed
to fall through the air, showing that it is a much heavier
vapour than air. As the heat is continued, more and more
of the substance vaporises until the end of the tube which
has been in the flame becomes quite clean and the whole
of the iodine has vaporised. Now allow the tube to cool
down. The violet vapour will become less, hut on look-
ing at the sides of the tube they will be seen to be covered
with fine crystals of the same shape, but perhaps smaller
than those originally taken.

This experiment might he entered in the student’s note-
bool in the following manner :—

Errect oF HeEAT UPON IODINE.

Appearance.—A crystalline substance.

Crystals.—TFlat plates of o black colour and with a
metallic lustre.  They have an unpleasant odour and stain
the skin of a dark brown colour.

As soon as a moderate leat is applied, the substance
melts and violet-coloured vapours are given off.  These
gradually fill the whole tube and run out at the top, falling
through the air, thus showing that they are heavier than
air.  When the tube is allowed to cool, the vapour gradu-
ally disappears, and small crystals of the same shape and
colour as those originally taken are seen sticking to the
sides of the tube. After the heating, the bottom of the
tube is quite elear, showing that all the material has
volatilised.

This process of heating a solid body until it vaporises,
and then condensing the vapour upon a cold swrface, is
called * Sublimation.”

Faperiment 14— FEffect of Heat upon Potussic Chlorafe.—
Place in a dry tube (preferably of hard glass) a few
crystals of this substance. Heat as directed.  Notice that
very little effect is caused with a gentle heat, but that a
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greater causes the substance to melt and then to boil.
Hold a glowing wooden match in the tube when the boil-
ing has commenced and notiee that it is rekindled, thus
showing that a gas is evolved which aids combustion more
than air does.

Note appearance on cooling, and write full details in
note-book.

Experiment 15.—fect of Heut wpon Lead Nitrate.——Sul-
stance decrepitates with loud noise, fuses and gives off

reddish-brown fumes which rekindle a glowing match ; on
cooling, a brown mass is seen to be left in the tube,

These oxperiments show the necessity of testing for any
gas which may De given off.  This should always be done.
The tests to be made should be -~

1. Colour and odour.

2. Whether gas will burn or support burning.
3. Whether gas or fumes are acid or alkaline.
4. Tf carbon dioxide is the gas produced.

The second of these can be doune by holding a wax
mateh in a small picce of bent copper wire of such a shape
that it can be lowered into the tube, but at the same time
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allow the match not to touch the sides. No. 3 is done hy
holding a small piece of moistened litmus-paper in the
tube. If gas is alkaline, ved paper will be turned blue. If
acid, blue paper will be twrned red.

The testing for carbon dioxide is best done as follows.
Make a fine jet on a picce of glass tube. Dip the end
into clear lime-water. The lime-water will run up inside
the tube.  Allow all liquid to run away that will. Now
place tube inside the test-tube and geutly suck the gas
into it.  If carbon dioxide is present, the lime-watcr will
be made milky. (Tilden.)

There are frequently other gases given off ; ¢,y sulphur
dioxide (recognised by its suffocating smell of sulphur),
but many of these require special tests and are less com-
mon than the above. The following substances may be
given for practice :—

Mercewie Oxide (HgO): Ammonium Chloride (NI Cl);
Ammonium Carbonate ; Ammonium Nitrate (NH,NO,);
Sugar (C,H,,0,); Red Lead (Pb,0y); Sulphur; Potas
sium Hydrogen Sulphate (KHSO,); Caleium Carbonate
(CaCO,) (hard glass tube and great heat); Lead Nitrate
(PH(NO,),); Mercuric Nitrate (Hg(NO,),); Ferrous Sul-
phate (FeS0,); Alum ; Magnesia (MgO) ; Acctate of Lead
(Sugar of Lead).

AcTioN oF WATER UPON SUBSTANCES.

The cffects produced may he studied in either test-tubes,
beakers, or porecluin dishes. They are very various : soute-
times the substance is not altered, sometimes it dissolves
either” wholly or partially, sometimes chemical action
resulting in the production of great heat is brought about,
or a new substance differing in eolour or appearance is pro-
dueed.  The following experiments will illustrate the
changes. (The crystallisation of salts from water will be
treated of in the following chapter.)

Laperiment 16.—dction of Wuter on Caleiwm Oxide (Lime,
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Ca0). — Place a piece of common quicklime in a dry
bealcer, and pour a little water upon it.  After a minute or
two the hard lime will begin to crumble to powder, and an
abundant evolution of steam accompanied with a hissing
noise will take place.  The hard stone will become a white
powder. In this case a chemical action has taken place
between the oxide (CaQ) and water, and o new substance,
the hydrate (Cal,0,), has heen formed. Now add a much
larger quantity of water and stir well together.  Allow to
stand, stiiring from tinme to time. A white substance will
be observed to settle to the hottom, showing that the
hydrate has not entircly dissolved. Has any of it dis-
solved? To answer this question we mwust separate the
solid from the Mguid. This is done by filtration or de-
cautation, In this cage deeantation is better. When the
whole has stood for some time without disturbance, pour
off a little of the perfectly elear liquid into a clean poree-
lain dish.  Place the dish over a flame and boil off the
water. A small amount of a white solid will remain in the
dish, showing that a little solid was dissolved in the liquid.

Baeperiment 17— etion of IWater wpan Sadivan—Half-
fill a dish with distilled water.  Dip picces of blue and
ved litmus-paper into it and ohserve that neither is
changed.  Now cut off @ small picce of sodium and drop
it on the water. It will run over the surface very rapidly,
accompanied with a hissing noise.  Sometimes when it is
nearly all used up a yellow flame will burst out. This
flame ean be produced if a lighted match be held near the
rolling sodium.  After the action has ceased, test the
water again with litmus-paper ; it will be found that it is
now alkaline. 1If the sodium before putting into the water
had been wrapped round with a dry piece of wire gauze
and this thrown into the water, it would sink, and bubbles
of gas would De obscrved to be given off. Thus water acts
upon sadium, producing o colourless gas and forming an
alkaline liquid ; if this liquid be evaporated, a white solid
body will be left.
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The action of water can he studied with the follow
ing :—Sodium Chloride (salt) entirely dissolves (ordinary
samples sometimes leave a slight residue owing to im
purities) ; Sodiwm Hydrate, NaHO (caustic soda); Potas
sium ; Anhydrous Copper Sulplhate (white substance dis
solving to form a blue liquid); Ammonium Nitrate (solution
accompanied with lowering of temperature); Calcium
Sulphate (use Plaster of Paris and notice the “setting’
when a small quantity of water is used, and the partial
solution when a large quantity); Phosphorus Pentoxide
(rise of temperature and acid solution) ; solution of Anti
mony Chloride (use large quantity of water and notiec
the formation of a white precipitate) ; solution of Bismutl
Nitrate (similar to Antimony Chloride).

Action orF Acips tronN BobiEs.

In chemical changes which occur between acids and
other bodies we find a difference owing to the natwre of
the acid as well as its strength and temperature.  Many
actions are common to all acids, but some are peculiar te
the mdividual acid.  This is especially the case with
sulphuric acid, which in addition to its acid properties lias
added on, as it were, its remarkable avidity for water. I
therefore, this substance comes into contact with anything
from which it can take water, or the elements of water, it
will exert this power in addition to those properties which
may be regarded as more particularly connected with acids,
The detailed study of the eftects of acids Is a very extensive
one; we shall therefore only illustrate the most important
modes of action.

A very common result of the action of an acid upon a
substance is to produce a gas as one of the products; this
gas may Dbe collected and examined scparately.  When
this is done, bowever, different apparatus from that for
simply testing the action of acids is required.  Directions
{or preparing gases are given in Chapter VIIL
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Eoperiment 18.—cletion of cdeids upon Carbonades.—TRe-
peat Experiment 11 (¢), using some otlter carbonate, such as
a little powdered marble, and some other acid, such as
dilute hydrochlorie.

Lorperiment 19— _letion of Acids wpon Metals—Into a
small flask of about 50 c.e. capacity, place a few picces of
granulaved zine, now pour in ahout 20
c.e. of dilute sulphuric acid (made hy
mixing one part of acid with fowr of
water). A rapid disengagement of gas
will take place.  After the action has
gone on for a few minutes, hold a light
to the mouth of the flaslk; the gus will
burn with an intermittent {lame which is
almost non-luminous, but tinged slightly
yellow.  The zine will gradually dissolve
(the addition of a little more acid will
sometines he necessary), hut frequently
a little Dblack residuum will De left
behind ; this is duc to some impurity _—
(principally lead) in the zine, which is
not soluble in the dilute acid.  In order to show the
influence of the strength of the acid in modifying the
change, vepeat this experiment, but place the zine.in
a dry test-tube and pour on it a few drops of strong
sulphwrie acid. A very minute action will take place,
and the zine will become coated with a white sub-
stance which floats about in the acid; practically no gas
will be given oft. Now pour in a little water ; immedi-
ately a violent action will oceur and gas will be evolved.
The explanation given of this is, that the acid acts on the
zinc and produces zine sulphate, which is insoluble in
strong sulphurie, and thus it remains on the zine, coating
it, as it were, with a paint.  The acid is thus unable to
get to the ziue to act upon it and thus all action ceases.
When the water is added, the sulphate 1s dissolved, and a
fresh smiface exposed for the acid to attack.
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The following substances can be given for testing with
acids :—Iron (filings or borings) ;- Magnesium ; Copper
(turnings) ; Tin (granulated) ; Tron Sulphide ; Sodium Sul-
phite; Tartaric Acid (with strong sulphurie, shows de-
hydrating action) ; Sodiwm Acetate (note odour and acid
vapour); Oxalic Aecid (strong sulphuric and heat); Salt;
Potassium Todide ; Potassium Nitrate.

{Note—The action on the metals should e studied
with sulphwric, hydrochlorie, and nitrie, because the vesults
are slightly differcnt in cach case.)

ACTION OF ALKALIES UPON SUBSTANCES.

In some cases these bodies act in a chayacteristic manner
upon chemical substances. The term “alkali” is usually
reserved for three substances :—caustic potash (potassium
hydrate, KHO), caustic soda (sodimu hydrate, Nak{O), and
ammonium hydrate (NHI1O) ; Lut the action of the last is
somewhat different from that of the potash and soda.  This
is partly owing to the fact that on heating the ammonium
hydvate, it gives off ammonia. From this circumstance
ammonium hydrate is sometimes spoken of as the “vola-
tile alkall.” The experiments may be studied in the same
way as the previous onces, no special divections are vequired,
and the following substances may be used to cxperiment
upon —

Ammonium Chloride (with potash and soda); Ferric
Chloride (solution of, in water); Ferrous Sulphate (solu-
tion of, in water); Copper Sulphate (solution, note differ-
ence between ammonium hydrate and the others); Zine
Sulphate (solution); Lime (use the solid CaO, and drop
the solution of the alkalies on to it, note difference with

NH,HO).



CHAPTELR IV.

PREPARATION: OF SUBSTANCES BY (RYSTALLISATION
FROM SOLVENTS. '

WHEN a substance is dissolved in a solvent, and that sol-
vent is slowly driven off either by heating or by spontancous
evaporation, it is usually found that the substance separates
in the solid state in masses, which possess a certain definite
shape. Each of these masses is called a crystal. The
crystal may consist of the pure substance only, or gener-
ally of the pure substance united, perhaps chemically, with
some of the solvent.  Thus if copper sulphate be dissolved
in water, and the water be gradually driven off' by heat,
the substance separates from the fHuid in large blue
erystuls which consist of the sulphate united with about -
three-fifths of its weight of water. Chemists are undecided
whether to regard such combinations as chemical ones or
not.  DBut it is certain that the water can he casily sepa-
rated, for if we heat this substance to about 2507 C.) the
water is driven off, and a white powder without any
definite shape remains,  Water which is combined in this
way is called “ Water of Crystallisation,” and its presence
seems to be essential to the existence of the definite shape
of the crystal.

Different substances crystallise in different shapes; thus
we have cubical ecrystals, octahedral crystals, ete. But
many substances of an allied chemical natwre erystallise in
the same shupe; thus, for example, sals, potassium chloride,
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potassinm bromide, and potassium lodide, which are all of
similar chemical constitution, crystallise in the same shape.
It is found that one of the best ways of scparating a sub-
starice from impuritics is to crystallise it over and over
again. Morcover we find that, generally, the largest and
best-defined erystals eonsist of the purest material.

KI
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Crystals may be formed from any solvent, and in some
cases the solvent unites with the substance just as water
docs ; but the erystals obtained from one solvent frequently
differ in shape from those obtained from another.

Very often the amount of water which is combined, and
therefore also the shape, depend upon the temperature at
which the crystal is formed. From this cause it is some-
times found that erystals of different shapes are mixed to-
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gether in the same “crop.” This is prevented hy allow-
. Ing the erystallisation to take place very slowly. This
should always be done if regular and well-defined crystals
arc required.

The formation of crystals is considered to prove that at
a certain temperature @ solvent can only hold a certain
definite amount of a substance dissolved in it.  When it
has this amonnt, the solution is said to be “saturated.”
If by any means a little of the solvent is withdrawn, or
the temperaturc is altered, then the same amount of
material cannot be kept in solution and some separates
out, forming whilst doing so the crystal.  Almost all sub-
stances are more soluble in hot than in cold liguids, and
therefore crystals are usually obtained when a solution
is warmed and allowed to cool. Occasionally a solution
will cool down below the temperature at which it
ought to deposit crystals without forming any. When
¢his is the case the whole mixture is in a statc of um-
stable equilibrium, and this condition is upset by the
slightest cause, such, for instance, as shaking, or dropping
into the liquid a small piece of the substance dissolved.
When this is done, the formation of crystals will commence
immediately, and frequently a great rise in temperature
will take place. The solution in this condition is said to
be “super-saturated.”  When the crystals are obtained, the
student should make sketches of them. It is unnecessary
to atterpt to sketch the whole mass, and of little value
when done. It is much hetter to fix the attention on one
or two of the most regular ones and to sketch them. A
little practice will reduce the diffienlty.

Feperiment 20, — Preparation of Crystals of Alum. —
Powder about 30 grms. of alum in a mortar, and place in
a Dbeaker with about 40 c.c. of distilled water, Warm
gently with constant stirring until all has dissolved. If
the solution is not clear, it must be filtered.  Pour the
clear solution into an evaporating dish and warm until it
is reduced to about five-sixths of its bulk. Cover the dish
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with a loose cover, and put it aside in a place where it will
not be disturbed. After four or five hours a good erop of
regular crystals will he obtained. If this is not so, dvive
off a little more water by heating, and again allow to
stand.  Now pour off the liquid from the erystals into
another dish, evaporate a little more and obtain another
erop. Drain the crystals as dry as possible, and then
turn them out of the dish on to some dry hlotting-paper,
and complete the drying. Finally, select some of the most
regnlar ones and sketch them.

VIn making crystals, remenber that the move slowly the
solvent is removed, and the quieter the solution is kept,
the more regular and larger the erystal.  Sometimes it is
inadmissible to warm the solation. When this is the case
the solvent is either allowed to spontancously evaporate
under a hell jar, under which is put at the same time some
substance, such as strong sulphurie acid or fused calcium
chloride, to absorh the water as fast as it evaporates, or
the solution is put under the receiver of an air-pump
along with the sulphurie acid and the air pumped out,
when the solvent evaporates and is absorbed by the acid.

Most substances can be obtained in the crystalline state,
and there is therefore no lack of material to experiment
with. The following will be found to give good results :—

Potassic Todide or Bromide ; Sodium Sulphate ; Potassic
Nitrate ; Potassic Chlorate; Copper Sulphate; Lead
Nitrate; Ammonium Chloride; Sodium  Phosphate:
Magnesium Sulphate; Chrome Alum; Potassium Ferro-
cyanide ; Ammonium Oxalate.



CHAPTER V.
THE BLOW-PIPE AND 11§ USE

THE employment of the blow-pipe as an aid in finding out
the chemical nature of substances was made use of very
carly in analysis. The introduction of the Bunsen burner
has somewhat curtailed its use, but it is still & most valu-
able little instrument, and is capable of yielding results in
a few minutes which can only be obtained by long and
tedious operations in any other way.

It is simply a tube through which a current of air can
be sent into the interior of
flame.  When o small guantity of
substance is required to be heated
this cuwrrent 1s sent from the
mouth, and the instrument is a
“mouth blow-pipe.” But when a
large body of flame is requived,
the blast of air is usually ob-
tained from o bellows which is
worked Dby the foot; in this case
we have a “foot blow-pipe.”

The jet from which the air
issues, and which is placed in the
flame, is made of metal, and has
a very fine opening—a pin-hole.  The hole shounld be
accurately bored, in order that the air may issue in a
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straight line, and it is advisable thut the jet should he
capable of replacement by a new one when it becomes
corroded.

The proper use of the mouth hlow-pipe requires a little
practice.  DBeginners blow too hard and use too big a flame

to blow through. A piece
: ‘%‘g’/ of metal tube which just
fits inside the tube of the
Bunsen burner, and which
has its upper end squecred
in and cut off at an angle,
isa great convenience. Turn
down the flame until it is
a little bigger than that of
a candle. 1Iold the nozele
of the tube just within one
side of the tlame and Dlow
gently across it.  In this
way the flame will assume
the appearance shown in
the sketeh : there will be an onter portion, A, to the flame,
and an fmner portion, B. By altering the inclination of
the jet, the flame can he divected in any required direction.
When blowing, extend the cheeks and Dreathe through
the nose.  After afew trials this will be easy of accomplish-
ment, and a long blast will be kept up with very littie
fatigue to the operator.

The blow-pipe affords us a means of putting substances
under two distinetly different sets of conditions. In the
first case, if the body be put at A, or anywhere oufside the
space CBD, it will be made very hot and surrounded on
all sides by hot air.  All the conditions will therefore he
favourable for combination to occwr hetween the hody and
the oxygen of the air.  Such a cambination we find very
frequently does oceur, and an “oxide” of the body, or of
some constituent of it, is formed. This portion of the
blow-pipe flame is for this reason freyuently spoken of as
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the “oxidising flame.” The case is quite different within
the space marked DBC.  Here we have not quite so much
heat, but we have very little, if any, air; and instead we
have a quantity of unburnt guses, which are anxious to
unite with oxygen. This they will take from any sub-
stance with which they come into contact, and hence in
this part of the flame bodies are deprived of their oxygen
if they have any. This part of the flame is therefore called
the “reducing flame.”

The foot hlow-pipe is used for glass-working, especially
when hard glass is employed, and also for heating sub-
stances to a greater degree than can be obtained with an
ordinary burner. In this case also there is a tendency to
blow too hard. Remember it is quite casy to send more
air through the flame than can combine with the gas; this
excess of air only cools the flame. Make the up-stvoke
with yowr foot gnickly, and the down-stroke slowly.

The substance to be heated is placed upon a suitable
support. This is usually charcoal ; but sometimes platinum
foil or wire is used, and in others crucibles of platinum or
poreelain.  Yor ordinary work charcoal possesses many*
advantages : thus it is a much worse conductor of heat
than the metals ; it is infusible; its porosity cuables it to
absorb fusible substances which are heated on it, whilst in-
fusible ones remain upon the surface; then, finally, it will
assist operations conducted in the reducing flame because
it is itself ready to combine with oxygen. Pieces which
are compact and as frce as possible fiom cracks should le
sclected. It is sometimes difficult to get good chavcoal ; in
this case Griffin’s substitute will he found to be excellent
in every respect.

The following experiments illustrate the use of the hlow-
pipe :—

Eoperiment 21.— Make a little conieal hole, abont $ mm.
deep, in a picce of churconl.  Tuke a small erystal of silver
nitrate and crush it to powder. Place some of the powder
in the hole iu the charcoal. Now hold the chavcoal in the

D
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blow-pipe flame so that the substance shall be in the re-
ducing part. As soon as the heat touches it, the nitrate
will melt and then become red-hot and canse the charcoal
to sparkle (called ““detlagration ), and minute globules of
white metal will he left. The nitrate has thus heen *‘re-
duced ” to silver.

Note.—In cases of reduction similar to the ahove, it is
usnal to mix the substance with three or four times its
weight of sodium carbonate.  This when heated is itself a
reducing agent, and hence we have the effect of the flame,
of the charcoal, and of the sodium ecarbonate all added
together. Potassinm cyanide is another substance used for
the same purpose.

Experiment 22.—Place a small quantity of crushed alum
n a cavity in a picce of charvcoal. (A fresh hole must be
used cach time.) Heat it hefore the blow-pipe. (Some
changes will oceur cqually well in either flame—this is
one.) The mass will swell up (said to “intumesce ”), and a
large quantity of steam will be given off.  Presently a
white powder will be left, and no matter how long you
heat, no change will be produced : the substance is infus-
ible. Now allow to cool and then moisten the white mass
with a solution of cohalt nitrate and again heat. The
white mass will change to a fine blue one. This is due to
a combination taking place between the oxides of alumin-
jum and cobalt which are formed by the heating.

Experiment 23.—The Borar Beud.—Take a picee of
platinum wire and bend one end round into a little loop.
Dip the loop into powdered horax and heat. The salt will
swell up, and give off steam, but presently will sink down
into a colourless liquid filling up the loop. Now remove
from the flame and allow to cool. This is o borax bead.
Touch it with a very small quantity of potassium chromate
and again heat. Then allow to cool, when the bead will
be seen to be of a green eolour.

Note the yellow colour given to the flame during these
heatings. This is duc to the sodium which is contained
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in the borax. Borax beads may be obtained, and the
colours given to flames shown, by heating in a Bunsen
burner as well as in the blow-pipe flame.

The following substances may be given for experiment-
ing with :—Lead Acetate, Sodium Chloride, Copper Sul-
phate, Bismuth Nitrate, Ierrons Sulphate, Zine Sulphate,
Magnesium Sulphate, Barium Chloride, Calcium Carbonate,
Tin Oxide.

In borax bead :—Cobalt Nitrate, Nickel Sulphate, Man-
ganese Sulphate, Copper Sulphate.

Note.—Remember to moisten with solution of cobalt
nitrate when a white residue rvemains, and to add sodium
carbonate or potassic cyanide if vesults are difficult o
obtain.




CHAPTER VI
REAGENTS AND THEIR TUSE.

A VERY important part of practical chemistry is the test-
ing of unknown substances in order to find out their com-
position.  Many of the experiments already deseribed will
have shown the student that some bodies behave in such a
characteristic manner when heated or acted wpon by acids
that they may be easily recognised.  Other substances,
however, are not so influenced.  But almost all bodies can
be made to show some peculiavity when tested, cither in
a particular way or with a particular substance. This
peculiavity scrves to distinguish the substance from others.
Whenever the phenomena ave Dbrought about by the
addition of known substances to the unknown, the sub-
statice causing the change is ealled a “reagent.”  Generally
the reagent is in the liquid state, solids being dissolved in
some solvent ; but in some few cases the substance is in the
solid form, and in still fower in the gascous.

The nature of the phenomena produced varies consider-
ably.  We have alveady studied the aetion of acids and
water upon bodies, and we need not refer to that again.
By far the larger mumber of “tests,” as they are called,
are made by adding to » solution of the unknown substance
another liquid (usually a solution) of known composition,
and observing the change prodiced. Some common kinds
of change are:—an alteration of colowr of the liquids,
formation of a gas which bubbles out of the liguid, or the
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production of a ¢ precipitate.” This last is the name given
to a solid substance which is sometimes formed when two
liquids, or a gas and a lignid, are mixed. As a rule the
solid sinks down to the bottom of the tube in which the
liquids are mixed, henee the name; but whether it sinks
or floats it is called a precipitate. The colour or appear-
ance of this precipitate is very often sufficient to identify
it, and as it was formed from the unknown substance by
the addition of a certain reagent, the nature of the un-
known substance is thus revenled.

Sometimes an additional test is required before the
identity is completely made out. An example will make
the process clear.  The unknown substance is a clear lquid
of a blue colour. I place a little of it in a test-tube and
with great care drop Into it about one drop of dilute
ammonium hydrate.  Immediately there is formed o light
blue solid which sinks to the bottom of the tube. Now
I add more ammonium hvdrate. The light blue solid
disappears and the fluid hecomes quite elear, but of a deep
blue colour. 8o far as we know at present there is only
one chemical element with whose compounds ammoninm
hydrate will do this. That element is copper, and we
therefore conclude that the unknown substance is, or is
mixed with, some eomponnd of that element.

As a result of careful study extending over many years,
chemists have found that there are some substances which
produce changes in a greater number of bodies than others.
These are therefore used as the common veagents.  These
inelude the three important acids :— sulphurie, hydrochlorie,
and nitric; and the three alkalics :—potassinm  hydrate,
sodium hydrate, and ammoniaom hydrate. In most cases
the precipitate caused by an acid is a “salt” of that acid;
e.g. sulphuric acid forms sulphates, hydrochloric acid forms
chlorides ; and in the casc of the hydrtes the precipitates
formed are “hydrates.” Thus the white precipitate formed
when hydrochlorie acid is added to a solution of nitrate of
lead is ehloride of lead ; while that produced when sodium
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hydrate solution is added to a solution of ferric chloride is
ferric hydrate. In addition to the acids and alkalies there
are a large number of other substances useful as reagents.
These sometimes produee precipitates themselves or act
upon those produced by other substances. Sulphuretted
Lhydrogen is one of the most valuable of these. 1t is used
cither as a gas, and made to bubble through the liquid, or
it is dissolved in water and a little of the solution employed.
The reason why it is so useful is because many of the
sulphides which it forms possess characteristic cotours, and
others behave in a particular way when treated with certain
reagents.

The formation of a precipitate in any liquid is a proof
that that particular substance (that is, the precipitate) is
insoluble or nearly so in the lignid. But it does not follow
that the substance will not dissolve in other liquids. In
fact it is necessary frequently to confirm the deduction
drawn from the production of the precipitate in the first
place by trying how it will behave with some other re-
agent. Thus if T add a solution of calcium chloride to
one of ammonium carbonate, the white ppt. (used as an
abbreviation for precipitate) which I shall obtain will be
caleium carhonate ; hut if T were to conclude that whenever
I got a white ppt. with caleium ehloride it must be caleinm
carbonate, I should be very wrong, because calcium chloride
will form white ppts. with a great many substances. In

_order to make sure that the ppt. was the carbonate I must
add a drop or two of hydrochloric acid, when, if the solid
dissolves and gas is given off with effervescence, it is a
proof that the white ppt. was caleium carhonate.



CHAPTER VIL
SIMPLE QUALITATIVE TESTING.

In working through the foregoing chapters the student
must have been struck with the peculiar appearance of
some bodies, and with the way in which these or others
behave when cither heated or acted upon with acids or
other reagents. He will therefore be prepared to com-
mence qualitative analysis. This study has for its object
the discovery of the kind of the constituents of which a
substance is composed.  Now, as we have said, there are
only about seventy absolutely different kinds of matter;
these ave called elements ; and therefore qualitative analysis
is really the finding out how many and which of these
elements are present in a given substance. But the prob-
lem is made more difficult because the elements do not
simply mix together in the same way that sand and sugar
would mix, but they chemically combine with each other
and form substances in which the characteristic properties
of the clement itself are entirely altered. Thus, for
instanee, no one would be able to say from casual observa-
tion that ordinary table-salt contained the greenish-yellow
gas chlorine or the white metallie substance sodium. The
principle underlying the testing is, that cvery clement
possesses some properties which are possessed hy no other,
and that some of these properties arc capable of being
brought out, no matter with what other -elements it is
combined. Thus we find that the clement sodium has
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the power of giving a bright ycllow colour to an other-
wise colourless flame.  This colour is alike produced
whether the clement jtself is put in the flame or any one
of the innumerable compounds of sodium with other sub-
stances. If, theveforc, we hold a small quantity of an un-
known substance in a Bunsen flame, and it colours the
flame of the bright yellow eolour which we know is pro-
dueed by sodium, we conelude that the unknown substance
contains that clement. It is, however, very seldom that a
single experiment will cnable us to prove the presence or
absence of a substance ; in gencral we have to make a serics
of tests by which we gradually narrow the field and finally
reduce the elements to one.  For example, if we get a white
ppt. by adding hydrochloric acid to a colourless solution,
we know that we must have compounds of comparatively
few elements present.  Dut if we now take this white ppt.
and pour on it a little ammonium hydrate and it is turned
black, we are sure that we had present in the colourless
hqmd some compound of the element mercury.

It is of course evident that the (]lfﬁeulty of the prob-
lems depends upon the complexity of the substance to he
analysed, hecause not only are more tests necessary, but
very often the presence of one substance interferes with,
and sometimes entirely prevents, the characteristic tests
for another. In consequence of this, when we know that the
material which we are analysing is a “simple ” substance,
.e. consists of a single chemical compound and not
mixture of two or more, we can reduce the number of tests
which we must make in order to identify the body. Tt is,
however, most important that the prescribed tests should
be made in the proper order, beeause a test which is charae-
teristic of a  certain substance when a  certain other
substance is absent, is not necessarily so when that sub-
stance is present.

But in many cases it 1s not neccessary that we should
test for individual clements, for we frequently find that
groups of two or more enter into the composition of a large
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number of substances, and these groups can be tested for
as groups. Thus every sulphate contains the clements
sulphur and oxygen, and possesscs certain definite proper-
ties which are characteristic of sulphates as a class.  There-
fore if we test for a sulphate and find it, we know that
sulphur and oxygen are present and united in the same
proportion as they are in sulphurie acid.

In inorganic chemistry, by far the larger number of
substances which are met with are either acids, hases, or
salts. It is somewhat difficult to define these with absolute
accuracy, but for practical purposes we may say that an
acid is a body which reddens vegetable colours, has a sour
taste (when it has a taste at all), and is usually corrosive.
A Duse is a body which will when a liquid, or soluble in
water, turn vegetable colours blue, and will take away the
acid characteristics from an acid. Some Dbases have a
bitter taste. A salf will not affect vegetable colours (v.c.
it is neutral) ; when it has a taste it is somewhat metallic,
and it is formed when an acid and a base are brought to-
gether. Now it is found that acids and bases posscss
certain properties which hold good no matter how they
are combined. In fact it is almost ounly those properties
merntioned ahove which they lose when they form combina-
tions with cach other. Therefore we find that a salt has
the properties of both the acid and the base from which it
was formed. Tor example, nitrate of sodium shows the
tests for nitric acid as well as for sodium.  Thus in testing
inorganic substances it is usual to test for the bases and
then for the acids, and of course separate and distinet tests
have to be applied for each. When a “simple” substance
is heing examined, only one base and one acid can be
present.  (In some rare cases we may have two bases and
one acid.) We shall deal with simple substances only,
and, moreover, only with the more important acids and
bases. After working through this book, the student will
be able to take wp the study of qualitative and quantita-
tive analysis in some of the larger manuals.
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The most important acids arc sulphuric, hydrochlorie,
nitrie, carbonie, and hydrosulphuric.

The salts formed hy these heing known as sulphates,
chlorides, nitrates, carbonates, and sulphides.

The seleetion of the most Important bases i3 mwore
difficult, but we may consider sodium, potassinm, ammon-
ium, magnesium, caleinm, barium, zine, alnminiom, irow,
copper, lead, and silver as heing the most common.

We shall therefore study the prineipal tests for these
substances, and finally give a scheme of testing wherehy
they may be detected if present in an unknown substance
which is submitted to analysis. :

As a rule the analyst treats a solid substance in two
ways :—first, in the solid state, and sccondly, wlhen dis-
solved in some solvent. The former is spoken of as the
“Lxamination in the Dry Way,” and the latter as the
“Lxamination in the Wet Way.” Sometimes a dry-way
test 1s the most characteristic, sometimes a wet-way one.
It is always advisable to confirm your conclusion hy as
many tests as possible. The dry-way tests inelude the
action of heat upon the substance as deseribed in Chapter
IIL, as well as the effect of heating hefore the blow-pipe.
The wet-way tests consist in the addition of reagents as
mentioned in the last eliapter.  The substance directed to
be used for making the tests is in all cases one of the most
abundant materials which contain the particular base or
acid.

CraracterisTic TesTs For DAsEs.

Silver, — Componnd nsed :- - Silver Nitvate, AgNQ,
(“ Lunar Caustc”).

(1) Mix a little of the substance with carbonate of
sodinm, and heat in the blow-pipe flamue as directed in Fx-
periment 21. A white globule of silver will be obtained.
When cold remove the globule from the charcoal and
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hammer it on an anvil. It will flatten out and not crack,
showing that it is mallealle.

(2) Place one or two small crystals in a clean test-tube,
add a little distilled water (in chemical testing ordinary
water must never be used), and shalke until the crystals are
dissolved. Now add a drop or two of hydrochloric acid
(HCl. A cardy white ppt. will be produced. This is
gilver ehloride (AgCl).  Allow to settle, and pour off most
of the fluid. Now add ammonium hydrate. The ppt.
will dissolve, hecanse AgCl is soluble in NIT,HO. If now
nitric acid be added in sufficient quantity to more than
neutralise the ammonium hydrate, the white ppt. is re-
produced.

(The student should carefully think over what the
varions experiments which he makes teach lim. Thus
from the above he ought to learn that silver compounds
readily vield their metal when heated with a reducing
agent; that silver is a malleable metal; that AgNO, is
soluble in water; that HCI forms AgCl when added to a
solution of a silver compound ; that AgCl is white, insoluble
in water, hydrochloric acid, and nitric acid, but soluble in
ammonium hydrate.

Corresponding  lessons can be learnt from the other
tests.) )

Lead.— Compound used :
(““Sugar of I.cad”).

(3) Heated on charcoal with Na,CO, a globule is
obtained which is malleable, of a dull colour, and makes a
mark on paper when rubbed across it.

(4) Dissolve in water and add HCL. A white crystalline
ppt. is produced. Allow to settle, pour off most of the
fluid, then add a large quantity of water and warm.  The
lead chloride (i.e. the ppt.) will dissolve. Now allow to
cool; as the fluid cools, the ppt. will separate out again in
the form of small white crystals. This is because lead
chloride is much more soluble in hot water than in cold.

Lead Acetate, PbC,IH 0,
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Copper. —Compound  used:—Crystallised Copper Sul-
phate, CuSO,,5H,0 (* Blue Vitriol 7).

(3) Heated on charcoal with Na,CO,, a ved glohule of
metallic copper is obtained.

(6) To the solution in water add a little HC1; no change
exeept a slight alteration of colowr is produced. Now bubble
through the Hquid a little sulphuretted hydrogen ; a black
ppt. will be formed.

(7) To the solution add one drop of ammonium hydrate ;
a light blue ppt. will be produced. Now add more
NH, HO the ppt. will dissolve and a dwp blue fluid will
be formed.  Seo Chapter VL.

Iron.—

Note.—Iron is one of those elements which form two
distinet classes of compounds; one class containing more
iron compared to the other substances combined with it,
than the other. The compounds containing the larger
proportion of iron arc called “ferrous” compounds.  They
are usually casily converted into the other class called
“ferric,” by exposure to the air, or by being acted upon
by some substance containing a large quantity of oxygen
which it will readily part with, such as nitric acid.  Ferrie
compounds are generally red or reddish brown ; ferrous are
green or white.

Compounds used :—(1) Ferrous Sulphate, FeSO,,711,0
(*“Green Vitriol *).  (2) Ferric Chloride, Ie,Cl;

(8) All iron compounds, whether ferrous or ferrie, when
licated on charcoal in the oxidising flame, leave a reddish-
brown mass of ferrie oxide, e, 0,

(9) A solution of a ferrous compound gives a white or
nearly white ppt. with ammonium hydrate, rapidly turning
green.

(10) A solution of a ferric compound gives a reddish-
brown ppt. with ammonium hydrate.

(11) To convert ferrous compounds into ferrie, take a
small quantity of solution of ferrous sulphate, add two or
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three drops of strong nitric acid, and warm gently. The
solution will become brown, and a reddish-brown gas will
be evolved.  Allow to cool, and now add NH HO until a
ppt. is obtained.  This ppt. will he reddish brown, showing
that the iron has been converted into the ferrie state Ly the
nitric acid.

Aluminium. —Compound used :—Alum, AL3S0,K 80,
24H,0.

(12) When heated in the outer blow-pipe fiame, alu-
minium compounds leave a white residue of ALO, If
this be moisteged with a solution of cobalt mtmtu and
again heated, it becomes of a fine blue colour.

(13) If ammonium hydrate be added to a solution of
an aluminium compound, a gelatinous white ppt. of alu-
minium hydrate is produced.  This ppt. 1s soluble in
sodinm hydrate.

Zine.—Compound used :—Zine Sulphate, ZnS0,7H,0
(“ White Vitriol ).

(14) Zinc compounds when heated in the outer blow-
pipe flame yield a mass which is wellow whilst hot, but
becomes white on cooling. If this be moistened with soln-
tion of Co(NO,), and again heated, the mass hecomes
green.

(15) Solutions of zine salts give no ppt. with NH,HO,
but if H,S he passed through thc solution, after the (Ldlh-
tion of the NH IO, a w hlte pps. of ZnS is produced. The
same ppt. is fonned if ammonium sulphide is added to
the solution.

Barium.—Compound nsed :—Barium Chloride, BaCl,.

(16) If a clean platinum wire be dipped into a listle
HCY, then into a barinm compouud, and then held in the
colourless Bunsen flame, the flame will be coloured yellowish
green.

(Platinum wire is called clean when, if it is made red-
hot in the Bunsen, it imparts no colour to the flame. It
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is cleansed by repcatedly dipping it in strong HCl and
heating 1t 1n the flame, and continuing this until the above
is attained.)

(17) Solutions of harium compounds give a white ppt.

1

~with sulphuric acid, which is insoluble in HCL

Calcium. —Compound used :—Caleinm Clloride, CaCl,.

(13) Calcinm compounds colour the flame yellowish red
when heated on platinum wire.

(19) Solutions of caleium compounds give a white ppt.
with solution of ammonium carbonate.

Magnesium.—Compound used :—>Magnesium Sulphate,
MgS0,7H,0 (“Epsom salts ).

(20) When heated on charcoal in the blow-pipe flame,
magnesium compounds leave a white mass.  Moistened
with solution of Co(NQO;), and again heated, this becomes
pink.

(21) The wet-way test for Mg is performed as follows :—
Add a small quantity of a solution of ammonium chloride
and ammonium hydrate and then solution of sodium
phosphate ; a white crystalline ppt. will be produced. If
the solution is very dilute this ppt. may not form at once;
it will, however, after standing, especially with shaking
and stirring.

Ammonium.—Compound used :—Ammonium Chloride,
NH,Cl (“Sal-ammoniac ™).

(22) Heated in a clean dry test-tube all ammonium
compounds volatilise. Many condense again on the cold
part of the tube.

(23) Place a little of the substance in a test-tube, add
a small quantity of a strong solution of sodium hydrate,
and warm. Ammonia will be given off, and can be casily
recognised by its odour and also by its twning a small
piece of moistened red litmus paper blue.

Potassium.—Compound used ;— Potassium  Chloride,
KCL
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(24) The most distinctive test for potassium is to heat
a little of the substance on a clean platinum wire in the
Bunsen flame. A peeuliar pale lavender tint is giveu to it.
If this flame Is viewed through blue glass it appears red.
By this means potassium can be detected in presence of
sodinm ; for the power of sodinm to colowr the flame is so
intense that when it is present the colour due to the
potassium cannot be scen.  But the blue glass prevents the
yellow colour of the sodium flame being seen, and simply
alters the appearance of the potassium flame to red.

(25) The tests for potassium when in solution are not
very good.  One of the best is to add to a sfrong solution
of the substance, which should be neutral, a strong solution
of tartaric acid. A white ppt. is produced. Both solutions
should De cold, and the formation of the ppt. is promoted
by shaking and allowing to stand.

Sodium. — Compound used :—Sodium Chloride, Na(l
(“ Common Salt”).

(26) Sodium compounds, as already stated, colour the
flame an intense yellow. Sodivm compounds are so pre
valent that a yellow colour is almost always obtained when
a substance is held in the flame. Even the yellow tint
which a Bunsen flame possesses is due to the prescnee of
sodium compounds in the dust, ete.,, in the air. The
student must therefore remember that when he is testing
an actual sodium compound he must get the flame infensely
© yellow,

(27) Since all sodium compounds are soluble in water
there is practically no test for sodium in the wet way.

CHARACTERISTIC TESTS FOR ACIDS.
~ Sulphuric Acid.—Compound used :—Sodium Sulphate,
Na,S0,.
(28) Sulphuric acid and sulphates are always tested for
by adding to a solution a little hydrochloric acid and then
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a solution of Dharinm chloride. A white ppt. of barium
sulphate will be produced.  This substanee is insoluble in
all acids whether hot or cold, and hence its formation is a
widely applicable test for sulphuric acid or sulphates.

Hydrochloric Acid. — Componnd  used : — Sodium
Chloride, Nat'l

(29) thondes give a white curdy ppt. with a little
nitric acid and solntion of silver nitrate.  The ppt. is in-
soluble even on hoiling in nitric acid, but is readily soluble
in ammonium hydrate.

Nitric Acid. — Compound used :— Dotassic  Nitrate,
KNO,.

(30) Most mnitrates when heated in the dry state in a
test-tube give off “nitrous™ fumes (reddish-brown fumes
with a dlmL”luedO]C odour of strong nitric acid). Those
which do not do this may he made to do so by adding oune
or two drops of strong &ulphmxc acid Defore heatm"

(31) To a solution of a nitrate in a test- tubc which
must be quite cold, add a clean crystal of ferrous sulphute
and shake. Now hold the tube in an inclined position and
pour down it very slowly a little strong 11,80,. 1f properly
done, this will form a layer at the bottom of thc tube. At
the mee of contact between the acid and the ligmd above,
a brown colour will he formed. The prineciple underlying
this test is that the FH,80, decomposes the nitrate forming
nitric oxide as one of the products. This dissolves in the
ferrons sulphate solution, forming a brown-coloured coni-
pound.

Carbonates. —Compownd used :—Sodinm  Carbonate,
Na,CO,.

(3") All carbonates cither in the solid state or in solu-
tion give off carbon dioxide, when an acid (hydrochlorie) is
added to them. This may be known by its producing a
turbidity with lime-water (p. 22).

Sulphides.—Compound used :—Ferrous Sulphide, Fels,
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(33) Most sulphides are insoluble in water. The test
for a sulphide is to add an acid, when sulphuretted hydrogen
is given off (sometimes with effervescence like CO,), which
may be recognised by its smell, and also hy its turning
black a piece of filter-paper which has heen moistened with
"a solution of lead acctate. Some sulphides are only de-
composed by boiling with the acid,

EXAMINATION OF AN UNKNOWN SDIPLE SUBSTANCE.

The student has now to use the knowledge he has
acquired in working through the foregoing tests to discover
the nature of a substance whose composition is unknown
to him. In doing this he must make use of every observa-
tion he can. If it is a liquid, he must note its colour. If
a solid, its colour ; its state, whether crystalline or amor-
phous; whether soluble in water or in acids; and any
other property which shows itself. In regard to solubility,
the body should be first tried with water ; then with dilute
HCL; then with strong, hot HCL; then with HNO, dilute
and strong ; and finally with aqua regia (v mixture of HC1
and HNO,). In beginning analysis it is well to deal only
with substances which are soluble in water or in dilute
acid.

The solution of the substance in water, or the given
liquid, should always be tested with litmus paper to discover
whether acid, alkaline, or neutral. In this connection it
must be remembered that some salts give acid amd some
alkaline solutions when dissolved in water. Therefore it
must not be concluded if the solution is acid or alkaline
that therefore no base or acid need he tested for.

The tests mnust be performed in proper order, and after
cach test a note of the result entered in the note-book.
The Dbest way to do this is by employing three parallcl
columns—oune for the experiment, one for the ohservation,
and the third for the inference (i.e. what the substance is).

If a Hquid is being examined and it is shown to be acid

B
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by the litmus test, it may be only an acid. Tu order to
prove this, some of it should be placed in a small evapor-
ating dish and evaporated to dryness. If no residuc re-
mains, the substance was an acid and no base need be tested
for. If a vesidue is found, the substance is an acid salt.
The residue should be taken and examined in the same
way as a solid.

An alkali or a base would he shown by the absence of
every acid and Dby the solution in water being strongly
alkaline.

LxawNaTIoN 1N THE Dry Wav,

Eaperiment 1.—11cat the substance in a clean dry test-

tube. .
Observation, Inference.t
(@) Substance becomes liquid . . Rasily fusible salt
(b)y N, is evolved . . . . Ammonium compounds
(¢) Nitrous fumes are evolved., . Nitrates
(Y A white sublimate is formed . Ammonium compounds
(2) A pellow sublbmate s formed . Suiphides

Experiment 2.——Heat the substance on charcoal bhefore
the blow-pipe.

Observation. Inference.
(a) Substance detlagrates . . Nitrates
(0) White, infusible residue remains . Compounds of Mg,

Ca, Ba, Zn, Al
4] g
(¢) Moisten tlhis residue (¥) with solu- ‘;1;]‘}6 I]‘)’l“‘““ : ‘\&‘l"
i CCWN ) ink nrass . Mg
tion of Co{NQ;), and heat again Ciroen nss . 7
() Residue eoloured :—
Bluck . . . . . . Cu compounds
Red brown . . . . . Te
Yellow whilst hot, w/iite on cooling.  Zn
Yellow red, possibly with some nie-
tallie globules . Db

.

i3l

ER}

1 It must be remembered that the inferences stated liere ave only for
compounds of those metals and acids whose tests ave given above.  For
other substances these iuferences would still e true, hut others would
have to be added,
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Observation, Inference.
(e) Substance melts and runs into charcoal  Salts of alkalies
and Al
(7) Substance forms white fumes . . Am compounds
(9) If the white residue glows strongly
when heated by the blow-pipe. . Ca compounds
Experiment 3.—Tleat substance on charcoal with Na,CO,

in the reducing flame of the blow-pipe.

Observation. Tuference.
Metallic globules are obtained . . Ag, Th, or Cu
compounds

(1) White n\d malleable . . . Ag
(2) Duldl eqlour, soft and mark< paper Pb
(3) Red colour, . . .

Experiment L.—Moisten a clean Pt wire with IICl, dip
it in the powdercd substance and hent in the colourless
Bunsen flame.

Observation. Inference.
(«) Flame an intense yellow . . . Na compounds
(h) Yellowish red . . . . . Ca '
() Yellowish green . . . . Ba '
() Green . . . Cu ve

(¢) Pale lavender or ]1'r 1t \w]( f, which

appears red when viewed through

blue glass . . K 'y
(fy Full fav ender, more intense {han ey Pb

Erperiment 5.—1Ieat in borax bead in the oxidising
flame of blow-pipe.

Observation. Inference.
Jead is yellow when very hot, becoming
green and then blue when cold . . Cu compounds

ExayiNiTioN IN tHE Wit Way.

The mode of proceeding in order to obtain a solution has
already been explained.  In order to sce if anything has
dissolved, evaporate a portion to dryness in a small peree-
lain dish. If no residue remains, noue has dissolved.
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When treating with acid, be careful to note any evolu-
" tion of gas.

Eoperiment 1.—To o little of the cold solution add
HCL; a white ppt. will indicate the presence of Ag or Ph
compounds.

Allow the ppt. to settle, pour off as wuch of the fluid
as possible, add water and warm. If the ppt. dissolves
and reprecipitates on cooling, lead is the element present.
If 1t does not dissolve, add ammonium hydrate ; this will
dissolve the silver chlovide at once.

Ezperiment 2.—1If HCL has failed to produce a ppt.,
attach a elean tube to the H,S apparatusy(see p. 70), and
hubble the gas through the solution. Be careful to pass
the gas slowly, but to pass enough. A black ppt. will be
formed if copper compounds are present.

If lead compounds are present, a black ppt. is frequently
obtained with H,S due to the formation of I'bS. The
reason of this is, because chloride of lead, which is formed
when H(] is added to the solution, is slightly soluble, and
therefore the whole of the lead will nat he thrown out of
solution. In case of difficulty in deciding whether the
ppt. is dne to copper or to lead, filter it off, and dissolve
it in a httle ditute HNO,, and then add an oxcess of
NH,HO ; a blue colour will indicate Cu, a white ppt. Pb.

Erperiment 3.—If neither HCT nor H,S produces a ppt.,
take « little of the original solution and add a few drops
of strong HNO, and warm ; then add ammoninm chlovide,
and finally N1, HO, until the fluid smells of ammonia.
A white ppt. will he formed if Al compounds are present,
and a red-brown ppt. if Te. Both these elements wowld
have been found in the dry way.

Faperiment 4. —I1f ammonium hydrate has failed to pro-
duce a ppt.,, pass S through the ammoniacal solution.
If a white ppt. is produced, zinc is the element present.

Earperiment 5.—To the solution to which NHHO was
added and H,S passed without any result, add solution of
ammonium carbonate. If a white ppt. is produced, calcium
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or barium compounds are present.  Filter the mixture and
collect the ppt. on a filter-paper. Pour over it a little
dilute acetic acid ; it will readily dissolve. To the solution
thus formed add a solution of potassium bichromate ; a
light yellow ppt. will he formed if Da is present.

If Ba is not present, to the acetic acid solution add
solution of ammonia oxalate and NHHO; a white ppt.
will show the presence of caleivm.

Frperiment 6.~—If no ppts. have heen formed with
NH,HO, NH,HS (formed when the H,S is passed through
the NH,HO), or (NH,),CO,, add a solution of sodium
phosphate to theteold Hquid.  Shake well and allow to stand.
A white ppt. will show the presence of Mg compounds.

Eaxperiment 7.—The only clements now left to be tested
for are ammonium, potassium, and sodium. There are no
good wet tests for these. The colour given to the flame
is relied on to prove the presence of sodium. Potassium
is also tested for by the flame; its presence may be con-
firmed by the tartaric acid test, and also by adding a
little HCL and solution of platinie chloride, and evaporat-
ing slightly, when luge vellow crystals of the double
chloride of platinum and potassium will be formed. This
test is made more definite by adding a little methylated
spirit before evaporating.

Ammoninm compounds are tested for by heating the
solid substance with a little NaH{O when NH, 1s given off.

The acid is tested for as follows :—

Curbonic (carbonates). — Carbon dioxide is given off
when the substance is brought into coutact with an acid.
The gas does not smell, but makes lime-water milky.

Hydrosulphuric (sulpbides).—Place a little of the sub-
stance in a test-tube, add HCl and warm if there is no
action when cold. H,S will be expelled and can be casily
recognised.

Sulphuric (sulphates).— To the solution add o little
11C), and then solation of barium chloride ; a white ppt.
will be produced if a sulphate is present.
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Hydrochloric (chlorides).—To the solution add o little
dilute nitric acid and then silver nitrate solution. A
white curdy ppt. will be formed if chlorides are present.

Nitrie (nitrates).—The dry-way test for nitvates is a
very good one.  The wet-way one is described on p. 48
When testing simple substances, it is well to remember
that all nitrates are soluble in water ; hence if a substanee
is insoluble in that Hquid, nitrates need not be tested for.

If the foregoing tests are faithfully carried out, very
little difficulty will be found in determining qualitatively
the composition of any simple salt. The way in which
the work is entercd in the note-book is infportant, and an
illustration may therefore not be out of place.

ANALYSIS OF SIMPLE SUBSTANCE.

Appearance.— A white powder.  Minute fragments,
crystalline, therefore probably formed by crushing larger
crystals.

Favmination in the Dry 1ay.

1. Heated in a dry . Moisture  was @ Water of crystallisa-

tube | evolved, and sub- tion and fusible

[ stance fused salt.
2. Heated alone on Substance fused and [ Runuing into the
charcoal then ran into the | charcoal  would
charcoal.  lidges ! indicate an al-
of the flame were ) kaline salt. The
tinged green ]L green flame

cither Cu or Ba.
Mixture fused and  Absence of Ph, Cu,

ran 1uto charcoal.

3. Heated in redue-

ing ‘ﬂ:ll]le with

4. H‘vute‘d : on Pt

No globules
[lame tinged yel-

o

wire moistencd
with 1HCl ‘

Heated in borax | B
bead ,

lowish grecu. The
green colour did
not disappear un-
til after prolonged
heating

cad colourless

and Ay,

Ba or Cu com-
pounds.  Prob-
ably bariuni.

|

. Absence of Cu.
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Lramination in the TFet Way.

Solubility.—The substance was found to dissolve in
water, forming a colourless solution. Solution was neutral
to litinus paper.

1. Added HC1 to | No effcet Absence of b and

solution ‘ Ay,

2. Passed H,S  Xo effect . . | Absence of Cu and
through solution | boP.

8. To original solu- | No ppt. produced . | Absence of Fe and
tion added HNO,, Al
then NIICY and
then NHHO vin |
excess |

4. Through solution * No ppt. . . . | Abscnce of Zn,

from (3) passed 11,9
5. To same solution A white ppt. was

added (N¥L,),CO, produced \
6. The ppt. from (5) + A yellow ppt. was | Presence of Ba,

was liltered off, produced

washed and dis-

solved in acetic

acid, and solution J

Presence of Caor Ba.

of potassium Li-
chromate added

Leamination fur -cid,

—

. To alittle of the | No gas evolved . Absence of carbon-
substance a little ‘ ates and - sul-
HCl was  added | phides.

and then warmed

2. Added dilute ' A white ppt. was ' DPresence of chilorides.
HNOG, «nd AgNG, « formed.  Solubile !
solution I in NHHO \
Result.—DBase found . . . . DBarium.
Acid found . . . . Iydrochlorie.

Note.—The student should carefully think over all his
results for future use.  For instance :—7The formation of
BaS0, is used as a test for 11,80, therefore it is insoluble
in water. It would therefore have heen useless to test
this substance for H, SO, becausec we have found it
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to be soluble in water. Also BaCO; was ppted. when
(NH),CO, was added to the solution, therefore our sub-
stance cannot he BaCO,, for that would have been insoluble
n water.

Also barium sulphide would not be a white crystalline
substance. Henee we need only test for hydrochloric and
nitric acids,

Thinking over the experiments in this way not only
saves a large amount of time, but makes analysis an excel-
lent subject for training the mind.



CHAPTER VIIL

PREPARATION AND PROPERTIES OF SOME COMMON GASES.
N ‘
Maxy of the elementary substances of common occurrence
are gases, and as these play a very important part in
chemical work of all kinds, it is necessary to study them
more fully.

The most abundant substance in the world is oxygen,
but as hydrogen is used as the unit for atomic weights
as well as of valency, we will begin with that clement.

Hydrogen.— This clement is an essential constituent
of all acids, which have sometimes been called hydrogen
salts. Itisvery easily
preparcd by replacing
it in an acid by some
metal.  This can be
done by many metals
and with many acids ;
but the most con-
venient mietals  are
zine and iron, and
the most convenient
acid sulphuric or
hydrochloxie. The
apparatus  used  is
shown in the sketeh, Fig. 10.  The flask A, of about 500
c.c. capacity, is fitted with an india-rubber bung with two

.
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holes.  Through one hole passes the thistle-headed funnel,
and through the other the delivery tube to convey the gas
to the pneumatic trough B. The “bee-hive” C is wholly
immersed in water, and has onc hole at the side through
which the delivery tube passes, and another at the top to
allow the gas to ascend into the cylinder. A small quantity
of scrap or granulated zinc is placed in A along with some
water. The cork is now put in, and a little sulphuric acid
poured in through the funnel. Carc must he taken that
this latter dips below the liquid. The action commences °
almost at once. Allow the first portions of gas to escape,
then put the end of the delivery tube unfer the bee-hive
and collect the gas. 'When the eylinder is full, slip a glass
cover which has becn rubbed with o little grease under the
end and remove it.  Fill three cylinders.

DPropertics.—Take one cylinder and show that the
hydrogen burns but will not support the burning of a
taper, by putting a light to the end when it is open mouth
downwards, then while the flame is still burning at the
month, pass the taper wp into the gas; it will be iinmedi-
ately extinguished. With the other two eylinders show
the lightness of the gas compared to air. Hold one
cylinder open mouth downwards, and the other mouth
upwards.  Simnltancously remove the covers, and keep
them off for 11 minutes, then replace them. Now try the
two by a light. No hydrogen will be found in the one which
was open mouth upwards, but the other one will be nearly
full.  Thus the hydrogen has gone up through the air and
not down. (See also Experiment 19.)

The chemical change which has taken place may be
represented by the following equation :—

H,80, + Zn =ZnS0, + I,

Hydrochloric acid may be substituted for sulphuric in
the above, and small scrap iron or iron filings for the
zine.  When the latter is used the gas has a disagreeable
odour. This is caused by impuritics, compounds of
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carbon and hydrogen, contained in the iron. Hydrogen
is odourless.

There arec many other ways in which hydrogen can he
made. It can he obtained from potassium or sodium
hydrates by Doiling them with zine, but perhaps most
important is its manufacture from water.  Almost all
metals will decompose water at some temperature or other;

T1a. 11,

some, like sodivm (see Expt. 17), decompose it at the
ordinary temperature, but some require heat.  Hydrogen
is sometimes made on the large scale for filling balloons, by
passing steam over red-hot 1ron.

Oxygen.—This gas exists so largely in the air that it
would be thought that it might he easily prepared from
that source. It was from the air that Priestley first made
it, and it is now made from it on the commercial scale, but
not by the same process, But in the laboratory oxygen
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is almost always made from potassic chlorate. The
apparatus is shown in Fig. 11. Into the hard glass flask
A s placed a mixture of ahout equal parts of the chlorate
and black oxide of manganese, both in powder. The mixture
is heated by the Argand burner and the gas collected over
water in the pnenmatic trough.

It has been shown in Expt. 14 that potassium chlorate
when heated alone will give off oxygen, but it is found
that when mixed with the manganese dioxide it parts with

Fra. 12

its oxygen at a much lower temperature than when heated
alonc. 'The manganese dioxide is found unchanged at the
end of the experiment, but the exact manner in which it
acts is not well understood. However, practically, we find
that when the dioxide is present we can get off the gas
with the heat of an Argand burner, whereas without we
have to use a Bunsen. On the first application of the heat
the gas comes off very slowly, but after a time the mass
inside the flask is seen to glow and the gas comes off with
tumultuous violence. When this occurs the burner should
be removed.
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Oxygen can also be made by heating mercuric oxide
or barium peroxide (as well as many other substances) to
a red heat (I'ig. 12). As these bodies can he made hy
exposing heated mercury in the one case and heated barie
oxide in the other, to the air, these are methods for ob-
taining the gas from the air.

There are many other ways for making oxygen.

Properties.— Oxygen will cause a glowing mateh to
burst into flame. DBodies that burn in air will burn with
increased brilliancy in oxygen. This is casily shown by
burning phosphorns and sulphur in eylinders of the gas, as
in Expt. 11 («), Also bodies which do not readily burn
in air will burn in oxygen. Thus, tie a piece of steel
watch-spring to the end of a deflagrating spoon by means
of a piecce of thin iron wire. Warm the extreme end of
the spring and dip it into sulphur. Now light the sulphur,
and while it is burning plunge the spoon into the oxygen.
The heat of the burning sulphur will heat the iron so that
it will burn with brilliant scintillations. The cylinder in
which this is done should have about an inch of water at
the bottom. In these cases of combination with oxygen,
oxides are the bodies formed. Thus in the threc cases
above we have phosphorus pentoxide (P,0.), sulphur
dioxide (80,), and triferric tetroxide (Fe,0,) formed. On
coming into contact with water many of these oxides form
acids. Thus, add a little water to the cylinders in which
the phosphorus and sulphur were burnt, and shake, then test
with litmus and 1t will be found that the liquids are acid ;
. phosphoric and sulphurous acids have been formed. Noticing
this, Lavoisier gave its present name (“acid-producer ”) to
the gas. But acids are not formed when every substance
burns in oxygen. Thus in the case of the iron an oxide
insoluble in water is produced.

Oxygen combines with hydrogen with explosive violence.
Take an ordinary soda-water bottle and onc-third fill it
with oxygen at the pnewmatic trough. Then fill completely
by passing in hydrogen. Now cork under water and
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remove.  Wrap a cloth round the bottle, and then apply a
light to the mouth. A\ vielent explosion will oceur, show-
ing that combination has taken place.  Steam will usnally
be seen on the sides of the hottle after the experiment.

Chlorine.—This gas is madeeitherbyacting on manganese
dioxide with hydrochloric acid or by acting on a mixture
of salt and manganese dioxide with sulphuric acid.  The
same apparatus may be used in hoth eases. It is the same
as that nsed for making oxvgen (Fig. 11), preferably using
a little larger flask.  Put the dioxide in first and then pour
in the strong HCI in gnantity a little more than sufficient
to form a thin paste. Mix the two substafices thoroughly,
and apply a very gentle heat.  The chemical change may
be represented thus —

MuO, + +HCT = MaCl, + 21,0 + C1,.

Chiorine is somewhat soluble in cold water, and therefore,
by collecting in the way described, o loss of gas occurs.
This may be largely avoided by employing warm water, or
by collecting the gas by ¢ downward ” displacement, because
it is a very heavy gas, being about 2} times as heavy as
air (for sketeh of apparatus see Fig. 13).  All experiments
with Cl should he done in the “stink cupboard.”

Properties.—Its colour is greenish yellow (hence its
name). Its odour will probably have been observed while
making it; if not, it may be cautionsly smelt. It is very
irritating and even dangerous swhen inhaled in large
quantity.

Place a Hghted taper in the gas ; it will continue to hury,
but with a very smoky flame and the production of white
clouds; hold a piece of litmus paper in the clonds, they
will be found to be acid.  The hydrogen of the taper has
combined with the chlorine to form HCI, and the carbon
has been set free. Thus C1 has o more powerful attraction
for hydrogen than it has for caabon.  The same fact may
be shown in a more striking mauner by moistening a piece
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»f paper with turpentine and quickly plunging it into a
ar of chlorine; the heat of the combination of the
wydrogen and chlorine will be suflicicnt to ignite the
saper.  Compare Experiment 10 (¢).

Chlorine has a very powerful aflinity for metals. This
nay be shown by crushing some antimony in a mortar,
hen quickly removing the cover of a eylinder of the gas
wd pouring the powdered metal in.  The combination
vill be so vigorous that flame will be produced.

Cl also has a powerful affinity for other clements; sce
Ixperiment 11 (I). DMoist chlorine will bleach vegetable
oolours.  Into o, jar of the gas place a piece of moistencd
rag which has been dyed with indigo or magenta or some
uch colour.  Allow to
emain for a few minutes,
vhen the colour will he
lischarged.

Hydrochloric Acid.—
Thisacidis a gas, and can
e formed by the direct
:ombination of Cl and H.
avert  a  cylinder of
:hlorine over a cylinder
f hydrogen.  Remove
e cireles and mix the
rases by  twrning  the
-ylinders upside  down
o or three times.  Now
wpply a light to  the
nouths.  The guses will
ombine with a slight explosion.  The gas is generally
nade by acting upon salt with sulphuic acdd.  The
ipparatus s shown in Iig. 13. It is better to fuse the
alt. This is done by putting about 500 grms. (about half
v pound) of ordinary salt into a fire-clay crucible and
1cating until completely melted, either in a furnace or in
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the middle of a clear coal fire.  When quite liquid, ponr
the contents ont on to a cold stone. When cold, break
up into small pieces, and put into the stock-hottle.
About 20 grms. of this is put in the flask and about
100 c.c. of dilute sulphwie acid (1 of acid to 1 of
water) added. Gentle heat is now applied and the gas
collected by downward displacement, because it is too
soluble in water to collect over that liquid. It is, how-
ever, almost impossible to avoid getting air mixed with
gases that are collected by displacement ; if vequived free
from air, this gas, as well as many others, can be collected
over mereury.  The chemical change is

NaCl + H,S0, = NaHSO, + HCL

Properties.—HCl is very soluble in water. Allow the
gas to pass into a cylinder for a long time so as to fill it
as much as possible, put on the cover and invert under
water, remove the cover ; the water will ascend and nearly
fill the cylinder. Now pour a little neutral litmus solutian
into some of this water; it will be tmmed ved, showing
that the solution is acid. The Hquid, which is known
commercially as pure hydrochloric acid, is the strongest
solution of the gas in water (ahout 33 per eent of HCI)
which is commercially profitable to make. 1 volume of
water at 0° C. will absorb about 500 volumes of HCL

A taper will not brun in a jar filled with HCL neither
will the gas burn in air.

HCI fumes very strongly when it comes into contact
with air, This is caused by the agueous vapour which is
present in the air. With this vapour the gaseous HCI
. combines, forming minute drops of solution of HCL  These
minute drops form the cloud or fumes.

Nitrogen. —This gas is prepared by abstracting the
oxygen from air.  Up to the last fow years the gas remain-
ing after this was done was supposed to be nitrogen only ;
but it has now been shown that another gas, Argon, is also
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present, but only in small amount (about one per cent):
The propertics of argon are, however, so much like those
of nitrogen that we can study the properties of the remain-
ing gas and assume them to he the properties of nitrogen.

The apparatus is shown in Fig. 14, A small picce of
phosphorus is ignited ov the Hoat A, and while it is burn-
ing a dry eylinder is inverted
over it in such a way that T
the air is confined in it hy
the surface of the water.
The phosphorus continues to
burn inside, gradually com-
bining with the whole of
the oxygen and forming
phosphorus pentoxide, which
dissolves in the water, leav-
ing nitrogen.

The float may be made
by taking a cork of about 3
em. diameter and 1 to 2 em.
deep, making a small hole in the top, and tying on by
means of small hinding wire the cover of a poreelain
crucible.  The ring on the top of the cover enables this to
be easily done. The float must easily pass into the
eylinder, and a small piece of lead must be tied on to
the bottom so as to make it float upright and make it sink
when full of water.  When the phosphorus has ceased
to burn, a slight jerk will fill the eover with water and
make it sink, and thus cnable the cvlinder to be re-
moved.

Nitrogen can be made in other ways free from argon
and pure. Amongst these the casiest are by heating
ammonium nitrite (or ammonium chloride and potassium
nitrite), and by passing chlorine through a strong solution
of ammonia.

Properties.—The properties of nitrogen that are capable
of simple proof are negative. It will not support the

F
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burning of a taper, nor will it burn. It has no odour, no
taste, no colour. It is practically insoluble in water, and
is of very nearly the same weight as air.

Oxides of Nitrogen.—Although nitrogen possesses no
active chemical properties it forms no less than five oxides
with oxygen. Some of these are formed when electric
sparks are sent through air. To show this, pass sparks
from an induoction coil through dry air contained in an
ordinary flask. After a little time the air will acquire a
brownish-red tint owing to the formation of some of these.
The following experlments will sufhcwut]y illustrate the
properties of the most important.

Nitrogen Monoxide or Nitrous Oxide.—Into the flask
of the apparatus shown in Fig. 11 place about 10 grms.
of ammonium nitrate. Heat gently with an Argand
until the salt melts and then Dboils. The gas is readily
evolved and may be collected over water.

NH,HO = N,0 + 211,0.

Properties.—1t is colonrless and odourless, but has a
sweet taste. It will not burn, but a glowing match will
he rekindled when plunged into it. This is just like
oxygen, and the experiments mentioned under Oxygen
may be repeated with nearly the same results. There Is
one point of difference, which serves to distinguish it from
oxygen. It will be found that feebly burning sulphur is ex-
tinguished, but that when strongly burning it continues to
burn more brilliantly than in air. This is explained by
supposing that before combination with oxygen caun take
place the N,O must be decomposed; the feebly burning
sulphur is not hot enough to do this, and hence it goes out.
When hodies burn in N ;0 they 0111\' combine \\1th the
oxygen ; the nitrogen is left hehind.

Nitrogen Dioxide or Nitric Oxide.—This oxide is made

by the action of dilute nitric acid npon copper. The same )
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apparatus is used as was employed in making hydrogen,
Fig. 10. Into the flask is put some copper turnings or
small copper wire; water is then added in suflicient
quantity to eover the twrnings as well as to close the end
of the thistle funnel ; then pour in about an equal guantity
of strong nitric acid. Red fumes risc in the flask and the
gas is produced.  Collect over water in the usual way. The
chemical change is :—

3Cu + SHNO, = 3Cu(NO,), + 4H,0 + 2NO,

Towards the end of the reaction some N,O is also produced.

]’roparzfies.—hl() is a colourless gas, but when it is
brought into contact with oxygen red vapours of nitric
peroxide NO, are formed. The red fumes first formed in
the flask were caused by the NO and the O in the air
combining and forming this substance, which, however,
dissolves in the water through which the gases pass to get
to the cylinder.

Bodies will burn in nitric oxide, but they must be very
altractive for oxygen and
at o high temperature.
Thus a glowing match
will not rekindle,
sulphur will only hurn
with great difficulty,
and feebly Durning
phosphorus  is  ex-
tinguished.  Nitrogen
1s left when bodies
burn in NO.

The remaining ox-
ides of nitrogen arc of
less importance, and
are too difficult to
make for elementary
students,

Nitric Acid.—The manufacture of this acid may be
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1
illustrated by making a small quantity in the apparatus
shown in Fig. 15. Put in the rvetort about 30 grms. of
potassic nitrate (KNO,) and 25 c.c. of strong 1,30,
Apply a gentle heat by means of the Argand, and keep the
flask into which the acid condenses cool by wrapping it
round with a damp cloth or piece of blotting-paper. An
almost colomrless but intensely actd liquid will colleet in
the receiver, Note that the acid fumes slightly in contact
with the air, and that it has a disagreeable odour like that
of nitric peroxide.

Nitric acid is a very powerful oxidising agent. This
may be shown by pouring a little of the strong acid upon
a little dry and hot
sawdust contained in
a dish; the sawdust
will ignite. Nitrates
are  also  oxidising
agents, for the de-
flagration caused
when a nitrate s
heated  Defore the
blowpipe on charcoal
(sec Chap. V.) is due
to the oxidising of
some of the charcoal
by the oxygen of the
salt.

Ammonia. — This
gus 1s very soluble
in water and cannot

Fia. 10, therefore be collected

in the usual way. It

is also lighter than air and must therefore he collected by -
“upward displacement.” The apparatus is shown in Iig. 16.
The principle of the process for making the gas is that
any ammouium compound when hcated with a stronger
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alkali gives off ammonia. Into the flask is put a mixture
of about 20 grms. of ammonium chloride and 15 of lime.
Gently heat, and by cautiously smelling the end of the
eylinder tell when it is full.  The reaction in this case 1s :—

ONH,C1 = (0 = 2NH, + CaCl, + H,0.

Propertics.—1Its odour 1s characteristic.  Colourless.
Place a lighted taper in a jar; it will not burn, nor will it
allow the taper to burn (N1I, wil}, however, burn in air if
made hot Dbefore being ignited). Fill a jar as full as
possible with the gas, and quickly invert it under water ;
the water will ascend and fill the jar. Test the water
with litmus ; it will be found to be alkaline.

Sulphur Dioxide or Sulphurous Anhydride.—The
action of heat upon sulphur has alrcady been deseribed, as
well as the burning of it in oxygen. In the latter case, as
well as in the former, if any air be present sulphur dioxide
is formed. On the Luge scale the gas is made either by
burning sulphur in air or by roasting sulphides. For
laboratory purposes, however, neither of these methods is
practicable. In this case it is made by heating copper with
strong sulphuric acid.  The apparatus emploved is shown
in Fig. 13.  Iuto the flask is put copper turnings or small
pieces of thin sheet copper or copper wire, and sulphuric
aeid is poured in.  The heat iust be applied very carefully,
as there is great danger of the flask cracking unless this is
done. The gas is collected by downward displacement, as
it is much heavier than air and very soluble in water.

Cu + 2H,80, = CuS0, + 2H,0 + 80,

Properties.—Sulplur dioxide is a colourless gas. To
show this, the cylinders must be allowed to stand for some
time after they have been filled as described.

It is very soluble in water. Open a well-filled cylinder
mnder water and allow it to stand for a short time; the
water will gradeally rise and almost fill it.  Test the fluid ;



70 EXPEPLIMENTAL WORK IN CHEMISTRY.»

it will be found to be acid.  Sulphurous acid (H,S0,) has
been formed.

Sulphur dioxide will bleach vegetahle colours. To
show this, suspend some red rose leaves which have been
moistened with very dilate H,SO, in a jar of the gas.
The colour will slowly disappear from the leaves, and they
will become whitish yellow.

Sulphuretted Hydrogen.—As already stated, this sub-
stance 1s one of the most useful reagents for qualitative
analysis.

It may be made in the same apparaths as is used for
the making of hydrogen. Instead of the metal which is
acted upon by the dilute H,80, or HCL we should use
small Jumps of ferrous sulphide. The gas is somewhat
soluble in water, but it may be collected at the pneumatic
trough 1u the ordinary way, if the water is warmed. The
chemieal change is:— ‘

Fes + 1,80, = FeSO, + 11,S.

But such a method of preparation would be unsuitable for
laboratory work, wheve
small quantities are re-
quired immediately and
at irregular intervals. To
nicet such demands vari-
ous plans and apparatus
have heen designed. One
of the oldest and best of
these is that of Kipp,
shown in YTig. 17. The
upper bulb A has a long
stem which reaches al-
most to the bottom of the
Fre. 17 lower bulb €. This stem

passes loosely through the

contraction between bulbs C and B, but fits tightly into B.

v
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It is essential that this joint, as well as the stopper at D
and the stop-cock, should fit so perfectly that no escape of
gas occurs even under a considerable pressure. Ferrous
sulphide in lumps is put into B, through the opening
at D. These lumps must be of such a size that they will
not pass through the space at E. D is now closed, and
a mixture of one part of HCl to one of water is poured
in through F. This acid runs down into the lower bulb
and rises in it, compressing by so doing the air in bulbs
B and C. On opening the stop-cock this air is allowed
to escape, and the acid rises and comes into contact
with the sulplide. Immediately this occurs H,S is
evolved. If now the stop-cock be turned off, the gas
evolved, having no place to escape, forces the acid back out
of contact with the sulphide and up the stem of bull A.
The action thus ceases, but a supply of H,S, under slight
pressure, is ready for nse when required.  As the IS
which fills bulb B is used up the pressure is removed, and
the acid again comes into contact with the FeS, evolving
more gas.

Whenever sulphurctted hydrogen is prepared by acting
upon ferrous sulphide it always contains some hydrogen.
This is Dbecause the sulphide itself is impure and contains
iron. If the gas is required pure, it may be made by
acting upon antimony sulphide with hot and strong HCL

This could be donein a similar apparatus to that used
for making SO,, collecting the gas over hot water instead
of by displacement.

Sh,S, + 611C1 = 281,CL, + 3,8,

DProperties.—Sulphuvetted hydrogen is colourless. Its
offensive odour will soon make itself evident to those
who make it. It burns with a pale blue flame. If the
supply of air (i.e. oxygen) is abundant, as, for example,
when it is bunt at the end of a tube, the products of
combustion arc water (of course in the gaseous form)and
sulphur dioxide ; but if the supply of air is limited, as, for
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example, when the light is applied to the end of a cylinder
and the combustion e‘(tcndS down 1t to the bottom, then
the hydrogen takes the oxygen, and the sulphur is de-
posited in the solid state. The two chemical changes
are :—

(1) 2
(2) 2

H,S 1s somewhat soluble in water. To show this,
bubble a little of the gas throngh some water. The fluid
will smell strongly of the gas after. The solution will be
found to be acid to litmus. »

Chlorine decomposes H,S, combining with the hydro-
gen and setting free the sulphur. To show this, bring
a cylinder of Cl and one of H,S together. I'umes of HCI
will be produced and sulphur will be deposited upon the
sides of the cylinders.

Sulphuretted hydrogen causes precipitates with many
metallic solutions.  This has heen sufficiently illustrated in
the chapter dealing with analysis, and need not therefore
be repeated.

LS+ 30, = 2H,0 + 280,
S+0, =2H,0+8,

Carbon Dioxide or Carbonic Anhydride.—This gas is
almost always made in the laboratory by the action of
hydrochloric acid upon marble. The apparatus is the same
as that used for making hydrogen. Marble is put in the
flask in small pieces, and water and hydrochlorie acid
poured in through the funnel. The gas is collected over
water, as its slight solubility in that liquid is of no im-
portance in this econnection. Sometimes carbon dioxide is
required in quantity like H,S. In this case it is prepared
in a Kipp's apparatus in exactly the same way as that gas,
using lumps of marble instead of ferrous sulphide. The
chemical change is :—

CaCO, + 2HCl = (aCl, + H,0 + CO,.

Properties.—Carbon dioxide is colourless and odourless.

t
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It will not burn and will extinguish a lighted taper if
plunged into the gas. It isabout 14 times us heavy as air,
and thercforc may De poured from one cylinder into
another just in the same way that water can. To show
this, put the lighted taper into a cylinder full of air; it will
burn. Now put it into a cylinder of CO, and it will not.
Take the latter cylinder, remove the cover, and pour the
gas, as if it were water, into the former. Now test again.
The CO, will be found to have left onc cylinder and gone
into the other.

Carbon dioxide is slightly aolub]e in water. To prove
this, take some®distilled water, boil it for a few minutes,
and then allow to stand until quite cold.  Now pass CO,
through it slowly for five minutes, and again allow to stand.
Then warm (not boil) some in a large test-tube ; bubbles
of gas will be observed to form on the sides of the tube
after the heating has gone on for a few minutes. Carbon
dioxide produces a milkiness with lime-water. DPass a few
bubbles through a little clear lime-water placed in a small
beaker. A white ppt. of calcium carbonate will be formed.
This will take some time to settle down, and until it does
so the fluid remains milky. The ppt. thus formed will re-
dissolve if more CO, be passed in. To show this, a long-
continued passing of the gas is necessary, but when this is
done the fluid will become quite clear. The calcium
carbonate is, however, only held in solution as long as the
CO, is present. Anything that gets rid of or takes up
the CO, will cause the ppt. to reform. To show this,
tale a little of the clear solution and hoil it. The CO2
will be expelled and a white ppt. will be formed.

Pass CO, through a neutral solution of litmus and note
the change of colour produced.

Carbon Monoxide. —This gas is made for experi-
mental purposes in the laboratory in two ways. First,
by heating oxalic acid with strong sulphuric acid and
passing the mixed gases thus produced through a strong
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solution of caustic soda or through milk of lime. The
apparatus is sketched in Fig. 18,

Into A is put about 10 grms. of oxalic acid and
enough strong H,80, to cover it.  Heat is now applied,
when the oxalic acid is decomposed, and equal volumes of
CO, and CO arc evolved. The CO, is removed by the
soda or millk of lime in the wash-bottle B, and the CO is

collected at the pncumatic trough over water. DBy this
method, unless great care is taken to cvolve the gas slowly
aud to have a series of wash-bottles, the monoxide will
always contain some dioxide. Pure monoxide can be
obtained by heating a mixture of powdered potassium
ferrocyanide and strong sulphuric acid.  These substances
arc mixed in a flask, Leat applied, and the gas collected
over water.  The apparatus being the same as that used in
preparing oxygen (sce Fig. 11), cxeept that a hard glass
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ﬂask‘r need not be used. The chemical changes which oceur
in the two processes arce :—

(1) 1,00, =110 + 0, + CO.

The H,0 is retained by the strong acid, and the CO, by
the s_ubstance in the wash-bottle.

(") K JFeC N, + 611,80, + 61,0 =2K,80, + eSO,
+ 3(\H4) SO, + 6CO.

Properties.—Carbon monoxide is a colourless gas. It
burns with a dlue flune, forming CO, It will not
suppor't the combustion of a taper. This is shown by
lighting the gas at the mouth of a cylinder and quickly
plunging the burning taper down into the cylinder below
the flarme. It will be extinguished.

Carbon monoxide has no action npon lime-water. To
show this, some of the gas preparcd by the second method
given above must be employed. Pour a little clear lime-
water into a cylinder which is filled with the gas, and
shake. No change will be observed. Now set fire to the
gas at the mouth of the cylinder, allow it to burn, and
then shake up the lime-water; it will now turn milky,
showing that O, has been formed.



HAPTER IX.
DETERMINATION OF THE BOILING POINT.

In our work hitherto we have dealt with exper: ‘ments
which took account of the kind of substance enterin g into
the change and the Lind produced. We have 1 iow to
consider, in addition, the quantity of the materia Is used
and products produced So closely, however, is ch' emistry
rclated to physics, and so definite are some of the physical
constants of chemical substances, that in many caTes these
physical constants arc the Ieadlest means w¢ 2 have of
deciding between two substances which ha‘]',e chemical
characters that arc very similar.  Some of thes s¢ determina-
tions require elaborate apparatus and accurate> instruments
as well as a long experience in similar worlk. // The descrip-
tion of such are bevond the scope of an elesmentary work.

But there are two of these constants tha t are of more
general application than the others, and whicl .1 are moreover
capable of fairly accurate estimation with ntwdemte care.

These are the hoiling point of liquids an(l_ the melting
point of solids. The me'wurament of both of “these mvolve
the use of the thermometer—an instrument for measuring
the degree of heat to which a substance is ¢ Sxposed, and
whose use is 1ndlspensable to every pract: Sieal chemist.

Thermometers are of various kinds, (wcord] ng to the uses

to which they are put; but the chemicall thermonleter is

one in which the liquid is mercury, whose bulb is of some-

what less diameter than the tube, and is cylindrical in
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shape, and in which the degrees are etched upon the glass.
In ordinary work there are threec thermometric scales in
usc—the Fahrenheit, freezing point 327, hoiling point
2127; the Centigrade, freezing point 0°; boiling point 100°;
and the Réaumur, freezing point 07, boiling point 80"
But in chemical work now almost universally the Centi-
grade only is cmployed. In some old writings, thermo-
metric degrees may Dbe stated in Fahrenheit. If so, and it
be required to-convert into Centigrade, all that is necessary
is to subtract 32 from the number of degrees, and to
multiply the remainder by 5 and divide by 9.

Thermometesg can be purchased at alnost any price,
but it is well to remember that an accurate and thoroughly
reliable instrument requires good materials and highly
skilled labour, and is therefore worth a good price ; cheap
goods ecannot he expected to be thoroughly accurate.
When very good work has to he done, it is well to employ
a thermometer which shows a small range of temperature,
but which has large open degrees. Such instruments
should always be read with a telescope, because the heat
of the body when near during reading is quite sufficient to
alter the tempcrature one or two degrees.

It is extremely difficult sometimes to be quite sure that
a certain liquid is pure. To decide this, the determination
of the boiling point is of the utmost importance. It is
found that pure liquids boil at one definite temperature,
whereas mixtures have a varying point. For example,
pure alcohol will hoil at 78° whereas a mixture of equal
parts of aleohol and water will commence to boil at 83°
and will gradually rise, until at last it will be necessary to
heat it to nearly 100° C. before it will boil. It is therefore
evident that if a liquid has a definite boiling point it is
very strong evidence of its purity.

The boiling point of a liguid varies greatly with the
pressure under which it is heated. For instance, hy
reducing the pressure, water can be made to Dboil at
temperatures much below 100° C., whereas by inereasing it
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it may Dbe heated far above without boiling, Both these
processes are adopted commorcially.  When a liquid boils
and is transformed into vapour, it has to occupy a greater
Iull, and therefore has to force back the pressure of the
air upon its surface.  The greater the pressure the greater
the heat necessary in order to convert the liquid into the
gas. lence we may define the boiling point of a substance
as thut point of temperature at which the pressure or clustic force
of ifs wapour is equal fo the pressure it supports. Hence in
all boiling-point determinations it is necessary to note
the height of the barometer at the time of making the
observation.
The apparatus emploved is shown in Fig. 19. The
distilling flask A containing
| the liquid has a somewhat long
‘ 1 neck and side-way tube. The
thermcometer isfixed inthrough
the cork, and is so placed that
its bulb is not in the liquid
but some little distance above
the surface, but so that the
whole of the stem up to the
point to which the mercury
rises shall he wholly immersed
in the vapour.  Sometimes
this cannot be done, becanse
the boiling point is so high
that some portion of the ther-
mometer stem will be outside
the cork. In this case it is
best to repeat the experiment
with another thermometerwith
a smaller range, so that the
heated thread of mereury can
all be below the cork.  But
this again is not always practicable; in such a case it ig
usual to tic on another thermometer to the side of the
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first, so that the bulh of this second one shall be about
midway between the bottom of the cork and the top
of the mercry. The temperature of this second thermo-
meter gives the mean temperature to which the column of
mercury outside the vapour is subjected.  Then an addition
must be made to the reading of the first thermometer,
which is found thus. Let N bhe the number of degrees of
the first thermometer above the under side of the cork, f,
the temperature at which the mercury stands in it, and #,
the temperature of the second thermometer. Theu the
addition to be added on is given by the formula

*ON(f, - 1) x *000155.

When this is done the temperature obtained gives the true
boiling point.

While making the experinent it is usual to fit the side-
way tube into a condenser or other vessel to receive the
vapour which is expelled from the flusk and condense it.
This is simply done to avoid loss of material.  An error
may occur here unless care be taken to allow the tube to
fit looscly into the condensing flask, so that there may be
1o increasc of pressure upon the vapour. By employing a
condenser freely open to the air, or a flask whose neck is
much wider than the tube, there is no danger of this, and
the pressure under which the boiling ocewrs is that of the
outer air.

The following liquids are convenient ones to give for
testing their boiling poiuts :—Absolute Alcohol ; Acetic
Acid; Carbon Tetrachloride ; Acetone; Benzene; Aniline;
Tither (attach side-tube to a Lichig’s condenser and pass
well-cooled water through) ; Ethyl Acetate; Amyl Aleohol;
Formic Acid.

Note.—As a rale, the purer the substance the sharper
the point of temperatuve at which it hoils,



CHAPTER X
DETERMINATION OF THE MELTING POINT.

THE boiling point of a liquid is one of the most valuable
indications of its purity ; in like manner, the melting point
of a solid affords a reliable indication of the same fact.
The melting point is, like the hoiling point, affected by
pressurc, but not to the same extent, and it is therefore not
generally necessary to take account of the barometer when
making an experiment.

There are several wethods in use which differ slightly
from each other. The commonest is probably that em-
ploying eapillary tubes. A sketch of the apparatus em-
ployed is shown in Fig. 20. Small pieces of #hin quill
tubing arc drawn out to a fine point. For example, the
following sizes are appropriate :—length, 4 cm.; diameter,
5 mm. at one end, and drawn out at the other to 2 mm.
The smaller end is either sealed or open. Some ex-
perimenters prefer them onc way and some another; but
it must be remembered that a difference is made in the
results according to the method employed, and when an
open tube is used it is found that the depth below the
surface of the fluid in which the tubes are heated makes
a difference.  This is easily accounted for by remembering
that the greater the depth the greater the upward pressure
upon the material inside the tube; hence it will rise
quicker in one casc than in the other.

A small quantity of the substance is introduced into the
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little tubes, either by ordinary means or by melting o little
in a small crucible and inverting the mouth of the tube
under the swrface and gently expelling the air by passing
the flame over the closed end.  On cooling, the Heuid will
rise in the capillary tube and there solidify.  The tubes are
now tied around the hulb of the thermometer, with a little
wire or cotton as shown in the sketch. The thermometer

@_____

and tubes are then placed in the liquid in the heaker.
This is either water, strong sulphurie acid, or melted
paraflin wax, according to the temperature at which the
substance melts and whether acted on by the acid or water.
A substance with low melting point would be immersed
in water. The liquid is carefully heated and constantly
stirred, and the point of temperature at which it becomes
liquid noted.  In the case of an open tube the temperature
1s taken, when the substance is released from contaet with
G
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the sides of the tube and rises in the fluid.  As stated
above, it will be found that a slight difference is given by
the two methods.

Sometimes after melting a solid so as to get it into the
tube, and then taking the melting point at once, very
ahnormal results are obtained.  This
is probably due to the substance not
having resumed its normal condition
after the first melting.  This error may
be avoided by allowing some time to
clapse between the filling of the tube
and the taking of thy melting point.
Another method is as follows:—The
apparatus (Fig. 21) consists of a heaker
A filled to the brim with water ; inside
this and separated from it on all sides
is a smaller one B.  This smaller one
is partly filled with mercury € in which
is placed the thermometer. A stirrer
I is used to keep the water in the
large heaker of uniform temperature.
A cardhoard or other disc covers the
smaller beaker while the operation is in
progress. The large heaker rests on a

—— sand-bath G, which is carefully heated by

a Bunsen or other burner.  When the

melting point to be determined is under 30° it is Letter to

replace the sand-bath by an evaporating dish containing

water. For temperatures between 100° and 200° the
larger heaker is filled with paraffin wax.

The process is conducted as follows. The material
whose melting point is to be tiken is placed on three or
four small picces of ferrotype plate or other thin metallic
sheet, or on the cover-glasses which are used for microscope
slides. If ferrotype slips are used, care must be taken to
remove the varnish in order that good metallic contact
may be had with the mercary. The slips with the sub-

—

/
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stance on them are now placed on the surface of the

mercury and the heat applied until the substance melts.
The solidifying point is obtained by raising the temper-
ature above the melting point and allowing the beaker to
cool, noting the thermometer when the first solidification
takes place. The following precautions are necessary :—
(1) The temperature must be made to rise very slowly.
(2) The liquid in the outer beaker must be frequently
stirred.  (3) Not less than 2'5 cm. in depth of mercury
must cover the inuer heaker. (4) Sufficicut volume of
water must be allowed between the two beakers. The
minimum distances to give good results are 25 em.
laterally and 4 em. at the bottom. (5) The inner beaker
must be immersed o sufticient depth in the water. This
point is of great importance, the least distance between top
of mercury and top of water being 7 cm.; a greater
distance, however, is to be preferred. (6) The whole
apparatus should be protected from draughts. (7) The
_dise should be kept on the smaller beaker during the
determination.}

It will e noticed that this method affords a means of
taking the solidifying as well as the melting points.
Theoretically these ought to be the same, but they differ
slightly in some cases.

In commerce the substance whose melting point is most
frequently taken is probhably paraffin wax, or, as it is
frequently called, *paraffin scale”” In testing this, two
plans are in common use—the “Iinglish test” and the
“ American test.” In the former the wax is placed in a
test-tube of about 18 mm. diameter and melted. A
thermometer is now put in and the tube and contents
allowed to cool slowly in the air, being stirred by the
thermometer during the process. The temperature will
gradually fall, but presently a point will be reached when
the thermomecter remains stationary for a short time.
This is taken as the melting point.

1 B. H. Cook, Pruceedings Chem, Soc. No. 177.
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In the American test the substance is melted in a round
dish of about 9'5 ¢m. in diameter, and a thermometer with a
round bulb 12'5 mm. in diameter placed in the middle of
the flifid, in such a way that three-fourths of the bulb is
immersed. The fluid is now allowed to cool in the air, and
the temperature is taken when a thin film covers the
surface.

It will be noticed that in both these commercial tests it
is really the solidifying points that are determined. The
American test may be as much as 21° to 37 Fahrenheit
higher than the English.

The following substances may be giversfor determining
the melting points:—One or two uniform samples of
Paraffin Wax; Ortho-mono-nitro-phenol; Chloral Hydrate;
Urea; Iodoform ; Pieriec Acid; Mono-chloracetic Acid;
Naphthaline ; Diphenyl-amine ; Camplor.

Note.—In this casc, as in that of the boiling points, pure
substances give sharper readings than impure.



CHAPTER XIL

SEPARATI(}N OF TWO LIQUIDS BY FRACTIONAL
DISTILLATION.

IN the foregoing we have seen how it is possible by filtra-
tion to separate a liquid from a solid which is mixed with
it, and in some cases when two liquids which are placed
together do not mix it is quite easy to scparate them by
decantation. But there remains the most common case of
two liguids which mix with each other in all proportions,
but which in many cases exert no chemical action upon
each other. In this case a method Lkuown as “fractional
distillation 7 is resorted to. The principle underlying the
process is to take advantage of the difference of the boiling
points which will probably exist between the two. If no
such difference does eoxist, or if the difference is very
small, the separation cannot be effected in this way, and is
indeed very hard to bring about.

When a mixture of two liquids of different boiling
points is heated it will begin to boil at some temperature
near to the lower boiling point and some fluid will distil
over. 'Then the temperature will gradually rise, more and
more liquid distilling, until the upper point is reached,
when the whole of the liguid will distil. Now suppose we
had collected the distillate in several separate vessels, then
we should have divided it into “{ractions,” hence the term
applied to the process. The division into fractions is not
done with regard to any idea of the guantity of liquid dis-
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tilled, but is regulated by the rise in temperature. For in-
stance, we might collect our fractions every®10° or so. Thus
our first fraction, let us suppose, shall consist of all the
liquid which distils over while the thermometer is rising
from 80° to 90°; the second while it rises from 90° to
100° ; the third while it rises from 100° to 110°; and so
on. The quantities of these various fractions will genecrally
be very different. Thus in a case mentioned by Perkin and
Kipping in their Organic Chemastry the following numbers
were obtained. The mixture consisted of 50 c.c. of benzene
(b.p. 81°) and 50 c.c. of xylenc (b.p. 140°). It was found
to begin to boil at 87° and the thermometer gradually rose
up to 140°.  The receiver was changed five times and the
following fractions were obtained :— :

®7°-1007 100°-1107 110°-1207 120°-1307 130°-140°
33 cc. 16 c.c. 85 c.e. 8 c.c 33 c.c.

Tt will be noticed that the amounts of the first and last
are larger than the others. This is hecause the temper-
atures at which they are collected are very near the boiling
points of the constituents. This is always found to be the
case. 'The next step is to take these respective fractions
and to vepeat the process, thus successively “fractionating.”
In this way we shall ultimately get the pure constituents.

The apparatus emploved differs somewhat in different
laboratories. The simplest is to fit an ordinary distilling
flask such as is used in determining the boiling point (sce
Fig. 19) to a Lichig’s- condenser and distilling. The only
objection to this apparatus is that when it is used the
fractionation has to be repeated several times in order to
obtain a pure substance. Several attempts have been made
to rveduce the number of operations necessary. The
principle upon which these work is to give the mixed
vapours as they are boiled from the liguid a longer journey
before they enter the condenser. In this way the portion
of higher boiling point has a better opportunity of con-
densing and falling back into the flask. Thus the fractions
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which are collected near to the respective boiling points
are much larger, The simplest improvement of this kind
is the still-head suggested by Wurtz, which is shown fitted
to the flask in Fig. 22, and which nceds no further
description.  Two examples of more elaborate picees
of apparatus are shown at A and B, They are called
“deflegmators.” The first, A, is due to Henninger, and

consists of a succession of budbs with side-way tubes for
the eondensed vapour to run down into the flask, The
second, B, has been recently introdnced by Young and
Thomas (Chemn. News, Ixxi. 177). Tt consists of a long glass
tube about 120 cm. long, which has heen constricted at
several places along it. On each of these constrictions rests
a small piece of platinum gauze, and through the platinum
gauze a small piece of glass tube bent into the shape shown
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passes. The gauze becomes covered with liquid which runs
down the tubes back into the flask. At the end of the
operation the liguid in the tubes is forced back into the
flask by blowing through the side-way tube.

The following mixtures may be given for practice in
separating two liquids by fractional distillation. (1) Com-
mercial “50 per cent ” benzene. (2) Commercial “ 90 per
cent ” benzene. (Aote.—These are mixtures of benzene
and varying quantities of toluene aund xylene,) (3)
Reetificd spirit (34 per cent by weight of alcohol), or Proof
spirit (49-24 per cent by weight of alcohol).



CHAPTER XII

DETERMINATION OF THE AMOUNT OI' OXIDE FORMED
FROM A GIVEN MEIAL.

OxE of the simplest kinds of chemical change which is
capable of quantitative determination is that in which a
metal is converted into an oxide by combination with
oxygen. DBut it is only a very few metals which will
combine with oxygen directly, in a sufliciently short space
of time, to allow of experiments being made with them in
the time available in a class. Practically, magnesium is
the only one whieh can thus be used. In other cases we
have to form the oxide in an indirect manncr; viz. by
first making the nitrate and then heating that salt, when
the oxide will be formed.

The experiments require the use of the halance. But
it is not mnecessary to have a very delicate and costly
instrument when commencing work.  One capable of
weighing to half o centigramme is sufficiently delicate,
and with a set of weights ranging from 50 grammes to
1 milligramme ought to cost about thirty-two shillings.

The student must bhe instructed in the proper use of
the instrument and given a few articles to weigh hefore
he begius to experiment.  On no account should a student
move a balance from its position or attempt to readjust it.
All such alterations should be done by the demonstrator,

The operation of oxidising the wmetal is accomplished
in a small porcelain crucible which is fitted with a loosely
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fitting cover.  These are made quite clean and dry, and
then carefully weighed. A small gnantity of the metal is
now put into the crucible and
the whole again weighed ;
the difference between the
two weighings gives the
weight of metal taken.  The
crucible 1s now supported on
a tobacco-pipe triangle which
is placed on a tripod or a
ring of a retort stand.
(Tobacco-pipe triangles arc
very useful for supporting
Fie. 23, crucibles or other articles
‘that have to be strongly
heated.  Deing made of a non-conducting material the
articles are not so liable to crack Dby the heat.  They
are made by cutting a piece of tobacco pipe into threc
equal lengths, and threading through each a piece of
copper wire about two or three inches longer than the
picee of pipe, then twisting by means of the pliers the
ends of the wires tightly round each other. In this way
the pipes will Dbe drawn together and form a triangle,
while the twisted ends of the wires will project from each
angle.)

If wo are dealing with magnesium we put on the cover
of the crucible and gently heat with a Bunsen.  The heat-
ing must be done earefully at first, but at the end the
bottom of the crucible must be made red-hot. If we arve
dealing with other metals than magnesium we add to the
metal about 1 c.c. of strong nitrie acid.  This must be
done very cavefully so as to avoid spurting. A brisk
action ensues and reddish-hrown fumes are evolved. When
all action has ceased, heat is very carefully applicd.  When
the contents are quite dry, the mass should be probed with
a clean steel knife-blade to see if any metal remains un-
attacked ; if it does, a little more nitric acid must be
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added and the process repeated. When it is thoroughly
converted into the nitrate the heat must be 1aised to
redness. After about fifteen or twenty minutes’ heating,
the crucible and contents are allowed to cool and weighed.
After this it is heated to redness for five minutes and again
cooled and weighed.  If it has not altered in weight during
the last heating, the experiment is finished and the weight
of oxide formed is found by subtracting the weight of the
crucible from the weight of the crucible and oxide
together.

The metals which can be miost readily converted into
oxides are magndsium, tin, zine, ecopper, and iron. Brass
can also be used.

In all cases except that of magnesium it is hetter to
act with nitric acid first. The metals should e as pure
as possible and in small picces. Magnesium and iron in
wire, which must be cleaned hefore weighing ; tin and zinc
granulated, and copper and brass in the form of clean
turnings or filings. As a rule about 02 gramme of the
metal is a suitable quantity to employ, buat it is better not
to trouble to get exactly this amount.

In every ease at least two determinations should De
made with cach metal, and the results obtained ought to
agree within 2 per cent.

As some guide to the student to know when he has
made a good experiment it may be mentioned that the
final products in the cases of magnestum, tin, and zine are
white ; and in that of copper, black; and of iron, red.
With brass the colour varies very slightly according to
the composition of the alloy, being of varying degrees of
blackncss.

The following example will show the amount of accuracy
which may be expected by proceeding in the way described,
and also the method of entering the results in the pupil’s
note-book,
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ForMaTION OF OXIDE FROM METAL.
(Write a short description of the process.)

Eaxperiment 1.—Metal taken, tin.

Weight of crucible and cover alone . . . 7-89 grms.
Weight of crucible and cover and tin . . . 814
Weight of metal taken . . . 025 grm.
Weight of crucible, cover, and oxide . . . 8+205 grms.
Weight of erucible and cover alone . - 7890 ,,
Weight of oxide formed . . 0315 grm.

Therefore 0-315 gramme of oxide of tin contains 025
gramme of tin.  Thus 100 grammes of oxide of tin
contain 7936 grammes of tin and 20'64 grammes of
oxygen.

Then follows a second experiment with the same
metal.

Oue or two words as to the conclusions to be drawn
from the experiments mentioned in this chapter may help
the student. In the first place he must remember that
they afford no absolute proof that he forms oxides at all.
In order to prove this he would cither have to make the
experiments by heating in oxygen alone (synthesis) or he
would have to take the substances and obtain oxygen
from them (analysis). DBoth these would he very ditficult of
accomplishment with the metals mentioned ; hut Priestley
discovered oxygen by first exposing hot mercury for a long
time to the air and then colleeting the red powder formed
in this way and heating it more strongly, when it was
broken up into mercury and a colourless gas which proved
to be oxygen.

If, then, the experiments do not prove the formation of
oxides, and that these oxides contain so much metal and
so much oxygen, what do they prove? They prove this:
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that by treating certain metals in this way some compound
of those metals is formed, and that this compound always con-
tains the same amount of the metal united to the same amount
of the other constiluent or constituents, 'This is the Law of
Definate Proportions.



CHAPTER XIIL

DETERMINATION OF THE LOSS ON THE IGNITION OF A
SUBSTANCE. a

IN an earlier chapter it has been shown that the effect of
heat upon a large mumnber of bodies is so characteristic as
to serve to identify them when mixed with others. We .
have now to study some of the same cxperiments but from
the gquantitative side.

In the preceding chapter we have seen that the effect
of heating a metal in the air is gencrally to produce an
oxide, i.e. a more complex substance from a less com-
plex; but the general effect of heat is just the opposite
to this. As a rule, the cffect of heating substances is to
reduce them to bodies of less complex constitution. Thus
potassic chlorate, a molecule containing fine atoms, is
broken up into potassic chloride, whose molecule is supposed
to contain two atoms, and oxygen.

The loss which a substance undergoes when strongly
heated of course implies that there is something left
which suffers no loss on further heating. That is, it is a -
“fixed” residue. Thus the great majority of organic
compounds, which either volatilise or are first converted
by heat into earbon, which afterwards burns away, are
inadmissible for these experiments. Ammonium compounds
also cannot be used because of their volatility.

It should here be mentioned that “ignition” means
heating strongly, i.e. to a bright red heat. But it must
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be remembered that many compounds lose a definite pro-
portion of their weiglit, which means that they undergo a
definite decomposition, when heated to varying degrees of
temperature.  Thus erystallised copper sulphate loses
about 29 per cent of its weight when heated to 110° C,,
and about 7-2 per cent additional when heated to 220° b.
In such cases care must be taken to regulate the tempera-
ture, but in igniting the hody this care is not required.

The apparatus used in this kind of experiment is similar
to that employed in the formation of oxide, viz. a crucible ;
and the mode of weighing, etc., is the same as deseribed in
the last chapters the reheating after the first weighing
being never neglected. There are, however, some modi-
fications which arc sometimes necessary in consequence of
the nature of the substance. Some salts when heated
have a tendency to “dcecrepitate,” 7.e. to break up into
smaller fragments with a erackling noise. This is frequently
done so \'1010nt1v as to projeet some of the material from
the crucible. This may be prevented by heating very
slowly, and kecping the crucible closcly covered.  DBut in
such cases the heating can be done in a hard glass tube,
which is held in a ncarly horizontal position and which is
treated exactly like the erucible in regard to weighing,

Great care should always be taken in the first applica-
tion of the heat, and in most cases this is best done hy
first using the Argand burner as the source of heat.
The capability of turning down the flame c¢nables the
very smallest degrec of heat to he applied.  After heating
with a crradual]y increasing Argand flame, the process is
continued to redness by the Lunscn.

Sometimes the substances which are available for these
experlments contain a shght amount of momtule, n no
way chemically combined, but present as an impurity. In
such eases it is well to get rid of this before weighing
the salt. This may he done by putting the materials in-
side a water-oven and drying for about half an hour. Of
course if the substance undergoes a decomposition at the
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temperature of the oven (approximately 100”’(‘.), this is
inadmissible. '

It is not necessary for tne teacher when giving the
student the substance to experiment with to tell him what
it is.  But after the pereentage loss is ohtained it will be
found advantageous to tell him, and expluin the change or
changes which are supposed to have occurred. The reason
of this is, that it is importaut to impress on the student
that he is making the reaction for himseclf, and that his
work is an additional proof of its truth.

The following ave the substances which may be used,
duplicate experiments being always made g—Yotassic Chlor-
ate; Magnesium Carbonate; Zine Carbonate; Copper
Sulphate (crvstallised); Lead Nitrate; Copper Nitrate;
Calcium Sulphate (gypsum); Alum; Borax; Microcosmic
Salt.

From 5 to 2 grms. i a suitable amount to experiment
with.

The following is an example of the mode of stating the

)

experiment :(—

Weight of crucible and cover alone . . . . 7789 grms.
Weight of crucible and cover, plus substance | . 852
Weight of substance taken . . . 063 grm.
Weight of crucible, cover, and residue . . . 827 grus.
Weight of crucible and cover 789,
Weight of residuc . 0-38 grm.

J

Therefore 063 grm. gives 033 grm. of residue.
Therefore loss on heating, 025 grm.  Thus percentage
loss on heating = 3814,

The substance taken was Potassium Chlorate.



CHAPTER XIV.

DETERMINATION OF THE LOSS OF WEIGHT ON
, DISSOLVING IX ACIDS. ‘

WHEXEVER a gas is produced by the action of an acid upon
a stbstance, and that gas comes out of the apparatus and
mixes with the air, a loss of weight occurs.  This loss of
course represents the weight of the gas produced hy the
chemical change.  There are numerouns cases in which gases
are formed by chemical changes.  Some of the commonest
are the solution of car-
bonates of some metals, of [
sulphites and of sulphides.
To accurately determine
the loss of weight in every
case would involve great
care and the taking of
numerous precautions. But
in some instances simple
apparatus will suffice to
obtain approximate re-
sults. Many teachers will
probably prefer to devise
their own apparatus, and Fia, 24,
if not, there arc numerons
forms made and sold hy the scientific instrument malers,
more especially suited for the determination of the amount
of carbon dioxide liberated from a carbonate when it is
H
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attacked by an acid. A very simple plan, which however
works well, is that shown in Fig. 24

A s a small flask of about 100 c.c. capacity fitted with
a side-way tube which is hent at right angles at about 4
em. from the flasle; the vertical portion is about 7 em. long,
and passes through the cork of a small test-tube B of
about 1] cm. dinmeter and 5% cin. long. A small tube D
also passes through this cork. The small test-tube is
about two-thirds filled with strong H,50, The flask A
is closed by a cork through which a small tube passes
nearly down to the bottom. € is o small glass capsule
about 2 em. long (the bottom end of a test-tube), to which
is fused a thin platinum wire. The corks must fit tightly,
and that of A must he somewhat soft, so that when the
glass capsule is inside the flask and the wire passes out at
the side of the cork there shall be no eseape of gas.

The experiment is conducted as follows :—The cork of
the flask with the tube passing through it, and the wire
wound round it as in the figure, is removed, and enough
dilute HCT (1 of acid to 3 of water) to cover the bottom
of the flask to a depth of about 2 c¢m. is poured in. The
strong H,S0, is put in B, care being taken to pour it in
so that none shall be left on the sides of the tube to come
in contact with the cork when it is put in. The cork of
the flask is now replaced and the whole weighed, the
capsule resting against the outside of the flask.

The substance to be tested, in a powder if a salt, or
small particles if a metal, is now put into the capsule (of
course this must have been quite clean and dry). The
apparatus is again weighed, and the former weight sub-
tracted from this. The difference gives the weight of
substance taken. The cork of A is again removed and
the capsule lowered into the flask until it is about two-
thirds covercd by the acid. The cork heing replaced,
grips the wire awd keeps the capsule in this position.
The next step is to gently shake the flask, when a little
acid comes into contact with the substance and action

K
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ensues. The gas liberated will first force air ont of A,
through the acid in B, and will then bubble through itself.
The strong H,80, has a very powerful attraction for water,
and the gas in passing through it will be robbed of any
moisture which it has earried over from the dilute acid
in A.

Thus the loss in weight will be only due to the eseape
_of the dry gas. Shake the flask from time to time so as
to bring more and more of the substance in contact with
the HCl, and when it has all been acted on, warm the
fluid in A for a short time so as to make the action com-
plete.  Allow toxool, and when at the ordinary tempera-
ture, suck the end of D. In this way air will be drawn in
through the open end of the tnube in A and replace the
gas with which it has become filled. If a carbonate is
being experimented with, and CO2 is the gas evolved, the
point when all has been sucked out can he told by the
absenee of the sweet taste of that gns.  Finally, the appa-

ratus is weighed and the loss of weight obtained. Care
must be taken to regnlate the action so that the gas shall
pass slowly through thc acid in B.  If this he not done, the
gas may escape being thoroughly dricd, aud some of the
H,S0, may be made to touch the cork

The chemical changes which occur may be lnustlctt(\d
by the following equations :(—

(1) C(LCO "HCI CaCl, + H,0 + CO,,
(2) Na, SO 2H(Cl = >ch(1 + H Nop S()
(3) FeS ’HC1~FLC1; _S
) 7Zn + 2HCl=4nCl, + H2.

'i’

Tn the cascs of earbonates, sulphites, and sulphides the
gases evolved are of high specitic gravity, and tlierefore
convenient amount of material to employ in each of thege
cases is about 0°6 gramme. DBut when hydrogen is cvolved
a larger quantity of substance is vequired. In this case
abont 2 grms. are necessary.



CHAPTER XV.

DETERMINATION OF TIIE VOLUME OI' GAS EVOLVED ON
"J‘RI'IATI;\'G WITH ACIDS.

IN the preceding chapter we have determined the loss of
weight which is cansed by the evolution of a gas.  In this
chapter we shall deseribe a simple method of measuring the
volume of this gas.

When dealing with the volhumes of gases, it is necessary
to remember that these volumes are very considerably
altered by changes of temperature and pressure. It would
therefore he necessary, if great accuracy is required, to
correct the volume obtained by ealenlation.  This is done
by finding what the gas would measure at what is ealled
“normal temperature and pressure.”  The normal tempera-
ture is taken as 0° C.; the normal pressure as 760 mm.

(Note.—This does not say that these are the average
temnperatures and pressures at any place.  Obviously these.
depend on the place.)

The calenlations are done by making nsc of two laws;
onc relating to temperatwre and the other to pressure.
Both are experimental, and have been carefully investigated
by many excellent experimenters.  The first is known as
Charles’s Law, and may be stated thus :—

(L) The volume of o yus dis proportionad 1o ifs  absolufe
femperatiure.

The only thing needing explimation in this is that by
absolute ” temperature we mean the temperature reckoned
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from - 273° C. Thus to find the “absolute ” temperature
we must add 273 to the ordinary.

The second law is known as Boyle’s, and is—

(2) The wvolume of « qus vuries incersely us the pressure
upon it

Pressures may he measured as so much per unit of area,
as so many pounds per square inch, ov as so many milli-
nietres or inches of mercury.  The latter is almost always
used in chemistry, and is given by the height of the
barometer.

The caleulations are very simple. First, correct for
temperature by the first law, Thus, for dxample, 250 c.c.
measured at 18° C. will become + c.c. at 07 C., where z
is given by the proportion

2734+ 18:273::250 ..

Then take this » and correct for pressure.  Thus suppose
the pressnre at which the gas was measured was 750 mm.
(¢.e. this was the height of the barometer in the laboratory
at the time), then the final volume V is given hy

T60:750::0:YV,

because of the inverse proportion.

It is not usually necessary in rongh experiments such as
are described to make thesc correetions, especially that for
pressure, hut the temperature of the laboratory and the
height of the barometer at the time of the cxperiment
should always De stated.

Many different kinds of apparatus may be used for
these experiments.  That shown in Tig. 25 answers very
well. A test-tube A, 15 em. long and 1°6 cm. diameter,
has a side-way tube about 20 em. long fitted on at right
angles.  This tube is bent down so as to dip under the
bottom of a hurette, which is firmly held Dy a clamp under
the surface of water contained in an ordinary mortar, or
dish, or pneumatic trough. The tube is fitted with a cork,
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through which passes a thistle-headed tube with the bottom
end bent sharply round as shown. This eflectually prevents
any gas rising up through the
tube and escaping into the air.

The bhurette should he a
large one; about 200 c.c.
capacity answers very well.
These may be bought gradu-
ated from the stop-cock
downwards if desired, but
one with the usual gradua-
tions may be mdde available O
in a simple manner.  All that
is necessary is to run in water
from another burette, so as
to fill the required one from
the stop-cock up to the nearest ‘
graduation mark.  With a
200 c.c. burette this will be,
of course, at the 200 mark; l
- with a 100 ce it will be at -

- the 100 mark, and so on.
The amount of water run in ] Frc. 25,

gives the capacity of the tube

from the stop-cock to first mark. Then a label may be
affixed to the burette stating this capacity, or the space
may he further graduated and the divisions marked on a
piece of paper which is gummed on the tube.

Smaller burettes may he employed, but in such cases it
will probably be necessary to re-fill during an experiment.
This is easily done by attaching a piece of indin-rubber
tubing to the stop-cock end of the hurette, and when the
~ volume of gas reaches the mark 0 on the burctte, quickly
- turn the stop-cock and suck through the tubing. The
water will thus e made to rise. If this is properly domue,
practically no loss of gas will take place. The buretie is
filled in a similar mauncr in the first place.

o :q.;g—zw
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The substances to be acted on and the acid to act on
them are placed in the test-tube, Lut in pouring in the
liquid we necessarily displace some air, which ascends the
burette and would be measnred as gas evolved.  To allow
for this, a mark is made on the test-tube A where 10 c.c.
of liguid stands in it, also where 15 c.c. and 20 c.e. At
the conclusion of the experiment, when all action has
ceased, water is poured in up to one or other of these
marks before measuring.  The number of c.c. of water put
into A is subtracted from the number of cc. of gas
evolved.

The same substances may be used for these experiments
as were employed for those mentioned in the last chapter.
They should be weighed by being placed on a watch-glass,

weighing hoth, and then subtracting the weight of the
watch-glags.  The substances ave put into the test-tube by
sweeping them in from the watch-glass with a camel-hair
brush.

The weight of snbstance taken for experiment should
be about -5 grm., except in the case of metals. In these
cases we may take, of magnesium about -1 to ‘2 grm., of
zine and iron about ‘4 to "5 grm. The larger the amount
of substance used, the less the percentage error, but with
the apparatus as described, about 150 to 200 c.c. of gas are
convenient amounts to be liberated by the action.

The following example illustrates the method of entering
in the note-book :—

Weight of zine taken . . . . 053 g,
Valume of gas evolved . . . . 192 c.c.
Temperature of laboratory . . . 207 C,
Height of barometer . . . . 768 mm,

Therefore 100 grms. of zine on being dissolved in acid
evolves 3623 litres of hydrogen measured at the above
temperative and pressuve.

The volumes thus obtained may he reduced to what
they would be at normal temperature and pressure, and
the results also entered in the note-book.



CHAPTER XVIL

DETERMINATION OF THE EQUIVALENT OF A METAL.
]

WueN performing the experiments with metals which are
described in the last two chapters, the student must have
been struck by the differences in the weight and volume
of the gas evolyed on dissolving these metals in the same
acid. For example, he cannot fail to have noticed that a
much less quantity of magnesinm is nceded to give off the
same volume of hydrogen than of zine.

Suppose we calculate from owr experimental data how
much zine is required to produce 100 c.c. of hydrogen
and how much magnesiun. We shall find that we shall
require about 291 germ. of zine and ‘107 grm. of
magnesinm.  Thus, then, so far as the expulsion of
hydrogen from the dilute acid is concerned, 291 grm.
“of zine is equal to only ‘107 grm. of magnesium.
We may therefore say that this amount of zinc is
“equivalent” to "107 of magnesium. Thus we get the
idea of “cquivalence” in chemistry. Obviously corre-
sponding numbers may be obtained for other elements,
and thus a list can be drawn up giving the relative
weights of the various clements which are equal in
chemical power to each other. Dnt it is necessary to
select some one element with which to compare the others,
By universal consent this clement is hydrogen, and hence
we may define the “cquivalent weight” or the “equiva-
lent” of an clement to be the smallest weight of that element
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which is capuable of combining with or veplacing one part by
weight of hydrogen. Tt is found that when one element is
replaced Dy another the weights are the same as when
they combine.

The experiments we have been describing deal with the
replacement of a metal for hydrogen, and therefore, in
order that the definition may apply to these experiments,
we may write it as “fhe weight of the metal in grms. which
will veplace 1 grm. of hydrogen.” It will therefore be
seen that we have determined experimentally all the data
necessary to calculate the equivalents of the mectals we
have been using. We can either dissolve a’given quantity
of the metal in dilute acid and estimate the loss, or we
could collect the hydrogen, and if we knew the weight of
nnit volume we could find the weight of the volume
collected. But hydrogen is a very light gas, and hence 1t
takes a large bulk of it to weigh say '1 grm. There-
fore any slight inaceuracy in the weighing will make a great
difference in the result. It is for this reason better for
students to perform the experiment in the latver way, and
to correct for temperature and also for pressure if desired.
In order that the volume may be converted into the
weight, we can make use of a constunt which has been
determined with very great carc by numerous experimenters.
This is, that at the normal temperature and pressure 1 lifre
(1000 c..) of hydrogew weighs 0°0896 grm.  Thus, suppose
a certain cxperiment gave 242 c.c. of hydrogen after
allowance had been made for temperature (correction for
pressure may be omitted in most cases), then the weight
of this hydrogen is

212 0896
- _ 0896 erammes.
io0o 008 c

The apparatus used 18 the same as that deseribed in the
last chapter. The metals should be pure, and made quite
free from surface coatings of dirt or oxide by cleaning and
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rubbing With a little finc emery paper. The weighings
should be made, if possible, correct to ‘001 grm., and a
thermometer hung near the burette which collects the gas.
Of course all ordinary precautions should be taken; for
example, burners should not be allowed burning on the
bench during these cexperiments, as well as those in the
last chapter.  Sometimes the hot gases from these
are allowed to ascend and surround the burette, thus
cxpanding the gas inside and producing unnecessary
errors.

After the volume has leen read and the correction
made for temperature, the weight of the gas must be
ascertained as explained, and then the amount of metal
necessary to give 1 grm. of hydrogen calculated. This is
the equivalent weight.

As some guide to the student the following data may
be stated :—

1 grm. of Mg will give 930 c.c. of hydrogen.

N Zn 1y 343 0

., rom . 3985 '
5 Tin . 189

The gases being measured at 0° C. and 760 mm. Bar.

Also we may state that 1 grm. of hydrogen will be
evolved by the solution of 12 grms. of magnesium, 325
grms. of zine, 28 of iron, and 69 of tin.

It must be remembered, however, that these numbers
are obtained when every precaution to ensure accuracy is
taken, and that when working with the simple apparatus
such as described, only approximations can he hoped for.

The following example will illustrate the mode of stat-
ing the experiments :—

Weight of zine faken . . . . 053 grm.
Volume of gas evolved (HY . . . . 192 c.c.
Temperature of laboratory . . . 200G,

Barometric pressure . . . . . 768 mm.
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Corrected volume at N.T. P, = 192 x 273 x 768 =1808 c.c.

293 x 760
This volume will weigh ~0@%(1)i0j =0-0162 grm.

Therefore 0'53 grm. zinc is equivalent to 0-0162 grm.
hydrogen, or 1 grm. of hydrogen is equivalent to 327
grms. zine.



CHAPTER XVIL

DETERMINATION OF TIIII VOLUME OF GAS EVOLVED ON
S IGNITION OF A SUBSTANCE.

VERY closely connected with the work treated of in recent
chapters is that of the measurement of the volume of a gas
given off on strongly heating a substance.

In many cases, however, when gases are produced in
this way they contain small quantities of impuritics, and
as the separation of these involves special and sometimes
complicated apparatus, the results obtained are vitiated by
the presence of these impurities.

Again, we are collecting the gases over water, and ag
somc of them are appreciably soluble in that liquid, another
error is thus introduced.  But with care and the use of
pure materials, fairly concordant results may be obtained
which have not a very great percentage error.

Very little is necessary to say in reference to the appa-
ratus. For measuring, the same arrangement can be used
as before and the same manipulation employed. The
substance is heated in a hard glass tube similar to that
described under the preparation of oxygen (Fig. 12) bug
perhaps a little smaller (15 em. long by 1'5 e¢m. diametor
answers very well). This tube is closed by a tightly fitting
cork through which passes the delivery-tube.

It will be found on performing the experiment that ag
the end of it, when all the gas which the substance can
yield has been evolved, and the heat is withdrawn, the
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water will ascend up the delivery-tube for a considerable
distance. This is in consequence of the expansion of the
air or gas by the heat, and an error in the volume of the
cas to the extent of this expansion would be made if
means were not taken to avoid it. It cannot be entirely
avoided by the moans at owr disposal, hut it may De
reduced and practically corrected by applying the heat to
the part of the tube above the substance before ony heat is applied
to it, and allowing the expanded air o escape without entering
ihe burette.  After the bubbles cease being evolved, place
the end of the delivery-tube under the burette and then
commence the decomposition of the substar®e,

A double result can be obtained from each of these ex-
periments. Because we make the tube thoroughly dry
and weigh it, then we put the subsfunce in the tule and
weigh both together, and finally we weigh the tube and
residue remaining after the heating.  Thus we abtain (1)
the loss on heating of the material, and (2) the volume of
gas evolved. Duplicate experiments must, of course, be
made.

Substances suitable for igniting in this way are :(—
Potassic Chlorate ; Dotassic Nitrate ; and Mercurie Oxide ;
while, if additional examples are requived, any other chlorate
may be used, or auy hromate or lodate.

From 5 to 1 grm. may be used.

Since the gas evolved has heen heated very considerably,
it is well to allow it to stand in the measming burette for
some time before reading its volume, in order that it may
have time to acqure the ordinary temperature of the
laboratory.

The following ave details of an experiment made in this
way i—

Weight of tube . . . . . 16720 grms.
Weight of tube and KCIO; . . . 16069,

Weight of XCIO; . . . . . 019 grm.
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» ;
Weight of tube and residue . . . 16750 grms.
Weight of residue . . . . . 30 gron.
Volume of gas cvolved . . . 141 e.e.
Temperature of laboratory . . . 207 ¢,

Therefore 100 grms. of KCIO; will evolve 288 litres of
gas at 207 (. on dignition: and leave 6122 grms. of
residue.



CHAPTER XVIIL

DETERMINATION OF TIHIE AMOUXNT OF ONg METAL THAT
CAN BE REPLACED BY ANOTHER.

Froa the numerical data obtained by dissolving certain
metals in acids we were able to calculate the relative
amounts of those metals which were equivalent to one part
of hydrogen, and then, by tacitly assuming the truth of
Euclid’s axiom that “things which are equal to the same
thing are equal to one another,” to caleulate that a certain
amount of one clement is equal to a certain amount of
another.  Thus we found that 12 parts of magnesium were
required to liberate 1 part of hydrogen from dilute acid,
whereas 32'5 parts of zine were required for the same
purpose. Thus we can say that 12 parts of magnesium
arc cqual to 325 parts of zine. DBut in the vast munber
of ehemical changes which can be hrought about there are
other and in some cases more cxact methods of obtaining
these same equivalent numbers. Moveover i numerovs
cases it is impossible to obtain any action npon an element
with dilute acid in such a way that the result can e so
casily measured. In thesc cases the equivalent numbers
have to be obtained by different methods. In some cases
even a special method has to be devised for the particular
element.

The plan deseribed in this chapter is applicable to a
fairly large number of clements, and has the merit of being
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both simple and accurvate. The principle of it is to take
the solution of some compound of some one element and
to place in that solution a sccond element. Sometimes
under these conditions the second element will displace the
first one from its combination and that first one will be
liherated from its compound in the purce state. Thus if a
small strip of zine he placed in a solution of silver nitrate,
immediate action will take plice, some of the zine will
he dissolved, and the silver deposited in the finely divided
metallic state.

Weigh out abont 3 grm. of zine (foil or granulated)
and place 1t in ® clean beaker of about 10 cm. high by 5
cm. diameter.  Pour on it about 50 c.c. of silver nitrate
solution containing 20 grms. of the salt in the litre.  The
zine will be dissolved and a black powder tuke its place.
The mixture must be stirred from time to time with a clean
glass rod, and when on stirring no hard metallic substance
is felt, the action is complete.  Care must he talen to have
the silver solution ““in excess,” that is, to have more of the
nitrate present than can be decomposed by the amount of
zine taken.  When silver solutions are being decomposed,
this can ounly he done by roughly calculating heforchand
the quantity of silver which will he deposited by the zine
and then to be sure to take more of the solution than con-
tains this amount of the metal. Wlhen copper solutions
are being acted on, there is no such diffienlty, because so
long as the solution is blue there is copper in it. There-
fore the experimenter has only to take carc that the
solution is blue during the whole time the action is going
on.  The solution is warmed towards the end of the
action ; it should, however, never be morc than lulke-
warni.

When the action is complete, the deposited metal is
prossed together by means of the stirring-rod and the whole
allowed to stand for a fow minutes. The clear fluid can
then e poured off, and in order to wash out of the pre-
cipitate the whole of the nitrate of silver or nitrate of zine

1
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with which it may be mixed, a little warm water is poured
over it two or three times, the metal being allowed to settle
down after cach addition of the water, and then the water
poured of.  Care mmst bo taken that during the pouring
no metal is lost.  The weight of metal deposited can be
ascertained in two ways.  ILither the whole of it can be
transferred to a small weighed crueible, then dried by
dviving off the water by caveful heating, and then weighed ;
or the metal may be dried in the beaker itself and weighed
init. If the former plan be adopted, the transference to
the erucible reguires a little care.  Iirst, pour ofl’ as much
water as you can and thns obtain the rietal in a small
mass at one side of the bottom of the beaker. Now
take o camel-hair brush, and, holding the beaker in an
inclined posigion over the ecrueible, brush the whole
precipitate gently down into the crucible, washing the
last particles in, if necessary, by blowing a little water
from the wash-bottle.  Swill the brush in the same
way if necessary.  The rying may be done over a sand-
bath, but care must he taken not to crack the beaker in
the one case, and not to dry so quickly as to cause any
of the substance to be projected from the crueible in the
other.

Unfortunately there arc not wany metals which are
capable of being deposited and weighed in this way.
Silver solutions can be decomposed by zine, copper, iron,
and magnesium ; copper solutions by zince and magnesium.
(A strip of iron placed in a solution of copper becomes
coated almost immediately with copper, but the solution of
the whole of the iron takes so long that the experiment
cannot be performed in the time usually given to a
lahoratory lesson.) Lead solutions can be treated in this
way with magnesium and zine.

In some cases the mixtwre of solution and metal may
he carefully covered and put away in the student’s cup-
board so that the action may go on during the time
between two mectings of the class.
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The following numbers werc obtained in an actnal ex-
periment :—

Weight of zine taken . . . . 029 grnw
Weight of silver replaced . . . 0oy,

Therefore 100 grms. of zine will replace 331 grms. of
- S 5
silver



CHAPTER XIX.

DETERMINATION OF THE AMOUNT OF A SUBSTANCE THAT
CAN BE FORMED DY A CHEMICAL CHANGE.
a]

I1 has been shown, when treating of the various ways
in which chemical changes may occur, that almost every
possible kind ov class of change ean be produced. Thus
liquids produce solicds, other liquids, or gases; gases pro-
duce solids, iquids, or other gases ; and so on. The guanti-
tative investigation of these changes Is In many cases
extremely ditficult and in many instances has never heen
thoroughly done.  Once important factor in increasing the
difficulty of such an investigation is that oftentimes second-
ary changes occur and go on side by side with the prineipal
one; the final products being therefore the results of a
complicated series of reactions. In other cases, however,
the changes arc so simple and definite that they may he
easily and thoroughly investigated. It is these reactions
which are relied on for proving the important fundamental
laws in chemistry, as well as for ascertaining the guantity
of an element which is present in any particular substance ;
i.c. making a quantitative analysis of that substance.

Of course, since the changes are of so various a
character, the methods cmployed in proving them arve also
various. The complete study of the plans adopted for
every element would involve the whole ficld of quantitative
analysis, and is far beyond the scope of this hook. There
are, however, some typical operations and methods which
are employed in uumerous chemical investigations with
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which we arc quite able to deal.  The most common of these
is the treatment of precipitates, We have already seen, in
the chapter upon qualitative analysis, how the making of
a particular chemical substance which at the time of its
making forms a precipitate, cnables us to prove that a cer-
tain element is present in a substance nnder analysis. In
some cases these precipitates may be purified and weighed,
and thus not only can we prove the presence of the element
but also the wmount of 4t present. As an example we will
take the manufacture of aluminium oxide from alun.
Select some_wellformed crystals.  Powder them, and
then place the powdu* between a couple of sheets of blotting-
paper and press it.
In this way any
moisture which may

have heen adherin?r‘ ‘ Q Q
to the crystals is :;
116G, 26,

removed.  Now

take a little of the

powder and test it to find whether it is “ammonia”
alum or “potash ” alum, 7.¢. whether its chemical formula
is Al,(80,),,(N11,),80,,241L,0, or whether it is Al,(SO,),,
K,80,24H,0.  (This is mentioned hecause the two
kinds of alum are so frequent in commerce and so much
practically possessing the same properties
—that when purchasing “alum ” you are sometimes given
potash and sometimes ammonia alum.) Having decided
what alum is being experimented with, weigh out about 2
grms. and dissolve in distilled water in a beaker. Warm
the solution and add to it ammonium hydrate as long as a
precipitate is formed. After adding the (NH,)YHO, boil
the fluid.  The boiling ean be done by placing the beaker
cither upon a sand-bath or upon wire gauze. After hoil-
ing for about five minutes, allow to stand for about the
sanic time. In this way the alumininm hydrate will
agglomerate into a mass and can be more easily filtered.
Fold a filter-paper across a diameter and then across a




118 EXPERIMENTAL WORK IN CHEMISTRY.
B

semi-dinmeter, thus obtaining four thicknesses of paper.
Open one out and plwe the paper thus folded, corner
downwards, into an ordinary funnel.  If properly done it
will fit the sloping sides of the funnel. Now pour the fluid
and ppt. upon the paper, decanting as much of the clear
liquid as possible before putting on the ppt.

Test the filtrate by adding to it a little more (NH)HO,
to see that all the Al has been precipitated. If any
further ppt. is obtained, more (NH)HO is added to the
filtrate until no ppt. is obtained and then the whole again
filtered.  In order to get the last portions of ppt.upon the
filter-paper, wash it from the beaker by blowing through
the wash-bottle, and, if necessary, gently rub it off the sides
by means of a stirring-rod with a small piece of india-rubber
pushed over the ond.  When all the ppt. is upon the
paper, it must be washod thoroughly. This is done by
blowing warm water from the wash-bottle over it, four or
five times, allowing one lot to run through hefore adding
the next. The precipitate and filter-paper is now dried.
This is donc by placing the funnel in a water-oven, or
more rapidly, by putting it over a slightly conical tube of
thin sheet-iron which is supported on a sand-bath. In the
latter casc great care mnst be taken that the temperatwe
does not rise so high as to char the paper.  When quite
dry, the ppt. is carefully ramoved as much as possible from
the paper aud put into a clean, dry crucible whose weight
lias just been determined. When dealing with ppts. in
this way it is advisable to place down on the bench a
picce of black glazed paper abont 25 to 30 c.m. square,
to put the crucible in the middle of this, and to transfer
the ppt. over the crmeible.  In this way any small
quantitics which may he spilled can be readily seen and
saved from loss.  The filter-paper must now be burnt to
an ash, for although we may have very carefully removed
all that was possible from the surface of the paper some
of the ppt. may have heen drawn into the pores of it,

The burning is done by folding the paper tightly,
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wrapping it round with the end of a piece of clean
platinum wire, and holding it in the flame of the Bunsen
until it is burnt.  The roll of paper is best held over
the cover of the crucible, and the flame made to play upon
it by inclining the burner.  When burnt as completely as
possible in this way, the ash is put upon the cover and
burnt until it is quite white or light gray, the cover being
placed on a tobacco-pipe triangle, and the heat carefully
applied. The ppt. contained in the crucible is then heated
n a similar manner, and when both cover and erucible have
cooled they ave weighed. The crucible and contents are
again heated and this repeated, until, on cooling and weigh-
ing, the weight is not different from what it was before.

10 grms. of “ammonia” alum treated in this way will
give, theoretically, 1-19 grm. of aluminic oxide (AL0,); and
10 grms. of “potash ” alum will give 1°13 grm.

Another kind of chemical action which can be easily
tested quantitatively is to neutralise acids and alkalies by
each other, to evaporate the liquid and obtain the salts
thus formed, then to dry and weigh. If acids are neutral-
ised by alkalies, cave must be taken to ounly add just
enough alkali to neutralise.  If an acid be added to an alkali,
care must also be exercised in the same way, but a very
small exeess of acid will not vitiate the result 11 the same
way that a small excess of alkali will. In such experimerits
the point of neutralisation is shown by an “indicator ”
(sce Chap. XX.). When evaporating, the heat must be very
cautiously applied, to prevent any ““spitting ” ; cspecially is
this the case when the residue is almost dry.

The following are results obtaincd by students in the
ordinary course of work —

(1) ForyaTiox of ALUMINIC OXTDY FROM ALUM.

Weight of potash alum taken . . . 2°00 gris.
Weight of crucible and ALO, 1273,
Weight of crucible alone . . . .o1253

Weight of ALO, alone . . . . 021 grmn
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Thercfore 100 grms. of potash alum give 10'3 grms. of
aluminie oxide.

(2) MANUFACTURE OF SODIUM SULPIIATE BY NEUTRALISING
CATUSTIC SopA SOLUTION WITIT SULPHURIC ACID.

20 c.c. of standard eaustic soda solution were taken
and neutralised with reagent sulphuric acid, a little litmus
being used as indicator. The liquid was evaporated
to dryness in a &mall porcelain evaporating basin and

weighed. "
Weiglit of evaporating basin . . 2426 grms.
A\Y ewht of evaporating basin and sodmm aulphdtu L2497,
Weight of sodium sulphate . . . . . /1 grn.

Therefore 100 c.c. of solution would yield 355 grms. of
sodium sulphate.

The following experiments can be given for practice.

The teacher can either give the student a known weight
of the solid substance, and tell him to convert into a
certain body whose weight he is to ascertain, or he can
give him a known amount of a standard solution of the
acid, or alkali, or substance. In this way the teacher is
easily able to cheek the results obtained.

(1) Formation of sodium and potassium salts by adding
acid to standard alkali, and alkali to standard acid. The
acids most eonvenient to use ave H,50,, HCI, HNO,, and
oxalic,

(2) Formation of ferric hydrate by adding NH,HO to
solution of ferrie chiloride.

(3) Formation of silver chloride by adding HCI to
solution of silver nitrate.

(4) Formation of barium sulphate by adding I,80, to
solution of harium chloride.  (Nofe.—Add the acid in
small quantity at u time to the hoiling solution.)



CITAPTER XX.

ESTIMATION O THE AMOUNT OF ALKALI DY STANDARD
ACID ANYD OF ACID BY STANDARD ALKALL

THE measurement of the amount of acid present or of the
amount of allali is one of the most important applications
of the principle which was treated of in the last chapter.
But by a slight modification of the mode of proceeding we
are cnabled to avoid the mnecessity of cvaporating the
substance to dryvness. This evaporation, unless very care-
fully performed, is liable to oceasion crror. The plan
adopted is to have a solution of acid of known strength,
and also a solntion of alkali of known strength, and then
to measure the unknown alkali by the known acid (““alkali-
metry ”), and the unknown acid by the known alkali
(“acidimetry ”). The process, it will therefore bo seen,
involves the measurement of the volumes of the liquids,
hence it is an analysis by volumes. Numerouns bodies can
be accurately analysed in this way, the method of analysis
being known as “ Volumetric Analysis.”

Evidently one of the essential requirements in this
mode of analysis is to have solutions of accurate strength.
Such solutions are called ¢ Standard Solutions.” These
may be of any strength—1 grm. of substance dissolved in
1 litre of the fluid, or 100 grms., whichever is most con-
venient to use. Dut it has been found convenient to make
use very largely of strengths which bear a simple relation
to the molecular weight of the substance. In this way
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the chemical changes are more easily related to the volume
of fluid and a large amount of caleulation avoided. Solu-
tions prepaved in this way arc called *“ Normal ” solutions.
The principle involved in the preparation of these normal
solutions may he briefly explained.

When caustic soda and hydrochloric acid are hrought
together, the hydrogen of the acid is replaced by sodium,
1 atom of H being replaced by 1 of Na. Now we have
seen that these replacements take place in certuin propor-
tions by weight, and we have experimentally determined
these mumbers in some few cases.  In the case of Na it is
found that 23 parts by weight of it are regfiired to replace
1 part by weight of II. Therefore if we make our
solutions of such strengths that 1 litre of one contains
1 grm. of H, and the other so that 1 litre contains 23
grms. of Na, then our two solutions are exactly equal,
bulk for bulk. DBut 1 grm. of H is combined with 355
grms. of Cl in HCI, and 23 grms. of Na are combined with
16 of O and 1 of H in caustic soda. Therefore if we
weigh out 36'5 grms. of HCI and 40 grms. of NaHO, and
dissolve each of these in 1 litre of water, we have normal
solutions of hydrochloric acid and caustic soda respectively.

This is exactly the way a normal solution of NaHO is
made ; but with HCl we must remember that pure HCL is
a gas, and what is usually called hydrochloric acid in the
laboratory is a solution of the gas in water. In this case,
therefore, we must first find the specific gravity of the
solution, then compare with a table giving the amount of
pure HCL corresponding to the specific gravity found, and
then to take the quantity of the solution which contains
the amount of pure HCI required. The actual preparation
of normal solutions does not come within our scope, and
therefore details are not given. When the substance
whose normal solution is being made contains two or more
atoms of II which can e replaced, then we must divide the
molecular weight by the number of such atoms, and then
take the weight thus obtained, in grammes, of the sub-
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stance and dissolve in a litre.  Thus sulphuic acid (2,S0)
has two atoms of H in its molecule, and this molecule las
a weight, compared to the atom of 11, of 98 ; therefore the
normal solution, in order to be equivalent bulk for bulk
with the NaHO and HCI solutions, must contain 49 grms.
of the pure acid per litre. The student may therefore
define a normal solution of a substance to be “ that solution
which contains as many grms. of the reacting clement in
1 litre as are equivalent to 1 grm. of hydrogen.” The
liquid should be mncasured at 15° C.

Very often iu(h solutions ave too strong for accwrate
work. In such cascs it is customary to d1\‘1d(, the strength

N
by any suitable number. Thus we get decinormal ( —) centi-

T

100”
ete.,, of the normal strength.

The actual experimental work of the determination is
very casy when once the solutions are made. Suppose we
had to determine the strength of a comumercial sample of
sulphuric acid.  Place o little of it in a stoppered hurette,
and then run into a beaker about 5 c.e. of the acid.  Add
water carefully, pour into a measuring flask of 200 c.c.
capacity, and when at 15° C. fill up to the mark. Place
this solution in another burctte and run a wmeasured
quantity of it into a beaker. Now fill a burette with the
standard solution of soda (this should be free from car-
bonate), add to the acid one or two drops of an aleoholic
solution of phenol-phthalein, and then allow the soda
solution to run into the acid drop by drop until the bright
red colour produced where the drop of soda touches the
liquid gives the faintest permanent colour to the fluid.
The acid has then just been neutralised Dy the soda.  The
number of c.c. of soda solution required is then vead off
and the amount of actual soda caleulated.  Then from that
amount the amount of acid can be found by remembering
that 40 grms. of soda will neutralise 49 grms. of sulphuric

normal (- -), ete., when we have one-tenth, one-hundredth,
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acid. An cxample will make the mode of caleulation
clear.

Amount of acid taken, 5 c.c.
Made up to 200 c.c. with distilled water,
Took 25 c.c. of this dilute acid and neutralised with
normal NaHO.
(1) Found 2
9

(2) Found

2 c.c. of soda required.
2 ¢c.c. of soda required.
Mean, 22°2.

Amount of NaHO in 222 c.e. is 0°838 grm.

Amount of I,S0, neutralised by (5888 grm. of
NaHO =1-0878.

Thevefore 25 c.c. of the dilute acid contains 10873
grm. of 11,50,

Thus 200 c.c. of the dilute solution, or 5 c.c. strong
acid, contains 8'702 grms. of H,80,.

Thel(}f()l(} 100 c.c. strong H, SO contains 17403 grms.
of real H,S0,.

The substance which is used to tell when the solutions
are just neutral is ealled an *“indieator.” There are many
substances which may be employed for this purpose.  Of
these, litmus is one of the most useful. This forms a
solutlon which, when exaetly neutral, is of a purple colour,
neither distinctly red nor blue, but of a mixture of the two.
The slightest excess of acid will cause it to become dis-
tinctly red, and the smallest excess of alkali distinetly
blue. These slight shades of colour are difficult to distin-
guish by gas light or clectric glow-light; hence litmus
solution should not be used at night.

Phenol-phthalein is another substance which is of great
use in the testing of acids and alkalies. It gives no colour
with acid or neutral solutions, but the faintest trace of excess
of alkall instantly produces an intensely red colour, which is
casily distinguished. TUpon exposure to the air the colour,
when very faint, sometimes disappears. This is probably
due to the action of the atmospheric carbonic acid.  Phenol-

2
9.
p
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phthalein Qoes 1ot give very good results when titrating
ammoniacal solutions, or even solutions of the other
alkalies when ammoniacal salts are present. The colour
can be distinetly seen by guslight. 'This indicator is capable
of being used with alcobolic solutions, or mixtures of
aleohol with other fluids. It is therefore available for use
with some organic acids which are insoluble in water but
soluble in alcohol, ete.

A third indicator which is also largely used is methyl-
orange, onc of the aniline compounds. This substance is
soluble in water, the solution posscssing a very faint tint
of yollowish rc¥. When excess of alkali is present the
colour becomes yellow, when acid it becomes pink. A fow
experiments arve necded in order to become accustomed to
the tints, but when this is once done the changes are very
distinct. Methylorange is so useful hecause it is not
affected by carbon dioxide and other bodies which give
acid reactions with litmus. It is therefore available for
use for the estimation of carbonates by acids, because the
CO, evolved Js withont effect.  The solutions in which
methyl-orange is used should not be warm, because the
tint-changes are more definite with cold than with hot
solutions.

Convenient stvengths of solution for these indicators
are: for phenol-phthalein, 5 grms. in a litre of half alcohol
and half water; for methyl-orange, 1 grm. in a litre of
water. In all cases of the employnient of indicators, a few
drops only should be added to the solutions, and these
must e kept stirred during the titration.

There are a large number of other substances which are
available for use as indicators in alkalimetry or acidimetry,
but they are of less extensive application than those men-
tioned, and iy is thercfore unnecessary to describe them
here.



CHAPTER XXI.

ESTIMATION OF THE AMOUNT OF CARBONATE BY
STANDARD ACID. »

THE remarks made in the last chapter in reference to the
use of methyl-orange will have indicated to the student
the simplest method for estimating the amount of the
carbonates of the alkaline metals which may be present in
any substance or solution. It is simply to titrate the
solution of the carbonate with standard acid, making use
of methyl-orange as an indicator. The titration must he
done when the solution is quite cold, and the method gives
excellent results.  But there arc two other processes in
commor use which likewise give good results. In both
these, litmus is used as the indicator. The first is a direct
method. It consists in titrating the solution of the sub-
stance in the ordinary way, but adopting the precaution of
boiling the solution towards the end of the operation in
order that the carbon dioxide produced may he expelled
and thus prevented from affecting the colour of the litinus.
When CO, is present, it causes the litmus solution to be-
come of a peculiar purplered tint, very different from the
proper pink-red which an excess of acid produces. The
process adopted is to dissolve a known weight of the sub-
stance (if soda ash, about 10 grms.) in water in a beaker,
then to filter (if necessary) into a graduated flask (for 10
grms. a 500 c.c. flask is required), wash the beaker and
filter-paper, and make up the filtrate and washings to the
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mark. T&ke out of this solution about 50 c.c. and put
into an evaporating dish of abhout 12 to 14 c.m. diameter.
Add a few drops of litmus solution and run in standard
acid from a burette. Presently the litmus will he coloured
of a reddish purple.  When this is the case, place the dish
over a burner and boil. The colour will soon change back
again to blue. Now add more acid, and again boil, and
repeat this until the formation of the purplered tint ceases
and the nentral colour of the litmus is formed and remains
constant during the boiling,

_ The sccond method referred to is an improvement upon
this one. It wdl he found somewhat difficult to judge the
difference of colour between that due to a very small
quantity of CO, and the neutral tint, and a very common
error is to add too much alkali. The present plan does
away with all this kind of difficulty. It is a “rcverse”
method.  The solution is made as before, and a measured
quantity of it is taken and placed in a flask, and a known
amount of standard acid run in. This amount must be
greater than what is required to ncutralise the quantity of
carbonate taken.  The addition of the acid will, of course,
causc an immediate evolution of carbon dioxide, and the
liguid is boiled until the whole of this is expelled. This
will take about ten minutes. After this a few drops of
litmus solution must be added and standard alkali run in
until neutrality is reached. The amount of acid used up
in decomposing the carbonate is then obtained by sub-
tracting the amount neutralised by the standard alkali from
the total amount added.

The following are actual experimental numbers obtained
with a commercial sample of soda ash (impure carbonate
of sodium).

Weighed out 10 grms. of soda ash and dissolved in
500 c.c. water.

I. Took out 50 c.c., placed in a dish, added a few drops
of litmus solution, ran in normal H,SO, till red colour
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appeared, boiled, colour disappeared, ran in more H,80,
and repeated till red colowr was constant.
Required, 168 c.c.

2. Took 50 c.c. of solution, added 25 c.c. normal H,S0,,
boiled for about ten minutes, and then titrated with normal
NaHO after adding » little litmns solution.

Required, 82 c.e. NaHO.
Therefore number of c.c. H,S0, required to decompose
carbonate =25 - 82=16"8 c.c.

3. Took 50 c.c. of solution, added a few drops of

methyl-orange solution, and ran in normal H,SO,.
Required, 16-85 c.c. hd

4. Took 50 c.c. solution, added 25 c.c. normal H,S0,,
boiled for ten minutes, added a few drops of phenol-
phthalein, and titrated with normal NaHO.

Required, 82 c.c
Therefore number of c.c. of H,S0, required to decom-
pose carbonate =25 - 82=16'8 c.c.

Weight of NasCO, nentralised by 1 e.c. normal H,80,=0053 grm.1
0 . 16°8 i 5o 00890,

This is the weight of Na,CO, in 50 c.c. solution.
Therefore weight of Na, CO m 500 c.c. or 10 grms.
soda ash=8" 90 grms.

Or 100 grms. contain 89-0 grms. of pure Na,CO,.

1 This figure is obtained from the reaction which occurs when
neutralisation takes place, viz, :—
NayCOs3 + H,S0,=Na,S0, + H,0 -+ CO,,
from which we have that 106 parts of Na,COy are neutralised by 88 of
H,50,.



CHAPTER XXIL

. SUMMARY.
D ]
HavING now completed the task with which we set out,
viz. to prepare for the use of students and teachers a
scheme of experimental work in chemistry suitable for a
first year’s course of laboratory instruction, it may not be
unprofitable to point out the principal laws which our ex-
periments have illustrated.

In the first place, it must be clearly realised that what
ig called a “law ” in chemistry is simply the statement of
a general principle founded upon the results obtained from
numerous experiments.

It is therefore possible that with extended observations
the interpretations which we now put upon our experiments
may be altered, and what we now regard as natural laws
or truths prove to be false. But it is evident that before
this is done a vast number of experiments will have to be
made, which not only prove the falsity of our present
notions, but also establish the truth of now ones. It is
needless to say that up to the present no experiments
which have been made give the slightest indication of any
such revolution being likely to occur.

Jt must also be remembered that the experiments
which have been deseribed cannot be taken as “ proving ”
the laws, but only of “illustrating” them. The rigid
proof requires elaborate experiments conducted by ex-
perienced experimenters, and arranged with the utmost

K
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.
care s0 as to avoid the consequences of all known sources
of error.

The earlier chapters arc intended to give the student
practice in manipulation and to train him in habits of
accurate observation.

The preparation of chemical substances in a state of
purity must of necessity precede any deductions drawn from
their analysis, whilst the qualitative analysis of a body is
required before a quantitative can he started. Hence up
to the eighth chapter we deal with these subjects.,

The next two chapters illustrate the use of the physical
properties of bodies in proving their pulity. The plans
mentioned are more applicable to organic than to in-
organic substances, hut are very 1 aluable in those cases also
whenever it is possible to apply them. But it must be re-
membered that the behaviour of inorganic compounds with
reagents, and when under the influence of heat, ete.,
affords a reliable criterion of purity.

Coming to the quantitative experiments, we are at once
making use of and illustrating the fundamental laws.
The first of these is coucerned with the formation of new
substances from others. We have studied the production
of oxides, etc., as well as the decomposition of bodies
when heated. We have found that these changes occur
with absolute definitencss, and so long as we make the
same substance, we require cxactly the same weight of
materials to produce the same quantity of it. Thus we
deduce the Law of Definite or Constunt Proportions. It may
be stated thus :—“When two or morc elements combine
together to form a new substance, they do so in constant
and definite proportions by weight, no matter in what
way the combination is brought about.” Thus when-
ever copper oxide is made and in whatever way, we
always find that about 1 part of oxygen will combine
with 4 parts of copper (more exactly, 16 parts of oxygen
with 632 of copper) to form 5 parts of oxide of copper.

Other experiments, especially those relating to the for-
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mation of dne chemical substance from o definite amount
of another, illustrate another important law which may be
stated as:—“The weights of the substances produced by
any chemical change are exactly the same as those of the
substances which entered into it.” This may be called the
Law of Bquality of BMuss. Expressed in another way
it may be said that “Matter can ncither be created nor
destroyed.”  The constitution of any particular kind of
matter can, however, be altercd, and that is what the
chemist is continnally doing.

The third great gencralisation which our cxperiments
show is that rplating to the equivalence or “chemical
value” of the elements. There is perhaps no more im-
portant law than this one rclating to equivalence. It may
be put thus:—“A definite weight of cvery element is
equivalent in cliemical combining power to a certain
definite weight of every other element.” Thus we find
that 8 parts by weight of oxygen are eyuivalent to
1 part by weight of hydrogen, 355 parts of chlorine to
1 of H, and so on. There is always a dilliculty in under-
standing the difference between the «“equivalent weight”
of an clement and the ‘“atomic weight.” The discussion
of this would lead us too far, and thercfore we canuot
enter into it.  But it may be Dbriefly stated that the
equivalent weight is that which is given by experiment,
the atomic weight is some multiple of this; the number
to multiply by being obtained from certain considerations,
mostly theoretical, which a study of the compounds of the
clement in question gives us. Thus by experiment we
find the cquivalent of O to be 8; and in water we find
nothing but hydrogen and oxygen. -Therefore if this
substance consisted of 1 atom of H, combined with 1
atom of O, the atomic weight of O would he 8. But ex-
periments show us that we can separate the II from water
in two equal portions; hut we cannot thus divide the O.
If we take away any O we take it all away. Thus we con-
clude that the number of atoms of O in the molecule of
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water is indivisible, but that the number of ¥ atoms is
divisible by 2. Therefore we conclude that the simplest
formula for water is H,0, and if this is the case, the atomic
weight of O compared to the atomic weight of H must be
twice its equivalent weight, ie. it must be 16. Similar
considerations are applied in the case of the other elements.
We therefore see that the atomic weight of an element is
equal to its equivalent weight multiplied by its valency.

The experiments deseribed give scveral methods of
determining the ecquivalents. Thus in one chapter we
are told how to compare them dirvectly with H, in another
by replacement of some other element. I is needless to
say that the results shonld be the same in every case, and
the student should test the accuracy of his work by com-
paring the resnlts obtained by the two methods. Thus in
an experiment detailed in Chap. XVI. we found that
327 grms. of zine are equivalent to 1 grm. of H, and in
Chap. XVIIL we found that 100 grms. of zinc would re-
place, i.e. ave equivalent to, 331 of silver. Thus we can
calculate that 32'7 of zinc are equivalent to 108-22 of
silver.  DBut 32'7 grms. of zine are equivalent to 1 of H;
therefore 108:22 of silver are equivalent to 1 of H.  This,
then, is the equivalent of silver. The best determination
of this number by Stas gave 10792, and hence our rough
determination is approximately correct.

Abundant opportunities for thus testing his accuracy
will be afforded to the pupil in the course of his work.

Finally, in the last two chapters the application of the
methods and principles used to commercial analysis is
described:

It is hoped that after honestly working through this
book the student will have such a desire for further know-
ledge as will induce him to carry on his studies until he
has become acquainted with the natural facts upon which
the science of chemistry rests.?

T The whole of the apparatus deseribed in this book is kept in stock by
Messrs. Froude and Vaughan of Maudlin Street, Bristol.
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Zdited by W. J. GREENSTRERT, M. A., Head Master of the Marling 8chool, 8troud.
Crown 8vo.. cloth 1s

FRENCH DRAMATIC SCENES. By C. ArcL Muscrave. With
Notes and Vocabulary. Crown Svo., cloth, 2s.

ARNOLDS FRENCH TEXTS. An entirely new scries of texts,
graduated in difficelty, with notes and vocabulary. Geveral Editor: MAURICE A.
GEROTL{WOHL, B.Litt., L.-¢s-L., F.R.L.S,, Examiner to the Central Welsh Board,
and w the Oxford and Cambridge Joint Board.  Limp cloth, 6d. each.

Le Forgat ou A tout Péché Misdricorde. Crispin rival de son Maitre. Comcdy

Provery in two yts. By Mipami vE inoueat, By LESace. 48 pages.
SEGUR. 48 pages. Le Bon Pre. Comecdy in one act. By

Aventures de Tom Pouce. By P. J. FLORIAN. G} pages. !
STAUL. 48 pages. Monsieur Tringle. By CHAMPFLEURY.

s : 48 prages.

L'Histoire de la Mére Michel et de son | pverliites au Chovalier de Grammont.
Chat. By Coure E. 1 LA BEDOILIERE. By Chevalier D'Haxuitox, 48 pages.
> prges. | Histoire d'un Pointer écossais. By

Gribouille. By Groraus Saxvp, 45 pagoes. ALEXANDRE DUMAS pire, 43 puges,

tte ou Le Cachet rouge. By | Deux Heroines de la Revolution.

La:f:,::p mu‘ me“ Ny & ; Madame Roland and Charlotte Corday.

!
|
- By Jurks MICHELET. 48 pages.
La Souris bianche et Les Petits Souliers. 5 Trafalgar. By Josepg MERY, 48 pages.
f
I
b

By Hegestere Moruar, 48 pages., Marie Antoinette By Epyosp and
La Vie et ses de Polichinelle et ses JULES DE GONCOURT. 48 pages.
Nombreuses Aventures. By OCTAVE Mercadet. A Comedy in three acts.
FEUCILLED, 48 page-. By H. pr Barzac. 64 pages.
SIMPLE FRENCH STORIES. Anu cnurely new scrios of casy texts,
with Notes, Vocabulary, and Table of Iriegular Verbs, prepared under the General
Editorship of Mr. L. VoN GLEHN, Assistant Master at Perse School, Cambridge
Albout 80 pages in each volume. leo cloth. 9d.
On Drame dans les Airs. By JuLgs Un Anniversaire & Londres, and twy

VERNE. otherstories. By P. J, StanL.
Pif-Paf. By EDOUARD LABOULAYF Monsieur le Vent et Madame .a
La Petite souris @Grise; and Histoire Pluie By PauL DE MUSSET.

de Rosette. By MapaME DE SEcUR. | La Fée Grignotte. By Madame
Poucinet, and two ovher tales. By De Girarvix.  And La Cuisine au

EpoCARD LAROUTAVE Salon. Yrom LeThéarre de Jeuncsse,

@il Blas in the Den of Thieves. Amanged trom Lk Sace. With Notes and
Vocabulary by R. pE BLaNCHAUD, B.A., Assistant Marter at the Central Schools,
Aberdeen. Limp eloth, crown 8vo., 9d. [ Uniform with the above series.

1LUAPPRENTI. By Emice Soovestre. Edited by C. F, HERDENER,
French Master at Berkhamsted School. Crown 8vo., cloth, 1s.

RICHARD WHITTINGTON. By Manave Foeesie Foa. And

CONTE DE L’ABBE DE SAINT-PIERRE By EMILE SOUVESTRE.
Ednon bv C F. HExprygEr., Crown 8vo., cloth, ls.

MEMOIRES DPUN ANE. By MADAME DE SEerx, edited by Miss
Lrey E. Fanrprer, Assistant in French at the Bedford College for Women,
Londou. Cluth, Crown 8vo., 18,

The feature of these volumes ig that in addition to the notes and vocabulary
there is a setof exercises, chiefly in the form of questions and answers in French
modelled upen the text of the narrative. This innovation promises tu prove very
ropular.

LONDON : EDWARD ARNOLD, 41 & 43 MADDOX STREET, W.
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ARNOLD’S SCHOOL SERIES.

MATHEMATICS AND SCIENCE.
A New Arithmetic for Schools. By J. P. Kirgmax, M.A., and

A. E. PieLn, M. A., Assistant-masters at Bedford Gramuiar School. Crown Svo.,
cloth, 3s. 6d. . . .

Exercises in Arithmetic (Oral and Written). Parts I., I1., and I11.
By C, M. Tavror (Mathemalical Tripos, Cambridge), Wimbledon High School.
Cloth, 1s. £id, each. (With or without Angwers.)

Algebra. Part 1., 'The tilements of Algebra,” including Quadratic
Equations and Fractions. By B. Lacaraws, BeD. With or without Answers,
25, 6d.  Answers sepnrzttuly, Is.

Algebra for Beginners. By J. K. Wiukins, B.A., and W.
Hovrvixesworta, 3.A.  In Three Parts. Part 1., 4d. ; Part I1., 4d. ; Part 111, 64-
Answers to Parts -1, one vol., Gc}.

Vectors and Rotors. With Applications. By Professor 0. HeNrICI,
F.R.8. Tdited by G. C. TU.]}NER’ Goldsinith Institute. Crowﬁn Svo., 48 64,

A Note-Book of Experimental Mathematics. By . GonFrEY,
M.A., Headmaster of the Royal Naval College, Osborne, and G, M. By, B.AL
Senior Mithematical Master, Winchester College. Feap. 4to., paper boards, 2s.

An Blementary Treatise on Practical Mathemat;cs. By Joan’
Gramay, B.A, Crown Svo., cloth. 3s. (H:

Preliminary Practical Mathematics, By 8. G. Sraruing, A.R.C.Sc.,
and ¥, _CA CLARKE, A 1L U.e., B.3e. s 6de

Mechanics. A Course for Schools. By W. D. EaGaar, Science
Master, Eton College.  Crown Svo., 35, 6d.

The Principles of Mechanism. By H. A, Garparr, AMI.C.E.,

. Crown 8vo., cloth, 8s. 6d. . .

Five-Figure Tables of Mathematical Functions. By J. B. Dayg,
M. A., Assistant Professor of Mathemarics, King's College, University of Lonwdon.
Demy Sva., 3s. 64, net., )

Liogarithmic and Trigonometric Tables. By J. B. Darg, M.A
Demy svo., Zs. net,

The Elements of Geometry. By R. LacHLAw, Sc.D., and W. C,
Frereger, MA With about 750 Exercises and Answers.  Cloth, 2s, ¢d.

Geometrical Conics. By G. W. Cauxt, M. A., Lecturer in Mathe-
matics, Avmstrong College, Newcastle-on-Tyne, and C. M. JEssop, M.A., Pro-
fessor of Mathematics, Armstrony Couege, Newcastle-on-Tyne. Crown 8vo., 2x. 6d.

The Elements of Trigonometry. By R. Lacrray, Sc.D., and
W. C. Yrerener, MLA. Crown vvo., viii-+164 pages, 2s.

Blementary Geometry. By W. C. Frercmer, M.A, Crown
8vo., cloth, 1s. 6d.

A First Geometry Book. By J. G. Hawmiwtown, B.A,, and F.
Krrmiy, B.A. Crown 8vo., fully illustrated, cloth, 1s. Answers (for Teachers
only), 6d.

An Introduction to Elementary Statics (treated Graphically).
By R. N¥rrrLL, M.A., Assistant Master, Royal Naval College, Usbirne  Peap.
4to., paper hoards, s .

Graphs and Imaginaries. By J. G. Hamivron, B.A., and ¥, KrTTLE,
B.A. Cloth, 1s, 6d. ,

The Elements of Buclid- By R. LacaLaN, Sc.D.

THE FOLLOWING EDITIONS ARE NOW READY.

Book I. 145 pages, 1s. Books I.--IV. 346 pages, 8s.
Books L. and IL. 180 pages, 1s. 6d. Books 111, and IV. 164 pages, 2s.
Books I.—III. 804 pages, 28, 6d. Books I,—VI and XI. 500 pages. 4s.6d.

Books IV.—VI, 2s, 6d. Book XI. ls.
Mensuration. By R. W. K. Epwarps, M.A., Lecturer on
Mathematics at King’s College, London.  Cloth, 3s. 6d,

The EBlements of Trigonometry. By R. Lacivax, SeD., and

W, C. FLETCHER, M.A. s

LONDON : EDWARD ARNOLD, 41 & 43 MADDOX STREET, W,
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ARNOLD'S ScHOOL SERIES.

The Elements Of [norganic Chemistry. For use in

School s and Colleges. By W. A. SHENSTONE, F.R.S., Lecturer in

Chemis\t\y at Clifton College. Now Edition, revised and enlarged.
551 payges Cloth, 4s. 8d.

A Course of practical Chemistry. By W. A, SugxsTONE. Cloth, 13 6d.

A First Year's Course of Experimental Work in
Chemistry. By E. H. Coog, D.E¢., ¥.1.C., Principal of the Clifton
Laboratory, Bristol. Crows 8vo., cloth, 18. 8d.

A Text-Book of Physiecal Chemistry. By Dr. R. A
LgurELDT, Professor of Physics at the East London Technical College
With 40 Tlustrations. Crown 8vo., cloth, 7s. 6d.

Physieal Chemistry for Beginners. - By Dr. Van
DEVENTEB. Translated by Dr. R. A. LrsrELor, 28 6d.

The Stindard Course of Elementary Chemistry. By

* E.J.Cox, F{.5, Headmaster of the Technical School, Birmingham.
In Five Parts, issued separately, bound in cloth and illustrated. FParts
1..IV., 7d. each; Part V., 18 The complete work in one vol., 3s

A Preliminary Course of Practical Physics. By
C. E. ASHFORD, AL A., Headmaster of the Royal Naval College,
Dartmouth. Fecap. 460 1s. 6d.

Electrolytic Preparations. Fxercises for use in_the
laboratory Ly Chemists and Electro-Chemists. By Dr. KarL ELBs,
Professor of Organic and Physical Chemistry at the Uuniversity of
Giessen. Pranslated by R. 3. Hurrox, ALSe. Dewy 8vo., 48 6d. net.

Electric and Magnetic Circuits. By E. H. CRAPPER,
MLEE, Head of the Electrical Engineering Department in
Uiy ersity College, Shetfield. Demy 8vo., 10s. 6d. net.

Electricity and Magnetism. By C. E. ASHYORD, M.A,,
Headmanter of the Koyal Naval College, Dartmonth, late Senior

Seience Master ab Harrow School. With over 20V Diagrams.
Cloth, 3s. 6d.

Magnetism and Eleetricity. By J. PALEY YORKE, of the
Northern Polytechnic Institute, Holloway. Crown 8vo., clot, 3s. 6d.

Physiology for Beginners. By Leonarp Hiiy, MB. 1s.
Elementary Natural philosophy. By ALFRED EARL,
M.A., Senior Science Masver at Tonbridge School, Crown 8vo., 48.6d

A Text-Book of Zoology. By G. P. Mupcg, AR.C.Sec.
Lond., Lecturer on Biology at the London Hospital Medical College.
With about 150 Tllustrations. Crown 8vo., 78. 6d.

A Class-Book of Botany. By G. P. Mupcg, A.R.C.Sc.
and A. J. MaSLEN, F.L.S. With Tllustrations. Crown 8vo., 7s. 6d

psychology for Teachers. ByC. LLoyD MokeAN, F.R.S.
Principal of University Oollege, Pristol. Crown 8vo., cloth, 3s. 6d

LONDON : EDWARD ARNOLD, 41 & 43 MADDOX STREET, W
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ARNOLD’S SCHOOL SERIES.

HISTORY.

A History of England. By C. W. Omax, M.A., Deputy
Professor of Modern History in the University of Oxford. Fully
furnished with Maps, Plans of the Principal Battleficlds, and Genea-
logical Tables. 760 pages. Ninth and Enlargrd Edition (to end of
South African War). Crown 8vo., cloth, 5x.

Special Editions, each volurne contalning a separate index.
In Two Parts, 35 each : Part 1., from the Earliest Times ta 1603 |
Part II., from 1603 to 1802,
In Three Divisions : Division L., to 1307, 2s. ; Division I1., 1307
to 1688, 2s.; Division IIL., 1688 to 1902, 2s. 6d,

*.* In ordering please siate the period reguired, to avoid confusion

England in the Nineteenth Century. By C. W.”OMaN
MLA., Author of **A History of England,” ete. ,"Vith Maps ané
Appendices. Revised and Enlarged Edition. crown 8vo., 3s, 6d.

A Junior History of England. From the Earliest Times

so the Death of Queen Victoria. By C. W, OMax, M. A,, and Mary
Oxan., With Maps. Cloth, 2s.

Questions on Oman’s History of England. By R. H.
Boogxy, M.A. Crown 8vo,, cloth, 1s.

A Symnopsis of English History. By C. H. Eastwoop,
Headmaster of Redheugh Board School, Gateshead, 2s.

This useful little book is based upon Mr, Oman’s ¢ History of
England,” but can be used with any other text-book.

Seven Roman Statesmen. A detailed Study of the
Gracchi, Cato, Marius, Sulla, Pompey, Cwsar. Illustrated with
reproductions of Roman Coins from the British Museam. By C. V.
OMaN.  About 320 pages. Crown 8vo., cloth, 6s.

English History for Boys and Girls. By E.S. Syues,
Author of * The Story of Lancashire,” ¢ The Story of London,” et
With numerous Ulustrations. 2. 6d.

Men and Movements in European History. Ilustrated.
Small crown Svo., 1s. 6d.
Lessons in 0ld Testament History. By the Venerable

A. S. AaLEN, Archdeacon of St, Andrews, formerly Assistant Master at
Marlborough College. 450 pages, with Maps. Crown 8vo.,closh, 4s. 64

0ld Testament History. By the Rev. T. C. Fry, Head-

master of Berkhamsted School.  Crown 8vo., cloth, 2s, 8d.

Biblical History of the Hebrews. Upon the lines of the
Higher Criticism. By the Rev, F. J, ¥oaxgs Jacgsox, Fellow of
Jesus College, Cambridge, and Honorary Canon of Peterborough.
Crown 8vo., 6s.

LONDON : EDWARD ARNOLD, 41 & 43 MADDOX STREET, W.
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