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PREFACE 

To be successful in passing an examination is one thing, 
perhaps a gooa 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 elementary 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 "\V ork, and students should attend a course of 
Lectures on Elementary Chemistry at the same time. 
Careful descriptions of every experiment-failures 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 accounts 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 wHnt of 
care in observatiolJ. 

Theoretical deductions and generalisations are left to 
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the teacher, so as to avoid, 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, BmsTOL, 
November 1897. 
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CHAPTER I. 

INTRODUCTOHY. 

THE study of chemistry resolves itself into an investigation 
of the properties of matter, and of the changes which it 
undergoes ,,,hen placed under the influence of natural 
forces, snch as heat" etc., as well as the alterations which 
sometimes occur ,r]1C1l 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 obseryatiol\s, and YCry 
often, when more observations have been made, the theories 
arc fOllnd to be unsupported iJy facts. Over and over 
again in the history of the scicnce, we find that a theory 
which the most eminent chemists of the day believed to 
be true has been prm'ed to be false hr more extended or 
more carcfnl observation. 

Such being the case, it is evident that the most import­
r,nt thing for tlIe practical chemist is to learn to ohserye 
correctly. And at the very ontset, I cannot too strongly 
impress this upon the student ... 'Vhen lll.lking an experi­
ment be careful to give yOUl' whole attf)ntion and thought 
to it. Do not consider anything which occurs-whether 
you sec it, 01' smell it, 01: hear

0 

it-as too trivial or too 
common to be taken notice of. Also, whell performing an 
experiment, especially if doing so for the first time, follow 

H 
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implicitly the directions laid down. Finally, keep yery 
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 ahont. The engineer, 011 the other hand, is 
engaged in placing matter together so as to form some new 
arrangement suited for a particular purpose; while the 
physicist is studying the peculiar results observed when 
matter is subject to the action of certain forces. Now it 
will readily be hclieved that, since chemistry is 11 very 
old science, chemists have gradually made the apparatns 
which they use more and Illore perfect. And this is per­
fectly true. V{ e employ the most complicated amI deli­
cate instruments, in order that we Illay be able to regulate 
with the greatest accuracy the conditions under which the 
experiments arc made. But elaborate and costly apparatus 
is not essential for doing goo(l ,,-ork in chemistry. Some of 
our greatest chemists ma(le their most important discoveries 
with very simple appliances. Probably the materials em­
ployed by Priestley, for example, would not be toleruted in 
any modern labomtory. 

In an elementary course the simplest 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, but 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 becomes dis­
heartened at his failures if he is put to glass-blowing or 
soldering straight away. It is much better for him to 
aeqnire skill in sneh operations gradually, and to attempt 
only the fitting together of such trains of apparatus as Can 
be done by glass tubes alld india-rubhcr connections. 

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 fnmaces. A spirit lamp is some­
-times used, hut very rarely. The commonest form of gas 
burner employed is that invented hy 
Professor Bunsen and known as the 
Bunsen burner. The gas issues from 
a small orifice into a,wi(ler tuhe, from 
the end of which it is burnt. Hut 
during its passage through this wider 
tube it mixes with air which comes 
in through openings in the side of 
the tnhe. The result is that the 
flame at the end of the tube is in­
tensely hot, nlHI docs not deposit 
soot on any surface placed in it. The 
openings in tho wider tuhe for the 
admission of air mnst he adjusted so 

FIG,l. 

as to aIlo,,- a proper alllonnt of air to enter. This will 
easily be knOlnl, hccause if too much enters, the flame will 
"roar" slightly, 1\-hile if too little, the flame ,,-ill become 
luminolls and 1)1acken allY article phced in it. The ]3UIlSCIl 

burner is snital)le for operations requiring great heat; when 
a gentle heat is require(l, it is not so useful, because if you 
turn it down too low, the flame will not burll at the end 
of the wi(lo tulle, but jllmps back to the end of the 
small opclling at tho bottom of tho ,,-ide tubo, where it 
will continue to burn as a very small flame, making the 
wide tulle hot and producing it very POiHOllOllS gas, which 
mixes with the air of the laboratory. 

The burner employed for obtaining a gClItle heat is an 
ordinary Argand hnmer fitted with a chimney. The sub­
stance or yessel to he heated is placed at a little distance 
above tho top of the ehimnoy but not in contact with the 
flame. In this 1yay the sull~ta1tec i~ not bbckenec1, but is 
made hot by the hc.'tt which i:, radiated from the flame. 
Argallcl hurners are shown ill several of the following 
figures. 
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ApparatuH is uSllally fitter] together alH] connected by 
glass tnhes, corks, awl iJl(1ia-l'llhher tubing. Therc [lrc two 
ki l\(ls of glass tuLillg in common use-soft, amI hard or 
comlmstion. The terms ha\"e referencc to thc effect of 
heating - thc former hcillg re[1(li1y softened, while the 
lattcr reqnires the high heat of the hlow-pipe to soften it. 
Test-tubes ;11'C made of the forlller kind, so that they 
should only be nse(l fo\' heating liquids, or such solid,; as 
l'eqnil'e little heat to change them. Soft glass tube is the 
kind employed for connecting flasks, etc., together. The 
most con renient size for general "'ork is called "quill" 
tuhing, and is about -1 to G llllll. ill diameter. COlllbns­
tion tu],illg is reqnire(l of \"arying sizes, sOllletimes of alHmt 
the same size as the soft, hut frequently of larger diameter, 
so that a piece of small may be fitted into It piece of large 
by means of a cork. It is necessary that the student 

FIG. 2. 

shonld he al,le to fit together simple 
pieces of apparatus, and we will 
therefore commence our work by 
learllillO' how a 

(1) To jit up a Wush-fl(lllle.-
This is :t hottle fitted with a cork 
\';iLh t\\'O holes through which two 
glass tnbes pass, so al'l'ango(l that 
the USCI' can pour water from the 
lJOttle through one tnbe amI hlow 
it in a gentle stroam through tho 
other. Sometimes the water is 
l'e(1uil'e<l hot, awl thereforc the 
bottle 1l11lst ho m:tcle of a kind of 
gbss that will stand water being 
]Joilc(l in it witlw!lt its cracking. 
The bc~t ki Jle! to nse is a conical 
flask made of Bohcmian glass, 

known as an Erlenmeyer flask, aftel' the ill \'elltor. Select 
one of ahout half a litre capacity. C\IO:it chemi"ts use the 
Metric System of"\ \" eights amI 1\ Ie~\slU'es. If yon are not 
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familiar with the tallIes yon mnst 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 be softened hy 'Happing it in a 
piece of paper ancl gently rolling it under foot on the 
floor. This cork must now be l)orcc\. This is done "'ith 
eork-hore]'s. These are pieces of brass tube with one end 
filed down until it forms it sharp edge all ronnd. They 
arc made of different sizes to correspond to the varying 
diameters of glass tu1>e. Take the horer which is slightly 
smaller in diameter than the tnbe you are going to use. 
Hold the eork firmly het"'een the thumb and fore-fingers 
of the left hand, place the sharp edge of the cork-horer 
fiat upon the top of the cork, hnt Hearer to one side 
than the other, and press firmly, rotating the horer while 
doing so. Be carefnl to keep the axis of the cork and 
that of the borer parallel to each other. In this way a 
clean-cut hole will be bored through the cork parallel to 
its axis. N ow repeat the operation, but boring nearer to 
the opposite side of the cork. In this way, if the opera­
tions have bcen successfully performed, you will lJaye two 
holes through the cork parallel to each other. It is, how­
eyer, unlikely that success will attend the first effort, the 
holes will perhaps rUIl into each 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 sillgle 
hole through the middle of a cork to begin with and' then 
try the two. 

Ha\'ing sllcecssflllly bored the cork, we ha"e to fit the 
tubcs in. For this purpose you must cut ofl:' a piece of 
glass tube. This is clOIlO by making a scratch with it 

three-eornere(l hard steel file across thc place where you 
want the glass to hl'eak. If you use the size recommended 
above for your flask, you will want two pieces, one ahout 
15 cm. and the other about 30 em. long. These tubes 
must now he bent, one at an angle of about 130°, and 
the other at an angle of about 50°. To do this thc 
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glass must be softened in the flame. The best flame 
to use for this purpose is an ordinary gas humer, such 
as is used in our houscs for lighting plll'poses (" fish­
tail" or "hat's-willg" senTS equally well). These burners 
heat it very much longer length of the tuhe than l~ BUllsen 
burner does, and consequently the ]Jend produced is more 
regular and less li"hle to crack than one made with the 
latter. Moreover the soot deposited upon the tube by 
the luminous tuhe is not it disadvantage hut an advantage, 
for it makes the glass cool more slowly and thus anneals 
it a little. 

Take the shorter piece of tube first fwd hold it with 
one hand at each end, then place it in the flame so that 
the middle of the fbme shall be about 5 em. from one 
end. The flame will thus heat about 5 cm. of the tube. 
Keep tho tube turning so that each side of it is equally 
heated. In a few minutes tho glass ,vill soften. ,\Yhen 
this is tho case, bend the tube gently un.til it is at the 
propel' angle. Then take it out of the tlame and allow it 
to cool. Do the same with tho othcl' pioce, but making 
the angle of the bend about 50°, and the beml about 
12 cm. from one end. J'\ow cut the shorter tulJe so as to 
have about () cm. from the bend all cach side, and the 
longer one so as to have about 4, cm. on the shorter side 
of the bend. Next take a piece of the same-sized tube 
about 10 cm. long, and turn down the flame of the Immel' 
until the flame only heats about 2 k 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 tho two 
ends apart. The tulJe will thus be contractod. Homove 
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 
{ cm. long. 

You will now have three t1l1Jes: olle ahout 1:2 em., 
one about 22 cm., aud a third about 1 em. The ends of 
the tubos will he noticed to lle Hl'y tiharp. To round 
them off hold them in the flame of the Bunsen burner 
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until the flame is coloured yellow just whero it touches 
the glass. III this way the eJ](ls will he fused a little and 
the sh,tl'pness remoyed. The tubes are JlOW pnt throngh 
the holes ill the cork. They ~hould fit tightly. The 
smallest tnbe is JlOW connected to the short end of the 
longest tuho by means of a piece of india-ruhher tuhing of 
the requisite size and allont 3 em. long. The apparatus 
when complete should Itayc the appeamnce shown in the 
sketch. 

An india-ruhher bung for the fla~k is an cuI vantage. 
These can he bought already bo]'e(l; if, hom~yer, you have 
to 'hore them, it can he done in the same way as a cork, 
hut the borer must be moistcned with a little turpentine 
before usc. 

The making of ,t wash-hottle as ahoye (Iescribed will 
have given the pnpil it little practiee in cork-boring and 
in tho bending of glass tubes. He 'will, of course, require 
a great deal more before he is able to set up apparatus 
with ease. 1\ umerous eXiLmples will be given in working 
through the exercises that follow. \,70 will therefore 
defer flll'ther illustration until we come to consider special 
cases in detail. 



OHAPTER II. 

CHARACTERISTICS OF CHElIIICAL 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. ,Ye can, however, make a few 
broad generalisations 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, electricity, magnetism, etc., 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 fioor, or if we hold one end 
of a magnet near another suspended magnet, we bring 
about physical changes. ,Ye 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 eyer put" the egg together again. 
But, nevertheless, the whole of the parts of the egg are still 
there, and if we had the requisite skill we could gather 
them up and put them together. It would have been 
difl.'erent if a chemical change had occurred; in that case 
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no simple gathering together of particles ,,"ould have 
sufficed; the only way would have been to have brought 
about another chemical change which would have exactly 
revers cd the former. In only a comparatively few cases 
can such be done. 

N ow when these physical changes are carefully observed 
it will bc 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 nway; and if we support a thin lnth upon the 
bottom of an npturned flask and hold a dry and wnrm glass 
tube which has been rubbed with dry silk near it, it will 
attract the lath. 

It is, however, different with chemical actions. For 
thesc to occur the bodies llwst be brought into intimate contact 
with each other. In illustration of this the following may 
be cited:-

Experiment 2.-Take about 5 grills. of tartaric acid 
and powder finely in a clean dry mortar. Row add about 
5~ grms. of dry sodium bicarbonate, and I'llb the two sub­
stances together in the mortar. If lJoth substances are 
quite dry, no effect will be noticed. Place the mixed sub­
stances in n beaker and pour in some wnter. 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 occurred 
in the first case but it did in the second, i.e. when the 
water was added, is supposed to be dne to the circumstance 
that the rubbing was unable to bring the particles into 
sufficicntly close contact to enable them to act upon each 
other. 'Yhen, however, the water is added the contact 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 extinguished, showing tha,t 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 
apparently enter into union. For example ;-

E.l'periment 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 blll'st 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. 

E:rperiment 4.-Take a piece of platinum wire, a piece 
of thin sheet tin known as tin-foil, and a piece of 
magnesium wire. N ow 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 seen that no change has taken place in it. The 
piece of tin will become hot but will not give out light likc 
the platinum, ;tnd will grachmlly 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 hrilliant 
hluish-white light, forming clouds of a white powder. This 
powder will he observed to be mnch lighter than the former. 
Thus we see from this experiment th;tt platinum is not 
affected when it is heated in the air, that tin is changed 
into a white powder but the change is not accompallied by 
any production of light, and that magnesium is so power­
fully affected as to produce ;tn extremely powerful light. In 
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the second and third cases the shining metallic substances 
have been changed into white powders. This is one 
peculiarity of chemical change: the products of the change 
(~re cl~trerent from the suustc01ces 11.'!i'ich enter into it. Also the 
experiment 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 np to the 
present take account only of the change produced in the 
appearance or quality of the bodies entering into the 
change. These changes arc called q1wlitative. 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 been found that 
all changes take place, not in a haphazard manner, but in 
strict accordance to the amounts 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 ({ppm·ent loss of matter, because 
it is evident that the candle docs not weigh as much when 
nearly burnt out as it did at the beginning. But the loss 
in weight ill such cases is caused by the circumstance that 
one or more of the products of the action are gases. These 
mix with air and thus escape weighing, but if special pre­
cautions arc taken to prevent this, no loss of weight will be 
noticed. Abundant illustrations of such actions will be 
met with in the following pages. 

Almost every 7cincl of chemical action can he 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 liquid, a fresh gas, 
or mixtures of these. 

(2) Two liquids may produce a solid, another liquid, it 

gas, or mixtures of these. 
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(3) A gas an 1 a liquid m,IY form ,1, soliel, a liquid, or a 
gas. 

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

(;) A liquid ancl a solid may form a solid, a liquid, or 
a gas. 

Experimental illustrations of some of these require 
somewhat complicated apparatus, out lllallY of them can he 
shown with simple materials. 

Experiment 5.-Take a glass cylinder tilled with the 
colourless gas ammonia and loosely covered with a glass 

circle, and invert it oyer another similar cylinder 
filled with the colourless gas hydrochloric acid. 
Slip ont the circles, and thus allow the two gases 
to ccme into contact: a \\'hite solid will be 
formed which will quickly settle clown upon the 
sides of the cy linders.I 

E:l'periment G.-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 
(Experiment 1), and then bend this end around 
parallel to itself at a point ahont 7 cm. from 
the end. Now (Ittach the first end to the gas 
supply to the laboratory by meallS of a piece of 
imlia,rubber tuhing. Turn on the gas and light 

Fw.3. it small jet of it at the end of the tube. Take 
it 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 he covereel with a dew of 
some li(IUid 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.-To rigidly proye that two gases call 

1 In this experilllent as well as ill 1'\os. n, /, 8, 10 (iI), 10 ("), 11 (a), 
11 (b), the teacher must provide the gases for th,' studellt to '1>e. 
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combine 8,nd produce a new gas is not easy with simple 
appamtns, hnt a sufficiently accurate proof is afforded by 
repeating Experiment [5 but with the cylinders fille!l 
with oxygen aml nitric oxide gases respectively. '''hen 
they come into eontact a reddish-brown gas or vapour will 
be formed. 

EJperiment S.-To show that two gases may produce 
mixtures of gases, liquids, and solids. Take t,,·o cylinders 
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 
coating-a solid; and 011 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 beell formed hy this change. 

Experiment 9.--That liquids will react upon each other 
in the ways mcntione!l can be shown by the following :-

(a) Place about 5 grms. of calcium chloride in a small 
dish and add about 5 c.c. (cubic centimetres) of water to 
it. Stil" and allow to stand. 'Yhen all has dissolved, 
pour the liquid into a small beaker and ad!l very slowly 
about 3 c.c. of strong sulphuric acid. Stir the liquids 
together 1vith a glass rod; a large quantity of steam will 
be given of!.' and a white solid substance will be left hehind. 

(Ii) 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 sulphlU'ic acid and water, and great heat 
will be produced by the action. 

(c) Dissolve a small quantity of cat·honate of sodium in 
distilled water, and allow to stand until all has dissolved. 
Now drop in a little sulphuric acid. An abundant evolu­
tion of gas will take place. Two liquids have produced a 
gas. 

(Ii) 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-hrown gas will be evolYed. 
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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. 

Experiment 10.-The modes of change mentioned aboYe 
between a gas and a liquid may be illustrated by the 
following :-

(a) 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 blue liquid.. After a little time the 
whole tube will appear to be filled. with a black substance. 
This is a solid body and ean be separated from the liquid 
by filtration througli filter-paper, and then dried. 

(1)) 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. 

(c) The cases where a gas and a liquid act upon each 
other and produce a gas are somewhat rare. The foIIowing 
experiment is an example of this mode of ehange. Into a 
jar of chlorine gas plunge a piece of paper moistened with 
a little turpentine. Chemical action will immediately 
occur between the gas and the hydrogen of the turpentine, 
and the heat will he 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 l1.-The changes between a solid and a gas 
may be shown as follows :-

(a) Place a sm;l11 piece of dry phosphorus in a dry 
deflagrating slJoon, set it on fire, and then place it into it 

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 he deposited on the sides of the cylinder. 
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(b) Repeat the preceding experiment, but wit1\. 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 
oily drops will be observed on the sides of 
the cylinder. 

(c) Place a little powdered lcad acctate 
at the bottom of a dry test-tube and pass Oll 

it from the Kipp's apparatus (see :Fig. 17) 
some sulphuretted hydrogen. The white 
salt will immediately be turned black. 
Place your thnmb over the end of the tube 
and shake; the smell of the sulphuretted 
hydrogen will have disappeared and the 
smell of acetic acid will be noticed. 

Finally, the actions between a solid and 
a liquid are illustrated by :-

FIG-.4. 

Experiment 12.-(a) To a small quantity of solia canstic 
soda (sodium hydrate) placed in a dish, add a fcw 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 
mercuric oxide will dissolve, forming a clear liquid. 

(c) Place some carbonate of sodium at the bottom of a 
tall beaker ami 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 lighteu 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 occur, but it must not 
be supposed that all hodies can be made to act upon each 
other; wo find that some substances cannot bo made to act 
upon each other at all. Even in the ease of some that do 
react, yery great difficulties arc experienced in causing the 
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change. In endeavouring to bring ahont the changes the 
chemist uses every artifice that is known. He employs 
every degree of heat from the very lowest temperature 
known (helow that of liquid air), up to the very highest­
that of the electric arc. He also makes use of light, elec­
tricity, as well as every variety of press1ll'e, hoth enor­
mously great and exceedingly small. From his study of 
the behaviour of certain classes of bodies whell treated in 
a particular manner he is sometimes able to predict that a 
certain suhstance belonging to a class will behave in a 
manner similar to the other bodies of that class. This is 
often quite true, lmt it is not invariably so, and it mnst 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 arc 
many of a similar character. These can be placed into 
classes. Two of such classes are of great importance; they 
arc-first, those in which a substance consistir:g 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 anal!ISis; 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 possilJly be, it is found that we 
arrive at certain kinds of matter ont of which we cun m~,ke 
nothing else. There are at present about seventy of these 
different kilHls of matter known, bnt man'y of these are of 
extreme scarcity, and only seldom met with. Also more 
powerful means of breaking up matter are being introduced, 
and fresh discovcries are therefore constantly beillg made, 
so that this number is increasing. Each of these different 
kinds of matter is called an clelllent. These elements are, 
as it were, the stones with which the chemist builds. Ont 
of these, combined with each other in all kinds of propor-
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tions, every snhst~nee is formed. Chemists employ certain 
symhols to n'present these clements. A list of these will 
be founrl ill any work upon theoretical chemistry. The 
student is expected to make himself aC'Fwintecl with these, 
as well as with the fornl1llm of the commoner chemical 
substances. He is also expected to make himself familiar 
with the use and significance of ehemicrtl eeFlations. If 
this has not heen already llone, the stmlcnt shonll1 llo so 
while he is working through the experiments detailed ill 
the next chapter. 



CHAPTEH III. 

ACTION OF HEAT, 'Y ATEn, ACIDS, AND ALKAUES UPON 

,'AlUOVS 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 substanccs 
can be tested by this agcnt: first, they can be heated 
in a closed ycssel or out of contact with the air; or they 
can he allowed to come freely into the presence of the air 
whilst being warmed. As will be abundantly proved later 
011, there is an essential difference in the two cases. 
Perhaps the simplest illustration of this is a matter of 
common knowledge. 'Yhen we burn coal in an open fire 
we get, when it is completely burnt, ashes left behind 
which are gray, red, or "'hite 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 heateu in an 
open fire will hum away to the same kind of ash. 

The source of heat usually employed by the chemist is 
the Bunsen humer, hut very often the hlow-pipe is em­
ployed, and when great heat is l'cquired furnaces of various 
kinds arc used. The use of the blow-pipe will be treated 
of in a later chapter, hnt it is not proposed to touch npon 
experiments requiring the use of the furnace. 

Almost eyery variety of vessel for holding the snbstance 
is used, bnt when examining the effect of heat upon it 
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alone, either glass tubes, or porcelain crucibles, or dishes 
are employed. ,\'hen the heat required is moderate, i.e. 
only two or three minutes in the Bunsen flame, ordinary 
glass test-tubes may be used; but when a longer exposnre 
to the heat is necessary, tubes of harder glass are required. 
These do not melt so easily as ordinary 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 nse is about 
12 mm. diameter and 10 cm. long. 

\Yhen testing the effect of heat upon the dry substance, 
the tube is first made thoroughly clean and dry. A little 
of the suootance is placed in it and heat applied. This 
must be done carefully. Hold the tube in a slightly 
slanting position and, at first, just ahout 1 cm. abqve the 
top of the flame. Moye the tnbe into and out of the hot 

- space continuously and note any change ,,-hich may occur. 
Gradually lower the tuhe 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 seleded in order 
to give the student examples of some of the typical changes 
which take place when substances are heated, and to gi,-e 
him an opportunity of cllltiyating his powers of observation. 
Careful notes of all the effects produced should be made. 
These must be neatly copied into a note-1)ook and handed 
to the teacher for examination. In order that an idea may 
be obtained of the way the notes should be kept, the ear1i;1' 
experiments are described in some detail. 

Experiment 13.--EI/cct of Heut tlpOn Iodine.-Place a few 
crystals at the bottom of a test-tube. Notice the colour of 
the crystal and the shape. "r arm gently as directed. 
The crystals will be obsen-ed to become liquid (this is 
spoken of as jllsil1.IJ), and at the same time a beautiful violet 
vapour will be given oil:". This vapour will graliually fill 
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the tube ilnd rlln oyer the side, when it will ho obseryed 
to fall through the air, showing that it is a much heavier 
vapour than air. As the heat is contimwd, more ,mel more 
of the suhstance vaporises until the end of the tube which 
has been in the flame becomes quite clean and tllC whole 
of the iodine has vaporised. Now aHow tho tn1)e 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 covcrcd 
with fine crystals of the same shape, but perhaps smaller 
than those originally taken. 

This experiment might he entered in the student's note­
Look ill tho following manne!' :~ 

EFFECT OF HEAT 1)PON IODINE. 

Appearance.~A crystalline sn11stance. 
Cl'!Jstals.-Fht plates of ;, 1)1:Ick colour and with (t 

metallic lustre. They haye an unpleasant odour and stain 
the skin of a dark hrown colom. 

As soon as a moderate heat is applied, tho sllbstance 
melts ane! viold-eoloured yapo1U'S arc given otl'. These 
gradually fill tho whole tllbe am] l"lm out at tho top, falling 
through tho air, thus showing that they arc heavier than 
air. ,Yhen tho tulle is allowed to cool, the vapour gradu­
ally disappears, and small crystals of the same shape and 
colonr as those originally taken arc soen sticking to the 
sides of the tube. After the heating, tho bottom of the 
tube is quite clear, showing that all the material has 
yolatilised. 

This process of heating a solid hody until it vaporises, 
and then condensing the vaponr upon a cold sndace, is 
called" Sublimation," 

Bxpeyiment H.-EfIrd 1:/ Heal upon l'otu8'IC Chlomte.­
Phtce in a dry tube (prcfcrahly of hm'd gla,ss) a few 
crystals of this substanct'. Heat as <li!'octed. ?\oticc that 
very little effect is caused with a gentle heat, bnt that a 
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grcflter CflUSC~ thc suhstancc to melt aml then to hoil. 
Hold a glowill3' woollen match ill the tnhe when the boil­
ing has commollcoe! and notice that it is l'ckindlcd, thus 
sh,)wing that f\ gas is cyolycd which aiels combustion more 
than ail' docs. 

Notc appearanee on cooling, awl wl'ite fnll details in 
note-book. 

E.11JC1'irnent Ifj.-J~(lcct of lIeut IIpon Lcwl .Lyitmte.-Suu­
stance decrepitates with loud noise, fm;es and gi\'cs off 

Fw.5. 

l'cddish-brO\\-n fumes whieh rckincllc a glowing match; on 
tuoling, a urowlJ lllass is sccn to be loft ill the tuhe. 

These experimonts show the necessity of testing for any 
gas which may be given off. This should always bc donc. 
The tosts to be made should be :--

1. Colour and odour. 
2. ,Yhether gas will burn 01' snpport burning. 
3. ,Yhcther gas 01' fumes aro acid 01' alkaline. 
4. If carbon dioxidc is the gas produced. 

The second of these can be done by holding a wax 
match in a small picce of lJent copper wire of such a shape 
that it can bc lowered into the tube, but at the same time 
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allow the match not to touch (he ~ides. -;\ o. 3 is done ]).y 

holding it sIllall piece of moistened litmus -paper in the 
tube. If gas is alkaline, red paper will he turned blue. If 
acid, blue paper will l)e tnl'Jled red. 

The testing for cmhm dioxide is best JOlle as follows. 
Make a fine jet on a piece of glass tulle. Dip tllC end 
into clear lime-water. The lime-water will nm lip inside 
the tube. Allow allli(IUid to rull amlY that will. Now 
place tube insiJe the test-tube and g\,lltly 1il1ck the gas 
into it. If carbon tlioxi(le is present, the lime-water ,,,ill 
be made milky. (Tilden.) 

There are frequently other gases gi"en off; c.!/ sulphur 
dioxide (recognised hy its suffocating sillell of snlplmr), 
hut many of these rC{luil'c Bpecial tests <lll(l :ll'e less com­
mOll than the ahoyc. The following suhstanccs may he 
given for practice ;.-

Mercuric Oxicle (HgO).: Ammonium Chloride (~H,CI); 
Ammonimn Garuonate; Ammonium Nitmte (:'I H4N0:J) ; 
Sugar (CuH:zPn); Hed Le~1cl (PbP.); Slllphm; Potas­
sium lIy!lrogen Sulphate (KHS04); Calcinlll Carhonate 
«('aGO) (hard glass tuhe and great heat); Leatl ~itrate 
(Pb(~O:;).!J; l\[erc\ll'ie Nitrate (Hg(XOJ:z); Ferrom Sul­
phate (FeSO 4); AlUlll; i'lIagnesia (i\IgO); Acetate of Lead 
(Sugar of Lead). 

ACTIO:\' 0 F ,f ATElt (.'1'0:\ SLB~T.\~GES. 

The effects pro!lnced may he studied in either test-tubes, 
beakers, or porcehtin di~hes. They are \-ery yariom;: some­
times the substance is not altered, sometimes it dissolves 
either' wholly or partially, sometillle~ chemical action 
resulting in the pl'o!lnetion of great heat is brought about, 
or a new substance differing in colonr or appearance is pro­
duced. The following experiments \,·ill illnstmte the 
changes. (The crystallisation of ;.;alts from water will be 
treated of in the following chapter.) 

Experiment 16.-Action of lValet" un Calcium O.ride (Lime, 
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CaO). -- Place a piece of ':ommon quick-lime in a dry 
heaker, awl pour it little )I-;ltcr Up011 it. After it minute or 
two the hard lime will begin to crumble to powder, [md all 
itlmndant evolution of steam itccompanil'd with a hissing 
Iwise will take pbce. The lmnl stone 'I-ill become a white 
powcler. III this case a chomical actioll has taken place 
between the oxide (G,O) ,l,!l(l water, aml a ncw ~nhstance, 
the hydrate (C"H20 2), has !)een fonned. "XU\)- ad(l it much 
larger quantity of w,tter and stir well together. Allow to 
stand, stil'l'illg from time to time. .A )I-hite snhstance ,,-ill 
be ollsen-ed to settle to the bottom, sholl-iug that the 
hydrate has not entirely dissolved. Has !my of it dis­
solve(l? To answer this question \\-e must separate the 
soli(l from the liquid. This is done hy filtration 01' de­
cantation. In this caBe dcc',\llt~~tlon is hettef. \\'hen the 
whole has stood for some time 'without distur1Jimce, pour 
off a little of the perfc(;tly cle,tr li(llli(l iIlto a clean porce­
lain dish. Place the dish over it flame amI boil otY the 
wa,ter. A small amount of a white solid ,,-ill remain in the 
dish, showillg that a little soli(l was dissoh-ed in the liqni<.1. 

E.I'jIet'iIllCllt Ii.-Adioil of 1/(lta Iip(f1C f~od'ialil.-H[,lf­

fill a dish ,,·ith distille,l witter. Dip piecos of hlne itncl 
reel litmus-papol' into it and ohsol'le that neither is 
challged. ]';' Oll- cnt off a ,small picce of sodium and drop 
it Oll the watel'. It will nm ovor the slll'face very rapidly, 
aceompanied ,,-ith a hissing noiso. Somotimes when' it is 
nearly all used up a yellow fiame will burst out. This 
flame ean he produced if it lighted match ho held neal' the 
rolling sodium. After the action has ceased, test the 
water again wit}l litmus-paper; it will be foulJ(} that it is 
now itlkaline. If the sodium before putting into the water 
had been wrapped round with it dry pieee of wire gauze 
and this thrown into the water, it would sink, and bubbles 
of gas would be ohsen-cd to be given off. Thus water aets 
upon sodium, pl'oducing a colourless gas itull forming an 
alkaline liquid; if this liquid be evaporated, it white solid 
body will be left. 
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Tho action of water can he stwlicd with the follow 
ing :-Sodium Chloride (salt) entirely diiisohes (orLiinar} 
samples sometimes leaye a slight rcsidue owing to iIll 
purities); Sodium Hyclmtc, NaHO (c'austic soda); PoLas 
Slum; A nhydrous Copper SulplJate (\\'hite snl)stance dis 
solving to form a blue liquid); Amlllollium Kitrate (solutioll 
accompallied with lo\\'crillg of tcmperatmc); Calcium 
Sulphate (use Plaster of Paris anrl notice the "setting' 
when a small <luantity of water is used, amI the partial 
solution when a large <luantity); Phosphol'tls Pentoxi<l( 
(rise of temperature amI acid solution); solntion of Anti· 
mony Chloride (use large quantity of wator and notice 
the formation of [I white precipitate); solution of Bismutll 
Nitrate (similar to Antimony Chloride). 

ACTIo::\ OF ACIDS L'l'O::\ BUDIES. 

In chemical changes which occur between aei(1s and 
other bodies \\'e find a difference owing to the natlll'e of 
the :tcid as well as its strength and tcmperaturc. JUany 
actions are common to all acids, but SOlllC arc peculiar tc 
the inc1iyilhw.l acid. This is cspccially the case witb 
sulphuric acid, which in ;t(lllitioll to it~ acill propcl'til;o 11m 
a<lded 011, as it wcre, its l'cmarkal)le uyidity for 1Yater. If, 
thcrcforc, this substallcc comes into COil tact "'jth anythillg 
from 1rhich it call take water, 01' thc elements of water, it 
will exert this l)owe]' in addition to those propertics whicb 
may be regarded as more particularly cOllnccted with acids. 
Thc detailed study of the efrect~ of acids is a ycry extemiH 
one; wo shall thereforc ollly illustratc the most important 
modes of action. 

A vcry commoll rcsult of the action of an acill upon il 

substancc is to produce a ga~ a~ onc of the product:;; this 
gas may be collected amI examillc<l separately. ,rhcll 
this is clone, howcver, dijferent apparatus hom that fol' 
simply testing the actioll of acids is required. Directions 
for preparing ga"es are gi"CIl ill Chapter YIlI. 
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E.ljJrrilllclli 18.-./ciiu/t if "iLids lIjJon Carb·'will's.-TIe­
peat Experiment 11 ("), usillg some other carbollate, sneh as 
a little Ilo,nlered marble, amI some other acid, sudl as 
dilute hydrochlOlic. 

EJjJuilJlI!ld 1 ~).-.lc{i(}!l of Acids 11pIJ/I Jlc/al".-Illto a 
small flask of al)out GO c.c. capacity, place a fc\\' pieccs of 
graJlIllatcll zinc, now pour ill al)()ut 20 
C.o. of l1ilutc sulphuric acid (nlade llY 
mixing one part of acid "ith fom of 
water). A rapid discngagemcnt of ga6 
will take place. After the action has 
gone on for a few minutes, hold n light 
to tho month of the flask; the gas \\'ill 
hnrn with nn intermittent flame \\'hich i~ 
allllo~t Iloll-Iuminous, but tinged slightly 
yello\\'. The zinc will gradually dissolyo 
(the addition of a little more ae-id will 
sometimes he Ilccessnry), lmt frequently 
a little hlaek residuum ",ill be left 
behind; this is dne tu some impurity 
(principally lead) in the zinc, which is 

FIG.O. 

)lot solnllle in the dilate aeill. In onler to show the 
influcnce ()f the strength of the acid in mOllifying the 
change, repeat this experimcnt, lmt place the zinc, ill 
a dry test-tulle ;tll(l pOllr 0]1 it a few l1]'ops of strong 
sulph1l1'ic a<:itl. A yei'y minutc actioll 'I'il! take place, 
aJl(I the ZillC will beco111e c()ate(l with a white sub­
stance \dlich floats ahout ill the acid j practically no gas 
will llC gi ,'ell off. X ow pour ill a little wnter j illlll1edi­
ntely n yiolcnt action will occur amI gas will be cyoh'ed. 
The explanntion giYell of this i~, that the acid acts on the 
zillc awl pr()(luces ZillC mlphate, which is insolnhle in 
strong snlplmric, and thns it remains on the ZillO, coating 
it, ns it were, with a paint. The acid is thus nllaLle to 
get to the ZillC to act llJlon it and thus all "etion ceases. 
\I'hell the wilkr i~ adeled, the sulphate is (lissoh'ed, and a 
fresh surface eXJloscd for the acid to attack. 
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The follo\ring substances can ],e giHll fo]' testing with 
acids :-Iroll (filings or borings);· Magnesium; Copper 
(turning~); Tin (granulated); Iron Sulphi(le; Sodium Sul­
phite; Tartaric Acid (with strong sulphuric, shows de­
hydmting action); Sodium Acetate (note odour mHl ileid 
yap our) ; Oxalic Acid (strong sulphuric and heat); Salt; 
Potassiulll Iodide; Potassium Xitrate. 

(Note.-Tlle action on the metals shonlLl 1)0 stwliccl 
with sulphuric, hydrochloric, and nitric, beeausc the results 
are slightly different in each ease.) 

ACTIO~ OF ALKALIES 1.,'1'OX SCIlSl'AXCES. 

In some cases these bodios act in a dmntctcl'istic manncr 
upon chemical suhstances. The term "alkali" is usually 
reserved for three suhstances :-canstie potash (potassium 
hydrate, KHO), canstic soda (sodium hydrate, X"HO), and 
ammonium hydrate (XH41IO); Imt the action of the last is 
somewhat different frolll that of the potash ~tlld soch This 
is partly owing to the fact that 011 heating the amlllouium 
hYllrate, it gives off ammonia. From this cil'CUmst,l11CC 
ammoniulll hy(lmte is sometimes spoken of as the" vola­
tile alkali." The experimellts may be studicd in the same 
way as the pl'eyions OllCS, no special dil'ectiollR arc required, 
and the followiug suhstances may be used to experiment 
upon:-

Ammonium Chloride (with potash and ROlla); Ferric 
Chloride (solution of, in ,mter) j Ferrous Sulph<lte (solu­
tion of, in water); Copper Sulplwto (solutio!l, Ilote differ­
once between amlllonium hvdrate and the other~); .zine 
Sulphate (solution); Lime (usc the solid CaO, and drop 
the solution of the alkalies 011 to it, llotc difference with 
~.N"H4HO). 
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PREPAIUTION, OF SL'BS'L\;'\'CES BY CUYSTALLIS,ATION 

.FRO}r SOLYBl>TS. 

"'lIEX a substance is dissolved ill n solvent, and that sol­
vent is slowly driven off either by heating or by spontaneous 
evaporation, it is usually found that thc substance separates 
in the solid state ill masses, which possess ,~ certain definite 
shape. EClch of these m,lsses i" 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. Tlms if copper sulphate be dissol",~d 
in 1vater, and the water be gradually driven oft· by heat, 
the substance separates from the fiuid in large blue 
crystals which consist of the sulphate united with ahout 
three-fifths of its weight of water. Chemists arc 1l1Hlecidcd 
whether to regard sneh comhinations as chemical Olles or 
not. But it is certain that the water can he easily sepa­
rated, fur if 1\-e heat this substance to ahout 250" C., the 
water is driven off, and a white powder without any 
definite shape remains. "Tater which is combined ill this 
way is called" 'Vatcr of Crystallisatioll," and its presellce 
8eemB to be essential to the existence of the definite shape 
of the crystal. 

Different suhstances crystallise ill differellt shapes; thus 
we have cubical crystals, octahedral crystals, ek. But 
many substanccs of an allied chemical nature crystallise in 
the sallle shape; thus, for exa.mple, salt, pota.ssium chloride, 
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potassilllll hrollli( Ie, and pota,;si llm iodide, which are all of 
similar chemical c()llstitntiun, cIJ,tallise in the same shape. 
rt is f01llHI that Olle of the 1)cst ways of scp;lrating a sub­
stance from impmities is to crystallise it o,·or and oyer 
again. l\lorooyer ,,·e find that, generally, the largest and 
best-defined crystals consist of thc purest mat~rial. 

hI 

KN03 

FIG. i. 

Crystals may he formed from any solwnt, amI in some 
cases the solyent unites with the substance jnst ;,s water 
docs; but the crystals obtained from one solvent frequently 
differ in shape from those obtaiw'll hom another. 

\' cry often the amOll11t of water which is combined, and 
therefore also the shape, depend upon the tcmperaturc at 
which the crystal is formed. From this cause it is some­
times found that crystals of different shapes are mixed to-
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gether in the same "crop." This is prevented hy allow­
ing the crystallisation to take place yery slowly. This 
should always be done if regular and well-elefine(J crystals 
are req uire( 1. 

The formation of crystals is cOIl,i<icre( I to prove that at 
a certain temperature It solyent can only hold a certain 
definite amount of a substance dissoh-ed in it. 'Yhen it 
has this amount, the solution is said to he "saturated." 
If by Imy means a little of the soh·ent is withdrawn, or 
the temperature is altered, then the same amount of 
mitt erial cannot he kept in solution amI some separates 
out, forming whilst doing so the crystal. Almost all snh­
st:mces me more soluble in hot than ill col(1 liqui(ls, all(l 
therefore crystals are nsually 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 withont forming any. 'Yhen 
this is the case the whole mixture is in it state of un­
stable equilibrinm, anel this condition is upset by the 
slightest e;mse, snch, for instance, as shaking, or (lr·opping 
into the ]i(lnid a slllttll piece of the suhst:mce dissolved. 
'Vhen this is done, the formation of crystals will commence 
immediately, and frequently a great rise ill temperature 
will take place. The solntion in this condition is said to 
be "super-saturated." "~hen the crystals arc obtained, the 
stlHlent shouhl make sketches of them. It is unnecessary 
to attempt to sketch the whole mass, and of little yalne 
when done. It is much hetter to fix the attention on one 
or two of the most regnlar ones amI to sketch them. A 
little practice will reduce the difficulty. 

B.cpcrimod 20. - Preparation of CJ!JStals of Alwll.­
POIrder abont 30 grms. of alnm in it mortar, ami place ill 
a heaker with about 40 C.c. of (listilled water. '''arm 
gently 'I'ith constant stirring until all has dissolyed. If 
the solntioll is not clear, it must be filtere(l. Pour the 
clear solution into an evaporating dish amI warm nntil it 
is re(lueeu to about fiye-sixths of its bulk. Coyer the dish 
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with a loose cover, amI put it aside in a place where it ,rill 
not be disturbed. After four or five homs a good crop of 
rcgular crystals will he obtaincll. If this is not so, ell'ivc 
off a little more water by heating, and again allow to 
stand. Now pom off the li'luid from the crystals into 
another dish, cvaporate a little more and obtain another 
crop. Drain the crystals as dryas possible, and then 
turn them out of the dish on to some dry hlotting.papcl', 
and complete the drying. Finally, select some of the most 
regnlar ones and sketch them. 

, In making crystals, remember that the more slowly the 
solvent is removed, and the quietcr the solution is kept, 
the more regular and larger the crystal. Sometimes it is 
inadmissible to warm the solntion. 1rhen this is the case 
the sohent is either allowed to spontaneously evapor:lte 
under a hell jar, under which is put at the same time some 
snhstancc, such as strong sulphmic aci,l 0)' fnsed calcium 
chloride, to ahsorb the water as f~tst as it eYaporates, or 
the solution is put under the receiYer of an air-pump 
along with the sulphuric acid :md the air pumped out, 
when the solvent cyaporates and is absorbed by the acid. 

Most suhstanccs can be obtained in the cITstalline state, 
and there is therefore no hek of material to cxperiment 
with. The following will be found to give good results ;-

Potassic Iodide or Bromide; Sodium Sulphate; Potassic 
Nitrate; Pot:tssic Chlorate; Copper Sulphate; Lead 
Nitrate; Ammoninm Chloride; Sodium Phosphate; 
Magnesium Sulphate; Chrome Alum; Potassium Ferro­
cyanide; Ammonium Oxalate. 



CHAPTER V. 

TIlE HLOW-l'Jl'E AXD ITS USE. 

THE employment of tlJe ])loll'-pipe as an aid in finding out 
the chemical na.tlll'e of sub:-;tallces waR made nse of very 
early in analysis. The introduction of the Bllllsen burner 
h~Ul somewlmt cnrt:tiled its nsc, hut it is still :t most valn-' 
able little instrumellt, and is capable of yielding results in 
a few minutes \\"hieh can ollly be obtained 1).)' long and 
tedious operations ill any other way. 

It is simply a tuhe through which a currcnt of air can 
be sent into the illterior of a 
flame. \Yhcn a small qnalltity of 
substance is required to he heated 
this current IS sent from the 
mouth, and the instrument i~ 11 

"month bIo·w-pipe." But whell a 
large body of flamo is re(luired, 
the blast of air is usually oh­
taiued :1roUl. it 1)ellows -Wh{t\l is 
worked by the foot; in this <.:asc 
we hnye a "foot blow'11ipO." 

The jet from which the mr 
issues, and which is placc(l in the 
flame, is made of metal, awl hap, 

];lTG. S. 

a Yel'Y fine opening-a pin· hole. The hole shonlrl bo 
accurately bored, ill order that the ail" may issue in 0-
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straight line, and it is advi8ahle th"t the jet fihould he 
capaf)le of l'el)lacemollt by a now one when it becomes 
corroded. 

The proper nso of the month l)1()\\"-pipe reCjnil'cs a little 
practice. Hep;illlll'1"H hI ow till) hard and nse tOil hig a flame 

to blow throngh. A piece 
of metal tnlJe \I"hich just 
fit~ inside the tuhe of the 
l:nnsen humor, and which 
Iw.-, its upper end sqneezed 
ill all<l cut ofr :tt :tll angle, 
i~ a great cOllYcllicnce. Tnrn 
clowll the flame until it is 
a little higger than that of 
a candle. lIol<l the nozzle 
of the tube just within one 
side of the llame :mel hlow 
gently across it. In this 
way the flame will assume 
the appearance shown ill 

the sketch: there will be :III Ollter portion, A, to the fiallH', 

and an inner portion, B. By altering the inclin"tioll of 
the jet, the fheme can he direeted in allY required direction. 
,,\'hen blowing, cxto!l(I the cheek-; a11\1 bre;lthe through 
the nose. After a few triab this will be easy of accompli~l­
ment, and a long ],last will lIe kept lip with yery little 
fatigue to the operator. 

The hlow"pipe aifonls llS a mcans of putting snhstances 
under two distinctly differcnt seb of conditions. III the 
first case, if the bocly be put at A, or allywhcre ollt<ide the 
spaee eBD, it will ho m:l<lc ,"cry hot all<l SUlTOllJldc<l on 
all sides by hot air. All the cOllditiulls will therefore be 
f:wourahle for comlJinatioll to occm· hctwcen the boely and 
the oxygen of the air. 8nch a camlJination we find vcry 
frequently docs occur, <lnd an "oxille" of the ])0<1y, or of 
some constitnent of it, is formc<l. This portion of the 
blow-pipe flame is for thi~ reaSOli irellnently spoken of as 
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the "oxidising flame." The case is quite different within 
the space marked DEC. Here we have not quite so much 
heat, [Jut we haye ,-ory little, if any, ail'; and instead we 
haye a qnantit,y of unbllI'llt gases, which arc ,1nxions to 
unite with oxygen. This they will take from any sub­
stance with which they come into contact, amI hence in 
this part of the flame bodies arc deprlyed of their oxygen 
if they haye any. This part of the flame is therefore called 
the" rorlncing flame." 

The foot hlow-pipe is used for glass-worldng, espeeially 
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. Hcmember it is flllite easy to sewl more 
air through the flame than can comlline with the gas; this 
excess of ail' Olily cools the flame. :\[ake the up-stroke 
with yoill' foot quickly, awl the dO"'ll-stroke slOirly. 

The substance to be heated is placed UpOIl a suitablc 
support. This is Ilsually charcoal; but sometimes platinum 
foil 01' wire is used, and in others crncibles of platinum or 
porcebin. l~or ordinal'Y \\'ork charcoal POSSCSSl'S many', 
a<lvantagcs: thllS it is a much worse conductor of heat 
than the 1l1.etals; it is infusihle; its porosity cn;dllcs it to 
absorb ftmble substances which are heatc(] Oll it, whilst in­
fusible oncs remain upon the surface; thell, finally, it will 
assist operations CO!l(itlctcd in the reducing flame because 
it is itself rca(ly to combinc with oxygen. Pieces which 
are compact aud as free as possible flOm cracks should he 
selected. It is sometimes difficult to get good charcoal; in 
this case Griffin's substitute will be foullrl to be excellent 
in eyery respect. 

The following f1xpel'imcnts illnBtrate the me of tho hlow­
pipe :--

E:rperimcJlt :21.-Mitl,c:1 little collical hole, ;lhont .f mm_ 
deep, in a picce of cluu·eoal. T,lke a small crystal of si]ycl' 
nitrate and cl'n8h it to powcler. Place some of the powder 
in tho hole ill the charcoal. ~ ow hold the c hal'coal ill the 

n 
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blow-pipe fhme so tlllct the suhstance shall be ill the re­
ducing part. As soon as the heut touches it, the nitrate 
will melt and then become reel-hot and canse the charcoal 
to sparkle (calle!] "deilagl'ation "), and minnte globules of 
white metal will he left. The nitrate has thus been "re­
dnced" to silver . 

.1Yotl'.-In eases of reduction simihw to the ahoTe, it is 
usual to mix the snlJstance with thrce or four timcs its 
weight of sodium carhonate. This when heated is itself a 
reducillg agent, awl honce 1\'0 h:we the effect of the flame, 
of the charcoal, and of the sodium carhonate all a!ldc!l 
together. Potassium <:yanide is another substance used for 
the same purpose. 

Experiment 22.-Plaee a small quantity of crushed. aillm 
in a eavity in a piece of charcoal. (A fresh hole mnst he 
used each time.) Heat it before the hlow-pipe. (Some 
changes will occur equally well in either flame-this is 
one.) The mass will swell up (said to "intumesce "), and :1 

large quantity of steam ,,,ill be gi\~cn off. Presently a 
white powder will be left, and no matter how long you 
heat, no change will he produced: the substance is infus­
ible. Now allow to cool and then moisten the white mass 
with a solution of cobalt nitrate and again heat. The 
white mass will change to a fine blue one. This is dne to 
a combination taking place between the oxides of alumin­
ium and cobalt which arc formed by the heating. 

Experiment 23.-l'he Bo)'(u Bcud.-Take :1 piece of 
platinum wire and 1)en<l one end round into a little loop. 
Dip the loop into pOIHlel'ed borax and heat. The salt will 
swell up, and give off steam, but presently will sink down 
into a colourless liqui<l filling up the loop. Now remove 
from the flame and allow to cool. This is [L bomx bead. 
Touch it with a yery small quantity of potassium chromate 
anti again heat. Then allow to cool, when the head will 
be seen to be of a green colonr. 

Note the yellow colour given to the flame during these 
heatings. This is due to the 80dinm which is cout[Lined 
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in the borax_ Borax beads may be obtained, and the 
colours gi ,-en to flames shown, by heating in a Bun~en 
burner as well as in the blow-pipe flame. 

The following substances may bo given for experiment­
ing with :-Le,tcl Acetate, Sodium Chlori(le, Copper Snl­
phate, Bismuth Nitrate, }'elTow; SnJphate, Zinc Slllplmte, 
Magnesium Sulphate, Bariulll Chloride, Calcium Carbonate, 
Tin Oxi( Ie. 

In borax head :-Cobalt Nitrate, X ieke! Sulphate, l\IiLll­
ganese Sulphate, Copper Snlphate. 

~y(Jte. -l{ememuer to moisten with solntioll of cohlJ,lt 
nitrate when a white resi\lne l'em:tins, ;tnd to "dd sodiltm 
carbonate or potassic cyanide if results are difficult to 
obtain. 



CHAPTEH YI. 

A ITERY important pmt of practical chemistry is the test­
ing of unknown sllbstanccs in order to find out their com­
position. .l\IRny of the eXl)('riments already described will 
h~we show11 the student th,\t some borlieo'l behave in such a 
characteristic man Her whell he~,ted or acted npon by acids 
that they may be easily recognised. Other substances, 
however, are llot so influcnced. Bllt almost all hodirs can 
be made to show some peculiarity ,dlCll tested, either in 
a partieular way or ,yith a particular suhstance. This 
peculial'ity sen'es to (listinguish the snl)stance from otllel's. 
Wheneyer the phenomena arc brought about by the 
ad(1itioll of kllOlrll substances to the unknown, the suh­
stance causing the change is called a "reagent." Generally 
the reagent is ill the li'lllid state, solid,.; being dissolYCu in 
some so!Yent; lmt ill stll\le few cases the SII bstance is in the 
solid form, and ill still fewer in the gaseous. 

The nature of the phenomem\ produced y,\ries consider­
ably. \Y () hayc alre:uly stndied the action of aeids and 
water upon bodies, and ,re need not refer to that again. 
By fal' the larger llnmber of "tests," as they are called, 
are made hyadding to 10 solution of the unknown substance 
another li(lUicl (usually a solution) of known composition, 
and observing the change pl'odnred. Some common kinds 
of change arc :-an alteration of colom' of the liquids, 
formatiol1 of a gas "which bubhles out of the liquid, or the 
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production of a "prccipitate." This last is the llame gi,"cn 
to it solid substance ,,"hich is sometime's formed when two 
liquids, or It g:tS and a liqnicl, arc mixe(1. As it ru1e the 
solid sinks down to the bottom of the tube in which the 
liquids are mixed, hence the n:tllle; hut whetller it sinl\:s 
or floats it is called it precipitate. The colour or appear­
ance of this precipibte is very often sufficient to identify 
it, and as it \\'as formed from the unlmmnl substance by 
the addition of a certain reagent, the nature of the Ull­

known substance is tlms reveale( 1. 
Sometimes itll additional test is re'1uired before the 

identity is com}Jletcly nmde out. An exampll' will make 
the process clear. The nnkl101rn snostance is a clear liquid 
of a olue colour. I pbee :t little of it in a test-tube and 
with great care drop into it a))ollt one clrop of dilute 
ammonium hyclrate. ImIllediately there is formed a light 
blue wlill whil.:h sinks to the bottom uf the tube. 1\ ow 
I add more ammonium hydmte. The light blue solid 
disappears and the th,id lJecumcs quite clear, 1mt of :L deep 
blue colour. So far as we JmO\\";ct presellt there is only 
one chemical element with whose compounds ammunium 
hydrate will (10 this. That element is copper, and we 
therefore cOllclnc1e that the unknown suhstance is, or is 
mixed with, some compoulld of that element. 

As iL result of carcfnl ~tuc1r extcnding o,"er many years, 
chemists have foulld that there are some Sn1)stallces which 
produce changes ill a greater numher of bodies thitn otllCrs. 
These are therefore used as the common l·eagents. These 
include the three important acids :- sulphuric, hydrochloric, 
and nitric; and the three alkalies :-potassiulll hydr[l,tc, 
sodium hvdmte,- and ammoniulll lw(lrate. III most cases 
the precirJit:tte cansed by an acid i~ it "salt" of that acid; 
{'.[!. sulphuric acid forms snlphates, hydrochloric aci(l furms 
t:hlorides; and in the case of the llyrlrates the precipitates 
formed are" llydmtes." Thus the white precipitate formed 
when hydrochloric a~i\l is 'Hlded to n solution of llitrate of 
lead. is ~llloricle of lead; ,,-hile that produced whell sodium 
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hydrate solntion is added to a soliltioll of ferric chloride is 
f~rrie hYllrate. III addition to the acids and rclkalies there 
are a la~'ge llllmber of othcr substances mdnl as reagents. 
These somctimcd prodncc precipitates themselYes or act 
UPOIl those produced ],.1' othcr snbstances. S1l1plmretted 
hydrogen is one of the most yaluable of these. I t is nsed 
either as ,t gas, and made to lmhhle through the lilluid, or 
it is dissolved in water awl a little of the solution employed. 
Thc reason why it is so nscflll is because llmn'y of the 
snlphiues which it forms possess characteristic colours, and 
othcrs behaye ill a particubr ,Yay when treated with certain 
reagents. 

The formation of a precipitate in any liquid is a proof 
that that particuLu' substance (that is, the prccipitate) is 
insoluble or nearly so in the liquid. 13ut it does not follow 
that thc substance will not elissolve in othcr liquids. In 
fact it is necessary fre(lUently to confirm the dec1nction 
drawn from the productioll of the precipitate in the first 
place by trying how it will behayc with some other re­
agent. Thus if I nell! 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 
calcium carhonate; hut if I were to conclude that whenever 
I got a white ppt. with calcium chloride it must be calcium 
CarbOIl<ltc, I should be very wrong, because calcium chloride 
will form ,,-hite ppts. ,,-ith a great many substauces. In 

. order to make sure that the ppt. ,,-as the carbonate I must 
add a drop Ot· two of hydrochloric aciel, ,,,hclt, if the solid 
dissolves and gas is given off ,,,ith effervescence, it is a 
proof that the white ppt. was calcium carbonate. 



CHAPTEn YII. 

~nIl'LE QTJ.\L!T.\TJn: TE~TIXG. 

IN working through the foregoing chal)ters the student 
mllst have been stmek with the peculiar appearance of 
some bodie;;:, and with the wav in which theRe or others 
behave whell either heated 0;' acted upon with acids or 
other reageJlts. He will therefore he prepared to com­
mence qnalitati\'e analy~is. This study has for its object 
the <liscovcry of the killd of the cOllstituents of which a 
suhstance is" composed. Xow, as we have said, there are 
ollly about seventy ahsolntely different kinds of matter; 
these are called elemcnts; all( I therofore qualitati \'c analysis 
is really the finding ont how m;my and which of these 
elements are prescnt in a ginJl sullstance. :But the prob­
lem is madc more difficult bceause the clements do not 
simply mix together in the same way that sand and sugar 
wonl<l mix, bnt they chemically combine with e,1eh other 
amI form substances ill 'rhich the charaeteristic properties 
of the clement itself art) entirely altered. Thus, for 
instance, no one wonld be ahle to say from casual ohserva­
tion that ordinary t:thle-salt containecl the greenish-yellow 
gas chlorine or the ",hite metallie suhstance sodium. The 
pl'illeiple llnderlying the testing is, that enry 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 clements it is 
combined. Thus ,Ye find that the clement sodium has 
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the power of giying a bright yellow colour to an other­
wise colourless flame. This colonr is alike produced 
whether the clement itself is put in the flame 01' ::til)' one 
of the innnmerahle compounds of sodium with other suh­
stances. If, therefore, we hold a small quantity of an un­
known sullstance in a Dunsen flame, and it colours the 
flame of the bright yellow colom which wo know is pro­
duced by SOlliul1l, we conclude that the unknO\Vll substance 
contains that clement. It is, however, very seluom that a 
single experiment will Cllable llS to prm-e "the presence or 
ahsence of a substance; in general we have to make a series 
of tests by which \I-e gl'auually nalTO\l- the tiel(l and finally 
reduce the elements to one. For example, if \ye get a white 
ppt. by auding hydrochloric acid to a colonrless solution, 
we know that we must haye compOllll(ls of comparatively 
few elements present. Hilt if \I-e now take this white ppt. 
and pour on it it little ammoniulll hy(lrate :mcl it is tmncd 
black, we are sme that we lmll present ill the colourless 
liquid some compoll)J(l of the element mercmy. 

It. is of comse cvident that the difficulty of the prob­
lems depelllis npon thc complexity of thc substance to he 
analysed, because not only are more tests necessary, but 
\'ery often the presence of one substance interferes with, 
and sometimes entirely pl'eYents, the characteristic tests 
for 1tIlOther. In consequence of this, whell we know that the 
material which we are analysing is a "simple" substance, 
i.e. consists of a single chemical compound and not a 
mixture of two or more, we can re(luce the num bel' of tests 
which we must make in order to idcntify the body. It is, 
ho,,-eYer, most important that the prescribed tcsts should 
be nmde in the propel' order, because a test which is charac­
teristic of a certain substance ,,-hcll a certain othel' 
substance is absent, is llOt necessarily so when that sub­
stance is present. 

But in many Cflses it is not necessary that "'e should 
test for individual clemcllts, fo], \\-e fre(luclltly find that 
groups of two or more entor into the composition of a large 
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number of substances, and these groups can be tested for 
as groups. Thus eyery sulphate contains the clements 
sulphur and oxygen, and possesses certain definite proper­
ties ivhich are characteristic of snlplmtes as a class. Therc­
forc if we test for a sulphate and find it, we know that 
sulphur and oxygen arc p1'esent and united in the same 
proportion as they are in sulphmic acid. 

In inorganic chemistry, hy far the larger number of 
substances ivhich arc mct with are either acids, bases, or 
salts. It is somewhat difficult to define these with ahsolute 
accuracy, but for practical purposes we lllay say that an 
acid is a body which rec1clens yeget:tble colol\l'8, has a sour 
taste (when it has a taste at all), and is usually corrosive. 
A base is a body which iyill i\'llOn a liquid, or soluble in 
water, turn vegetable colours blue, and will take away the 
acid characteristics from an acid. Some bases have a 
bitter taste. A mlt will not atred ycgetable colours (i.e. 
it is neutral); when it has a taste it is somewhat metallic, 
and it is formed when an acid and it base are brought to­
gether. K ow it i~ found that aeil]:'; and bases possess 
certain properties which hold good no matter how they 
are combined. In fact it is almost only those propcrties 
mcntiolled abcJ\'c ,dItch they lose when they EOI'm combirw.­
tiOllS with each other. Therefore ii'e find that a salt has 
the properties of both the acid and the base from whieh it 
was formecl. For example, nitrate of soclinm shows thc 
tests for nitric acid as ,yell as for sodium. Thus in testing 
inorganic substances it is nsual to test for the bases and 
then for thc itcids, illHl of course separate nnd distinct tests 
have to be applied for each. \Yhcn a "simple" snbstnnce 
is being examined, only one lJase and one aeid can he 
pI'cscnt. (In some rarc cases ii'e may haye tii'O bases and 
one acid.) \Ye shall deal with simple suhstances only, 
and, moreover, only with the more important acids aIHl 
bases. After working through this book, the student will 
he ahlc to take up thc stndy of (lUalitatiYe alld quantita­
tiYe analysis in some of the larger manuals. 



42 EXPERmE~TAL WORK IX CHE'MISTHY. 

The most important aciels are Hllphuric, hyurochloric, 
nitric, carbonic, a]](l hydrosulphnric. 

The ~alts formed hy these ])C'in;c: knmrn as mlphates, 
chlorides, nitrates, cari)onate:', and snlphide,'. 

The seleetioll of the most importimt h:lBes i~ more 
difficult, but we may consider sodinm, jlotassium, ammoll­
ium, lluLgnesiulll, calcium, barium, zinc, alnmilliulll, iron, 
copper, leacl, awl sil\-e1' as heing the mO:it common. 

\Y 0 snall therefore stmly the pri1Lclp:ll tests for the"o 
suhstanees, and finally gi\-e a schente of testing \\"herc])y 
they may he (letected if present ill an unknown substance 
whieh is submitted to :malnis. 

As a rule the anal,·st· trents a solit! sul)~tance in two 
ways: -- first, in the s~lid state, and secondly, ,,"]ten dis­
soh-cd in some sohent. The former is spoken of as the 
"Examination in the Dry \\-ay," a]l(l the latter as the 
"Examination in the '\\-et '\Yay." Sometimes a dry-\my 
test is the most charaeteristie, sometimes a wet-ml)" one. 
It is always adyisable to confirm yom conclusion hy as 
many tests as possible. The dry-way tests include the 
action of heat upon the suhstallcc as ctescril1ecl in Chapter 
III, as well as the effect of heating hcfore the blow-pipe. 
The wet-way tests consist in the addition of reagents as 
mentioned in the last cliapter. The snlstallcc directed to 
be used for making the tests i" ill all cases one of the most 
abundant materials which eoutain the particular base or 
acid. 

Silver. - Compouml mell: - -- ~ilver ~itl'ate, Ag~o,; 
(" Lunar Causcic "). 

(1) l\Iix a little of the snbsbulI'e \lith carhonate of 
sodium, and heat in the LImy-pipe flame as directed ill Ex­
periment 21. A white glohule of siln,r will ])e obtained. 
When cold remove the globule from the charcoal and 
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hammer it on an alll·il. It will flattcll out and not crack, 
showing that it is malleaUe. 

(2) Place olle or two small crystals in a clean test tulle, 
add a little distilled water (in chemical testing ordinary 
water mnst neyer be used), and shake until the crystals arc 
dissolved. i'lowa(ld a drop or two of hydrochloric acid 
(HCI). A cnnly white ppt. will he produced. This is 
silver chloride p.gCI). Allow to settle, and pour off most 
of the flui(l. Now a(I(1 ammoninm hydrate. The ppt. 
will dissolve, hecanse Agel is soluble in NlTiIO. If now 
nitric acid be add cd in suflicient quantity to more than 
neutralise the :lmmonium hydrate, the idlite ppt. is re­
produced. 

(The student should carefully think oycr "'hat the 
various experiments which he makes teach him. Thus 
from the above he ought to learn that silver componnds 
readily yiel(] their metal when heate(1 with a rcducing 
agent; that silver is a malleahle metal; that AgXO:l is 
soluble in inlter; that HCI forms AgCI when adde(] to a 
solution of a silver compound; that Agel is white, insolnble 
in water, hydrochloric acid, and nitric acid, but iiOluble in 
ammonium hydrate. 

Correspon'cling lessons can be learnt from the other 
tests.) 

Lead.-Componud Hsed :-Lead Acetate, PbC)I(jO,l 
(" Sugar of Lead "). 

(3) lIeated on charcoal "'ith ::\a:2CO:;, it globnle is 
obtained which is malleable, of a dull colour, aud makes it 
mark Oil paper "'hell rubbed across it. 

(4) Dissolve in water and ad(l HCI. A white crystalline 
ppt. is produced. Allow to settle, pom ofT" mo~t of the 
fluid, then a(]d a large quantity of water and iyarm. The 
lenrl chloride (i.l', the ppt.) will dis:;oln'. Kow allow to 
cool; as the flni(l ("ools, the jlpt. will separate out again ill 
the form of slllall ,,·hite C1Tiitals. This is because lead 
chloride is much more solub(e in hot water than in cold. 
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Copper. -Compound nsed :-Urystallised Copper Sul­
phate, CuS04,5HP (" Blue Yitriol "). 

(:5) Heated OIL charcoal with NapO:" a reel globule of 
metallic copper is ohtained. 

(G) To the solution in water add a little HCI; no c]w,nge 
except a slight alteration of colo\U' is produce(l. ~ ow bubhle 
through the liquid it little sulphuretted hydrogen; :t black 
ppt. will be formed. 

(i) To the solution acId one drop of ammonium hydrate; 
it light blue ppt. will he produced. X ow add more 
NH

4
HO; the ppt. will dissolye and a (leep hlne fluid will 

be formed. See Chapter VI. 

Iron.-
lYO!i'.-Iron is olle of those elements ",hieh form two 

distinct classes of compounds; one class containing 1110re 
iron compared to the other substances combined with it, 
than the othor. The compounds contailling the larger 
proportion of iroll are callecl " ferrous" compounds. They 
are usually easily cOllverted into the other class called 
"ferric," by exposure to the air, or by being acte(1 upon 
by some substance containing a large quantity of oxygen 
which it \,ill readily part ,,~ith, such as nitric acid. Ferrie 
compounds are geuerally red or reddish ormnJ; ferrons are 
green or white. 

Compounds used :-(1) Ferrous Snlphate, FeS0l'iH~O 
(" Green Vitriol "). (:.2) Ferric Chloride, Fc:.!Clw 

(8) All iron compollnds, "whether ferrous or ferric, 1\hel1 
hcate(l on charcoal in the oxidising ttame, leave a rcddish­
hrown mass of ferric oxide, Fe:p:;. 

(D) A solution of a fel"rons compoulJ(l gi\'cS a \\~hite or 
ncarly white ppt. with ammouium hydrate, rapidly turning 
grcCll. 

(10) A solntioll of a ferric compoulJ(1 givcs a rcddish­
hrowll ppt. 1yith ammonilll1l hydrate. 

(11) To COllYCrt fenons componJlds into ferric, take a 
small qmmtity of solution of fetTons sulphate, add two or 
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three drops of strong nitric acid, a1\(] warm gcmtly. The 
solution will Lecomc brown, and a l'eddi~h-]Jro\\-n gas will 
be evolved. Allow to cool, and 110\\- adfl N H)IO until it 

ppt. is obtained. This ppt. will he reildish hrown, showing 
that the iron has boon cOIlYerted into the ferric state ]>y the 
nitric acid. 

Aluminium.-Componml mer] :-Alum, AI23S04,E.::804, 

24Il,O. 
(12) ,Yhen heated in the outer blow-pipe fiame, alu­

minium compounds ]e;we a \\-hite residue of ALp;). If 
this be moisteI,jed with a solution of cobalt nitrate and 
again heated, it becomes of a fine Line colom. 

(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. is soluble in 
sodium hydrate. 

Zinc.-Compouncl used :-Zinc Sulphate, ZnSOll iH20 
(" White Vitriol "). 

(14) Zinc compounds when heated in the onter hlow­
pipe flame .riele] a mass which is ?JCZ/OIl' whilst hot, hut 
becomes 1cltite Oil cooling. If this be moistened with solu­
tion of Co(l\ 03)2 and again heated, the mass becomes 
green. 

(15) Solutions of zinc salts gh-e no ppt. ,\-ith rUI/TO, 
but if Hl' he passeu through the solution, after the achli­
tiOll of the XH{HO, n white ppt. of ZnS is produced. The 
same ppt. is formed if ammolJium sulphide is added to 
the solntion. 

Barium.-Conmonnc1 used :-Barilll11 Chlori(le, BaCt. 
(lG) If a elea~ phtinnm wire be (lippefl into a little 

HCl, then illto a harium compollnd, alJ(1 thclJ held in the 
colourless Bunson flame, the flame will he colo\ll'ed yellowish 
green. 

(Platinum wire is calleel cleall ,dlen, if it is made reel­
hot in the BUllsen, it imparts no colour to the fhlI1lC. It 
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is cleansed by repeatedly dipping it in strong HCI and 
heating it in the flame, and continuing this until the above 
is attained.) 

(1 i) Solutions of harium compounds give a white ppt . 
. with sulphuric acid, which is insoluble ill HCl. 

Calcium.-Componn(l used :-Caleium Chloride, CaCL!. 
(18) Calciml1 eompollnd~ colour the flame ycllo\\'ish red 

when heated on platinum wire. 
(19) Solutions of ealcill111 compounds give a white ppt. 

with solution of ammonium carbonate. 

Magnesium.-Compound llscd :-~Iagtltsium Sulphate, 
MgS04,711p (" Epsom salts "). 

(20) 'Vhen heated on charcoal in the blow-pipe flame, 
magnesium compounds leave a white rna~s. Moistened 
with solution of CO(N03)~ and again heated, this becomes 
pink. 

(21) The wet-way test for]\fg 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. ,,-ill be produced. If 
the solution is very dilute this ppt. may not form at ollce ; 
it will, however, after standillg, especially with shaking 
and stirring. 

Ammonium.-Compound used :-Ammollinm Chloride, 
NH4Cl (" Sal-ammoniac "). 

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

(23) Place n little of the substance in a test-tulle, add 
a small quantity of a strong solution of sodium hydrate, 
and warm. Ammonia will be given ofr, and can be easily 
recognised by its odonr and also by its turning a small 
piece of moistened red litmus paper bluc. 

Potassium.-Compound used:- Potassium Chloride, 
KGl. 
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(24) Tho most distinctiyo test for potassium is to heat 
a little of the snbstance Oil a clean platinum wire in the 
BUIlsen flame. A peculiar pale ]a vender tint is givcll to it. 
If this flame is yiewed through blue glass it appears red. 
By this mealls potassium call be detected in presence of 
sodium; for the power of sodium to colom the flame is so 
intense that ,,-hen it is present the colour due to the 
potassium canllot he seen. But the blue glass prevents the 
yellow eolont' of the sodium flame being seell, aml simply 
alters the appearance of the potassium flame to rod. 

(2fi) The tests for potassium when in solution are not 
very good. 01)0) of the best is to add to a sirollg solution 
of the substance, which should he ncntl'nl, ;, strollg solution 
of tartaric acill. A white ppt. is produced. Both solutions 
should be cold, and the formation of the ppt. is promoted 
by shaking and allowing to stand. 

Sodium.-Compound used :-Soclium Chloride, Ka(,l 
(" Common Salt "). 

(26) Sodinm compounds, as already stated, colour the 
fl.amc \\\, il,tl'.\\\\C ydlm). ~\Ycli\lm \,\)ml,\)\lml\\ arc \:,\) l)t\',­
valent that a yellow colour is almost always obtained when 
a substance is held in the flame. Even the vellow tint 
which a Bunsen flame possesses is due to the I;resenee of 
sodium compounds in the dust, etc., ill the air. The 
student must therefore remember that when he is testirlg 
an actual sodinll1 compOlllld he must get the fiame intensely 
yellow. 

(2i) Since all sodium compoun(ls are solulJle in water 
there is practically no test for sodium ill the wet way. 

CHARACTERISTIC TESTS FOR ACIDS. 

Sulphuric Acid.-Compound used :-Socliulll Sulphate, 
Na2SO •. 

(28) SulphUl'ic acid and sulplmtes are ah\-ays tested for 
by addillg to a solution a little hydrochloric a<:id and then 
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a solution of harimn chloride. A white ppt. of barium 
sulphate will be prOlIneI'll. Thi~ substance is insoluble in 
all acids \\,hethcr hot or col(l, and henco its formation is a 
widely applicahle test fol' snlpllUl'ic aciel U1' sulphates. 

Hydrochloric Acid. - Compoulld mCll: - Sodium 
Chloride, X~lt'l. 

(:?9) Chlorides gi\'e a white curdy ppt. \\'ith ::t little 
nitric acid and solati()n of sih'er nitrate. The ppt. is in­
soluhle eyen on hoiling' ill nitric acid, bllt is readily soln])le 
in ammonium hydmte. 

Nitric Acid. - Compound uscrl:~ P.otassic ~itj'ate, 

KNo." 
(30) }fost nitrates when heated ill the dry state in a 

test-tube gi \'e off "nitrou,;"· fumes (I'elldish-brown fumes 
with it di~agreeable o(lour of strong nitric acid). Those 
which do not do this may he made to do so by adding one 
or two lh'ops of strong slllphnric acid before heating. 

(31) To a solution of a nitrate in ::t test-tube, which 
IllUSt be quite cold, add a clean crystal of ferrous sulphate 
and shake. X ow hold the tube in an inclined position and 
poUt' (loml it yery slowly a little strong H}.;Q.j' If properly 
dOlle, this will form it layer at the bottom of the tuhe. At 
the plane of contact between the acid amI the liqnill abol'e, 
it, bro\\'ll colollr will he fOl'llle(l. The principle underlying 
this test is that the HolSO 4 decolllllo~es the nitmte forming 
nitric oxide as one of the products. This dissolves in the 
ferrou~ sulphate solution, forming it hrown-coloured com­
pound. 

Carbonates. -,Compollnd used: -Sodium Carhonate, 
Nn~C03' 

(32) All carhonate:; either ill the 80lill state or in 801ll­
tiOll giye off carbon (lioxille, \\'hell an acid (hydrochloric) is 
:tllllec1 to thcm. This may he lwO\I'Jl by its pl'odncillg a 
turbidity with lime,\yatcr (p. n). 

Sulphides.-Colllpoumi uscd :-Fel'l'ous Sulphide, FeS. 
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(33) "lost snlphi(les are insoluhle in water. The tcst 
for a sulphi<le is to m1d an acid, when sulphuretted hydrogen 
is given off (sometimes with efl'clTescencc likc CO), which 
may bc recognism] by its smell, and also hy its tUl'lIing 
blac}{ a piece of filter-paper which has been moistened with 

. a solntioll of lc;u] acetatc. Some sulphides are ollly de­
composed by boiling with the acid. 

_EXA)II~.\TIO~ OF AX UXKXO\Y~ SDIPLE ScnST"~xC'E. 

The student has now to nse the knowledge he has 
acquired in ,,·ork.ng throngh the foregoing tests to discoyel' 
the nature of n substance \"hose composition is unknown 
to him. In doing this he lllnst Ill!tke nse of every obserya­
tion he can. If. it is a liquid, he must note its colour. If 
a solid, its colom; its state, whether crysbtl1inc or amor­
phous; whether soluble in "'ater or in acids; and !tny 
other property ,,·hich shows itself. In regard to solnbility, 
the body should be first tried with water; then with dilute 
HCI; then with strong, hot HCl; then with HX03 dilute 
and strong; and finally ,,·ith aqua regia (a mixtnre or Hel 
and HNO~). III beginning analysis it is well to deal only 
with substances \\'hich nrc sollll,le ill water or in dilute 
acid. 

The solution of the substance in water, or the given 
liquicl, should "lways be teste(l with litmus paper to discover 
whether acid, alkaline, or neutral. In this connection it 
must be remembered that some salts give a<:i(] and some 
alkaline solutions when dissq]\-ed in water. Therefore it 
must not be concluded if the solution is acid or alkaline 
that therefore no lmse or aci(l need be tested for. 

The tests mllst he performed in proper order, and after 
each test a note of the result CIltcred in the note-book. 
The best way to do this is hy employing three parallel 
columns-one for the experiment, one for the observation, 
and the third for the inference (i.e. what the substance is). 

If a liquid is being examined and it is shown to be acid 
E 
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1)y the litmu~ test, it may be only an aei<1. In order to 
prove this, some of it s)lOulrI he placed ill a slllall eV~l)OI'­
ating dish and evapomred to dryness. If 110 l'csidne rc­
mains, the suhstance ,,'as an acid and llO )msc lloe<1 be tested 
for. If a 1'esi(lne is found, the sn1l6talll'.e is an acid s~tlt. 
The resiuue shonld he t~ckCIl awl examincd in the sa]1)e 
mt\' as a soli(l. 

"An alkali or a base would hc shown In' the absellce of 
everr acid and by the solutioll ill watcl: being strongly 
alkaline. . 

EXA:\ITX.\T[()~ r~ THE DRY ~'AY. 

E)'}Jerimnd I.-Heat the substancc in a clean dry test­
tuhe. 

Ohs(,l'Ytltinn. Ini'erpl1C'(,.l 

(a) Snb.stallcu beCOlll('S li'1llil1 
(0) NII" is cyolncl. . . 
(~) Nitrons fumes an' "\'01 \'C,1 . 
(d) A ,c!I/;tc sublilllllte i" liJl'lue,j 
(,,> A 'VtllulV s\l\)limate is i'ol'mcIl 

Easil y r",il,le salt 
Allllli(lllilllll cOlllpounds 
Xitmtes 
AllllllOllium cOlllpollnd" 
1)"\I'\liucs 

E.Tpe?'iment 2,-Heat the substance on charcoal hofol'o 
tho blow-pipe. 

OhC;('lTatioll. 

(a) Snh,bnl'c dctlagrates . . 
(u) \\'hitu, infusihle 1'CSiUlIC l'cmaim 

(c) :'I10i.,tl'll this rc,sidllC (//) ,"itlt solu­
tion ,,[, Cu(X03lz aml heat ag lin 

(d) Rcsidne coloul'l·d :-
m.,,.];: . 
Rell bro\\'n •• . 
}-cllvw whilst hot, ,,./';Ic on ('ooling. 
Y~JJO\\' red, possihly with ,011le lJ(['-

telllic globules 

InferCllce. 

Xitmtcs 
Cumpoullds oflIg, 

Ca, Ba, 2n, Al. 

Pink llWSS ~\ rf 
{

Bille Ill""" At 

(J-i'U;'/~ luass Zl~ 

ell compollwls 
Fe 
Zll 

Ph 

1 It must he l'I.:'l1I(-'mlJen.'(l that the illrel'~lH',~:-; ~t;_lt",\l h\_:Tt~ n;n.~ only for 
co:np01l1H.ls of tho . .;;c metals awl acids w110se tests [lrt' gin'll allon'. For 
other substances these juferences woule! still lJe true, hut otl,er, would 
hose to be added. 
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Ob.<..;rrnltioll. 

(e) SubstnllcC Illelt, awl nlJlS iuto charcoal 

(f) SnbstallC., forms \d,ii,' i'l!llleS 

(g) If the \yl,ite residlle !iloll's ,troJI!ily 
when heat,·,l uy tl,e 1dow.pipc. 

InfcrellCP. 

Salts of alb.lies 
,,,HI Al 

Am ,'olllpounds 

Ca COUI]>OlllHb 

Experiment S.-Heat snbstallCc on charcoal with :Na2CO;; 
in the rcducing flame of the hlo\l--pipc. 

()\)::.;erYatioll. 

Metallic globules are oLtainc'[ 

(1) White ami mal1ca],]o . 
(~) Dull c'~onr, .'oft :lll,llllark-, l"'l'er 
(;3) ltC'll coIom. . . . . 

IllferellC('. 

A" ]>1) or en 
~:)J)ll'O;JJl(]s 

Ag 
Ph 
C:t 

E.rperimellt J.-:.\loisten :t clean Pt \I-ire with nel, dip 
it in the pO\rdcred substance aJl(I hcat in the colourless 
Bunsen fimlle. 

Ohl'1cn-a.tlon. 

(Il) Flame an intcllSc Fllo\\' 
(Ii) Yello\\'i'h red . 
(,.) Y cllo\\j,]t gr"en 
(d) Greell . 
(c) Pale laH'lldcr or li"ht yiolel' ",hiel, 

appeal's f(,d 'idlel~ ril~\n'd through. 
blue gLls.'i 

(f) Full bYellllcr, lllorc illtCll,C 1]'''11 (I') 

tnf('l'l'lICC'. 

X" cOJ1ll'onmL 
c,t 
Ba 
Cn 

K 
l'b 

E.lpcrimclIt 5.-Heat in borax hc,ul in the oxidising 
flame of hlow-pipe. 

U)j"l'n-atioll. Ini'en'lll'{'. 

Beall b YI~n\)\Y 'Iyht'll 1"1'j'}/ hot, l)f'em))il}l( 

greeIl ,;ml thell blue \yl;"ll eu1,\. ., ell ('0!1l1)()tlllUS 

Tho moan of proceeding in order to olJt,tin a solution has 
already been explained. III oreler to sec if anything has 
uissol\'e(l, evaporate a portioll to dryness ill It sm:tll perce· 
lain dish. If no resiclue remains, IlOlle has dissolved. 
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'''hen treating with ~tCi<1, he carefnl to note any evolu­
tion of gas. 

E:1'jiuilllfllt ].-To n little of the colli solntion adr1 
Hel; n, ,,·hite ppt. will indicate the presence (If Ag or Pb 
compounds. 

AUO\y the ppt. to settle, pour off as mnch of the flnicl 
as possible, add watel' aml wetI'm. If tlw ppt. dissolycs 
and rcprecipitates all cooling, lead is the elemcnt present. 
If it does not dissoln, add ammonium hydratc; this ~Yill 
dissolve the silver ehloride at once. 

Experilllent 2.-If Hel has failed. to produce :t ppt., 
attach a clean tube to tlle H 2S appal'atns.~(see p. 70), and 
hnbble tlw gas through the solution. Be careful to p~LSS 
the gas slowl,", hut to pass enough. A hlack ppt. \\·ill he 
formed if copper componnds are present. 

If lead eompcmnds are present, a blaek ppi. is frequently 
obtained with H.iS due to the fOl'llmtioll of PhS. The 
reason of this is, because chlori(1e of lea(1, which is formed 
when Hel is ad(lecl to the solntiOll, is slightly soluble, and 
therefore the whole of the lead ,,·m not he thrown out of 
solution. In case of diflicnlty ill deciding '\'hether the 
ppt. is dne to copper ot' t<l lead, filtcr it oW, and rlissoh'c 
it in a little dilnte H:\ 0 .. , and then alllI ;,ll excess of 
NH.,llO; :t blue colour witl indicate Cu, a \\·hite ppt. Pb. 

E.rl'l'I'illlellt 3.-If neither HC'1 nor H 2S pro/lnces a ppt., 
takc ;L little of the original solution and add a few drops 
of strong HXo,l and W;lTl11; then add ammonium chloride, 
all\l finally :Xll)·j 0, until tho flnid smells of ammonia. 
A white ppt. will he formed if Al compounds are pre'lent, 
am1 it red·bro1l'l1 Plit. if Fe. Both these clements wmeld 
have been fOHllt) in the (lrr m:tr. 

ExpCI'illll'Jd 4c.-lf ammonium hyrlrMe has failed to pro­
duce a ppt., pass HeS thl'ough the ammoniacal solution. 
If a white ppt. is procluced, zittc is the element present. 

B.11Jftilll('l/t 5.-1'0 the solution to 1rlJich KHJHO was 
added and HzS passed ,\·ithont any remlt, a(M solution of 
ammonium carbonate. If a white ppt. is produced, calcium 



SL'liPLE QUALITATIYE TESTINC:. 53 

or barium compounds are present. Filter the mixtllre and 
coUect the ppt. on a filter-paper. Pom oycr it a little 
dilute acetie acid j it will readily dissoh·e. To the fiolntion 
thus formed mIll a solntion of potassium bichromate; a 
light yellow ppt. 'rill be formed if Da is present. 

If Bit is not present, to the acetic acid solution ~\dd 
solution of ammonia oxalate awl KH4IIO; a white ppt. 
will shmr the presence of calcium. 

R.r:jicri/)lclit 6.-If ItO ppts. haye heen formed witlt 
NH,HO, ::'\H .. HS (forme(l when the 11 28 is passed through 
the NH4HO), or (XH.j)2C03' wl(l a solution of sodium 
phosphate to th6·cold li<lllicl. Shake "'ell and allow to stand. 
A white ppt.. wilt show the prescnce of Mg compounds. 

E.rpeJ:imeHt i.-The only elements HOW left to be tested 
for are ammonium, potassium, and sodium. Thore are no 
good wet tests for these. Tho coloul' given to the flame 
is relied on to prove tJ18 prescnce of sodinm. Potassiulll 
is also tested for by the flame; its presence may llC con­
firmed ))y the tartaric aciel test, alld also by adding a 
little HCl and solution of platillic ehlol'ide, and evaporat­
ing slightly, when large yellow erystals of the double 
chloride of platinum and potassium will oe formed. This 
test is made more definite by adclillg a little methylated 
spirit he fore eyaporating. 

Ammonium componnds are tested for hy heating the 
solid suhstance with a little KanO whell KIl j is gi,'cll off. 

The acid is tested for as follows :-
Carbonic (carbonates). - Carbon dioxide i~ gi \'Cil off 

when the substance is ])r0ught into contact ",ith an acid. 
The gas does not smell, bnt makes lime-\yater milkr. 

H!JdroslIlpll1lric (snlphirles).-Phce a little of the suh­
stance in a test-tube, add HCI awl warn, if there is llO 

action when cold. H:)S will he expelled and can be casily 
recognised. 

Sulphuric (snlpllatcs).- To the solution add a little 
HCl, and then solution of barium chloride; a white Ilpt. 
will be produced if a sulplutte is present. 
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]f!Jdrochlol'ic (chIOlidc" ).-Tu the snlutioll a(U <I little 
dilute nitric aoill atHI thell silnr lIitrate solatioll. A 
white curdy ppt. ,,·ill bo fornw(l if chlo]'ides aro p]'o~ent. 

1'{ill'ic (nitLltes).-The dry-,\'ay tesL for nitratos is a 
yery good olle. The I\'ot-way Olle is described on p. 48. 
Irhen testillg simple snbstancc~, it is well to remember 
that all nitrates aro soluhlo in l\'ate1'; honce if a suhstancc 
i" insolublo in that liqnicl, uitratos noc(l not he toste(l for. 

lf tho foregoing tosts aro faithfully carried out, ycry 
little difficulty will he found in determining qnalitati\'cly 
the composition of any simple salt. The Imy in whieh 
the work is entered in the note-l lOok i.~ in~portant, and all 
illustration may thorefore not be out of place. 

Date . ....... . 

AXALYSIS OF SIMPLE SUBSTA)iCK 

Appeunwce. - A white po,,·dcr. 
erystalline, therefore probably formed 
crystals. 

1. Hl'atClI III a (!I'Y 
tuLe 

~. Heatt:<l a lolle 011 

chm'cuJ] 

:l. IIeat,·u in 1'('(11:,,· 
illg fhllle \\ith 
~a'2CO" 

4. H"at"cl on rt 
wire JllOi;-;tl:lll:ll 

with IICl 

5. Heated in bOl'aX ( 
bead 

;,Ioist1ll'e was 
evo! ved, am! 8111J' 

stemee fllS(,(! 
SnL"tance I'llse'! am] 

thell rall illtl) tl,,· 
citarco:tl, Edges 
of' tI,e flallic were 
tillgt:d green 

;,riX~llre fllser! amI 
rail into C!1<!J'C0cll. 

:x u g!uimles 
Fla1lle tinge(! y,'1-

lOll-ish green. Tlie 
green colollI' did 
not (lisapl)(':lr Il1l· 

til after l,rolollgecl 
heatin(r 

Beau cul~urlcss 

Minute fragments, 
by crushillg larger 

'\\' aln 01' l'l'\·.' Lalli ",­
tiOll aJllI fusible 
salt. 

HUllllillg intn the 
clJal'c;',al 1\'Ollle] 
iIH!ieatc' all al­
kalin" salt. Tite 
grl'l'11 fLlllll' 

eithcl' ell or Ba. 
A1Js{_'lll:8 of l)jJ, Un, 

and Ag. 

En or ell C0111-

pOllnds. Pl'oL,-
aLly Lnriulll. 

ALselloc of Cu. 
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Examination in tlll' Wet lVco!. 

Solnbilit.'l.- The substau(;c was fOlllld to (lissohc in 
water, forming a colourless solution. Solution was neutral 
to litmus paper. 

1. Added Hc] to I :\0 effect Ah;('nce of 1'h and 
solution Ag. 

2. Passed H 2 S :\0 effect ALB"llce of en and 
through solution PL. 

3. To original solu- Xu l'pt. produce[l .. 111:wncc of Fe and 
tio11 add"d HK03, AI. 
thell XJI.Cl, !!lld 

then KH.HO'in 
excess 

4. Through solution No l'pt. . ALsencc of Zn. 
from (:3) passecllJ)"; I 

5. To same solution A white I'p!. ,,·as Presence of Ca or Ba. 
aclded (XH.)2C03 I prO(ltlCe(j 

6. The Pl)t. from (5) I A yellow Pllt. WetS Preoence of 13a. 
was iiltercd a IT, produced 
washeel and dio-
solved in acetic 
acid, and solutioll 
of potassium Li-
chromate added 

1. To a little of the 
suhstance a little, 
Hel \ntS adeled 
and thell warmed 

2. Acl(lec! (lilute 
lINO:: ,weI AgX03 
solution 

Ewmillatiotl ;;" . • -feid. 

A \\'hite ppt. was 
forwed. So1"IJlc I 

ill NH.HO 

BcSltlt.-Base fuulltl 
Acid fUlllHl 

AllSence of carLon-
ates awl sul-
phide,. 

Pre:;ellce of chlorides. 

Dariulll. 
Hydrochloric. 

~\(J{(.-TltC student should c<trcinlh' think ol-er all his 
results for future usc. For inotan~c":-Thc formation of 
naSO ~ is wleu as a test for 1I2SO 4' therefore iL is illwluble 
in watcr. It would t hereiore ha "e becn useless to test 
this substance for H"SO 4' uecause wc h,we foullll it 
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to be soluble ill \I~ate]'. Also BaCOs was ppted. whe!). 
(NH4)iCO;, was acl(lc(l to the solution, therefore out' sub~ 
stance cannot be RICOJ , for that would haye been insoluble 
in water. 

Also barium sulphide inmld llOt be a white. crystalline 
substance. Hence we. need only test for hydrochloric and 
nitric acids. 

Thinking over the experiments ill this way llot only 
saves a lal'ge amollllt of time, bllt makes analysis an excel~ 
lent subject for tmining the mind. 



CHAPTER YIII. 

PREPARATroX AX D 1'IWl'J<:ltTlES OF SO:\lE l'O~m(lX l;ASES. 

MANY of the clemclltary suostances of commol! occurrence 
are gases, amI as these phy a yery impor·tant part in 
chemical ,,'ork of all kinds, it is necessary to study them 
more fully. 

The most abundant substance in the ,yorid is oxygen, 
but as hydrogen is used as the unit for atomic weights 
as well as of valency, we )\'i11 begin with that clement. 

Hydrogen.-This clement is an essential constituent 
of all acids, which have sometimes been called hydrogen 
salts. It is yery easily 
prepared hy replacing 
it ill all acid by some 
metal. This can he 
done by manv metals 
and \yith man\T acids; 
but the lllo~t COIl­

veniellt metals are 
zinc and iron, and 
the most cotlYellient 
acid sulphuric or 
hy(lrochlOl'ic. The 
apparatus u~cd is 
shown in the sketch, li'ig. 10. 
c.c. capacity, is fitted with an 

FIG. 10. 

The flask A, of about 500 
illdia-l'UulJel' bung "'ith two 
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holes. Through OIle hole passes the thistle-headed funnel, 
awl through the other the cleliyery tube to COllYey the gas 
to the pneumatic trough B. The" bee-hiye" C is wholly 
immersed in water, and has one hole ,tt the side through 
which the delivery tube passes, and another at the top to 
allow the gas to nscelld into the cylinder. A small quantity 
of scrap or granulated zinc is placed in A along with some 
,,-ater. The cork is now put in, and a little sulphuric acid 
poured in through the funnel. Care must be taken that 
this latter dips below the liquid. The action commences 
almost at once. Allo\\- the first portions of gas to escape, 
then put the end of the delivery tube UIf~er the bee-hive 
and collect the gas. 'Yhen the cyliJl(lcr is full, slip [t glass 
cover which has been rubbed \"ith a little grease under the 
end and remove it. Fill three cylinders. 

Properties.-Take one cylinder and show that the 
hydrogen barns hut will Jlot support the bUflling of 3, 

taper, by putting a light to the end when it is open mouth 
dowllImrds, then while the flame i~ still bunting at tho 
month, pass the tapor np into the gas; it will he immedi­
ately extinguished. 'Yith the other two cylinders show 
the lightne~s of the gas compared to air. Hold one 
cylinder opell month downwards, and the other mouth 
upwards. Simultaneously reIllO\-C the covers, amI keep 
them ofr for I} minutes, then replace them. Now try the 
two by 11 light. ?\ 0 hydrogen will be fonnd in the one which 
was open month upwards, but the other olle will be nearly 
full. Thus the hydrogen has gone up through tho air and 
not dO\nl. (See also Experiment 19.) 

The ehemieal change which has bken place m"y be 
represented hy the following equation :-

HZS01 + Zn = ZnS04 + Hz· 

Hydrochloric acid may 1)e snbstitutcd for snlphmic ill 
the ahove, and small serap iron or iron f1Iiugs for the 
ZiliC. ,Yhell the latter is used the gas has ,L c1isagrceahle 
odour. This is caused by impurities, compounds of 
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carhon and hydrogen, contained ill the iron. Hydrogen 
is odonrless. 

There are lllallY other way, ill which hy(hogon call he 
lll~Hlc. It Call l)e outained from potas~i\lln or soLlium 
hydrates by hoi ling thcm with zinc, lmt perlw]ls most 
important icl its Ill<tllnfactnre from water. Almost all 
metals will decompose water at some temperature or other; 

rIC. 11. 

-[ 
/] 

-------:=7" 

I 
l 

\ 

some, like sodium (.-;00 Expt. 11), deeompose it at the 
ordinary ternpcmtnre, hnt some rC'lnirc heat. Hydrogcn 
is sometimes ma(lo on tho large scalo for filling hdlDOllS, hy 
passing stt:am o\-er l'cd-hot iron. 

Oxygen.-Thi.-; g'lS exi:its so largely in the air that it 
would be thought th'lt it might he easily prepared from 
that sonrce. It -\\"as fr()1ll the air that Priestley first made 
it, awl it is now made from it on the commercial scale, but 
not by tho same process. But ill the laLomtory 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 is placed a mixture of about 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 pneumatic trough. 

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

FIG. U. 

its oxygen at a much lower temperature than when heated 
alone. The manganese dioxicle is found unchanged at the 
end of the experiment, but the exact manner in "'hieh it 
acts is not well understood. However, p]"~,ctically, we find 
that when the dioxide is present we call get ofl:" the gas 
with the lwat of an Argand burncr, whereas without we 
have to use a Bunsen. On the first application of the heat 
the gas comes off yery slowly, but after a time the mass 
inside the flask is seen to glow amI the gas comes off 1yith 
tumultuous violence. When this occurs the burner should 
be remowcl. 
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Oxygen can also be made by heating mercuric oxide 
or barium peroxide (as well as many other substances) to 
11 red heat (Fig. 12). As these bodies can he made hy 
exposing heated mercury in the one case and heate(1 baric 
oxide in the other, to the air, these are methods for ob­
taining the gas from the ail'. 

There are many other ways for making oxygen. 
PropeTlies.-Oxygen will cause a glowing match to 

burst into flame. Bodies that burn in air will burn with 
increased brilliancy in oxygen. This is easily shmvn by 
burning phosphoTlls and sulphur in cylinders of the gas, as 
in Expt. 11 (a\ Also bodies which do not readily burn 
in air will burn in oxygen. Thus, tie a piece of steel 
watch-spTing to the end of a deflagrating spoon by means 
of a piece of thin iTon wire. WaTm the extTeme 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 ,,-ith brilliant scintillations. The cylinder in 
which this is done should have about an inch of water at 
the bottom. In these cases of combination ,vith oxygen, 
oxides are the bodies formed. Thus in the three cases 
above we have phosphorus pentoxide (P 20), sulphur 
dioxide (S02)' and triferric tetroxide (Fep.) 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 it will be found that the liquids are acid; 
phosphoric and sulphnrous acids have been formed. ~ oticing 
this, LavoisieT g,1Ye its present name (Ii l1cicl-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 explosivc violcnce. 
Take an ordinary soda-water bottle and olle-thin] fill it 
with oxygen at the pnenmatie trough. Then fill completely 
by passing in hydrogen. Now cork under water and 
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remove. "-rap n cloth round the bottle, and then apply a 
light to the mouth. A yiolent explosion will occnr, SllO\I'­
ing that combination has taken place. Rteam will usnally 
be seen on the sides of the hottle after the experimell t. 

Chlorine.-This gas is made either hy ading on manganese 
dioxide with hydrochloric acid or or ading on a mixtnre 
of salt amI manganese dioxide ,,,ith sulphuric acid. The 
s~tme apparatus may he nRed in both cases. It is the same 
as that ased for making oxygen (Fig. 11), proferal)ly using 
a little larger flask. Put the t1ioxide in first aIH1 then pour 
in the strong Hel in qnHntity ~t little more than sufficient 
to form it thin paste. :Uix: the two snhstal'lces thoroughl,v, 
and apply a ycr,v gontle heat. The chemical change may 
he represented thus :~ 

1\ItlO~ + HICI = Mnel2 + :mp + Clc' 

Chlorine is somewhat solul)le in cold mIter, a]l(l therefore, 
1y collecting in the 1I';lY described, a loss of gas OCCllrs. 
This nmy he largely avoided by employing WM'm water, or 
by collecting the gas by "downwanl )) displacement, hecause 
it is a Yory hc:IYY gas, being allollt :.!} times as hcm-yas 
air (for sketch of apparatns sec Fig, 1;)). All experimellts 
\yith Cl should he clone in the" stink cupboard." 

Prol'erlie;;.~Jts colour is greenish yello\\' (hollco its 
name). Its 0.10nr will probahly have heon ohservcll ,yhilo 
making it j if not, it may be cmdious7!J smelt. It is yery 
irritating and eyen clangerous \,,!JOll inhale(1 in large 
([uHntity. 

Place a lighted taper in the gas; it will contilll1e to 111ll'll, 
but ,,·ith a ycry smoky flame and tho proc1nctioll of white 
c1onds; hol.l a piece of litmns paper ill the clonds, they 
\Yill be fOlllHl to hc acid. The h~'d]'()gcll of the taper has 
comlincd with the chlorine to form Hel, aIHl tho carbon 
has becn sct frce. Thus CI has it lllore pO"'orfnl attraction 
for hydrogeli than it h,ts for c:trLon. The same fact may 
be shown in a more stl'iking IlHlllltnl' by moistcning a piece 
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)f paper with turpcntine and ((nickly plunging it into a 
ar of chlorine; the heat of the comhination of the 
1ydrogen and chlorine will he sllfiiciellt to ignite the 
)apeI'. Compare Experiment 10 (f'). 

Chlorinc ha~ it very powcrful aflinitr for metaL. This 
nay be shO\nl by crushing sOllle antimony in a mortar, 
;hen quickly rCllloying tho cOYer of a cyh]l(ler of tho gaR 
md pouring the pO\nlero(l metal in. Tho combination 
yill Lo so vigorous that flame will ho produccd. 

Cl also has a powcrful afi1nity for other elcments; soo 
.<;xperiment 11 (II). Moist chlorine will lJleach yegctahle 
:01011r8. lnto ". jar of the gas place a piece of moistelle(l 
'ag which has oeen dyed with indigo or magcnta or some 
moh colonr. Allow to 
'emaill for a fc\\' minutes, 
vhen the colour will l)c 
lischargcd. 

Hydrochloric Acid.­
rhis aei(l is it gas, awl can 
)e fonnecl h\' the direct 
:omhination ~f Cl awl H. 
:Il\'ert a cy lill(lcr of 
:hlorinc oYer' a cvlimlel' 
)f hrcll"Ogell. }{emove 
,l1O circlc:,; an(1 mix the 
~ases lJY tumillg the 
:ylindcrs npsitle clown 
,\\'0 or three tilllos. ::\ ow 
Lpply it light to thc 
nouths. The gases will 
:ombinc with a Klight cxplosion. The gas l~ generally 
nacle by acting upon salt ,,,ith 81l1plillrie aeiel. Thc 
Lpparatlls i~ sho\\'n in Fig. 13. It is Letter to fnse the 
"lit. This is done by puttillg a1>ollt, fJOO gnus. (ahout half 
L pound) of ordillary ,aIt into a fire,clay crucible amI 
lcating until completely melted, cithe]' ill a fllI"Ili.1ce or ill 
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the middle of a clear coal fire. ,rhell ([llite liquid, pOT II' 
the contents ont on to ,t cold stolle. \Yhon cold, break 
np illto small pieces, awl pnt into the stock- hottlc. 
Ahout :W gnns. of this iii put in the flask ,mel abOllt 
100 c.e. of dilute sulphl1l'ic <lei(] (1 of acid to 1 of 
water) added. UOlltle heat is 110\\' applied and the gas 
collected hy dO\vllw;ml displacement, hcc;\1lse it is too 
soluble ill water to collect oyer that liqni(1. It i~, how­
ever, almost impossible to a\-oid getting ail' mixed with 
gases that are collected hy displacement; if required free 
from air, this gas, as well as many others, call be collected 
over mercury. The chemical change is .. 

Propel'ties.-HCI is very soluhle ill \I'ator. Allow the 
gas to pass into it cylinder for a long time so as to fill it 
as much as possible, put on the co\'or and invert Hilder 
water, remo\'e the co\'er; the water will asce]l(l alJ(l nearly 
fill the cylinder. ;\OW pour n little neutral litmus solution 
into somB of this j.j.';lt·er; it will ho tnrJJcrJ Ted, sJwj.j.'j))g 
that the solution is acid. The Jiqnit1, ,,,hieh is known 
commercially as pure hydrochloric ,Icid, is the stl'ongelSt 
solution of the gas in \\'ilter (ahout 33 pel' cent of Hel) 
which is commercially profitable to make. 1 YOlllll1e of 
water at 0" C. will absorb about 500 yolnmes of II ('1. 

A taper \\'ill not bum in a jar til]ccl "'itll Hel, Ilcith(ll' 
will the gas burn ill air. 

HCl fumes very strongly \"hen it comes into contaet 
with air. This is cansed by the aqneons yarom which is 
present in the air. With this \'aponr the gaseous lIel 
eomhincs, forming minnte drops of sO/lition of He!. The~e 
minute drops form the cloud 01' fumes. 

Nitrogen. - This gas is prepared by abstr:1cting the 
oxygen from air. Up to the last few years the gas remaill­
ing after this was clolle was suppose(i to be nitl'Ogen only j 
but it has now been shown that ;mother gas, Argon, is al::;o 
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present, lmt only ill s11mll amount (about one per cent): 
The properties of argon are, hO\re\,cr, so mnch like thosc 
of nitrogen that we can stwlcl' the propcrties of the remain­
ing gas and assumc thclll t() 1,e the propcrties of nitrogen. 

The apparatus is sholn! in Fig. 1 +. A ~ll1all picce of 
phosphorus i~ ignite(1 Oll the Hoat A, an(] wbile it is burn­
ing a dry eyliJl(]l!r is illYl!rtc(] 
over it in such a way that ~ - 9" 

the air is confined il; it by 
the surfaco of the \YateJ·. 
Tho phosphorus continllos to 
burn inside, gra'lually COlli-

bining with the ,,-hole of 
tho oxygen am1 forllling 
phosphorus pentoxidc, ,,-hich 
dissohes in tho '\'ater, lea Y­
ing nitrogcn. 

Tho float may be mfH1" 
hy taking a cork of al,,,ut 3 Fw. H. 

cm. diameter and 1 to :J em. 
deep, making a slllall hole in tho top, am] tying on by 
mcallS of slllall l)inding ,,·ire the corer of a porcelain 
crucible. The ring OIL the top of tho corer enables this to 
be easily donc. The float lllllst easily pass into the 
cylinder, alld a HlIlall pieco of 10[\(1 Illllst be tied on to 
tho bottom so as to make it fluat llpright and make it sillk 
whell full of water. "'hell the phosphorus has ceased 
to hlU'n, a slight jerk will fill tho coyer with meter and 
make it sink, and thus enable the cylinder to bo 1'0-

nlOYccl. 
Nitrogen can he made ill other ways free from argon 

and pure. Amongst these the easiest are l)y heating 
ammonilllll nitrite (or ammoniulll <:hlori(le and potassium 
nitrite), and by pa . .,C'ing chlorine through a strollg solution 
of ammonia. 

Properlies.-The properties of 
of simple proof are negntiH'. 

F 

nitrogen that are capable 
It will !lot support the 
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hurning of a taper, nor will it burn. It has no odonr, no 
taste, no colour. It is practically illsoluble in water, and 
is of yery nearly the same weight as giro 

Oxides of Nitrogen.-Although nitrogen possesses no 
active chemical properties it forms no less than five oxides 
with oxygen. Some of these arc formed when electric 
sparks ,~rc sent through air. To show this, pass sparks 
from an induction 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 experiments will sufficielltly illnstrate the 
properties of the most important. 

Nitrogen Monoxide or Nitrous Oxide.-Into the flask 
of the appamtns shown ill Fig. 11 place about 10 grms. 
of ammoniulll nitrate. Heat gently with an Argand 
until the salt melts and then boils. The gas is readily 
evolved and may he collccteu over water. 

NH4HO = N~O + 2II;zO. 

Properties. - It is colourless ana odoul'less, but has it 

sweet taste. It will not hum, hut it 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 sallle results. There is 
one point of difference, ~\Yhich seryes to distinguish it from 
oxygen. It will be foun(l that fecUy burning sulphur is ex­
tinguished, but that when strollgly Imrning it continues to 
burn more brilliantly than in air. This is explained by 
supposing that before combination with oxygen can take 
ph,ce the ~p must he decomposed; the feebly burning 
srIlpllllr is not hot enough to do this, and hence it goes out. 
,Yhen 1JO(lies 1mrn in K,O they ollly cOlllbine with the 
oxygen; the nitrogen is lat behind. . 

Nitrogen Dioxide or Nitric Oxide.-This oxide is made' 
by the action of dilute nitrie acid npoll cOI)per.. The same' 
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apparatus is nsed as was employed in making hydrogen, 
Fig. 10. Into the flnsk is put WIlle copper turnings or 
small copper wirc; watcr is thcn addcd in sufficient 
quantity to coyer the turnings as well as to close the cnd 
of the thistle funnel; then pom in about an equal quantity 
of strong nitric acid. Hed fumes rise in the flask and the 
gas is produced. Collect O\·er water in the usual way. The 
chemical change is :~ 

3Cu + 8HXO;) = 3Cu(1'W;))2 + 4Hp + 2NO. 

Towards the end of the reaction some N p is also produced. 
]'1'iperties.-}\O is it colourless gas, bnt when it is 

brought into contact with oxygen red vapours of nitric 
peroxide KOz are formed. The red fumes first formed in 
the flask were caused by the NO and the 0 in the air 
combining and fmming this suhstance, which, however, 
dissolves in the water through ,,"hich the gases pass to get 
to the cylinder. 

Bodies will burn in nitric oxide, but they mllst De l'ery 
attractire for o;rygcn a lid 
at (t hi!fh temperature. 
Thus a glowing match 
will not rekindle, 
sulphur will ollly liUrn 
with great diffienlty, 
and feebly burning 
phosphorus is ex­
tingnished. Nitrogen 
is left ",hell hodies 
burn ill XO. 

The remaining ox­
ides of nitrogen are of 
less importance, aJl(l 
nrc too difflcnlt to 
make for elementarv 
students. . 

FIG. 1.,. 

Nitric Acid.-The manufactnre of this acid may bo 
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illustmteu by making a small q llilntity ill the apparatus 
shown in Fig. 13. Put ill the retort alJont ;30 grms. of 
potassic nitrate (K~03) and 25 C.c. of strong H:!S04' 
Apply a gentle heat hy mcans of the Al'gand, and keep the 
flask into which the acid condenses cool hy wrapping it 
round with a damp cloth 01' piece of hI otting-paper. An 
almost colourless llllt intensely acid licl'lid will collect in 
the receiver. K ote that the acid fumes slightly in contact 
with the air, and that it has a disagreeable ouonr like that 
of nitric peroxide. 

Nitric acid is a very powerful oxidising agent. This 
may be shown by pouring a little of the ~trong aciu upon 

a little dry and hot 
sawdust contained in 
g dish; the sawdust 
,yill ignite. Nitrates 
arc also oxillising 
agents, for the de-

)1 fiagl'atioll caused 
when a nitrate is 
heated before the 
blowpipe 011 charcoal 
(see Chap. Y.) is due 
to the oxidising of 
some of the charcoal 
hy the oxygen of tho 
salt. 

Ammonia. - This 
gas is n~rr soluhle 
ill water and cannot 

FIG. 1". t}wreiol'C bc collected 
in the uSllal way. It 

is also lighter than air and mnst thcrefore he collected hy 
"up'Y:lrcl clispbccment." The apparatns is shown ill Fig. 1 G. 
Thc principle of thc process for nmking the gas is that 
any ammonium compOlilld when heated with a stronger 
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alkali giYCs off ammonia. Into the flask is put a mixture 
of about 20 grms. of ammoniulll chloride and I;) of lime. 
Gently heat, and hy cautiously smelling the cll(l of the 
cylinder tell when it is full. The rcaction in this case is ;-

2XH.jCI + CaO = 2Xl-L: + CaCl2 + H/). 

Properties. - Its odom is characteristic. Colourless. 
Place a lighted taper in a jar; it "'ill not lmrn, nor ,viII it 
allow the taper to burn (NlI;j 'viII, howcycl', burn in ail' if 
macle hot beforc being ignited). Fill it jar as full as 
possihle with tl.e gas, and quickly illYel't it under water; 
the water ,,·ill ascend awl fill the jar. Test the water 
with litmus; it ,,·ill he found to be alkaline. 

Sulphur Dioxide or Sulphurous Anhydride. - The 
action of he:tt upon sulphur has already been describcd, as 
well as the Imming of it ill oxygen. In the latter case, as 
,,'ell as in the formcr, if any air be present sulphur dioxide 
is formed. On the large scale the gas is made either by 
bUl'lling sulphur in air 01' by roasting sulphides. For 
laboratory purposes, llO\\,OYCI', neither of these methods is 
practicable. In this case it is made by heatillg copper with 
Rtrong sulphuric acid. The apparatus employed is shown 
in Fig. 13. Illto the flask is put copper turnings or small 
pieces of thin sheet coppcr or copper wire, and sulphUl'ie 
acid is poured in. The heat must be applied yery carefully, 
as there is great danger of thc flask cracking unless this is 
done. The gas is collectod by dO\\'llward displacement, as 
it is much heayier th~m air alld "cry soluhle in water. 

ell + :2H2SOJ = CuSO. + 2Hp + S02' 

Prupl'l'ties.-Sulpll1lr dioxicle is a cololll'lc~s gas. To 
show this, the cylill(le]'s Ill11Cit be allowed to stand for some 
time after they haye lwcn fillctl itS described. 

It is very ~oluhle in ,vater. Open a well-filled cylinder 
uudeI' water and allow it to stand for a short time j the 
water will gradually I'ioe aJl(l almost fill it. Test the fluill ,: 
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it will bo found to bo aci,l. Sulphurous acid (H2SO) has 
heen formed. 

Sulphur dioxide will bleach vegetable colours. To 
show this, suspcllll some red rose leaves ,,·hich have been 
moistened with vory dilute H2SO. in a jar of the gaH. 
The colour will slowly disappcar from the leaves, and they 
will become whitish yellow. 

Sulphuretted Hydrogen.~As already stated, this suh­
stance is one of the most useful roagents for qualitative 
analysis. 

It may be made in the same apparavhs as is used for 
the making of hydrogen. Instoau of the motal which is 
acted upon by the dilute H:!SO\ or Hel, we should usc 
small lumps of ferrous sulphide. The g:LS is somewh:tt 
soluble in water, but it may he collected at thc pneumatic 
trough in the ordinary way, if the water is warmed. The 
chemical change is :-

FeS + H/iO. "" FeS04 + H2S. 

But such it method ()f preparation "'ould he unsuitable for 

FlU. 17 

laboratory work, where 
small quantities arc re­
quired immediately and 
at irregular intervals. To 
meet such demands vari­
ous plans and apparatus 
have been designed. One 
of the oldest and best of 
these is th:tt of Kipp, 
shown in Fig. 17. The 
upper bulb A has a long 
stem which reaches al­
most to the hottom of the 
lower 1mlb C. This stem 
passes loosely through the 

contraction bet"'eell bulbs C aIllI B, but fits tightly into D. 
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It is essential tlmt this joint, as well as the stopper at D 
and the stop· cock, shonltl fit so perfectly that no c~cape of 
gas occurs e\'en under a considerable pressure. Ferrous 
sulphide in lumps is put into B, through the opening 
at D. These lumps must he of such a "ize that they will 
not pass through the space at E. D is now closed, anu 
a mixture of one part of Hel to one of water is poureu 
in through F. This acid mns down into the lower bulb 
and rises in it, compressing by so doing the air in bulbs 
Band C. On opening the stop-cock this air is allowed 
to escape, and the acid rises and comes into contact 
with the snlpUue. Immediately this OCCHl'S IL,S is 
evolved. If now thc stop-cock he turned off; the gas 
evolved, having no place to escape, forces the aci<l back out 
of contact \vith the sulphide and up the stem of Imlb A. 
The action thus ceases, but a supply of H:lS, under slight 
press1ll'e, is ready for nse ,,·hell required. As the H2S 
which fills hulb 13 is used np the pressure is rell101'ed, and 
the acid again comes into contact with the Fe::;, evolving 
more gas. 

'Yhenevcr sulphuretted hydrogen is P1'cp[1,rcd by acting 
upon ferrous sulphille it always contains some hydrogen. 
This is because the sulphi<le itself is impnre amI contains 
iron. If the gas is required pure, it may he made by 
acting upon antimony sulphide with hot and strong Hel. 

This could lJe clone in a similar appamtus to that used 
for making S02' collecting the gas oyer hot water instead 
of hy displaccment. 

Sb:2S3';- 6IICI = 2SbCl3 + 3H2S. 

Properties.-Sulphurettecl hydrogen is colonrless. Its 
offensive odour \yill SOOl! make itself cI'ident to those 
who make it. It hurns "'ith a pale blne flame. If the 
supply of air (i.e. oxygen) is ablllHlallt, as, for example, 
when it is humt at the end of a tube, the products of 
combustion arc water (of coursc 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 appliell to the end of a cylinder 
,wd the comhustion extends dmvn it to the hottom, then 
the hydrogen takes the oxygen, and the sulphur is de­
positerl in the solid state. The two chemical changes 
are:-

(1) 2H28 + 30" = 2Hi) -1- 2802' 
(2) 2H28 + 02 = 2Hp + 82, 

H 2S is somewhat soluble in water. To show this, 
bubble a little of the gas through some water. The fluid 
will smell strongly of the gas after. The solution will be 
found to he acid to litmus. " 

Ohlorine decomposes HzS, combining with the hydro­
gen and setting free the sulphnr. To show this, bring 
a cylinder of Cl and one of HiS together. Fumes of Hel 
will he produced and sulphur will be deposited upon the 
sides of the cylinders. 

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

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 hydrochloric acid 
poured in through the funnel. The gas is collected oyer 
water, as its slight solubility in that liquid is of no im­
portance in this connection. Sometimes carbon dioxide is 
required in quantity like H2S. In this case it is prepared 
in a Kipp's apparatus in exactly the same way as that gas, 
using lumps of marhle instead of ferrous sulphide. The 
chemical change is :-

CaCO;; + 2HCl = CaCl2 c Hp + O()~. 

Properties.-Cal'DOn dioxide is colourless and odourless. 
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It will IIOt burn and will extinguish a lighted taper if 
plunged into the gas. It is about 1 ~ times as heavy as air, 
and therefore may be poured from one cylinder into 
another just in the same way that water call. To show 
this, put the lighted ttlper into a cylinder fnll of nil"; it will 
burn. N ow put it into a cylinder of CO2 and it will not. 
Take the latter cylinder, remove the cover, and pour the 
gas, as if it ,vere water, into the former. N ow test again. 
The CO2 will be found to have left one cylinder and gone 
into the other. 

Carbon dioxide is slightly tloluble in water. To prove 
this, ta1w some' uistilled water, boil it for a few minutes, 
and then allow to stand until quite cold. Now pass CO2 
through it slmdy for five minutes, <lnd again <lIlow to stand. 
Then warm (not boil) some in ct 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. Pass 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 dOln1, and until it does 
so the fluid remains milky. The ppt. thus formed will re­
dissolve if 1110re CO2 be passed in. To show this, a long­
continued p~ssing of the gas is necessary, but when this is 
donc the fluid will become quite clear. The calcium 
carbonate is, however, only held in solution as long as the 
CO2 is present. Anything that gets rid of or takes up 
the CO., will cause the ppt. to re-form. To show this, 
take a little of the clear solution and hoil it. The CO2 
will be expelled and a white ppt. will be formed. 

Pass CO2 through a neutral solution of litmus and note 
the change of colour produced. 

Carbon Monoxide. - This gas is made for experi­
mental purposes ill the laboratory in til'O ways. First, 
by heating oxalic acid with strong snlphmic acid and 
passing the mixed gases thus produced throngh a strong 
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solntioll of caustic soda Of through milk of lime. Tho 
apparatns is sketched in Fig. 18. 

Into A is put "hout 10 grm3. of oxalic acid and 
cllongh strong H 2SO. to coyer it. Heat is nm,' applied, 
whell the oxalic acid is decompo~ed, and eqnal yolumes of 
CO2 and CG are evoh·ed. Thc CO2 is remand by the 
soda or milk of lime ill the wash-bottle B, and the CO i5 

FIG. 18. 

collected at the pnenmatic trough over water. TIy this 
methou, unless great care is h1kcn to eyoh-e tho g,"1S slowly 
amI 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 potassinm 
ferrocyanide and strong sulphuric acid. TheBe substances 
are mixed in a flask, heat applied, awl the gas collected 
over water. The apparatus being the same as that llsed in 
preparing oxygen (see Fig. 11), except that 11 hard glass 
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flask! Heed not be used. The chemical changes which ocellI' 
in til e two proces~es are:-

The H20 is retained hy the strong acid, and the CO
2 

by 
the s.ubstance in the wash-bottle. 

(2 ) 
\ 

K4FeCGXo + GIT2S01 + GIIp = 2K2S04 + FeS04 

+ 3(~ H4)2S01 + GCO. 

P1'(pel'ties.-Carboll monoxide is a colonrless gas. It 
burns with a 'blue flame, forming CO2, It will not 
suppol't the combustion of a taper. This is shoWJl by 
lightin g the gas at the mouth of a cylinder awl quickly 
plunging the burning taper clown into the cylillClct' below 
the flame. It will he extinguished. 

Carbon monoxidc llas no action npon limc-n':!tcl'. To 
show this, some of the gas prepared hy the SCCOIl(] method 
given above must be employed. Pour it little clear lime­
water into a cylinder which is filled with the gas, and 
shake. No change will be observed. }'\ ow 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 CO:! has been formed. 



CHAPTER IX. 

DETEmIINATION OF THE BOILI"C; POINT. 

IN our work hitherto we have dealt with experJ 'ments 
which took account of the kind of substance enterin g into 
the change anel the Nurl produced. \Ye have r ,:tOW to 
consider, in addition, the quantity of the materia 1s llsed 
and products produced. So closely, however, is ch· (lmistry 
related to physics, and so definite are some of the (physical 
constants of chemical substances, that in many ca'l~es these 
physical constants are the readiest means W' J have of 
deciding between two substances which hal" e chemical 
characters that are very similar. Some of the~,e determina­
tions re'luire elaborate apparatus and accuratl"J instruments 
as well as a long expericnce in similar work! The descrip­
tion of such are beyond the scope of an ele';1nentary work. 
But there are two of these constants tha t are of more 
general application than the others, and whiel,1 are moreover 
capable of fairly accurate estimation with n lOderate care. 
These are the hoi ling point of liquids all~ the melting 
point of solids. The measurement of both of ",these involYe 
the use of the thermometer-an instrument fof:' measuring 
the degree of heat to which a snhstanee is c;xposed, and 
whose llse is indispensable to every pracj~ical chemist. 
Thermometers arc of various kinds, accordi_;lg to the uses 
to which they are pnt; but the chemicnS thermometer is 
Olle ill which the 1irlUid is mercm}" wh'0se bulb is of some­
what less diameter than the tnbe, 'and is cylilldrieal III 
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shape, and in which the degrees are etched upon the glass. 
In ordinary work there are three thermometric scales in 
usc-the Fahrenheit, freezing point :32" boiling point 
212"; the Centigrade, freezing point 0), hailing point 1 OOc ; 
and the ReaUllllll", freezing point 0", hailing point 80'. 
But in chemical work now almost llniversally the Centi­
grade only is employed. In some old writings, thermo­
metric degrees may be 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 i5 and divide by 9. 

ThermometCl;~ can be purchased at almost any price, 
but it is \yell to remember that an ~tccurate and thoroughly 
reliable instrument requires good materials and highly 
skilled labour, and is therefore worth a good price; cheap 
goods cannot be expected to be thoroughly accurate. 
'Yhen very good work has to he done, it is well to employ 
a thermometer ,,-hich 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 dming reading is quite sufficient to 
alter the temperature one or two degrees. 

It is extremely difficult sometimes to be quite sure that 
11 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 hail at 78", whereas a mixture of equal 
parts of alcohol 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 
el'idellt that if a liquid has 11 definite Loiling point it is 
very strong eyiuence of its purity. 

The boiling point of a liquid yaries greatly with the 
pressure under which it is heated. For instance, by 
rcdncing the pressnre, water can be made to boil at 
tempcmtures lllnch below 100° C., whereas by increasing it 
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it may be heated far ahove without boiling. Both these 
processes are adoptell cOllllllCl'Cially. ""hell a liquid boils 
and is transforme(l into vapour, it has to occupy a greater 
1m]k, antI therefore has to force back the pressnre of the 
air upon its surface. The greater the pressure the greater 
the heat necessary in order to convert the lilplid into the 
gas. Hence we may define the boiling point of a suhstance 
as that point oj tempera/llre at which the pressure or elastic jorce 
of if" 'l/apolll' is e(j1tal to tlte pressllre it supports. Hence in 
all boiling-point determinations it is necessary to note 
the height of the barometer at the time of making the 
observatioll. 

\ 
\ 
\ 

The apparatns 

FIG.1D. 

t'mployed is shown in Fig. 19. The 
distilling flask A containing 
the liquid has a somewhat long 
neck and side-way tube. The 
thermometer is fixed in through 
the cork, and is so placed that 
its bulb is not in the liquid 
but some little distance ahove 
the surface, but so that the 
whole of the stem up to the 
point to which the mercury 
rises shall be wholly immersed 
in the yapour. Sometimes 
this cannot be dono, because 
the boiling point is so high 
that some portion of the ther­
mometer stem will be outside 
the cork. In this case it is 
bcst to repeat the experiment 
with another therlllometcl'with 
a smaller range, so that the 
heated th),pad of nwrcnry can 
all he below the eork. But 

this ag:,in is not al\mys practicable; in such a case it is 
usual to tie Oil another thermometer to the side of the 
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first, so that the bnllJ of this seco]l(l one shall lJe about 
midway bet\\~eCll the ]lottum of the cork and the top 
of the lllerClll'y. The Leltlperatme of this second thermo­
meter gives the mean telllperaturc to wliirh the rolumn of 
mercury ont8ide the yap our is snlJjected. TheIl an addition 
must be made to the reading of the first thermometer, 
which is found thus. Let X lie the number of degrees of 
the first thermometer alloye the under si<le of the cork, t1 
the temperature at which the mercury stm1ds in it, and t., 
the temperature of the second thermometer. TheIl the 
addition to be added on is giyen hy the formula 

'. ~(tl - IJ :< ·000155. 

\Vhen this is done the telllperature obtained gi,oes the true 
boiling point. 

While making the experiment it is nsmtl to fit the side­
way tube into a condenser or other vessel to rl~ceive the 
vapour which is expelle(l from the fbsk and condense it. 
This is simply done to avoid loss of m:\terial. An error 
may occur hcre unless care be taken to allow the tube to 
fit loosely into the condellsing flask, so tlmt there may be 
no increase of pressllt"e upon the ,o;CPOUl". By employing n 
condenser freely open to the air, or a flasl, \\'hose neek is 
much willer than the tuhe, thero is 110 danger of this, and 
the preSS1ll'e under which the boilillg occurs is that of the 
onter air. 

The following 1i'luids arc cOIlYellient ones to giye for 
testing their boiling points :-Absolute A](;ohol; Acetic 
Acid; Carhon Tetrachloride; Acetone; Benzene; Aniline; 
Ether (attach side-tube to a Liollig's condenser and pass 
well-cooled water through); Ethyl Acetate; Amyl Alcohol; 
Formic Acid. 

j\~J/e.-As :\ !'HIe, the plll'cr the Rnhstanc(' thc sharper 
the point of tempemturc at whidl it boih. 



CHAPTER X. 

DETERlII~ATION OF THE 1n:LTI~G POIXT. 

TH:g hoiling point of ;, liquid is olle of the most valuable 
indic:ltions of its pnrity; in like nmnnel', the melting point 
of a solid affords a reliable indication of the s:tIne fact. 
The melting point is, like the boiling point, affected by 
pressure, but not to the same extent, and it is therefore not 
generally necessary to take account of the barometer whell 
making an experiment. 

Thcre are several methods in nse whidl differ slightly 
from each other. The commonest is probably that em­
ploying capillary tubes. A sketch of the apparatus em­
ployed is shown ill Fig. :20. Small pieces of thin quill 
tnhing arc drawn out to a fine point. For example, the 
following sizes are appropriate :-lcllgth, 4, cm.; diameter, 
[) mm. at olle end, and drawll (Jut at the other to ~ mIll. 
The smaller end is either scaled Ol' open. Some ex­
perimenters prefer them OIle way and some another; lmt 
it must be remembered that a difference is made in the 
results according to the method employed, awl when an 
open tube is used it is found that the depth below the 
surface of the flui(l ill which the tubes are heated makes 
a difference. This is e"sily accounted for by remembering 
that the greater the depth the greater the upward pressure 
upon tho material inside the tube; hence it will rise 
quicker ill olle case than ill the other. 

A small qualltity (If the substance is introduced into the 
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little tubes, either hy ordinrtry means or hy melting ;\ little 
in a small eruciblo awl im'orting the month of the tnbe 
under the smfaee allll gently expelling tlte air hy passing 
the flame oyer the elo~c(l oml. On cooling, the li!juill ,,·ill 
rise in the capillary tnbo al](l there solidify. The tnhes are 
now tied Hrollllll the 1mlb of the thermometer, with;'., little 
wire or cottOll as shown in the sketch. The thermometer 

'. 
! I 

amI tuhes nre then placed ill the liquid in the beaker. 
This is either water, strong ~\llphuric aeilI, or melted 
paraffin wax, according to tho temperatnre at which the 
suhstance melts and whether acted on by the acid or water . 
.\. substance with low melting point would he immersed 
in water. The li(juid is carefullv heatecl awl constnntly 
stirred, and the point of tempemtnre ;\t whieh it heeomes 
liquid noted. In the case of an open tulle the temperature 
is taken, whcn the substancc is relea~ed from contact with 

G 
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tbe sides of the tube and rises in the fluid. As stated 
l,bove, it will be found that a slight difference i~ gi"ell by 
the two methods. 

Sometimes nfter melting a soIi(1 so as to get it into the 
tuhc, awl them taking the melting point at once, very 

almormal results are obtained. This 
is probahly due to the substance not 
having resumed its normal condition 
after the first melting. This error may 

o be avoided ]'y allo,,-ing some time to 
elapse hetween the filling of the tuhe 
and the taking of th.) melting point. 

E Another method is as follows :-The 
'9-c=:§PF'f-cb apparatus (Fig. 21) consists of a he"ker 

he. 21. 

A filled to the brim ,,-itll water; inside 
this and separatcel from it 011 all sides 
is a smaller olle B. This smaller olle 
is partly flUe(] ,I·jth mercury C, ill which 
is placed the thermometer. A stirrer 
E is used to keep the mIter in the 
hrge heaker of uniform temperature. 
A cardhmnod or otber \lisc covers the 
smaller heaker while the operation is in 
progress. The large heaker rests on a 
sand-bath G, which is carefully heated hy 
a Bunsen or other burner. 'Yhen the 

melting point to bc determined is under 30° it is better to 
replace the sand-bath by an evaporating dish containing 
water. For temperatures lletween 1000 and 200 0 the 
larger beaker is filled witb paraffin wax. 

The process is conducted as iO]]011-3. The material 
whose melting point is to be taken is placcd on three 01' 

{our small pieces of ferrotype plate or other thin metallic 
sheet, or Oil the cover-glasses which are use(] for microscope 
slides. Jf fCl'rotype slips are URc(l, care must he taken to 
remove the varnish ill order that good metaHic contact 
may be had with the mercury. The slip» with the sut)-
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stance on them are now placed on the snrface of the 
mercury and the heat applied until the substance melts. 
The solidifying poillt is obtained fJY raising the temper­
ature above the melting point and ullo,ring the beaker to 
cool, noting the thermometer when the first soliuification 
takes place. The following precautions are necessary:­
(1) The temperature must be m:lde to rise very slowly. 
(2) The liquid in the outer beaker mnst he frequently 
stirred. (3) Not less than :J.i) Gm. in depth of mercury 
must cO\·er the inner hcaker. (4) f\ufficicnt rolnme of 
water must be allowed between the t,,·o heakers. The 
minimum (listar,;es to gi,·e good results :we 2·5 cm. 
laterally and -ic em. !It the hottom. (ii) The inner beaker 
must be immersed :\ f\utticient depth in the water. This 
point is of great importance, the least distance between top 
of mercnry and top of \mter being I em.; a greater 
distance, however, is to be preferred. (G) The whole 
apparatus should be protected from draughts. (7) The 
disc should be kept on the smaller beaker during the 
determination. 1 

It will he noticed that this method affords a means of 
taking the BOlidifying as ,,·ell 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 prohably paraffin wax, 01", as it is 
freqnently called, "paraffill scale." In testing this, two 
plans arc in common usc-the" English tcst" and the 
" American test." In the former the ,,-ax is placed in a 
test-tube of about 18 mill. diameter and melted. A 
thermometer is no,~' put in and the tube and contents 
allowed to cool slowly in the air, being stirred hy the 
thermometer during the process. The temperature will 
gradually fall, but presently it point will he re~1Ched when 
the thermometer remains stationary for it short time. 
This is taken as the melting point. 

1 E. H. Cook, Pmceeilill.'J8 ahem. Soc. No. 177. 
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In the American test the substance is melted in a round 
dish of about 9'5 cm. in diameter, ~,ml a thermometer with a 
round bulb 12'5 mm. in diameter placed i"n the middle of 
the flUid, in such a way that three-fourths of the bulh is 
immersed. The fluid is now allowed to cool ill the air, and 
the temperature is taken when a thin film coyers 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 2 r to 3 C Fahrenheit 
higher than the English. 

The following substances may be giver'lfor determining 
the melting points :-One or two uniform samples of 
Paraffin 'Vax; Ortho-mono-nitro-phenol; Chloral Hydrate; 
Urea; Iodoform; Picric Acid; Mono-chloracctic Acid; 
Naphthaline; Diphcnyl-amine; Camphor. 

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



CHAPTER XI. 

SEPARATI(~ OJ<' TWO LIQUIDS DY FRACTIONAL 

DISTILLATION. 

IN the foregoing we luwe seen how it is pussible by filtra­
tion to sepamte a liquid from a solid which is mixed with 
it, and in some cases whcn two liquids which are placed 
together do not mix it is quite easy to separate them by 
decantation. But thcre remains the most common case of 
two liquids which mix with each other in all proportions, 
but which in many cases exert no chemical action upon 
each other. In this case a ll1etholl known as "fractional 
distilbtioll" is resorted to. The principle underlying the 
process is to take advantage of the Jiffercnce of the boiling 
points which will probably exist betwcen the two. If no 
such difference docs exist, or if the difference is very 
small, the separation cannot be effected in this way, and is 
indeed ycry hard to hring about. 

,rhen a mixture of two liquids of differcnt boiling 
points is heated it will begin to boil at some temperature 
ncar to the lower boiling point and SOllle fluid will distil 
over. Then the temperature will gradually rise, more and 
more liquid distilling, until the upper point is reached, 
whcn the \vhole of thc liqnid \rill distil. K ow suppose we 
had collccted the distillate in scveral separate vesoels, then 
we should have divided it into" fractions," hence the term 
applied to the process. The division into fractions is not 
done with regard tu any inea of the lj_llulltity of liquid dis-
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tilled, hut is regulated hy the rise in temperatlll'e. For in­
stance, we might (;ollect our fractions <n'cry~ 0° or so. Thus 
our first fraction, let us suppose, shall consist of all the 
liquid which distils O\'er ,,,hile the thermometer is rising 
from 80° to 90'; the second while it rises from 90' to 
1000

; the third while it rises froIl! 100 0 to 110°; and so 
on. The qUHntitie" of these various fractions will generally 
be very different. Thus in a case mentioned hy Perkin aud 
Kipping in their Organic Chemistr!J the following numbers 
were obtained. The mixture consisted of 50 c.C. of benzene 
(b.p. 81°) and 50 C.c. of xylene (b.p. HOG} It was found 
to begin to boil at ST and the thermometer gmdnally rose 
up to 140°. The receiver was changed fise times and the 
following fractions were obtained :-

87°_100' 100'-110' 110 2 -120° 120)-1;)0° 130°_140° 
33 c.c. 16 C.c. 8'5 C.L 8 C.c. 33 C.c. 

It will he noticed that the amounts of the first and last 
are larger than the others. This is ),ccituse the temper­
atures at which they arc collected are yery near the boiling 
points of the constitnents. This is ahv<tys found to be the 
ease. The next step is to tltke these rcspectiye fractions 
and to repeat the proces~, thus successively "fractionating." 
In this ,yay we shall ultimately get the pmc constituents. 

The apparatus employed differs somewhat in different 
laboratories. The simplest is to fit an ordinary distilling 
fl<tsk such as is used in determining the boiling point (sec 
Fig. 19) to it Liebig's condenser <'lnd distilling. The only 
objcetion to this apparatus is that when it is used the 
fractionation has to 1m rcpc:\ted seyer,l,l times in order to 
oht:\in a pure substance. Several attempts bave been made 
to reduce the Illunuer of operatiolls necessary. The 
principle upon ,,·hich these ,York is to give the mixed 
n,pours as they are boiled from the liquid a longer journey 
before they enter the condenser. In this way the portion 
of higher boiling point has a better opportunity of COll­

densing and falling back into the flask. Thus the fractions 
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which arc collectell ncar to thc respective boiling points 
are much larger.. The simplest improyelllent of this kind 
is the still-head snggcstcd 1).)- "-mtz, which is shown fitted 
to the flask ill Fig. 22, awl which llCOlls no further 
Ilescription. T,yo examples of more ehll()mte pieces 
of apP[tratns arc showlI at A awl B. They are called 
" deflegmators." Tlw first, _\, is due to JIc;minger, and 

eonsists of a succession of bulhs with side-w;IY tubes for 
the condenso<l vapour to lTlll (lown into the flask. The 
seeono, _B, has beell recently introduced hy Young and 
Thomas (Cllem. ACelc.', lxxi, 177). J t cOllsi~ts of a long glass 
tube ahout 120 em. long, which lws heen constricted at 
seyeral pbces along it. On each of these constl-ictions rests 
a small piece of platinum gauzc, and through the platinum 
gauze a small picce of glass tube hent into the shape shown 
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passes. The gauze becomes coverell with liquid which rUns 
down the tubes back into the flask At the end of the 
operation the liquid ill the tubes is forced back into the 
flask by blowing throngh the side-way tube. 

The following mixtures may be giyen for practice in 
separating two liquids hy fractional distillation. (1) Com­
mercial "50 per cent" benzene. (2) Commercial" 90 pel' 
cent" benzene. (lYote.-These are mixtures of benzene 
and varying quantities of toluene and xylene.) (3) 
Rectified spirit (840 per cent by weight of alcohol), or Proof 
spirit (49'24 per cent by weight of alcohol). 



CHAPTER XII. 

DETER~[j~ATIOX OF THE AMOl'NT OF OXIDE FORMED 

.' :FRmr A GIVEX ~IETAL. 

O~E of the simplest kinus of chemical change which is 
capable of quantitative determination is that in which a 
metal is com'crted illtl) an oxide hy comhination with 
oxygen. But it is only a yery few metals which will 
combine with oxygcn directly, in a sufficiently short space 
of time, to allo\I' of experiments being made with them ill 
the time availahle in a class. Practically, magnesium is 
the only one "'hieh can thus be used. In other cases we 
have to form the oxide in an indirect manner; viz. by 
first making the nitrate and then heating that salt, when 
the oxide will be formed. 

The experiments require the usc of the halance. Bnt 
it is not necessary to have a very delicate and costly 
instrument when commencing ,york. Onc capable of 
weighing to half a centigramme is snfficiently delicate, 
and \\'ith a set of weights rangillg from 50 grammes to 
1 milligramme ought to cost about thirty-two shillings. 

The stndent mnst he instructed in the proper use of 
the instrument and given a few articles to weigh before 
he begins to experiment. On no account should a student 
move a balance from its position or attempt to readjust it. 
All such alterations should he done by the dcmonstrator. 

The operation of oxidising the metal is accomplished 
in a small porcelain crucible which is fitted with a loosely 
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fitting coycr. These :we m:vle quite clean and dry, and 
then carefully weighed. A small quantity of the metal is 

\ 

FIG, :!3. 

no\\- put into the crucible and 
the whole again weighed; 
the difference between the 
two weighings gives the 
\veight of metal taken. The 
crllcilJle is now supported on 
a tobacco-pipe triangle which 
i" placed Oll a tripod or a 
ring of a retort stand. 
(Tohacco-p~pe triangles are 
very useful for supporting 
crucihles 01' other articles 
that have to be strongly 

heakrl. Dcillg llHtde of a nOll· conducting material the 
articles are Hot so lialJle to crack by thc heat. They 
arc maue hy cutting 10 piece of tobacco pipe into three 
equal lengths, and threading through each a piece of 
eOPI)er wire ahollt two or three inches longer than the 
piece of pipc, then twisting by means of the pliers the 
cl](ls of the wires tightly ronnd each other. III this way 
the pipe.s "'ill he dmwll together awl form It triangle, 
while the twiilLed ends of the wires will project from each 
angle.) 

If we arc de;tling with magnesium we put on the cover 
of the crnc:ible and gently heat \\'ith a Bunsoll. The heat­
ing must be done carefully at first, but at the elld the 
bottom of the crucible must be made red-hot. If we are 
dealing \\ith other metals th:m magnesiuIll we add to the 
metal about 1 C.c. of strollg nitric acid. This must be 
done very carefully so as to avoid spurting. A brisk 
action enSHCS and reddish-llrown fumes arc evolyo(!. "\Yhen 
all action 1ms ceascd, heat is yery c,tl'cflllly applieu. 'Yhcn 
the contents arc quite dr.\', tho m:lss should he prohed with 
it clean stcel knife-blade to soc if any metal romains Ull­

attacked; if it docs, a little more nitric acid must be 
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added and the process repeated. \Yhon it is thoroughly 
converted into the nitrate the heat must be raised to 
redness. After ahout fifteen or twenty miuutes' heating, 
the crucible and contents are allowed to cool aml weighed. 
After this it is heated to redness for fhe minutes and again 
cooled amI weighed. If it has not altere(l in weight during 
the last heating, the experimcnt is finished and the weight 
of oxide formed is found by subtracting the wcight of the 
crucible from the weight of the crucible and oxide 
together. 

The metals which can be most readily com'crted into 
oxidcs are magnJsium, tin, zinc, copper, and iron. Brass 
can also be used. 

In all cascs except that of magncsium it is better to 
act with nitric acid first. The metals should be as pure 
as possible and ill small pieces. Magnesium and iron in 
wire, which must be cleaned hefore wcighillg; tin and zinc 
granulated, and copper and Lrass ill the form of clean 
turnings or filings. As a mle about 0·2 gramme of the 
motal is a suitahle quantity to employ, but it is better not 
to trouble to get exactllJ this amount. 

In evcry case at least two cletcrmillatiolls should he 
made with each metal, and the results obtaincd ought to 
agree within :2 pcr cent. 

As some guide to the student to know ,,,hen he has 
made a good experiment it may be mentioned that the 
final products ill the cases of magnesium, tin, and zinc are 
white; and in that of eopper, black; and of iron, red. 
'Yith brass the colour varies very slightly according to 
thc composition of the alloy, being of varyillg degrees of 
blackncss. 

The following example will shm,' the amount of accuracy 
which may he expected by proceeding in the way descrihcd, 
and also the method of entering thc results in the pupil's 
note-book. 
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FomrATION OF OXIDE FRO)I METAL. 

(Write a short description of the process.) 

EJ:perililent l.-}Ietal taken, tin. 

I\'eight of crucible awl conT alone 
,Veight of crucible awl cOYe)' and tin 

Weight of Illetal taken 

,Voight of crucible, cover, and oxide 
,Yeight of crucible and coyer ulone 

Weight of oxide formed 

.J) 

7-89 gnnS'. 
1)'14 

2_:~[~ gnn. 

8'205 grillS. 
,'8(10 

~~_~~ gnu. 

Therefore 0'.315 gramme of oxide of tin contains 0'25 
gramme of tin. Thus 100 grammes of oxide of tin 
contain 7U'3G grall1mes of tin and 20·(J.± grammes of 
oxygen. 

Then follows a socond experiment with the same 
metal. 

Oue or t,,·o ,,"orcls as to the conclusions to be drawn 
from the experiments mentioned in this chapter may help 
the stndent. In the first place he must remember that 
they afi'onl no absolute proof that he forms oxides at all. 
In order to proye this he would either ha\'e to make the 
experiments by heating in oxygen alone (synthesis) or he 
would have to take the suhstances and obtain oxygen 
from them (analysis). Both these would be very difficult of 
accomplishmellt with the mctals mentione(l; but Priestley 
discovcred oxygen by first exposing hot mercury for it long 
time to the air and then collecting the red pO\\'dcr formed 
in this way and hcating it more strongly, when it was 
broken up into mercury and a colourless gas which proyed 
to be oxygen. 

If, then, the experiments do not provo the formation of 
oxides, amI that these oxides contain so much mctal and 
so much oxygen, what do they proye 1 They Pl'OVC this: 



FOR1[ATIO~ OF OXIDE. 93 

that by tr~ating certain metals ill this way some compolllld 
of those metals is fm'mcd, and thl(t thi.l componnd ctlwa,ys con­
tains the same amount ot the metal unitell to the same amount 
(if the (fther constituent· (II' cOllstitnents. This is the Law of 
Definite Proportions. 



CHAPTER XIII. 

D~~TERMINATION OF THg LOSS ON THE IGNITION OF A 

SCBSTANCE. 

IN an earlier chapter it has been shown that the effect of 
heat upon a large numher of hotEes is so characteristic as 
to serve to identify them when mixe(l with others. "r e 
have now to study some of the same experiments but from 
the quantitatiYe side. 

In the preceding chapter we have seen that the effect 
of heating a metal in the ail' is generally 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 effect of heating substances is to 
reduce them to bodies of less complex constitution. Thus 
potassic chlorate, a molecule containing fine a toms, is 
broken up into potassic chloride, whose molecule is supposed 
to contain two atoms, aud oxygen. 

The loss which a suhstance 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" resic1ue. Thus the great majority of organic 
compounds, which either volatilise or are first converted 
by heat into carbon, ,,,hich 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 componnds lose a definite pro-
portion of their weight, which mealls that they undergo a 
definite decomposition, whell heated to varying degrees of 
temperatnre. Thus crrstalli~ed copper sulphate loses 
about 29 per cent of its weight ,dWll heated to 1100 C., 
and about 7·2 per cent additional when heated to 220° U. 
In snch cases care mnst be takell to regnlate the tempera­
ture, but in igniting the hody this care is not required. 

The apparatus used in this kind of expcrimeht is similar 
to that employ€d in the formation of oxide, viz. a crucible; 
and the moJe of ,,-eighillg, etc., is the same as Jescribed ill 
the last chapter. the reheating after the first weighing 
being never neglected. There are, howeyer, some modi­
fications which arc sometimes necessary ill consequellce of 
the nature of the sllhstance. Some salts when heatc(l 
have a tendency to "decrepitate," i.c. to hreak up into 
smaller fragments wiLh a crackling noise. This is freqnently 
done so yiolently as to project some of the material from 
the crucible. This may be prevented by henting yery 
slOldy, and keeping the Gl'ucihle closely covered. But in 
such cases the heating can be done in a hard glass tuhe, 
whieh is held in a nearly horizontal position and which is 
treated exactly like the crucible ill regard to weighing. 

Great care should always be taken ill the first applica­
tion of the heat, and in most cases this is best done hy 
first using the Argand lmrner as the source of heat. 
The capability of tlll'ning down the flame enahles the 
very smallest degree of heat to he applied. After heating 
with a gradually incrc:1sing Argand fhme, the process is 
continued to redness hy the BUllsen. 

Sometimes the substances which arc available for these 
experiments contain it slight amount of moisture, in no 
way chemically comhinecl, but present as an i:npmity. In 
sueh eases it is well to get rid of this before weighing 
the salt. This lllay he done hy 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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temperatnre of tl1C o\"e11 (approximately 100" C.), this IS 

ina,lmissible. 
It is not necessary fol' tne teac1wr when gn'111g the 

stndent the substan{'e to expcrimcnt II ith to tcll him ",hat 
it is. Bnt after the pcrcentage loss is ohtaillCd it will be 
found adY<111tagcolls to tell him, 111[(1 expbill thl) ch'Lllge 01' 

changes which are snpposed to ha\'e occnlTed. The reason 
of this is, that it is import,wt to impress Oll the stndent 
that he is making the reactio11 fol' himself, aud that his 
work is an achlitional proof of its truth. 

The follmying are the suhstances wll10h may he used, 
duplicate experiments being always made ~l'otassil) Chlor­
ate; Magnesium Carbonate; ~inc Carbonate; Copper 
Sulphate (crystnllised); Lend Kitrate; Copper Kitratc; 
Calrinm Sulphate (gypsum) j "\llll1; Borax; TlIicrocosmic 
Salt. 

From '0 to 2 gt'lllS. j" a snitn.hle amount to experiment 
with. 

The follmying is all example of the mode of stating the 
experiment :-

'Yeight of Cl'ncih1e I1]H1 em'cr alonc. . 
'Vcight of crucilJle aml cOYer, plus su\Jstane,· 

'''eight of substancc taken 

'Veight of cl'llci],le, CO\'CI', and l'l'sidw' 
~\Y eight of crncihle and COVer 

'''eight of rcsichH' 

Therefore O'G:) grm. gin~s 0';38 
Therefore loss Oil heating, 0'25 gl'l1\. 
loss on heatillg = :lS·U. 

,-89 grms. 
S'5:l 

O'li2 grm. 

8 '27 grIllS. 
i'S9 

_<J'~g\'lll. 

gnn. of rcsidne. 
Thtls percentage 

The substance taken was Potassium Chlorate. 



CHAPTlm XIV. 

DETEmn".urox OF THE LOSS OF WEIGHT ON 

D1S::;OLnXG IX AClJIS . • 
'YrrEXEn:R a gao i3 produceri by the action of an acill npon 
a suhstancc, and that gas comos out of tIll' appamtus and 
mixcs with the ail', it loss of \n~ight oeenrs. This loss of 
course represents the weight of the gas produced by the 
chemical challge. There are llUllHlrous cases in wllic:h gases 
are formed by chemical changes. Somc of t hl' COllllllonest 
are the solution of ear-
bonates of some metals, of 
snlphites and of sulphides. 
To accurately determine 
the loss of weight in every 
case would involve grcat 
care and the taking of 
11l1merons precautions. But 
ill some instances simple 
apparatus ,,·ill suffice to 
obtain approximate re­
snIts. Many teachers Irill 
prolmbly prefer to devise 
their own apparatus, aml 
if not, there arc Jlumerous 

r , 

I ~ __ :D 

1
1.1. ' .. 

'CtL) ~jj 
FlG. ~4. 

forms made aml sold ll\' the scicntific instl'mncnt makers, 
more especially suited f:\1' the determination of the amount 
of carbon dioxide liberated from a carhona tc II'hen it is 

H 
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attacked by all acid. A very Aimple phn, whi~h howeyer 
works \\'011, is that shO\nl in Fig. :!-t. 

A is a small Hash: of alJOut 100 c.c. capacity fitted with 
a side-way tube ,dlicl1 i8 hent at right anglcs at about 4 
em. frolll the th"k j the n~rtical portion is about 7 em. long, 
and pa""es thnmgh the cork of (1, small test-tube B of 
about 1 ~ cm. diameter and D:\- Clll. long. A small tube D 
also passes through this cork. The small test-tube is 
about two-thirds filled "'ith strollg R,S04' The flask A 
is closed by a cork through which a small tube passes 
nearly llown to the bottom. C is a 8ma1l glass capsule 
about :2 cm. long (the bottom ene! of a te,'it-tube), to which 
is fused a thin platinum wire. Tlle corks must fit tightly, 
and that of A must be somewhat f;Oft, so tJUtt when the 
glass capsule is insille the flask and the wire passes out at 
the side of the cork there shall he llO escape of gas. 

The experiment is cOJl(]ueted as follows :-The cork of 
the fhsk with the tulle passing throngh it, and the '1'ire 
wound rouml it as in the figure, is removed, and enough 
dilute HCl (1 of aeill to 3 of water) to cover the hottom 
of the flits], (·0 a rlupth of about :2 em. is pomed in. The 
strong H)~(\ is pnt in TI, care being taken to paul' it in 
so that nOlle 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 i6 !lOW replaced and the whole weighed, the 
capsule restillg against the OIft"ide of the flask. 

The subst:mce to be tested, in (1, powder if a salt, or 
small particles if 11 metal, is now put into the capsule (of 
course this must have been quite clca!l and dry). The 
apparatus is again weighed, and tho former weight sub­
tracted from this. The diffe'rence gives the weight of 
substance taken. The cork of A is again removed and 
the capsule lowered into the flask until it is ahout two­
thirds covered by tho acid. The eork being replaced, 
grips the wire amI keeps the tapsule in this position. 
The ncxt step is to gently shake the Hask, when a little 
acid cOllles into contact with the substance and action 
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ensues. The gas liberated will first force air ont of A, 
through the acid in B, all(l will then buhllle through itself. 
The strong Hc804 has a yery powerful attraction for water, 
and the gns in passing through it will he robbed of allY 
moisture which it has carried oyer froll! the dilute iwid 
in A. 

Thus the loss in ,,-eight will be only (lue to the escape 
.. of the dry gas. Shake the flask from time to tiIlle so as 

to bring more and more of the substance ill contact with 
the HeI, and wholl it has all been acted on, warm tho 
fluid in A for a short time so as to m"ke the action COln­

plete. Allow to ~ool, and when at the onlimlry tempel'3,­
ture, suck the emI of D. III this way ail' will bc drawn in 
through the open cnd of the tllbc in A iL1lrl replace the 
gas with which it h,,8 bec01110 filled. If a cal'bonato is 
being expel'imented with, :UH 1 CO2 j,; the g",; eyohed, the 
point \\-hen all has been sneked out can he told hy the 
absence of the S)\'oet taste of that gas. Fillall.)', the appa­
ratus is weighed and the loss of m'ight obtained. Care 
must be t!lken to l'L'gI1hto t)n, .'lctio.'1 81) tb~t the g,~8 sn.,ll 
pass slowly through the acid in B. If this be not dOllC, the 
g[tS may esc:tpe being thoro(lghly dl'j('d, and some of the 
H):i04 may he made to touch tho cork. 

The chemical changes which occur may he illustmtl)d 
by the following eqwltiollS :-

(1) CaC03 ~·2HCl=CaCl2 I Hp + CO2, 

(:2) N<1,80;; :3HCl = 2NaCl + Hp + 802' 
(3) FeS f- 2HCl = FcC], ,B"S. 
(J) Zn + 2HCl=ZnCl~ + H~, 

In the c"ses of carhomteB, snlphites, and snlphides the 
gases evolvel1 al'C of hi~h spel'itie gravity, and therefore a 
conveniont "mount of material to employ in eaeh of the'lc 
easeR i~ about 0'5 gramme. l1nt when hydrogcn is ov01\"011 
a largel' quantity of snb~t;lllce is l'eqnil'ed. In this ca&e 
about 2 grms. arc nccessary. 



CHAPTER XY. 

DETEItMIXATIO~ OF TIll'; VOLC:m; (IF (:AS EVOLVED ON 

THEATL'\U WlTn ACIDS. 
) 

IN the prcce(ling chaptcr we h:we dctermincrl the loss of 
wcight ,yhich is cansed by tho evolution of ;l, gas. In thi~ 
chapter we shall describe a simple method of measuring the 
yolmne of this gas. 

\Yhen dealing with the volumes of gaseR, it is necessary 
to remembcr th"t these volumc::; are yery considerahly 
altered h.v changes of temperature and pressUl'c. It would 
thereforc 1)e necessary, if great accuracy is rcquired, to 
correct the volume ohtaine(l by calculation. This is done 
by finding ,,,hat the gas would measnre at what is called 
"normal temperature and pressure." The normal tempera­
ture is taken as 0' C.; the normal pressure as 7 GO mm. 

(Xute.-Thit; does not say that these <Ire the uurage 
tcmpemtures and prcssures at allY place. Obviously these. 
clepeml on the place.) 

The calcnlations arc done by making nse of two laws; 
one relating to temperature and the other to pressure. 
Both are experimental, and ha,"o been carefully inyestigatecl 
hy many excellcllt experimenters. The first is known a" 
Charles's Law, alld m,w he statc(l thus :-

(1) The rolllllU' (If '(I !)'!-' is l'f'i'l)(J)'ti(oud fa ·il~ ausoiutrj 
temperature. 

The only thillg lll~edill;'; expl:matioll in this i.'i t.hat hy 
•. absolute" temperature we llleall the tempemture reckoned 
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from - 273 0 C. Thus to find the" ahsolute " temperature 
we must add 273 to the ol'(linalT. 

The second law is known as Boyle's, and is~ 
(2) The 1)olnme of a (fIlS Tilrics ill tNsdy as the pressnre 

upon it. 
Pressures may he measured as so much per twit of area, 

as so many pounds per square inch, or as so mallY milli­
metres or illche~ of mercury. The latter is almost always 
used in chemistry, and is given hy the height of the 
barometer. 

The c(tlcul,\tions arc yery simple. First, correct for 
temperature by the first htw. Thus, for t!xample, 250 c.c. 
measured at ISO C. will become .j' c.c. <It 0" C., where x 
is gi yell by the proportion 

278 + 18 : 273 : : 250 : ,I. 

Theil take this .I' awl correct for prCSS1ll'e. Thus suppose 
the p],essure at which the gas mts measured was 730 mm. 
(i, e. this was the height of the barometer in the laboratory 
at the time), then the tinal yolume Y is given by 

760 : 750 : : .1; : Y, 

because of the inverse proportion. 
It is not usually necessary in rongh experiments such as 

are descl'il,ed to make these corrections, espeeially that for 
pressure, hut the temperature of the laboratory and the 
height of the barometer at the time of the experiment 
shoultl always be stated. 

Many different kinds of apparatns may be used for 
these experiments. That shown in Fig. 23 answers yery 
well. A test-tnl,e A, 15 em. long awl l'G em. diameter, 
has a side-wity tuhc al)(J1lt 20 Clll. ItJllg fit tell 011 at right 
angles. This tnbe i~ l,ent down so as to tlip ullder the 
bottom of a lJ1lrette, ,dlich is firmly held hya c1amp unue]' 
the surface uf ,rater COlltailleu in an oruinalY mortar, or 
dish, 0]' pneumatic trough. The tubc is fitted with a cork, 
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through which passes a thistle-headed tube with the bottom 
end bent sharply rounel as shown. This rt1'ectually prevents 
any gas rising up through the 
tube and escaping into the air. 

The lmrette shonl(l lJe a 
large one; about 200 c.c. 
capacity answers yery well. 
These may be bought gradu­
ated from the stop-cock 
downwards if desired, but 
one with the usnal gradua­
tions may be m.tde availahle 
in a simple manner. All that 
is necessary is to run in ,vater 
from another burette, so as 
to fill the required one from 
the stop-cock up to the nearest 
graduation mm-k. -With a 
200 c.c. burette this will he, 
of course, at the 200 mark; 
,,,ith a 100 c.c. it v;ill be at 
the 100 mark, and so on. 

'- B 

The amount of ,rater rUll in FI". c". 
gives the capacity of the tulle 
from the stop-cock to first mark. Then a !:thel nm)" 1)e 
affixed to the burette stating this capacity, Ol' the space 
may he further graduated and the di,-isiolls marked Oll it 

piece of paper which is gummed Oil the tuhe. 
Smaller burettes may he employed, but ill such cases it 

will probably be necessary to re-fill dming all expcrilllent. 
This is easily done by attac11ing it piece of ilHlia-ruhbcl' 
tubing to the stop-cock end of the 111ll'ptte, awl whell the 
volume of gas reaches the marl, 0 011 the bUl'ctte, quickly 
turn the stop-cock and sHek thronglt the tnhing. The 
water will thus be macle to rise. If thi::; is pl'op('j'ly dOlIC, 
practically no loss of gas will take place. The lml'ette i~ 
filled in a similar manner in the first place. 
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" 
The substances to be acted 011 aJl(l the acid to act on 

thcm are placed in the teHt-tube, lJut in pouring in the 
litluid we necessarily displace some ail', ,,-hich ascends the 
burette and ,,'ould be measnred as gas eyoh'ed. To allow 
for this, a mark is made on the test-tube A where 10 c.c. 
of liqni(l stands in it, also where 15 c.e. and 20 C.c. At 
the conclusion of the experiment, whell 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 i~ subtracted from the numher of C.c. of gas 
eyoh'ed. 

The sallle snlJstanccs l11:1y he used for tll;cse expcrimcnts 
as were cmploycd for those melltioned in the last chapter. 
They should be "weighed by bcing placed Oll a watch-glass, 

. ,,'eighing both, and then snhtracting the weight of the 
watch-glass. The suhstancetl are put into the test-tube by 
sweeping them in from the \\'atch-gbs.~ \\'ith a Damcl-hair 
brush. 

The ,,-eight of substance taken for experiment should 
be abont -;-j gl'm., except in the case of metals. III these 
cases we may take, of magnesium about '1 to '2 grm., of 
zinc and il'Oll about '4 to ';} gl'm. The larger the amonnt 
of substance used, the less the percentage error, lmt with 
the apparatus as deserihed, ahont 150 to 200 C.c. of gas are 
cOllvcnient amounts to lJO lihemted by the action. 

The follo\\'ing example illustrates the method of entering 
i.n the note-Look ;--

Ii' eight of zinc tal{cll 
Y 01 nme of "as cyol ntl 
Temperatlll':'c of laLoratol'} 
Height of oal'omet,,1' 

0',,3 gnu. 
192 c.c. 
20' C. 
768 Illlll. 

Thcrefore 1 no gnus. of zi]l(; Oil being dissoh'ecl in acid 
eyolves ;;G':2:) litres of hydrogen measured at tho above 
temperature aml pressnre. 

The volnlllcs thns olJtaillecl mar he reduced to what 
they would be at normal temperatnre and pressure, and 
the results also entered in the note-book 



CHAPTER xn. 

DETERMINATION OF THE EQt;IVALE:<:T OF A ~mTAL. 

» 
WHEN performing the experiments with metals 1"hieh are 
described in the last two clmptel's, the student must' h;we 
been struck by the diJl'erences in tlte weight and "olame 
of the gas evolHd on dissohing these metals in the same 
acid. For example, he cannot fail to have noticed that a 
much less quantity of magnesium is needed to give oif the 
same volume of hydrogen than of zinc. 

Suppose we calculate from our experimental data how 
much zinc is required to produce 100 C.c. of hydrogen 
and how much magnesium. We shall find that we shall 
require about '291 grm. of zinc and '107 grm. of 
magnesium. Thus, then, so far as the expulsion of 
hydrogen from the dilnte acid is concel'lled, '291 grnl. 

. of zinc is equal to only '107 gnu. of magnesium. 
'Ve may therefore say that this amount of zinc is 
"equinJent" to '107 of magnesium. Thus we get the 
idea of "e(luiYalence" in chemistry. Obviously corre­
sponding lllllUhel's mar be obtained for other elements, 
and thus ,1, list can be drawn up gi "ing the relative 
weights of the Yal'ious elements which are ellnal in 
chemical power to each other. lInt it i~ necessary to 
select some one element with ",hich to compare the others. 
By universal consent this element is hydrogen, and hence 
we may define the" eCjuintlent weight" or the" equiva­
lcnt" of an clement to be the smallest u'eight of t/tat element 
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1chicl, i" mpl/bll] 1:/ cOllzilillil1:11Cith or rep/orin:! olle part by 
wei!Jht of hydJ'o!!clI. It is found that "'hell olle clement is 
replaced by anothcr thc weights are the same as wIlen 
thcy 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 "the 1iJci'jht of the metal in 'jrnls. wlticlt 
will replace 1 grill. oj h!ldJ'open." It will therefore be 
seen that we have determined experimentally all the dat:1 
necessary to calculate the eqnivalents of the metals we 
have been using. ,Ve can either dissolve a'given quantity 
of the metal in dilute acid and estimate the loss, or we 
could collect the hydrogen, and if 11'0 knew tho weight of 
unit volume we could find the weight of the volume 
collected. But hydrogen is a yery light gas, and hence it 
takes a large bulk of it to weigh say '1 grm. There­
fore any slight inaccmltcy in the weighing ,vin make a great 
difference in the result. It is for this reason better for 
studcnts to pcrform the experiment in tile latter way, and 
to correct for teml)emture and also for pressure if desired. 
In order that t,he volume may be cOll1'crtc(l into the 
weight, we can make use of ~1 const.tnt which has bccn 
determined with yery great care by numerous experimenters. 
This is, that at the normal tompomturo and pressure 1 litre 
(1000 u.) (1' hVdrogClt weighs O'OS9G gnn. Thus, suppose 
a certain experiment gave 242 c.C. of hydrogcn ~tftcr 
allowance had been made for temperatnre (correction for 
pressure may be omitted in most cases), then tho weight 
of this hydrogen is 

242 
" '08 \) G grnllllllos. 

1000 

The apparatu~ uscll is the same .h; that described in tho 
last chal'tel'. Tho mctals shon1(1 lJC purc, and made qttite 
free hom surhce coatings of dirt or oxide by cleaning and 



DETERMINATlOX OF EI)UlYALEXT or A :I!ET"\L. 107 
I 

rubbing with [l, little fine emery piljlcr. The 11"cighings 
should be made, if possible, corred to 'UO 1 gnu., and a 
thermometer hung ncar the burette which collects the gas. 
Of course all orJinary precautions shonld be takcn; for 
example, burners should not be allowed hurning on the 
bench during these experiments, as well as those in the 
last chapter. Sometimes the hot gases from these 
are a110wet1 to ascend and surrounll the burette, thus 
expanding the gas illsiJe and producing unnecessary 
errors. 

After the volume Im5 becn l"eCl.d and the correction 
made for tem~,eratnre, the weight of the gas mnst be 
ascertained as explained, and tllCn the ::tll10nllt of metal 
necessary to give 1 grm. of hydrogen calculated. This is 
the cqnivalcnt wcight. 

As some guiue to the student the following data may 
be stated:-

1 gnu. of :\1" "'ill gi,oe 930 ~oC. of hy,ll'ogen. 
Zn :J~0 
Irun ~)9S'5 
Tin lS\) 

The gases being measured at (] C C. and i GO mm. Bar. 
Also we may state thilt 1 gnll. of hydrogen 1\Om be 

evolved by the solution of 1:2 grms. of magnesium, 32'5 
grms. of zinc, 28 of iron, am! GO of tin. 

It mllst be remembered, however, that these numbers 
are obtained when every precantion to ensure accuracy is 
taken, alld that when working \\'ith the simple apparatus 
slIch as described, only approximations can be hoped for. 

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

'Weight of zinc taken . 
1'O]UlllC of gas eyolHd (III 0 

Temperature ot' l<tbomtory 
Barometric pressure 

0·[,3 grnl. 
192 c.c. 
20° C. 
768 mlll. 
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Correuted volume at N. T. P. = 102 x 273_ x 76~ = 180'S c.c. 
:l93 x 760 

This volume will \Yei,yh :_0896_><_ 180_'§ = 0 '0162 g1'11l. 
n 1000 

Therefore 0'53 grm. zinc is equivalent to 0'0162 grm. 
hydrogen. or 1 grm. of hydrogen is equimleut to 32'j 
grms. zinc. 



CHAPTER XVII. 

DETERlIHNATION OF TIlE VOLFJ\IE OF (;AS EVOLVED ON 

8 IG~ITION 01<' A SUBSTANCE. 

VERY closely connected with the work treated of in recent 
chapters is that of the measurement of the volume of a gltS 

given off on strongly heating' a substance. 
In many cases, however, when gases are produced in 

this way they contain small quantities of impurities, and 
as the separation of these involves special and sometim\;)s 
complicated apparatus, the results obtained are yitiated by 
the presence of these impurities. 

Again, we are collecting the gases over water, and as 
somc of them are appreciably soluble in that liquid, anoth()r 
error is thus introduced. But with care and the use ()f 
pure materials, fairly concordant results may be obtained 
which have not a very great pen;entage error. 

Yery 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) bllt 
perhaps a little smaller (15 cm. long by 1'5 cm. diamet(~r 
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 at 
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 ascewl np the delivery-tube for a considerable 
distance. This is in consequence of the expansion of the 
air or gas by the heat, ilnd an error in the volume of the 
gas to the extent of this expansion would he made if 
means were not taken to avoid it. It canllot be entirely 
avoided by the mean" at onr disposal, hut it may he 
reuuced and practically corrected by applying the heat to 
the part of the tuue auove Ihe substance before (ill!! heat is applic!Z 
to it, and allou:ill[! the eXjJaluled ail" to escape without entering 
the burette. After the 1mhb1es cease being evolved, place 
the end of the delivery-tuhe under the burette and then 
commence the (lecomposition of the substall't: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 c,uTistance ill tfle tilDe aIllI 
weigh both together, an(l fimllly \\'e weigh the tu1)e and 
resillne remaining after the heating. Thus we obtain (l) 
the loss on heating of the material, and (:2) the volume of 
gitS evolved. Dnplirate experiments mllst, of comse, be 
made. 

Substances snitnhle for igniting in this way are:­
.Potassie Chlorate j 1'0tas"ic Nitrate j alld ::\Iercmic Oxide; 
while, if additional examples arc required, allY other chlorate 
may be nsed, or ;my hromate or iodate. 

From '0 to 1 grm. nUIY be used. 
Since the gas eyol\w1 has been heated yery considerably, 

it is well to allow it to stand in the mcaslll'ing lmrette for 
somo time before reading its Yolnme, ill order that it may 
haye time to acquire the ordinary temperature of the 
laboratory. 

The follo\\'in;; al'e detail~ of an experiment made in this 
way:-

Weight of tnlle . . 
Weight of tn),(' UJ1(I KC[Os 

16'20 g~·m8. 
16'69 

O··tD gnu. 
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"'eight oftnbc aml residue 

Weightofrcsidul' . 

Y olllmc of gas 0\'01 ve.l 
Temperature of laboratory 

1G'50 grms. 

'30 gnll. 

141 c.". 
2f)' (!. 

111 

Therefore 100 grms. of Kel03 will cyolve 2R'8 litres of 
gas at SOc C. on ignition.: amI leayc nl'22 grms. of 
residue, 



CHAPTER XYIIT. 

DETERlIIINATIOX OF THE A:1101:)\T OF O:\a; METAL THAT . 

CAX m: REPLc',CED BY A)\OTHER. 

FRm.r the nnmerical data, ohtained by dissolving certain 
metals in aeills we were ahle to calculate the relative 
amoullt~ of those metab which "'ere eqni"alellt to one part 
of hydrogen, aJl(1 then, hy tacitly assnming the truth of 
Euclid's axiom that "thillgs which arc equal to the same 
thing arc eqnal to one another," to calculate that a certain 
amount of one clement is oqual to a certain amonnt of 
another. Thus wo found that 12 parts of magnesium woro 
requiroll to liberate 1 part of hYllrogcn from dilute aeirl, 
whoreas 32'5 parts of zinc wore required for the same 
purposo. Thns we can say that 1:2 parts of magncsilllil 
arc equal to 32'5 parts of zinc. But in tho vast number 
of chemical changes which can be hrought ahout there are 
other and in some cases more exact methods of obtaining 
tnl';)',1'; )',,,,,,m\'; c\j\\.i,{'3,lmlt l\.umbc,)',. ~.{\lTC\)'I:Y ill l\.\\llleym\'i', 

cases it is impossible to obtain any action upon an element 
with dilute acid in snch a way that the result can he so 
easily measured. In these cases the equivalent numbers 
have to be obtained 1)y different methods. In some cases 
even a special method has to be (levised for the pal'ticula.I' 
clement. 

The plan descrihe(l ill thi~ chapter is applicahle to a 
fairly large number of clements, alld has the merit of )Jeing 
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both sImple and accurate. The principle of it is to take 
the solution of some compoHlHl of some one element and 
to place ill that solution n secolld clement. f:)omctimes 
under these conditions the secoud clement will displace the 
first one from its comhination and that first olle will he 
liherated froJll its compound in the pure state. Thus if a 
.'mall strip of zinc 1)0 placed ill a solution of silver nitrate, 
immediate action ",ill take placc, some of the zinc ,yill 
be clissohell, and the sill'cr deposited ill the finely divided 
metallic state. 

'reigh out ahunt '3 grill, of zinc (foil or grannlatecl) 
and place it in ~ clean beaker of ahout 10 em. high by 5 
cm. diameter. POul" on it about 50 C.c. of silver nitrate 
solution containillg 20 gl'lllS. of the salt in the litre. The 
zinc "'ill he dissolved and a black pomle1' ~ake its place. 
The mixtnre must he stirred from time to time with a clean 
glass rOll, and when on stirring no hanl metallic substancc 
{3 felt, the action i~ complete. Carc mnst bc takcn to hayc 
the silvcr solution" in excess," that is, to haye more of thc 
nitrate present than can be decomposed by the amollut of 
zinc taken. 'Vhen silvcr solutions are being llccomposed, 
this can only be dOllO by J'onghlr calculating heforchand 
the (pl;tntity of silver which will lie deposited hy the zinc 
and then to be sure to take more of the solution than con­
tains this amount of the IlletaL 'Vhen copper solutioll~ 
are lwing acted on, thel'c is no ~ll('h difficulty, because so 
long as the solution is Lluc there is copper ill it. There· 
fore the expcrimenter has only to take care th,1t the 
solution is bluc during the whole time the action is going 
Oll. The solntioll is warmed towards the end of the 
action; it should, hO"'ever, neyer he more than luke­
warm. 

~\\,hen the action is completc, the deposited metal is 
pressed togethel' by means of the stilTing-rod and the whole 
allowed to stat](l for :l few minutcs. Thc clear fluid can 
thcll be poured oft; all(l in order to 1n15h out of the pre­
cipitate the whole of thc nitrate of silver or nitrate of ZillC 

I 
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" with which it may he mixed, a little warm water is poured 
oyer it two or three time;;, the metal beillg allowed to settle 
(Iown after each :1l1ditioll of the water, and then the water 
pourecl ulr. Care must he taken that uming the pouring 
no metal is lost. The weight of metal deposited ean be 
aseertained in two ways. Either the whole of it can be 
transferred to a small ,reighccl crucihle, then dried by 
cll'i ying off the ''''tter by careful heating, and then weighed; 
01' the metal may be dried in the beake]' itself and weighed 
in it. If the former plan 1)e adopted, the transference to 
the crucihle rcqnires a little care. First, pour off as much 
water as Vo\! can and thus obt:lin the 1'lOtal in :t small 
mass at ~lle sille of the bottom of the beaker. Now 
take a camel-hair brllsh, and, holding tlw beaker in an 
inclined position over the cl'1lcihle, hrllsh the whole 
precipitate gelltly clown into the cl'l1cihle, washing the 
bst particles ill, if neccssary, )),Y blowing it little water 
from tllO wash -bottle. Swill the bl'1lsh in the same 
way if nccossar.". The drying may be done over a sand­
bath, lmt care 1ll1lSt be taken not to crack the beaker in 
tho one case, awl not to dry ,';0 quickly as to cause any 
of the subs tan co to be pl'oj ecteu from tho crucible in the 
othor. 

lInfortunately thore arc not many metals ,yhich are 
capable of being ueposited and ,,'eighecl in this way. 
Silver solutions ean be decomposed by .zinc, copper, iron, 
anti magnesium; copper solutions hy zinc and magnesium. 
(A strip of iron pbce(l ill a oolutioll of copper becomes 
coated almost immediately ,,·ith· copper, hut the solution of 
the whole of the iron takes so long that the experiment 
cannot be performed in the time nSlwJly given to a 
bhomtory lesson.) Lead solutiolls call he treated in this 
way with magnesium and .zinc. 

In some cases the mixtnre of solution and metal may 
he carefully covered and 11llt tL\my in the student's cnp­
))oan1 so that the action may gu (Jll during the time 
uet\\'een t\\'O meeting'S of the class. 
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The following numhers were obtained III :lll aetnal ex 
periment ;-

\\'ciglIt of zinc hkcll 
"'eight of silnl' l'q'/'lcc1l 

O":2\) gnll. 
O'ill; " 

Therefore 100 gl'lllS. of zinc will replace 331 grills. of 
silver 



CHAPTER XIX. 

DETEmnXATrOX OF THE "DIOL',T ()}' .\ Sl'DSTA:-!CE THAT 

CAS DE TOlDlED BY A CHE~llC.U, l'IIAXGE. 
'I' 

IT has heen shown, when treating of the varions ways 
in which chemical changes may OCCUl', that almost eYery 
possillle kiJ](1 or elm:s of change ean he prmlnced. Tlllm 
liquids prorlllce solir b, other lirlUi(ls, or gases; gases pro­
duce soli(ls, liquids, or other gases j and so on. The rjllanti­
tati ye illYestigalioll of these changes iN in mallY caseR 
extremely difficult and in mall\, instances has Hever been 
thorougl;ly done. One impo]'t,~nt factor in increasing the 
rlifficultyof such all illYestigation is that oftentimes second­
ary ehanges occur a]\(l go on side by side with the principal 
one; the final products being therefore the results of n 
complicated series of reactions. III other C;t,3es, however, 
the ehanges are so simple and definite that they may he 
easily aJl(1 thoronghly investigated. It, is these reactions 
which arc relied on for proving the important fundamental 
laws in chemistry, as well as for ascertaining the quantity 
of an clement which iN present in [LilY particular substance; 
i.e. making a quantitative analysis of that suhstance. 

Of course, since the challges arc of so various a 
character, the methods employed in proving them are also 
various. The complete study of the plans adopted for 
every clement wonhl involve the whole field of quantitative 
analysis, and is far beyond the scope of this hook There 
are, however, some typical operations awl methods which 
are employed in numerons chemical investigations with 



SUBSTAXCE FORMED BY CHEmCAL CIIAKflE. 117 
) 

which we are quite able to cleal. The most comlllon of these 
is the trea,tment of precipitates. ,Yo h~t\'e already seen, ill 
the chapter upon qualitati\'e analysis, how the making of 
a particular chemical substance \I'hich at the time of its 
making form." ;t precipitate, enables us to pro\'e that a cer­
tain element is present ill a substance under analysis. In 
some cases the~e precipitates may be pmifiecl and weighed, 
and thus not only can wo prove the presence of the clement 
but also the amount (1 if present. .As an example \\'e will 
take the manuhcture of alumininm oxide from alum. 

Select some ,,'ell-formed crystals. Pmnlet· them, nnd 
then place the p~mler bet\\'Cell a couple of sheets of blotting­
paper an d press it. 
In this way any 
moisture\\'hieh may 
(!a\'e jlCCl1 adhcring· A 
to the crystals ih ~ 
remo\'c(l. Now 
takc a little of the 
POW(]o]' am] test it to find whether it is "ammonia" 
alum Ot· "pot;1sh" alnm, i.l'. whether its ehemical formuln 
is AI2(SOI),/XII4)/;04,2-!lIP, 01' \I'hethc]' it is AI 2(SO.j);p 
K 2SO.1'2-!Hp. (This is mentioncd because the two 
kinds of alnm are so frc(lnent in commerce and so much 
alike - both practically possessing the same properties 
-that when plll'ehasillg "alum" yon are sometimeR given 
potash and sometimes :mmlOllia alum.) HaYing decided 
"'hat alnm is being experimented with, weigh ont about 2 
grms. and dissolye in elistille(] ,rater in :L beaker. 'Yarm 
the solution and add to it ammonium byclmte as long as a 
precipitate is formed. After adding the (XH4)HO, hoil 
the fluid. The hoiling can be clone by placing the beaker 
either upon a sand,hath or upon wire gauze. After boil­
ing for ahont fiyc minutes, ::Illow to stand for about the 
same timc, In thi~ way the alumininm hydrate will 
agglomerate into it ma~s and can be more easily filtered. 
Fold a filter, paper across a diameter and then across a 
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semi-diameter, thus ohtaining fom thickness('$ of paper. 
Open one ont amI pl:tce the paper tlms folcled, corner 
(IOln1wards, into an ordinary fUllllel. If properly done it 
will fit the sloping sides of the funnel. ::'\ow pom the fluid 
and ppt. upon the paper, decanting as much of the clear 
li(lUid as possible he fore putting on the ppt. 

Te8t tbe filtrate hy addillg to it it little more (~l:Il)HO, 
to see that all the Al has been precipitated. If allY 
further ppt. is obtained, more (Nl:I)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 hy biowing through 
the wash-bottle, and, if necessary, gelltly rub it oif the sides 
by means of it stirring-rod with a sIllall piece of india-rubber 
pushed oyer the end. ,Yhell all the ppt. is upon the 
pnper, it must be washed thoroughly. This is done by 
blo\\'ing wnrl1l water from the wash-bottle over it, four or 
five timeR, nl10wing one lot to run through ldore adding 
the next. The precipitate and filter-paper is now dried. 
This is done by placing the funnel in a ,ratel'-oYOll, or, 
more rapidly, by pntting it oyor a slightly conical tnbe of 
thin sheet-iron which is supported on a pand-bath. In the 
h,ttcr case great care nmst be taken that the tempcratu]'e 
does not rise so high as to char the paper. ,Yhen quite 
dry, the ppt. is carefully removed as lUuch as possible fro III 
the paper alld put into a clean, dry crucible whose weight 
has just been determined. When dealing ,lith ppts. ill 
this way it is nchisahle to place domt Oll the bench a 
piece of l,Iack glazed paper ahont 2:') to ;:)0 c.m. slJuare, 
to put the cl'Hcible ill the middle of this, awl to transfer 
the ppt. olcr the cl'1lcible. In this \yay allY small 
fluantitics wbich mn!' he spilled can l)e readily seen and 
sased from loss. The filter-papcr must now be burnt to 
an ash, for although >I'e may haye ycry carefully removed 
all that ,n,s possible from the surface of the paper some 
of the ppt. may han~ been drawn into the pores of it. 

The burning is done by folding the paper tightly, 
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wrapping it rouml ,yith the enll of a piC'(:e of dean 
platinum wire, :1ud hohling it in the ibme of the BUllsen 
until it is burnt. The roll of paper i~ hest held over 
the cover of the crucible, and the flame 111a(1o to play upon 
it by inclining the burner. 'Yhen burnt as cOlllpletelJ' as 
possible ill this way, the ash is put upon the cover and 
burnt until it is quite white 01' light gray, the cm-er being 
placed on a tobacco-pipe triangle, HlHl the heat carefully 
applied. The ppt. contained in the crucible is then heated 
in a similar manner, and when both covet' and erucihle have 
cooled they are weighed. The cl'llcihle and contents are 
again heated ari~ this repeate(l, until, Oil cooling and ,,-eigh­
ing, the weight is not diil'crent hom what it ,,-as before. 

10 grms. of "ammonia" alum treated in this mly will 
give, theoretically, 1'1 D grIll. of alnminic oxide ("\ IPJ; and 
10 grms. of "potash" alum ,\'ill giYe 1'1:3 gnn. 

Another kind of chemical action ,r]lirh can be easily 
tested quantitatiyely is to neutralise nc·icls nnel alkalies by 
each other, to evaporate the liquid and ohtain the snIts 
thus formed, then to dry and weigh. If acids arc neutral­
ised by alkalies, care mnst he taken to only add just 
cnongh alkali to neutralise. If an acid be mIllctl to an allmli, 
care must also he exercised in the s.lme way, but a very 
sIllall excess of acid will not vitiate the result in the same 
way that a small excess of alkali ",ill. III snell experiments 
the point of neutralisation is shoWJl by all "indicator" 
(see Chap. XX.). When evaporating, the heat must be very 
cautionsly applicd, to preycnt any" spitting"; especially is 
this the case when the resic1ne is almost dn-. 

The following are results obtained by 0 stlHlellts ill the 
ordinary ruurse of work ;-

Il'eight of l'0t~SJl ~lllItl taken 
Weight of crllc:ible ~Jl(l AU)" 
,r eight of crllcible "lolle 

Weight of Alp" aJollo 

2'00 gmls. 
12 '7:3 
12'52 

o~~ gIlll. 
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Thel'efore 100 grills. of potash almn give 10'5 grms. of 
aluminie oxide. 

(2) MA~TFACTL'RE 01' SODImr SGLPHATE BY NEGTHALISING 

CATSTlG ~UDA SOLGTION WITH SFLPHOnc ACID. 

20 C.c. of st;111(lard caustic soda solution were taken 
and neutralised with reagent sulpllUl'ic acid, a little litmus 
being used as inclicator. The liquid was evaporated 
to dryness ill a small porcelain evaporating basin and 
weighed. ! 

Weight of cYllporating basin. . . . 
"\Yeight of evaporatillg basin amI sodium sulphate 

\\' eight of sodium sulphate 

2"1'26 grms. 
24'97 

0'71 gnll. 

Therefore 100 C.c. of solution would yield 3'5.5 grms. of 
sodium sulphatc. 

The follmying experiments can be givcn for practice. 
The teacher can either givc the student a Imo\rll weight 

of the solid suhstance, and tell him to COllYCrt into it 

ccrtain body whose weight he is to ascertain, or he can 
givc him a kllmnl amount of it stamlanl solution of the 
~cid, or alkali, or substance. In this "'ay the teacher is 
easil\' ahle to check the results obtaincd. 

(1) }'ormatioll of so(lium and potassium salts by <1c1ding 
acid to standard alkali, and alkali to standard <1eic]. The 
<1cids most convenient to nse are H 2SO.1' Hel, H~03' and 
oxalic. 

(2) Fonn:ttioll of ferric hydratc hy adding i\H.HO to 
solution of forric chloride. 

(3) }'orm<1tioll of silver ch10ri(1e hy <1ch1ing HCI to 
solution of silver nitrate. 

(4) FOl'llmtioll of harium sulph:tte by adding H 2S04 to 
solution of harium chloride. (j·uf".-Acll! the acid in 
small quantity at .t time to the hoiling solution.) 



CHAPTER XX. 

ESTnIATIO~ OF THE A~IOrNT OF ALKALI BY STAKDARD 

ACID A::-"l OF AClll BY STA~DARD ALKALI. 

THE measurement of the amount of aei(l present or of the 
amonnt of alkali is one of the most important applications 
of the principle which was treated of in the last chapter. 
But by a slight modification of th\) mode of proceeding ,ye 
are enallle{l to avoid the necessity of evaporating the 
substance to dryness. This m"apOl·ation, unless yery care­
fully performed, is liable to occasion crror. Thc plan 
adopted is to haye a solution of acid of known strength, 
and also a solution of alkali of known strength, and then 
to measure the unknown alkali hy the known acid (" alkali­
metry"), and the unknowll aei{l by the known alkali 
(" acidimetry"). The process, it will therefore be seen, 
involves the measurement of the volnmes of the liquids, 
hence it is an analysis by volnmes. X llmerons bodies can 
he accurately analyse{l in this way, the method of analysis 
being known as "Yolumetric Analysis." 

Evidently one of the essential requirements in this 
mode of analysis is to have solutions of accnrate strength. 
Such solutions are called "Standard Solutions." These 
may he of any strellgth-l gl"lll. of substance dissolyed in 
1 litre of the fluid, 01" 100 grms., whichever is most con­
venient to me. Hut it has been found convenient to make 
use yery largely of strengths which hear a simple relation 
to the molecular weight of the sulJstance. In this way 
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the chemical changes arc more easily related to the yolume 
of fluid and a large amount of calculation avoided. Solu­
tions prepared in this way are c:1lled "Normal" solutiolls. 
The principle involved in the preparation of these normal 
solutions may be briefly explained. 

'Yhen caustic sod:1 and hydrochloric acid are brought 
together, the hydrogen of the acid is replaced by sodium, 
1 atom of H being roplaced by 1 of Na. Now we ha1-0 
seen that these replacements take place in certain propor­
tions by weight, and we have experimentally determined 
these numbers in some few cases. In the case of Na it is 
found thitt 23 parts hy weight of it are req"hired to replace 
1 part by weight of H. Therefore if we make our 
solutions of such strengths that 1 litre of one contains 
1 grm. of H, alllI the other so that 1 litre contains 23 
grms. of Na, then our two solutions arc exactly equal, 
bulk for bulk. But 1 grm. of H is comhined with 35'5 
grms. of el in HCI, and 23 grills. of Na are combined with 
16 of ° and 1 of H in caustic soda. Therefore if we 
weigh out 3G'5 grms. of Hel awl 40 grms. of NaHO, and 
dissolve each of these in 1 litre of wn,ter, we hn,ye normal 
solutions of hydrochloric acid and caustic soda rcspectiyely. 

This is exactly the way a normal solution of NaHO is 
made; but ,,·ith Hel we must rememher that pure Hel is 
a gas, and what is usually called hydrochloric acid in the 
laboratory is a solution of the gas ill water. In this case, 
therefore, we must first fiml the specific gravity of the 
solution, then compare with ,t tal)le giving the amount of 
pure Hel 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 docs not come within OUl' scope, and 
therefore details a1'e not giycn. "'hen the substance 
whose normal solution is being made contains two or more 
atoms of II which can be replaced, then we must divide the 
molecular weight by the number of such atoms, and then 
take the weight thus obtained, ill grammes, of the sub-
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stance and <lissoh-e ill it litre. Thus sulphuric aei!l (H2SOJ) 

has two atoms of H in its molecule, and this molecule has 
a weight, compared to the atom of H, of 98; therefore the 
normal solution, in order to be equivalent bulk for bulk 
with the XaHO and Hel solutions, must contain ,19 grms. 
of the pure acid per litre. The student m~ly therefore 
define a norm"l solution of a suJlstance to be "that solution 
which cont~\illS as many grms. of the reacting element in 
1 litre as are equivalent to 1 grm. of hydrogen." The 
liquid should be meas1ll'ed at Iii C C. 

Very often ~uch solutions "re too strong for accurate 
work In such' cases it is customary to divide the strength 

by any suitable lllUnber. Thus we get de(;inormal (~), conti­

~ 
normal (166)' etc., whcn we have one-tenth, one-Imndrec1th, 

cte., of the normal strength. 
The actual experimental work of thc determination is 

very easy when ollce the solutions arc I1Iade. Sllppose we 
ha,d to determine the strcngth of a conllllcrcial sample of 
sulphmic acid. Pbce a little of it in a stoppel'ccl llUl'ette, 
allll then nUl into a beaker alJOllt i) c.c. of the acill. Add 
water carc1ully, pour ill to a mcasnring Hask of 200 c.e. 
capacity, and when at Hio C. fill up to the mark. Place 
this solution in another lmrette and l'llll a measured 
qnantity of it into a heaker. X 01\- fill a Jmrette with the 
standard solution of soda (this should be free from car­
bonate), add to the acid one or two drops of an alcoholic 
solution of phenol-phthalein, and then allow the soda 
solution to rlln iuto the acid drop by drop until the bright 
red colour produced where the drop of soda touches the 
li(lUid gives the faintest pemmncnt colour to the flnid. 
The acid has thcn just been neutmlisecI l>y the socIa. The 
numher of C.c. of soda solution required is thcn read ofr 
and the aIllount of actual soda calcnlated. Then from that 
amount the amount of acid can be found lJY remembering 
that 40 gnns. of soda will neutralise 49 grms. of sulphuric 
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acid. An example will make the mode of calculation 
clear. 

Amount of acid taken, 5 c.c. 
Made up to 200 c.c. \rith distill cd water. 
Took 25 C.c. of this dilute acid and neutralised with 

normal NaIlO. 
(1) Found 22'2 C.c. of soda rcr111ircd. 
(2) Found 22'2 C.c. of soda re1luircd. 

Mean, 22'2. 
Amount of XaHO in 22'2 C.c. is 0'8:38 gnn. 
Amount of HllOl ncutralised hy ()j888 grm. of 

XaHO = 1'0878. 
Thcreforc 2.5 C.c. of the rlilutc acid contains l'OS7", 

grm. of II,SO 4' 

Thus 200 C.c. of the dilute solntioll, or ;) c.c. strong 
acid, contains 8'702 grms. of H2S01' 

Therefore 100 c.c. strong H"S04 cOlltains 174,'03 grms. 
of real H2SO ,,' 

The suhstance which is used to tell when the solutions 
are just neutral is calle, 1 an "indicator." There are mllny 
substances which mar be employed for this purpose. Of 
these, litmus is olle of the most useful. This forms a 
solution which, when exactly nentral, is of a pnrple colour, 
neither distillctly n~d nol' blue, hut of it mixtul'e of the two. 
The slightest excess of acid will canse it to become dis­
tinctly red, and the smallest excess of alkali distinctly 
blue. These "light shades of colour are difficult to distin­
guish by gas light or electric glow-light; hence litmus 
solution should not be used at night. 

Phenol-phthalein is another suhstance which is of great 
use in the testillg of acids alHl alkalies. It gi\Ces no colour 
with acid or neutral solutions, bnt the faintest trace of excess 
of alkali instantly produces an intensely red colour, which is 
easily distinguished. Upon exposure to the air the eolo1ll', 
when very faint, sometimes disappears. This is probahly 
due to the action of the atmospheric carbonic acid. Phenol-
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phthalein docs not giye Yery good results when titrating 
ammoniacal solutions, or even solutions of the other 
alkalies when ammoniacal salts are prescllt. The colour 
can be distilldly seen by gaslight. This indicator is capable 
of heing uscd with alcoholic solutions, or mixtures of 
alcohol with other fluids. It is therefore availahle for Use 
with some organic acids which are insoluble ill water bnt 
soluble in alcohol, etc. 

A third ill(licator which is al~o largely used is methyl­
orange, 9ne of tho aniline compounds. This substance is 
soluble in water, the solution possessing a yer}' faint tint 
of yellowish rc!t ,Yhen excess of alkali is present the 
colour becomes yello,,-, ,dlCll acid it becomes pink. A few 
experiments are needed ill order to become accustomed to 
the tints, hut when this iB ollce done the changes are vety 
distinct. J\Iethyl-ol'Cmge is so nsefnl hecause it is not 
affected by carbon (lioxide and other hodies ,yhich give 
acid reactions ,,-ith litmlls. It is therefore availahle for 
use for thc estimation of carbonates 11y acids, because the 
Co., cyohed is witbout. e.fforL TllC sollltjom; in wbielJ 
metl1yl-omngc iB used should not he warm, because thc 
tint-changes are more definite with cold than with hot 
solutions. 

Convcnient strengths of solution fol' these indicators 
are; for phenol-phthaleill, 5 grIllS. in a litre of half alcohol 
and half water; for methyl-orange, 1 grm. in a litre of 
water. In all CLl~es of the employment of indicators, a few 
drops only should be added to the solutions, and the:se 
must lIe kept stirred dnring the titmtion. 

There are a large llllmher of other substances which are 
available for nse a~ indicators in allmlimetry or acidimetry, 
hut they are of less extensive application than those men­
tioned, and it i~ therefore ullnecessary to describe them 
here. 



CHAPTEH XXI. 

ESTurATIOX OF THE AJ\1OU:ST OF C'ATInONATIL BY 

STANDAHD ACID. 

THE remarks marle in the last chapter in reference to the 
use of I;HJthyl-orallge will haye indicated to the student 
the simple~t method for estimating the amount of the 
carbonates of the alkaline melal., which may 1)8 present ill 
any suhstance or solution. It i~ simply to titrate the 
solution of the rarhonate with stamlanl acid, making use 
of methyl-orange, as an indicator. The titration must be 
done when the solution is quite cold, and the method gives 
exeellent results. But there are two otber processes in 
common use which likewise give good results. In hoth 
these, litmus is used as the ill<:li<:ator. The first is a direct 
method. It consists in titrating the solution of the suh­
stance in the ordinary way, but adopting the precaution of 
boiling the solution towards the ClH] of the operation in 
order that the carhon dioxide produce(] may he expelled 
and thus prevented from affecting the colour of the litmus. 
"When CO" is present, it causes the litmus solution to be­
come of a-peculiar pUl'ple-recl tint, yery different from the 
proper pink-red which an excess of acid produces. The 
process adopted is to dissolve a knmm ,,'eight 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 rerluired), ,msh the beaker al1'] 
filter-paper, and make up the filtrate and washings to tho 
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mark. T:tke out of this wlution about 50 c.c. and put 
illto an evaporating dish of about 1:2 to 1 + c.m. diametel·. 
Adcl a few drops of litmus solution amI mn in standard 
acid from a burctte. Presently the litmuK will he coloured 
of :t reddish purple. \\'hen this is the case, place the dish 
oyer a burner and boil. The colour will soon change back 
again to blue. Now adel more acid, and again boil, and 
repeat this until the formation of the purple-red tint ceases 
and the neutral colour of the litmus is formed and remains 
constant dnring the hoilillg . 

. The second method referred to is an improvement upon 
this one. It w~J be found somewhat diHicult to judge the 
difference of colour between that due to a very small 
quantity of CO2 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 diflicnlty. It is a "reverse" 
llleth()(l. The solution is maele as before, awl a measnred 
quantity of it is taken and placee! in a flask, am] a known 
amount of standard aeid run in. This amount must be 
greater than ,,-hat is required to neutralise the quantity of 
carbonate taken. The addition of the acid will, of course, 
cause an immediate evolution of carbon dioxie]e, and the 
liquid 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 allmli run in 
until neutrality is reached. The amOllllt of acid used up 
in decomposing the carbonate is then obtained by sub­
tracting the amount neutralised by the standard nlkali from 
the total amount added. 

The fullowing arc actnal experimental numbers obtained 
with a commercial sample of Ho(b ash (impure carbonate 
of sodium). 

\Yeighed out 10 grll1s. of socia ash alHl dissolved in 
500 c.c. water. 

1. Took out ;')0 c.c., placed in :t dish, added a few drops 
of Iitmu~ solution, rail ill normal H2SO,! till red colour 
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. .' appeared, boiled, colour disappcared, ran III more H 2S04 
and repeated till red colom was constant. 

Req nired, 16' 8 c. c. 
2. Took 50 C.c. of solution, added 23 c.c. normal H 2S04, 

boiled for about ten minutes, and then titratcd with normal 
NaHO after adding a little litmns solution. 

Required, 8'2 c.c. NaHO. 
Therefore number of C.C. H 2S04 reqnired to decompose 
carbonate = 25 - 8'2 = 16'8 c.e. 

3. Took 30 c.C. of solution, added a few drops of 
methyl-orange solution, and ran in normal H 2SO,1' 

Required, 16'85 C.c. '.' 
4. Took 50 c.e. solution, added 25 e.c. normal H 2S04, 

boiled for ten minutes, added a few drops of phenol­
phthalein, and titrated with normal XaHO. 

Required, 8'2 c.c. 
Therefore number of C.c. of HcSOl required to decom­
pose carbonate = 25 - 8'2=16'8 C.c. 

Weight of Na2CO" neutralised by 1 c.c. normal H zSO.=O'053 grm.' 
16'8 0'890 " 

This is the weight of Xa2CO;1 in 50 c.c. solution. 
Therefore weight of NazCO, in 500 e.c. or 10 grms. 
soda ash = 8'90 grms, 

01' 100 grms. contain 89'0 grIllS. of pure 1\a2C03• 

1 'i'his figure is ohtaine(l from the reaction which occurs when 
neutralisation takes place, viz. :-

K :12C03 + HzSO -I = K a2SO.j + H 20 + CO2, 

from which We lmve tt.at 106 parts of NazC03 ,ue neutralised hy !lS of 
HzSO.j. 



CHAPTER XXII. 

SUl\IJ\IARY. 

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 onr ex­
periments have illustrated. 

In the first place, it must be clearly realised that what 
is 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 aitered, and what ,ye now regard as natural laws 
or truths prove to be false. But it is eyident that before 
this is done a vast number of experiments will have to be 
made, ,,,hich not only prove the falsity of our present 
notions, hut also establish the truth of new ones. It is 
needless to say that up to the present no experiments 
which have been mnde give the slightest indication of any 
such revolution being likely to occur. 

It must nlso be remembered that the experiments 
which ha,-e been described 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 



130 EXPERIMENTAL 'YORK IN CHEMISTRY. 
I' 

care so 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 obscrYation. 

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 t,,·o chapters illustrate the use of the physical 
properties of bodies in proving their puf'ity. The plans 
mentioncd are more applicable to organic than to in­
organic substances, hut arc very valuable in those cases also 
wheneyer it is poscilJle to apply them. But it must be re­
membere(l that the behaviollr of inorganic compounds with 
reagents, and when under the influence of heat, etc., 
affords a reliahle criterion of purity. 

Coming to the (llUlntitative experiments, we are at once 
making use of and illustrating the fundamental laws. 
The first of these is concerned with the formation of new 
subs tances from others. \Ye ba ye studied the production 
of oxides, etc., as well as the decomposition of bodies 
when heated. \Y c haye found that thesc changes occur 
with absolute definiteness, and so long as we make the 
same substance, we require exactly the same weight of 
materials to produce the same quantity of it. Thus we 
deduce the LlI1u of ]J~fillite or COllstant Proportions. It may 
be stated thus :-" 'Vhen two or more elements combine 
together to form a new substance, they do so in constant 
and definite proportions by weight, 110 m~ttter in what 
way the comhination is brought about." Thus when­
ever coppel' oxide is made and ill ,,-hatCH!' way, ,,-e 
always find that ahout 1 part of oxygcn will combine 
with + parts of copper (more exactly, 16 parts of oxygen 
with 63'2 of copper) to form 5 parts of oxidc of copper. 

Other experiments, especially those relating to the for-
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mation of ~ne chemical substance frum it Jelinite amount 
of another, illustrate another important law which may be 
stated as :-" The weights of the snhstances produceJ hy 
any chemical change are exactly the same as those of the 
suhstances which entered into it." This may oe called the 
Law of Equalit!l of lIfass. Expresserl in another way 
it mar be saiJ that "ilIatter can Iwither be created !lor 
destroyed." The constitution of any particular kind of 
matter can, however, be altereJ, and that is what the 
chemist is continnally (loing. 

The t'hird great generalisation which our experiments 
sh'ow is that wlating to the equivalence or "chemical 
value" of the clements. There is perhaps no more im­
portant law than this one relating to equivalence. It may 
be put thus :-" A definite weight of every element is 
equivalent in chemical combining power to a certain 
definite weight of every other element." Thus ,,·e find 
that 8 parts by weight of oxygen arc el[uil"alent to 
1 part by weight of hydmgell, :15·5 parts of chlorine to 
1 of H, and so 011. There is always a clillicnlty in under­
standing the difference between the" eqniyalent "weight" 
of an elemellt and the "atomic weight." The discussion 
of this would lead us too far, and thcrefore we cannot 
entcr into it. But it may be hril·tly stated that the 
equiyalent \,"eight is that which is gi \·en by experiment, 
the atomic weight is some multiple of this; thc number 
to multiply by being obtained from certain con~idcratiolls, 
mostly theoretical, which a study of the compounds of thc 
clement in question gives ns. Thus by experiment \\·e 
find thc equivalent of 0 to ho 8; and ill water "'0 find 
nothing but hydrogen allll oxygen. "Therefore if this 
substance cOIlsisteJ of 1 atom of Il, combined with 1 
atom of 0, the atomic w~ight of 0 would 1)e s. But ex­
pcriments show us that we call sepante the II from water 
in two crinal portions; hut we cannot thus diyil]e the O. 
If wc takc away allY 0 \\·e take it all away. ThllS \\·c con­
elude that the number of atoms of 0 in thc molecule of 



132 EXPERI1I1ERTAL WORK IN CHEmSTRV. 

water is indivisible, hut tlw,t the nnmhel' of 1'1 atoms is 
divisible hy 2. Therefore we conclwle that the simplest 
formula for water is H.,O, and if this is the case, the atomic 
weight of ° compared "to the atomic weight of H must be 
twice its equinllent weight, i.c. it must be 1 G. Similar 
considerations arc applied in the case of the other elements. 
'Ve therefore sec that the atomic weight of an element is 
equal to its equinlent weight multiplied by its valency. 

The experiments described give several methods of 
determining the equivalents. Thus in one chapter \\'e 
are told how to compare them directly with H, in anothpr 
by replacement of some other clement. Ii) is needless to 
say that the results should be the same in eyery case, and 
the student should test the accuracy of his work hy com­
paring the results obtained by the t\yO methods. Thus in 
an experiment detK1,iled in Chap. XVI. \yo foulld that 
32'7 grms. of zinc aro equivalent to 1 grm. of H, awl in 
Chap. XYIII. we found that 100 grms. of ZillC would ro­
place, i.e. are equivalent to, 331 of sih·er. Thus we can 
calculate that 32'7 of zinc are equivalent to 108'22 of 
silver. But 32', grms. of zinc nrc equivnlcnt to 1 of H; 
therefore 108'22 of sih'er nre equivalent to 1 of H. This, 
then, is the equivalent of silvcr. The best determination 
of this number by Stas gave l07'!)2, and hence our rongh 
determination is approximately correct. 

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

Finally, in the Inst t\\'O 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 Atudent will have such n desire for further know­
ledge as will induce him to carryon his studies until he 
has hecome acquaintc(l with the natural facts upon which 
the science of chemistry rcsts.! 

1 The whole of the appamtu~ dc,cl'ibed in thi, book i~ kept in stock by 
lIre"rs. Frouue ((wI Vaughan 0'1' ~laudlill Street, Bristol. 
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SIMPLE FRENCH STORIES. Ali tUtlrely new ""Cle. uJ ''''.y texU., 
with Notes, Voc;lbuhry, and Table of ITl t:gular Verbs, prepared under the General 
Editorship of Mr. L VON GLEllN, Assi.tltant .Master at Pcrse School, Cambridge 
About. 80 pageN in each volume. Lhul) cloth. 9d. 

Un Drams dans les airs. By JULES I Un AnDiversaire iI. Londres, and twv 
VERNE. other stories. By P. J. STAHL. 

PU·Pat. By EDOUABD LABouLAn Monsieur Ie Vent at Ma.dame .a 
La Petite <souris Grise; and Histoire I Plute B, PAUL DE MU8BET. 

de Rosette. By MADA>1E DE SEGlTR La Fee Grignotte. By l\Iadame 
POLi.Clllel.. and two otlh~r tales. 1:$)' I ])E GllL\lWIX. And La Cuisine au 

ED()(1"ARD LAftO{TT,AVF:. Salon. From Le Tbi'atre lle Jeulle~:--e. 

Gil BIas in the Den of Thieves. AnangtJ trum L" 8AGE. \Vith l\'otes and 
Vocabulary by n. DE BLANCIiAUD, B.A., Assistant Ma~T,el' ::I.t the Central SChools, 
Aberdeeu. LilUp cloth, crown 8vo., 9d. (Unifo·rrn wah the abov~ seTte."). 

L' APPRENTI. By EMILE SOUVESTBE. Edited by C. F. HERDENER, 
F'l't"Ilcil )'faHter at Bel'kh:luH<ted School. Crown 8vo., cloth, Is. 

RICHARD WHITTINGTON. Bv ]l,IADAME EUGENIE FOA. And 
UN CONTE DE L'ABBE DE SAINT-PIERRE. By EMILE SOUVESTRE. 
EnitBD hv C F. H"EHD~.lom. Crown Evo., cloth, L'l. 

MEMOIRES D'UN ANE. By MAl).HIE DB SEGn, edit"d 1>y Miss 
L1TY E. F -\HREI-~, A~8if;taut ill Fr!jnch at the B0dford College for \Vomcl1, 
LOlld('ll. Clot}]. Crowll 8vo., 18. 

Tbe feature of these volumes is th(l.t in aoott.ion to the not~s and vocabulary 
tltf're is a setof l'XCreiRcs, chiefly in the form (If queslions and answers in French 
modelled Up(ln the text of the llarrative. This innovation promise8 tu pro't'e very 
t,upul(ll" 
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MATHEMATICS AND SCIENCE. 
A New Arithmetic for Schools. By J. P. KIRK:vIAN,,,"d:.A., and 

.A. E. FIELD, )'I.A., A8si~tant-ma.stcrB at Bedford Grallllliar SChOfJ1. Crown S'\'u., 
cloth, 3s. 0d. 

Exercises in Arithmetic (Oral lind Written). Parts I.. II., and III. 
~r C. )1. 1'AYLOR ()Ltt~lt.'mnUcal Triro:'>, Cambridge), \fimblcrl(Jll High School. 
Cloth

1 
Is. (ill. each. (\\'!th or without Answers.) 

AllCebra. Part 1. .•. 'l'he I'Jiemems of Algebra," including Quadratic 
Equatiuns and Fr;tctil'llS. By R. L.-\CHLAN, Se.D. With or '1,'itlwut ..:\Il'"'1'O<'r8, 
'28. Gd. Ans\,cYs sern_r~ltdy, 1~. 

Algebra for Beginners. By J. K. WILKINS, B.A .. and W. 
HOU_L'\(;":"\'0RTH, B._.\. 111 ']'}lrt~e .?a~ts# Part I., 4d. ; Part 11., 4d.; Part nI., 6d· 
Allswer~ to P,n·t~ I-lB., lH Olle ~o1., tid. 

Vectors and Rotors. With Applications. By Professor O. HE:oiRICI, 
VR.S. l~dited by G. C. Tr;n~F.R, G():cbmith Institute. Crown BV0., Js. 6d. 

A Note-Book of Experimental Mathematics. By C. GODFREY, 
~[.~" Hcadlll'l;-,tel' llf tbe Hny:t,l ;-';::lvltl College, OSlJOl'Ilt:J, and G. )[. B)LL, B.A. 
benlur )'bthelll~\.tlC:\l :\la:"ter, "\, 11lchestcr College. Feap. -lto., raper boar(is, :ls. 

An Elementary Treat.ise on Practical Mathemat)<:s. By JOHN' 
GRArrA~f, B.A. CrO\\'Il E~:\'o., cluth. 38. oIL 

Preliminary Practical Mathematics. By S. G. STARLING, A.R.C.Se., 
an(t F. C. CL-\H.KE, A.U,l.">C., B.3..:;. Is. Gd. 

Mechanics. A Course for Schools. By W. D. EGGAR, Science 
}LlStCl', Eton College. CrOWl] ;s'V0., :b, Bu. 

The Principles of Mechanism. By H. A. GARRATT, A.~I.I.C.E .. 
Cro\vn Svo., cloth, 35. Gd. 

Five-Figure Tables of Mathema.tical Functions. By J. B. DAL,I', 
M .. A.) Assil->hult l)n.fc:-;~()r of :'Ll.thcm,\tlcs, Kill; ... (,;:; Cullege, Clli\,LT..,ity ()f LOlld,U11 ... 
Dewy '-.\-'0., 38. tid, llt:t. 

Logarithmic and Trigonometric Tables. By J. B. D,UE, ~I.A. 
Demy ::-\,0., :Zs. net. 

The Elements of Geometry. By R. LACHLAN, Sc.D., and W. n. 
FU:TC'HEH., ~[A. Witll aho'lt 7:i{) Exerl'iscs and An~\\·crs. Cloth, 2s. lid. 

Geometrical Conics. By G. W. CAUKT, ~l.A., Lecturer in ~Iathe· 
mRtic--i) Armstrong College, Xe'ivcastle·on-Tync, and C ... -:'II. JF."soP) ~I.A., Pro ... 
fessor of :JlathematiC's, Arl1lstrull'.!," Couege, Sewca.,stle-on-1'yne. Crowll S\·()., :?~. Gd. 

The Elements of Trigonometry. By R. LACHLAx, So.D., and 
\y, C. FLETCHEf-t, :J1.A. CrOWll 1)VO./ -viil+164 p_'lges, 28. 

Elementary Geometry. By W. C. j<'LETCHER, M.A., Crown 
Bvo" cloth, Is. tid. 

A First Geomp.try Book. By J. G. HAMILTON, B.A., and F. 
KETTLE, B .... &,.. Crown 8"0., fully illustrated, doth, Is. Ans"'\..TS (f(1Y TC'J.chers 
only), ud. 

An Introduction to Elementary Statics (treated Graphically). 
By R. XETTE1.L, \LA., L\~~lsLtllt ::\Iaster, H()yal :Nav,ll CollcgL', U;:,i)(Jl'Lt: FC,lp. 

Jto., paper hoard~, ::."1, 
Graphs and Imaginaries. By J. G. HAMILTON, B.A., and Jj'. KETTLE, 

B.A. Cloth, Is. tid. 
The Elements of Euclid. By R. LAOHLAN, So.D. 

THE FOLLOWING EDITIONS ARE NOW READY. 
Book I. 145 pages, Is. I Books I.··IV. 346 pages, 38. 
Books 1. and II. 180 pail", 1 •. 6d. Books III. and IV. 164 pages, 28. 
Books I.-III. 304 pa~e8. 28. 6d. Books I.-VI. and Xl. 500 pages. 48.6d. 

Books IV.-Vl. 28. 6d. Book XI. Is. 

Mensuration. By R. W. K. EDWARDS, M.A., Lecturer on 
:'\lathematics at King's College, London. Clilth, 38. t3u., 

The Elements of Trigonometry. By R. LACIILAX, Sc.D., and 
w. C. FLETCHER, )1.A. ~ ____ . ___ ~~~_ 
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The Elements of inorganic Chemistry. For use in 
School',\ and Colleges. By W. A. SHENSTONE, F.R.S., Lecturer in 
ChemiRt'l:y at Clifton College. New Edition, revised and enlarged. 

55-1 pag~" Cloth, 48. 60.. 
A course of Practical Chemistry. By W. A. SHE~STO"". Cloth, 1:;. 6d. 

A First 'lear's Course of ExperImental Work in 
Chemistry. By E. H. COOK, D.~c., F.l.C., Principal of th~ Clifton 

Laboratory, Bristol. Crown 8vo., cloth, Is. 6d. 

A Text-Book of Physical Chemistry. By Dr. R. A 
L~H¥KLDI, Professor of Physics at the ga.t London Technieal College 
,Vith 40 Illustrations. Crown 8vo., cluth, 7 s. 6d. 

Physical Chemistry for Beginners. By Dr. VAN 
U"VENTEB. Translated by Dr. R. A. L};HFJo:LDT. 2s. 6d. 

The Sthndard Course of Elementary Chemistry. By 
• E. J. Cox, F 9.S " Headmaster of the Technical Sehoul, Birmingham. 

In Five Parts, issued separately, bound in cloth and illustrated. Parts 
I.-IV., 7d. each; p"rt. V., Is The complet~ work in one vol .. 3" 

A Preliminary Course of Practical Physics. By 
c. E. A~HFOl<D, :\l.A., Headll1a,ter of the Royal 1\'aval College, 

DartUlouth. }<'cap. 4to., Is. 6d. 
Electrolytic Preparations. Exercises for use in the 

laboratory lJy Chemists and Electro-Chemists. By Dr. K.\RL ELES, 
Professor of Or~"nic and l'hysical Chemistry at the U ai ver,;itv of 
Giesst,n. Tran,1.,ted by R. S. HUTTllN, '1I1.8c. DC'illY 8vo., 48. 6d:net. 

Electric and Magnetic Circuits. By E. H. URAPPER, 
~1.1. E. E, Head of the ~:lectrical Engineering Department in 
L ni, er,ity College, Shetfidd. Demy 8vo., 108. 6d. net. 

Electricity and Magnetism. By C. E ASHl'ORD, M.A., 
H.eadma,ter of the j{"yal Naval Colle"e, Dartmulltll. late Senior 
Science Master at Harrow School. \Vith over :lV\) DiagmlllR. 

Cloth, 38. 6d. 
Magnetism and Electricity. By J. PALEY YORKE, of the 

;:-.;,.rtbern polytechnic In8titute, H.olloway. Crown 8vo., cloth, 3s. 6d. 

PhysiOlogy for Beginners. By LEONAIW HILL, M.B. h. 

Elementary Natural Philosophy. By ALFRED EARL, 
M.A., Senior Science M".'.er at'Tonbridge School. Crown 8vo., 4B.tid 

A Text-BOok of Zoology. By G. P. MUDGE, A.R.C.Se. 
Lond" Lecturer on Biology at the London H oSl'i tal ;lledical College. 
With abuut 150 Illustrations, Crown 8vo., 7B. Oll. 

A Class-Book of Botany. By G. P. MUDGE, A.KC.Sc. 
and A. J. MASLEN, F.L.S. \Vith Illustrations. Crown 8vo., 78. 6d 

psychOlogy for Teachers. By C. LLOYD M'JRGAN, F.R.S. 
Principal of University College, Bl'i"t"l. Crown 8vo., cloth, 3 •. 6d 
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HISTORY. 

A History of England. By O. W. O~IAN, M.A., Deputy 
Professor of Modern History in the University of Oxford. Full! 
furnishe<l with Map', Plans of th~ Principal Battlefields, &nd Gene& 
logical Tables. 760 page.. Ninth and EnLlrg"d Edition (to end of 
South African \Var). Crown 8vo., cloth, 5 •. 

Special Editions, each volume contaluing a separate index. 
In Two Parts, 3" each: Part I., from the Earliest Times to 1603 , 

Part II .. trom 1603 to 1902. 
In Three Divisions: Division I., to 1307, 28. ; Division n., 1307 

to 1688, 2s.; Division III., 1688 to 1902, 2s. 6d . 
• • ' In ordering please state the period -reqnired, to (tvoi,l wrifusio,. 

England in the Nineteenth Century. By C. W.'OMAN 
1\1. A., Author of "A History of England," etc . .J ''lith Maps an~ 
Appendic8B. Revised and Enlarged :Edition. crown 8vo .. 38. 6d. 

A Junior History of England. From the E:,rliest Times 
to the Deatb of Queen Victoria. By C. \V. O}lA:-.', ;\I.A., and ;\IARY 
O}IAN. With i\laps. Cloth, 28. 

Questions on Oman's History of England. By R. H. 
BOOKEY, M.A. CroWD Svo., cloth, Is. 

A Synopsis of English History. By C. H. EASTWOOD, 
Headmaster of Redheugh Board School, Gateshead. 28. 

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, Manus, Sulla, Pompey, Coosar. Illustrated with 
reproductions of Roman Coins from tbe British 11useum. By O. \\. 
OMAN. About 3~0 pages. Crown 8vo., cloth, 68. 

English History for Boys and Girls. By E. S. SY.MEs, 
Author of "The Story of Lancashire," "The Story of London," etc 
\Vith numerous Illustrations 28. 6d. 

Men and Movements in European History. Illu8trated. 
Small crown S",., Is. 6d. 

Lessons in Old Testament History. By the Venerable 
A. S. AGtEN, Archdeacon of St. Andrew., forrll~rly Assistant 1faster at 
Marlborough College. 450 pages, with Maps. Crown 8vo., cloth, 4s. 60 

Old Testament History. By the Rev. T. C. FRY, Head· 
master of Berkhamsted School. Crown 8vo., cloth, 2 •. 6d. 

Biblical History of the Hebrews. Upon the lines of the 
Higher Criticism. By the Rev. F. J. FOAKES JAOKSO:-.', Fellow of 
.Te~u8 College, Cambridge, and Honorary Canon of Peterborough. 
Crown 8vo., 68. 
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