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PREFACE.

Tue importance of the actual performance of experiments in
ihe stndy of chemistry is now generally recognized. It is, how-
ever, quite possible for a student to work diligently through a
course of preparations in the laboratory and yet not acquire the
power of interpreting the observations he may make, or of de-
ducing from them the principles to which they point.

We have therefore thought it desirable, in the earlier chapters, to
give some idea of the field of investigation, and of the methods
employed by the chemist in conducting his inquiries,

The subsequent study of the elements and their compounds
may be regarded as affording additional illustration and extension
of the fundamental prineiples there laid down, |

The attention having been thus clearly directed to the aims and
purposes of the study of chemical science, interest in the system-
atic part of the book will be fully maintained, and the true value
of experiment as an instrument of scientific research will be
appreciated.

The contents of the treatise have been arranged to meet the
requirements of the Science and Art Department for the Element-
ary Stage, though for the sake of continuity, some of the subjects

have been rather more fully treated than the Department Syllabus
would seem to demand.
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FIRST STAGE CHEMISTRY.

CHAPTER I
DEFINITION AND AIMS OF CHEMISTRY.

The dawn of chemistry.—From very early times the con-
stitution of matter has been a subject of interest to man. The
first investicators were satisfied with observations almost entirely
confined to the colour, hardness, or other physical properties of
the mineral substances which they found around them ; and when-
ever they succeeded in bringing about any transformation of
these substances, the process by which the change was accom-
plished received little attention.

Thus iron, copper, and a few other metals were obtained, but by
empirical methods. Substances chemically identical, such as
water and steam, were regarded as essentially different, whilst
other substances—for instance, ice and quartz—though composed
of entirely different materials, were, in consequence of their simi-
larity in appearance, regarded as being forms of the same
substance.

In the investigation of natural phenomena it is always necessary
in the first place to perform experiments. Experiments carefully
planned were, however, almost unknown in the beginnings of
chemistry, and even when performed, the deductions drawn were
too often falsified through placing a too great reliance on what,

F. 8T. CHEM, B
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Judging by the appearance, the resultant body might be. Thus
Geber, by adding mercury to lead, obtained a silver-white golid
which he regarded as being tin, which indeed it resembles,

Experimental inquiry.—Solid progress in the know] edge of
chemistry has been achieved only after the performance of a
vast number of experiments, each experiment being rigidly
followed up by others, and the conclusion only accepted when
the evidence accumulated from every possible source places it
beyond dispute.

As an instance of the methods followed in the chemical in-
vestigation of matter, let us take cylinders (A) containing oxygen,
and (B) containing carbon dioxide. So far as we can see they
are similar, but if we perform varied experiments we shall learn
something of the chemical differences between the gases,

Exp. 1.—Pour clear lime-water into each; in A no change is
observed, in B the lime-water becomes turbid.

Exp. 2.—DPlace a lighted taper in each ; in A the taper continues to
burn, and burns even more brightly than it does in air; in B
the taper is extinguished.

How the composition of matter is investigated.—The
science of chemistry is essentially and primarily devoted to the
determination of the composition of matter, and this subject is
therefore one of the greatest importance to the chemist,

In the desire to ascertain the composition of a complex sub-
stance, we use means whereby it may be broken up into simpler
forms, and we may further cause these simpler parts (where
possible) to unite again so as to reproduce the original substance.

Exp, 3.—Break up about 2 grammes of calcite into small fragments,
and introduce it into a titbe of infusible glass! fitted with a cork
and delivery-tube as shown in the figure. Heat the lower part

1 Weigh the tube and contents before and after the experiment. £ g.—

Weight of tube and caleite ... e 2084 prms.
52 o anly .o 2B,
i calcite ST
o tube and contents after heating 2450 ,,
residue ot 1 ER T

Loss of weight during hmti]_q;,} e
i. e. carbon dioxide | *** ¥ :
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of the tube as strongly as possible in the flame of a large Bunsen
burner, or better still, in the flame of a blowpipe.*

A gas will be given off, and may be collected in a small test-
tube over water. Continue the heating for about halfsan-hour,
but in the meantime examine the gas that has been obtained.

It will be found to show the properties already described under
Exps. 1 and 2 as those belonging to carbon diowide.

The residue in the tube is allowed to cool, and is then moistened
with about 5 c.c. of water. 1t will be noticed that the liquid
becomes warm (calcite when thrown into water does not develop
heat), and by pouring on it more water, say 100 c.c., some of it

Fia. 1.

dissolves? (calcite does not dissolve in water). The residue in
the tube is evidently no longer calcite ; the properties observed
are those belonging to the body known to us as lime. By heating
ealeite we have obtained from it lime and earbon dioxide,

Exp. 4,—Now decant off the clear solution mentioned above, and
shake it up with some of the carbon dioxide, or expel air from
the lungs through it. It will become turbid and deposit a white
powder. 1f this white powder be collected and dried it will be
found to possess the essential characters of caleite, and if heated,
it will give off carbon dioxide, and leave, as a residue, lime.

1 Similar results may be shown with magnesite, and this mineral possesses the
advantage of undergoing decomposition more readily.

2 That something has dissolved may be shown by evaporating a little of the
water to dryness and noting that a solid residue is ohtained.
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The former experiment affords an example of the method of
investigating composition by separation into simpler constituent
parts, i. e. by analysis, and the latter that of reproducing a sub-
stance by bringing together the constituent parts, 4. e. by synthesis.

How the chemical identity of two substances is estab-
lished.—From these experiments we also gather that two sub-
stances are regarded as identical from a chemical point of view
when on being exposed to heat or ofher agencies, or to the action
of chemical re-agents, they exhibit like changes of composition.
This being the case then, notwithstanding certain differences of
outward appearance, texture, and cohesive power, we regard
calcite and the white powder above mentioned as chemically
identical substances. Similarly lampblack and diamond, though
as unlike in form, hardness, and colour as two substances well
can be, are yet chemically identical. For if we burn lampblack
and diamond in a sufficient supply of oxygen, the productin both
cases consists entirely of carbon dioxide. Also if we burn equal
weights of lampblack and diamond, the weight of the carbon
dioxide formed in the one case is precisely the same as that
formed in the other, Changes of composition brought about by
the action of chemical agents on lampblack in all cases corre-
spond to those effected on diamond, and the chemical identity of
lampblack with diamond is thus established.

Physical properties of matter as distinguished from
chemical properties.— Properties such as lustre, hardness,
tenacity, and state of aggregation, are classed as purely physical ;
they affect matter according to the circumstances of pressure and
temperature, ete., under which the body exists, and as these alter,
so the physical state or condition of the body is liable also to
alter. This change of physical state is not accompanied by change
of weight or composition. The distinction between the physical
and chemical changes in matter is of such importance that we
apperd other examples which serve to throw light upon it

Exp. 5.—A small fragment of iodine,is placed in a test-tube and
gently warmed ; presently, violet vapours rise, and the whole of

1 Marble and crystals of aragonite may be examined by the student, these being
also chemically identical with calcite.
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the iodine may thus be volatilized. At the mpper (cold) part of
the tube the vapour cools down, and there is formed a deposit of

black crystals.

Whatever further experiments we perform with this deposit
will only lead to the conviction that it is chemicallyi identi::al
- with the fragment of iodine originally taken, a conelusion w!uch
is strongly supported by the fact that (provided none of the violet
vapour has been allowed to escape) the weight remains unaltered.
The change which has taken place is a purely physical one, the
golid iodine having been transformed intdo vapour of iodine, and
condensed again on cooling to solid iodine.

Exp. 6.—Heat a piece of platinum wire in the flume of a Bunsen
burner ; it glows brightly, and for the time being loses the colour
and to a large extent the tenacity of platinum. On withdrawing
it from the flame and allowing it to cool, its original colour and
character return.

Its properties will be found to have undergone no change, its
weight likewise is the same as it was before it was heated. As
in the case of the iodine, the high temperature of the flame
has merely brought about a physical clhiange of a temporary
character.

Exp. 7.—Hold with the forceps an inch or so of magnesium ribhon
in the flame. This likewise glows at-first, but almost immedi-
ately gives out a dazzling light which will continue even after
the ribbon is withdrawn from the flame.

When the light dies down, we see, not the original ribbon, but
a white film retaining perhaps the form of the ribbon, but no
longer the grey lustre of the metal ; instead of a tough metal
that may be bent, the residue is fragile in the extreme, and
crumbles as it is touched. TFurthermore if a fragment of this be
again introduced into the flame, it may glow, but no longer gives
out the dazzling light, and on removal from the flame it cools
and resumes the white filmy appearance once more. Something
more than a temporary change of physical character is indicated
here, Finally, although the white powder is so light and flimsy,
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yet if it be all collected, as may with care be done by heating
magnesium in a small porcelain crucible, it will be found that
the resulting powder is heavier than the ribbon originally
taken, B

Lead, zine, tin, iron, and many other metals, when heated in
air, likewise undergo change of chemical compesition with in-
orease of weight, and by suifable means it can be shown that
the inerease in weight is due to the combination of oxygen (of
the air) with the metal during the course of the heating,

As a last instance, let us consider the case of a gas—hydrogen,
If this gas be heated it expands very much in the same degree
as other gases do, if it be cooled or subjected to pressure it con-
tracts, if it diffuses it does so in obedience to a law which applies
to all gases, DBeing a gas, it behaves as a gas, and in the above
regpects all normal gases agree, whatever their chemical nature
may be; the changes which ensue are temporary, and vary with
the surrounding conditions, They belong to the region of physics.

But now burn the hydrogen, and water vapour is produced (see
Chapter VIL,). The product is heavier than the hydrogen from
which it is obtained, it condenses readily to a liquid (water) at
ordinary temperatures, the property of inflammability has dis-
appeared, and we are satisfied that hydrogen and water vapour
are different chemical substances. A chemical change has been
wrought,

Elements and compounds. — We have seen that certain
substances, and in fact the very great majority of substances
commonly met with, are of a complex character, so that by
employing the resources at the disposal of the chemist they may
be decomposed or broken up into simpler substances. This pro-
cess of decomposition may perhaps not end here, for by more
powerful agencies it may be found possible to break down these
simpler parts still further, Thus; we may resolve a body into
constituent parts, 4 and B, showing different chemical properties,
but A may be capable of further resolution into @ and a!, B may
be capable of further resolution into b and bl ‘

If such a process be carried far enough, we ultimately arrive
at products which no known methods or agencies are capable .uf
regolving further; that is, so far as experimeutul evidence avails
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us, the conclusion must be drawn that we have now hefore us
bodies which in all their parts possess the same chemical properties,
Substances of this nalure are termed elements, and a substance
consisting of two or more elements combined together is termed
a comporind.

Definition of chemistry,—Summing up we may say, then,
that the aim of the chemist is—

(1) To decompose complex matter (compounds) into simpler
forms, so long'as the resulting bodies show properties differing
chemically from the original substance, the ultimate products of
such decomposition (elements) being no longer capable of further
resolution by any known method,

(2) To ascertain by means of experiment the properties of
elements and compounds, so far as they are associated with
differences of chemical composition, and to study the manner in
which they react upon one another.

(3) By means of the analytical method employed in (1), and
by the synthetical method in (2), to trace the steps in the trans-
formations which take place, so as to express the relations which
exist between a compound body and its constifuents.

(4) To study the nature of the attraction by which the different
constituents of a compound body are held together in chemical
combination, and the conditions which influence this attraction.

General methods employed in bringing about chemical
change.—When a substance is heated, the changes first observed
are usually physical in their nature. The substance expands, or
it undergoes an alteration from the solid to the liquid condition,
or from the liquid to the gaseous. Such changes betoken a
passage to a state in which the particles of the body become
more free to move ; or in other words, the cohesion of the particles
is diminished. As the temperature is rajsed, even the chemical
attraction which hus previously held together the different
chemical constituents of the body is wholly or in part overcome,
and the body is decomposed. Given a sufficiently high tempera-
ture, most compound bodies undergo decomposition,

Secondly, substances which conduct electricity may often be
readily resolved into their more elementary parts by means of

the electric current,
e ———
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Thirdly, the simpler constituents of a body may be liberated
by intimate contact with another chcmmdl substance, the |
reaction being facilitated by heat. ~— =%

Chemical symbols. —The description of the composition of
a body, and of the changes which it undergoes under different
circumstances, is of so frequent oceurrence in chemistry that it
has been f-::-und convenient to use abbreviated forms or symhols
to indicate the ultimate elements of which all known substances
are composed. The symbols employed to designate them usually
consist of the initial letter or significant letters of the name
of the element.

The number of bodies at the present time recognized as
elements is about seventy. Improved methods and appliances
are however constantly being brought into use ; also discoveries
in other branches of science are the means of presenting matter
to us in new forms and of placing more powerful agencies at the
disposal of the chemist. Substances which we now believe to be
elements may thus be proved to be compounds, while other bodies,
of which we now think the exact composition has been ascertained,
may probably be found to contain elements hitherto unrecognized.

The list on page 9 shows the symbols used, and also the atomic
weights of the more common elements.

The symbol is, then, the abbreviation for the name of an
element. But it signifies more than this, for whenever two or
more symbols are used in regard to chemical transformations,
they imply not only the elements by name, but also definite
weights of the elements, bearing the same relation to one
another as the atomic weights, and a number placed in juxta-
position to the symbol indicates a multiple of these weights.
Thus Hg and I, imply that the mercury and the iodine are to
be ta'en in the proportions 1988 and (125-9 x 2).

Formule,—When two or more symbols are placed in im-
mediate juxtaposition, it is implied that the elements represented
are in a state of combination in the relative quantities indicated.
Thus Hgl, stands for a compound of mercury and iodine, the
red iodide of mercury, and H,0 for a compound of hydrogen and
oxXygen, water,

Equations.—The sign + placed between two or more
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THE SYMBOLS AND ATOMIC WEIGHTS
OF THE MORE COMMON ELEMENTS.!

Hydrogen ... 1 100
Carbon o ALl
Nitrogen ... N e 1395
Oxygen ws. 0 bty e baat .. 1588
Fluorine Remp o UERD
Sodium ... Na (Natrium) ... e 22°HE
Magnesium ... Mg 238
Aluminium ... Al s 2629
Silicon el s 29
Phosphorus ... P e 308
Sulphur ) T pgle)
Chlorine LGl e 308
Potassium ... K (Kalium) ... ... o885
Caleinm o Sl
Chromium ... Cr ive D22
Manganese ... Mn v AT
[on $85= ... Fe (Ferrum) ... s
Cobalt ... Ealn s o8
Nickel ... em e PSS h S
Copper... ... Cu (Guprum) ... I L
Zineg ... S LT =, s
Arsenic e Y R 1 L1
Bromine SR S 36
Strontium e ... Bb684
Silver ... ... Ag (Argentum) e 101

Cadminm ao e S |
(b s ... Sn (Stannum) ... e L1t
Antimony ... Sb (Stibium) ... e 190
Todine By S AT
Barium e B A A e 1362
Mercury ... Hg (Hydrargyrom) ... 1988
Lead ... ... Pb (Plumbum)... o 20574
Bismuth LSt : e 20b3

1 The atomic weights have been recalculated according to the more recent data
regarding the atomic weight of oxygen and the density of hydrogen,
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elements or compounds indicates that the bodies in question are
brought together under such conditions that they may react
upon one another; and the sign =, that when they have so
reacted, the resulting produets are those placed to the right-hand
side of the sign =. Thus Hg + I, = Hgl, indicates that mer-
cury and iodine are brought together in such a condition that they
act upon one another in the chemical sense, and that they form
the red dodide of mercury indicated by Hgl,; and further, that
the quantities which take part in the reaction, and which go to
form the compound Hgl,, are in the relative proportion already
spoken of.

Metals and non-metals.—Had we before us specimens of
each of these elements we should find that a large number of
them, such as silver, gold, lead, exhibit the following general
characters—

Physical :

(1) They reflect light well, especially at a polished or freshly

cut surface; in short, they possess a pronounced lustre.

(2) They are capable of being hammered into plates or drawn
into wire ; in other words, they are malleable and ductile,

(3) They have usually a high specilic gravity.

(4) They are good conductors of heat and electricity.

(5) They are volatilized, as a rule, only at very high temper-
atures.

Chemical :

(1) When dissolved in mineral acids, hydrogen is evolved.

(2) When exposed to air or oxygen, especially when heated,
they usually lose their brightness of surface and become
dull,

On the other hand, there are about a dozen elements, such as
oxygen, bromine, and sulphur, (printed in thick type, page 9,)
which stand in marked contrast to the above. They are under
ordinary conditions gases, liquids, or solids pus?.essj,ing very little
tenacity. Those, such as carbon silicon, and iodine, w_hu:h are
solids, arve therefore brittle, and though in the qryfitﬂ.llme form
they reflect light from their smooth surfaces, there is an absence
of the peculiar lustre observed in the metals. o

They are moreover bad conductors of heat and electricity, and
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when heated they, as a rule, are either gases or are transformed
into the gaseous condition at comparatively low temperatures.
Chemically they are charaeterized by being either unacted upon
or only feebly acted upon by mineral acids or by oxygen. It 1s
usual therefore to recognize these broad differences by sub-
dividing the elements into two classes, the former being termed
the metals, and the latter the non-metals.

SUMMARY.

1. Chemistry is the science which relates to the composition of
matter, the changes of composition which 1t undergoes, and
the phenomena which accompany these changes.

2. The composition of matter is investigated—

(«) by decomposing complex substances (analysis) ;

(b) by building up complex substances again from their
simpler constituents (synthesis).

As an instance, take calcite.

3. The physical properties of matter must be held disfinet from
the chemical properties. The former may change as the
surrounding conditions (temperature, pressure, ete.) change,
and without any accompanying alteration of weight or eom-
pesition; but change in chemical properties is associated
with change of weight and composition.

Iustrative examples—iodine, platinum, magnesium, and
hydrogen,

4. The element is the product obtained when further decomposi-
tion is no longer capable of being effected.

5. The operations of the chiemist and the chief resources at his
disposal.

6. The use of symbols for the purpose of expressing the facts and
phenomena of chemistry.

7. The distinction between metals and non-metals by reference
to— :

(@) specific gravity, colour, lustre, tenacity (physical pro-
perties) ;

(b) readiness of combination with oxygen, chlorine, ete., and
stabjlity of compounds so formed (chemical properties),
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QUESTIONS.—CHAPTER T,

What is limestone, and how is it converted into lime ?
The composition of a body may be determined by analysis

or by synthesis; explain these terms, and give examples
in illustration of your answer.

. Define the terms element and compound. Why do we regard

oxygen as an element and marble as a compound ?

. What properties of matter do you define as physical properties,

and what as chemical properties ?

Describe carefully the changes which take place when («)
iodine, (b) magnesium are strongly heated in air.

State in separate paragraphs (a) the physieal, (b) the chemical
properties of any element or compound you choose,

What are the principal agencies by which chemical decom-
position is effected ?

. Give the precise meaning to be attached to the symbols

H, H,0, Hgl, Hel,.

Write ont in separate columns the properties that are gener-
ally characteristic of («) metals, (b) non-metals,

What are the objects that a chemist has in view in his in-
vestigation of matter ?



CHAPTER II.
THE NATURE OF CHEMICAL REACTION.

WHEN two or more bodies react upon one another, it is desirable
to conduet an inquiry not only into the qualitative nature of the
change, but also by weighing and measuring to determine the
quantities of the materials which lhave taken part in or resulted
from it. The former of these steps involves a knowledge of the
properties of the reacting bodies, and a determination of those
resulting from the reaction; the latter is effected by the process
of estimating the amount of each of the bodies concerned with
the aid of the balance. The necessity for adopting both these
courses of procedure will be evident when we have considered
the matter in greater detail. Tor the present we shall, as a
prelude to such consideration, follow the changes which take
place as actually observed in some simple instances.

Exp. 8.—Having weighed out 158 grammes of mercury and 10
grammes of iodine, rub them intimately together in a mortar,!
it will be observed that the mercury, and at the same time the
lodine, both gradually lose their characteristic appearance,
and in place of them we have a powder every particle of which
is green and amorphous. The produet shows none of the
characteristic properties of either mercury or iodine,

1 The operation is facilitated by adding a few drops of aleohol, also smaller

g:_t{‘g;ﬂ:é?ls of the substances may be used, provided the same proportion is
13
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Exp. 9.—Add a further quantity of 10 grammes of iodine, and bring
this into intimate contact with the green powder, and it will be
transformed into a red powder, the iodine as such disappearing.
In this case also all the particles of the red powder will be found
to possess the same character.

Exp. 10.—Again add 10 grammes of iodine, and perform a similar
operation. On ecarefully examining the resulting substance, we
shall be able now to discern two kinds of particles, and by gently
warming, or by solution in aleohol, the whole of the iodine added
in this experiment may be extracted, while in the case of the
green or red powder, it is no longer possible to extract the iodine
by such means.

In the first two experiments the mercury and the iodine have
undergone a process quite different from any ordinary admixture,
since they no longer exist in the free condition, and they are
held together by a force different in character from ordinary
cohesion. The phenomena are those which accompany chemical
. combination, and the mercury and iodine are bound together in
the compounds formed, by chemical attraction.

In this, as in all other chemical reactions that we are acqnainted
with, it is necessary that the substances between which the re-
action takes place shall be brought into intimate contact, and
we learn therefore that before chemical reaction ean take place,
there must be contact between the particles. Chemical attraction
is therefore unlike gravitation or magnetism, for these forces can
be exerted over measurable distance.

Had we taken, in the first experiment, a smaller quantity of
iodine relatively to the mercury, we should have had some of
the mercury remaining uncombined, just as iodine remained un-
combined in Exp. 10. We might have proceeded by trial to
determine what proportions of the mercury and iodine must be
used in order to form the green or the red powder respectively,
without excess of mercury or of iodine.

Had we done so, we should have arrived at numbers bearing
the same relation to one another as the quantities actually
employed in Exps. 8 and 9. We learn, theref.'ura:, that 1°58
grammes of mercury combine with 1 gramme of iodine to form
the green substance, and with 2 grammes to form the red
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substance, and that chemical combination takes place in these
proportions. ' :

But on examination, the relation 1:58 : 1 will be found pro-
portional to the atomic weights of mercury and iodine, and we
may therefore represent the chemical reaction which has taken
place thus—

Heg + I = Hgl;
and the result of the second experiment may be expressed—
Hel 4+ I = Hgly;
and of the third—
Hgl,.+ I = Hglp &+ 1,
no change having taken place.

We have then, above, an instance of chemical combination by
contact alone, It is, however, much more usual to find that
chemical action 1snot set up until the reacting bodies are brought
into much more intimate contact than is possibl e_by mechanical
admixture. Thus, it is promoted by heaf, which brings the
particles of the reacting bodies into a more mobile condition, and

s e A

aven vaporizes them; or by solution, which acts “similarly. In

“gither case a very much greater freedom of the particles is
effected, and this brings about more intimate contact, and assists
chemical reaction in a very remarkable degree.. To illustrate

This, and to afford a further example of chemical change by

combination of elements, we shall consider the behaviour of

iron and sulphur,

Exp. 11.—Mix together 175 grammes of iron filings and 10 grammes
of flowers of sulphur; a greenish-looking powder results, but
both the iron and the sulphur éan be seen in it by means of a
magnifying-glass ; moreover, a magnet will extract the particles
of iron, and the sulphur will remain, both unchanged—mere
contact does not suffice to bring about chemical combination in
this case, and even if we were to dissolve the sulphur in bisul-
phide of carbon, the iron would still remain unacted upon.
But if we gently heat the mixture of iron and sulphur, a reaction
takes place, and instead of the original substances we have a
dark brown mass formed, from which neither can the iron be

extracted by a magnet, nor the sulphur be dissolved by bisulphide
of carbon,
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Chemical combination has taken place between the iron and
sulphur in the proportions of the atomic weights of these elements,
and sulphide of iron has been formed. The chemical change
may be expressed by the equation—

Fe + S = FeS.
A second type of reaction is that in which a compound sub-
stance is decomposed into simpler constituents. To illustrate this
we may examine the action of heat on the red oxide of mercury.

Exp. 12.—Heat a small quantity of red oxide of mercury in a test-
tube ; it will first darken in colour, and then slowly disappear ;
there will be formed a bright metallic mirror on the sides of the
tube. The mirror readily yields silver-white liquid globules,
answering in all respects to mercury, while in the tube it may
be found that the air has been replaced by a gas which supports
combustion even more strongly than air. A glowing splinter
placed in the tube will burst into a flame.

The gas in the tube is oxygen, and the red powder has been
resolved into mercury and oxygen. If we should further deter-
mine the weieht of the oxide of mercury taken, and that of the
mercury left, we should find that the composition of the oxide
of mercury, that is, the relation between the amount of mercury
and oxygen it contained, is constant.

The third type of chemical change is that which takes place
when the substances entering into the reaction are complex, and
the reaction consists in a mutual exchange of constituents between
the bodies. This is termed double decomposition.

e

Exp. 13.—Place in a test-tube some of the sulphide of iron prnduceﬁ
in Exp. 11, and add a little dilute sulphuric acid. A gas 18
evolved, having an odour of rotten eggs. Soon the emlulflun
of gas ceases, even though some of the sulphide of iron remains.
The liquid has changed its character, and 18 mow no ].Uflgﬂl‘
capable of acting on sulphide of iron. Allow any I}al'Fllcies;
to settle, and when the liquid is quite clear pour it off into
a porcelain basin, and evaporate it nearly to dryness ; on cool-
ing, pale green crystals will separate out. By adding more
sulphuric acid the whole of the sulphide of iron may be dis-
solved, and more of the green crystals obtained.
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The reacting bodies, sulphide of iron and sulphuric acid, have
been transformed into a gaseous body and the green crystals.
An examination of the products shows that the hydrogen of
the sulphuric acid and the iron of the sulphide of iron have
mutually replaced each other, giving rise to the gas.(sulpl:turettefl
hiydrogen SH,), and the green crystals (sulphate of iron), Aund if
we determine the relative quantities of the substances concerned
in the renction, we shall find that they are such as to be represented

by the equation—
FeS' + HS0; = FeSO, =+ HypS.

Ferrous Sulphate

Indestructibility of matter.—In the experiments with
mercury and iodine, we have seen that though the mercury and
iodine have- disappeared as such, there has been formed a new
body, an iodide of mercury, and by means of the balance we may
gatisfy ourselves that the weight of the iodide of mercury is
exactly the same as the combined weight of the mercury and
iodine used to produce it.

And so it will be in the case of the sulphide of iron. But in
the case of the oxide of mercury in Exp. 12, the proof will
be more difficult to carry out. The oxide of mercury and the
mercury resulting from ifs decomposition we may arrange to
weigh with an approach teo accuracy, but the oxygen which is
given off is not so easily dealt with. If must be collected in
such a way that there shall be no loss, and when this is dene
it must be weighed. Both these operations call for considerable
experimental ability ; when, however, they are successfully per-
formed we find, as in the previous cases, that the total weight of
the mercury and oxygen is exactly that of the oxide of mercury
which has been decomposed,

And whatever chemical changes we submit to the test of the
balance, the conclusion is the same : there is no exception. We
are therefore convinced by such results that matter may be
transformed, but cannot be destroyed.

The familiar operations of combustion at first sight seem
opposed to this statement, but it is merely that the products of
combustion are chiefly gaseous, and thus, unless special means
are adopted, they escape recognition, We have indeed solid

F. 8T. CHEM. o
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fuel reacting with gaseous oxygen, with the production of JaseoiLs
carbon dioxide and water. This will be more fully appreciated
when we have considered the nature of combustion,

Transformations of Energy.—Up to this point we have
learnt that when chemical action is set up there is a rearrange-
ment of the chemical constituents of the bodies which take part
in the reaction. Such a view, however, overlooks altogether the
energy which is always associated with chemical change.
Thus heat is usually evolved or absorbed in a chemiecal change.
Let us therefore make some observations on the heat evolved
during chemical combination,

Exp. 14.—Place in a beaker 100 grammes of freshly-burnt lime
broken into pieces about the size of a hazel-nut ; pour a litre of
cold water (noting its temperature) over it, stirring after a few
moments, when the lime has fallen to powder, with a glass rod.
The lime enters into combination with some of the water and
heat is evolved, as may be seen by taking the temperature with
a thermometer. A rise of temperature approaching 30° C. will
be noted, and this notwithstanding that some of the heat is
dissipated by radiation during the experiment. This large
amount of heat is due to the combination of the lime with the
water to form a new compound, viz. slaked lime, a substance
met with in solution in lime-water.

But we must not assume that all the heat evolved when sub-
stances react upon one another is due to the chemical changes
which occur. Frequently, changes of physical condition take
place alongside chemical changes, and must be taken account
of if we desire to estimate the heat arising from chemical action.
The following experiments with sulphuric acid and water will
afford a striking example of this.

| Exp. 15.—Measure out 50 cubic centimetres of concentrated sul-
phuric acid and 300 cubie centimetres of water. The tempera-
ture! of the liquids should be noted. Pour the water into a
beaker, and then add the sulphuric acid, and stir them well

1 Tt is convenient to have both at the same temperature, which may be

ffected either by cooling them to zero in ice, or by allowing them to stand for
:m]m hours in t!:iu same room. The former is best for experiment 16—and the

latter for experiment 15.
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together with a glass rod. Again note the temperature, and it
will be found to have risen about 40°C.

Exp. 16.—Measure out 50 cubic centimetres of concentrated sul-
phurie acid, and weigh out in a beaker 300 grammes (1 gramine
water — 1 cubic centimetre) of snow or finely-powdered ice.
Pour the acid into the snow and stir well. The snow will be
observed to melt rapidly, and on taking the temperature of the
mixture it will be found that instead of the considerable rise of
temperature which occurred in the previous experiment, we have
a lowering of temperature approaching eighteen degrees Centi-
grade ; that is to say, with sulphuric acid previously cooled to
zero the final temperature will approach — 18°C. An excellent
freezing mixture may indeed be made by mixing sulphuric acid
and snow.

Now how are we to account for the great difference between
the results of these two experiments ? The sulphuric acid in the
latter experiment combines with the water, and the heat evolved
in consequence of the combination is just as great as i1t was in
the former,

On comparing the experiments, the only difference we note is
that in one case liquid water is used and in the other, solid water
(snow), and the heat absorbed in the fusion of the snow must be
held accountable for the variation of 58° C. between the two records.

Again, when a gramme of hydrogen is burnt in oxygen, the
heat arising from the combustion is sufficient to raise the tem-
perature of a Jitre of water a little more than 34°C. About
five-sixths of this leat is due to the transformation of chemical
energy,in the process of combination, into heat, the remainder
coming from the condensation of the steam formed during the
combustion.

Water may be decomposed again into its elements by means
of a current of electricity, and affords an interesting example of
the transformation of enmergy. In the course of the decom-
position electrical energy is being transformed into chemical
energy. If we inquire into the source of the electrical energy,
we shall find that it is generated by dissolving the zinc of the cells

of the l:ta.ttery in sulphuric acid—a transformation of chemical
energy into electrical energy.
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So that here we have an instance of the transformation of
chemical into electrical energy, which is transformed again into
chemical energy when the water is decomposed. Or again, if we
connect up the poles of the battery by means of a thin platinum
wire, thig will become heated, the electrical energy being trans-
formed into heat during its passage along the wire,

Conservation of energy.—dJust as the balance has proved
that there 1s no {lfﬁ:ﬂlitii-i‘l‘.l_li of “matter;-so-a-measurement of the
energy concerned in various operations has shown that it i8ims

o ————

“possible to destroy energy. *“Tlie total energy of any body or

—gystem of bodies is a quantity which can neither be increased
nor diminished by any mutual action of these bodies, though it
may be transformed into any of the forms of which energy is
susceptible.” Knergy mnay be defined as the capacity for doing
work., Steam has a greater capacity for doing work than water,
and when steam is converted into water there is apparently a
loss of energy, but really only a transformation of part of the
energy into the heat which accompanies the condensation of
steam to water,

Chemical attraction.—Such transformations of energy take
place in every chemical reaction. The intringsic energy of
hydrogen and oxygen in the free state is greater than that of
the water vapour to which they give rise, by the amount of
energy (chemical attraction) exerted between hydrogen and
oxygen in the process of combination; thus heat is evolved.
Freshly-burnt lime when moistened with water becomes hot, and
the heat is due to the transformation of the energy of cliemical
attraction exerted between the lime and water, Similar trans-
formations, which are quite manifest, accompany the burning of
iron in oxygen, the combustion of coal, ete. Chemical changes
are in general accompanied by an evolution of heat, and the
same change gives rise (other conditions being the same) to the
same amount of heat. Tt is generally true that the greater
the amount of heat generated, the greater is the attraction
between the bodies, and the greater the stability of the resulting
compound. And it might be thought that the heat evolved
is an accurate measure of the chemical attraction exerted ; we
miust, however, bear in mind that every chemical change is
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accompanied by changes of physical condition, which are also
accountable for part of the heat evolved during chemical reaction.
In the large majority of cases it may be accepted that the Leat
evolved when two substances combine with one another is in
some degree a measure of the chemical attraction or affinity
exerted between them, but an accurate estimate of chemical
attraction cannot be obtained till the heat arising from changes
of physical condition is measured and allowed for,

Law of Definite and DMultiple Proportions.

We must now call attention to one other point of great
importance, the proportions in which elements combine together.
We have noticed that in the case of the green iodide of mercury,
the sulphide of iron, or the oxide of mercury, the proportions in
which the mercury and iodine or the iron and sulphur or the
mercury and oxygen unite are expressed by numbers which are
definite and invariable, If 10 be the weight of iodine taken, 1'58 w
will always be the weight of the mercury which combines with
it to form the green iodide of mercury; so if w! be the weight of
the sulphur in iron sulphide, 1:75 w! will be the weight of the
iron ; and whatever chemical compound is evamined, the relative
proportions of its constituents are fixed and invariable, This is
the law of definite proportions.

In addition to this, we notice that the amount of iodine required
to form the red iodide of mercury is exactly twice that required
to convert the same amount of mercnry into the green iodide, a
fact which finds expression shortly in the formulae for the two
iodides, viz. Hgl, Hgl,, We have found

158 grms. of Hg combine with 1 grm. of I to form mercurous iodide.
1-58 22 b 1 i o e y» mercuric iodide.
Relative proportion of iodine combining with the same weight of
mercury is 1 : 2,
8012 grms. of C combine with 16 grms. of O to form carbon monoxide.
12_ 5 no L DA . y»»  carbon dioxide.
Relative proportion of oxygen combining with the same weight of
carbon is 1 : 2,
82 grms. of sulphur combine with 82 grms. of O to form sulphur dioxide,
32 |, 44 3 e A8 et 3,  sulphur trioxide,
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Relative proportion of oxygen combining with the same weight of
sulphur is 2 : 8.

14 grms. of nitrogen combine with 8 grms. of O to form nitrous oxide.
14

T 1 7 » 16 , . 4,  nifric oxide.
14 i 5 » 24 ,, ,5 ,, nitrogen trioxide,
14 ,, o A ss 82 ,, ., 4, nitrogen peroxide.
s i - s 40 ,, ,, ,, nitrogen pentoxide,

Relative proportion of oxygen combining with the same weight of
nitrogen is 1 :2:3:4 : 5,

These and all other cases may be summed up in the following
statement, which is known as the law of multiple proportions.
When one element combines with another in more than one
proportion, these proportions bear a ratio to one another which
mayy be expressed by small whole navmbers.

If we mix together two liquids like water and sulphuric acid,
or two solids such as carbon and sulphur, we may do this in any
proportion whatever, and the differences between the relative
proportions of the two constituents may be made as small as we
please. The number of mixtures that may be made from the two
liquids or the solids, each differing from the other in composition,
may be indefinitely large.

But if now we seek to combine two substances together, we
shall find a marked difference; 12 parts by weight of carbon
may- combine with 32 parts by weight of sulphur and no less
than this. If more sulphur than this can be induced to combine,
the amount will not be indefinitely small or large, as was the
case with the mixing operation; it will be again 32 parts more
by weight, that is 12 parts by weight of carbon to 64 parts by
weight of sulphur. The amount of sulphur which enters into
combination with the same weight of carbon increases not gradu-
ally but by steps, each step implying the addition of 32 parts of
sulphur per 12 parts of carbon.

And if we examine the whole series of chemical compounds
which contain sulphur we shall find that combination is invariably
a step by step process. :

The smallest relative mass of each element which enters into
combination, (e.g. H = 1,C = 12, 0 = 16, 8 = 32, etc.), s
called the combining weight.
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By the application of the balance it is possible to dcnmnstrf:.tc
that the constituents of a given compound are present in definite
proportions, and in a number of instances this may be done very
simply.

Exp. 17.—Weigh a small test-tube, introduce about a gramme .Df
powdered potassium chlorate and weigh again ; the increase ":-"r'lll
of course represent the weight of potassium chlorate taken. Now
heat in the Bunsen flame ; the substance first melts and gives off
a gas (oxygen, see p. 92); it then thickens, gives off more gas
very rapidly, and ultimately, after the heating has been con-
tinued some minutes, no further change is observed. There is
left in the tube while hot a molten colourless residue which
solidifies to a white mass on cooling. When fully cold weigh
the tube again.

By deducting the weight of the tube in the last we have the
weight of the residue (potassium chloride, see p. 92). All
samples of potassium chlorate however prepared will yield the
same proportion of residue, viz. very nearly 06 grm. per
gramme of the chlorate taken.

Mercuric oxide, carbonate of magnesia or of lime, silver oxide
and many other substances may be experimented on in a similar
manner.

Or the principle may be illustrated synthetically by burning
certain known weights of some of the elements in air, by which
they will be found to undergo an increase in weight (see p. 6).
In all these cases the change of weight associated with a definite
change of composition is itself always found to be perfectly
definite,

SUMMARY.

1. For bodies to react upon one another—

(a) there must be intimate contact between them :

(b) mere contact of solids is not usually sufficient; more
intimate contactis effected and the conditions are more
favourable to chemical change when the substances
are in solution or in state of vapour., Hence heat
facilitates chemical change.
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QUESTIONS.—CHAPTER II.

How would you convert the green iodide of mercury into the
red 1odide ?

How would you ascertain whether a sample of red iodide of
mercury contained any free iodine ? :

You are given (@) a compound of mercury and iodine, (b) a
mixture of mercury and iodine containing precisely the
same amount of each of these elements as the compound ;
what differences would be observable between the two ?

State the phenomena which are usually to be observed whilst
chemical combination is taking place,

In what respects does chemical attraction differ from gravita-
tion and from magnetism ?

Two elements (solids) are brought into contact, but without
undergoing combination ; what means would you employ
in order to induce them to combine ?

Why is a substance usually more ready to take part in
chemical reaction when it is in the form of vapour rather
than in the solid condition ?

Explain in words the precise meaning of the expression—

Fe + 8 = FeS.

What is meant by combination, decomposition, double decom.-
position ?  Give examples of each,

What is the nature of the evidence which leads us to conclude
that matter is indestructible ?

What is the nature of the evidence which leads us to conclude
that energy is indestructible ?

Give an instance of the transformation’of («) chemical energy
into heat, (b) electrical energy into heat, (¢) electrical energy
into chemical energy.

What changes other than chemical may give rise to the
evolution of heat ?

Explain what is meant by the Conservation of Energy.

State the law of definite proportions and illustrate it by
reference to examples,

State the law of multiple proportiotis, and illustrate it by
reference to examples,
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HYDROGEN.,

HYDROGEN. Occurrence.—Hydrogen occurs in the free state
as an incandescent gas in the sun, but in the earth it is always
found in combination with other elements. Water is a compound
of hydrogen and oxygen, H,0 ; many oils consist of hydrogen
and carbon, and these elements, together with oxygen, form the
chief constituents of animal and vegetable tissue, and of organic
compounds in general. Hydrogen is usually prepared by the
decomposition of water, or of compounds into which water enters
as a constituent.

Direct decomposition of water—This may be effected
either at a high temperature, or by means of a current of
electricity. By passing steam through a porcelain tube heated
to at least 1000° C., Grove was able to show that a part of it
underwent decomposition into hydrogen and oxygen.

But by means of the following arrangement water may be
decomposed into the elements hydrogen and oxygen, and these
gases may be collected in the proportions in which they exist
in water,

Exp. 18.—The apparatus shown in Fig. 2 is of glass except the
wires bearing strips of foil fused into each limb of the U-tube
near the bend: these are of platinum, and are called the elec-
trodes. The apparatus is filled up to the bulb with water con-
taining a little sulphuric acid,* and each electrode is connected

1 Water is practically a non-conductor of electricity, and a little sulphurie acid
must be added to it to enable the electric current to pass; indeed we may regard
the decomposition as being that of dilute sulphuric acid.

20
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by a copper wire with a pole of a battery of four Bmm{?n’s or
Groves's cells, Assoon as the connection is made, gas 1s seen
to rise from the
electrodes, and

to collect in the
tubes. The vol-
ume of gas col-
lected in one
tube will be
observed to be
twice as great
(or rather more,
owing to the
greater solu-
bility of oxygen
in water) as that

in the other, and
on examination

it will be found *
that this gas is
inflammable, and
shows the pro-
perties of hydro-
gen, whilst the
other will prove

to be oxygen.

Decomposition
of water by the
action of certain
elements.—The al-
kali metals (K, Na, Li, etc.), and also those of the alkaline
earths (Ba, Sr, Ca), decompose water at ordinary temperatures.
Only half the hydrogen of the water is liberated in this case,
the reaction being represented by the following equation—

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

Caustic soda (NaOH) is formed and dissolves in the water,
imparting to it a soapy feeling, and rendering it alkaline, as
may be shown by pouring red litmus into the liquid.
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Iron, zine, magnesium, and even carbon, af moderately high
temperatures, decompose water. Thus, by passing steam over
red-hot iron, the oxygen of the steam combines with the iron, and
hydrogen is sef free, and may be collected as in Exp. 20.

3Fe + 4H,O0 = TFel0, + 4H,
Magnetie oxide of iron.

Steam passed over red-hot coke forms what is known as
water-gas, which contains a large proportion of hydrogen ;
oxygen compounds of carbon are formed, however, at the same
tiine, and, being gaseous, pass over with the hydrogen. This
method would therefore not be suitable for obtaining pure
hydrogen.

Fluorine decomposes water at ordinary temperatures with great
readiness, and chlorine does so in presence of sunlight.

2 F, +2 H,0 =4 HF + O, (ozone is formed here).
2Cl, + 2 H,O = 4 HCI + O,

Exp. 19.—5Small pieces of sodium the size of a pea are thrown upon
the surface of
distilled water.
Hydrogen is
given off, and
if each piece
of metal is
held  under
the mouth of
a cylinder of
water, by using
a gauze net as
shown in the
diagram, the
gas may be
collected and
g, Bo examined.

We learn therefore that water may be decomposed (1) by heat;
(2) by a current of electricity ; (3) by some elements which
possess a great affinity for oxygen—liberating hydrogen ; and
others which possess a great affinity for hydrogen—liberating
oxygen: for example, sodium and chlorine respectively.
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Action of metals on dilute acids as a means of
preparing hydrogen.—When Lydrogen is required in quantity
and of a moderate degree of purity, it is best prepared in this
way, zine and dilute sulphuric acid being convenient re-agents for
the purpose ; some other metals, such as iron or magnesium, may
however be employed, and hydrochloric acid may be substituted
for sulphurie acid. Indeed, as @ general rule, acids, when acted
upon by metals, liberate hydrogen as the primary product.

Exp. 20.—Introduce into a twelve-ounce flask, fitted with safety
fonnel and delivery-tube as shown in the figure, 10 grammes of
zine, and add 180 c.c. of dilute sulphuric acid.® Bubbles of gas
will be observed to rise at the zinc, and the gas passing out of the
delivery-tube may be collected in strong glass eylinders as shown,

Itig. 4.

Sonie eylinders of the gas may be obtained and reserved for an
experimental investigation of the properties of I ydrogen, When
the action has ceased, the clear liquid from the flask may be
poured into a porcelain basin, and evaporated until it has been
reduced to about 20 c.c. in bulk. On allowing this liquid to cool
erystals of a white salt will be observed to separate out ; the zim;
has displaced the hydrogen of the sulphuric acid and formed
sulphate of zine,
Zn + H,S80, = ZnSO, + H,

1 Prepared by i 5
wlumgl’;}"fm "‘}‘ previously mixing the concentrated acid with eight times its
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Properties of hydrogen,

Exp. 21.—Take the cylinder of gas first collected, and holding it
mouth downwards, apply a light—the hydrogen will bum
%ns’mntnnemlsly thronghout tle vessel with explosion, owing to
1ts being intimately mixed with air carried over from the flask in
which the hydrogen was generated. The second eylinder, treated
in the same way, will probably be found to burn quietly, as it
contains very little air. Notice that the hydrogen only burns in
this instance where it has access to air, namely, at the mouth of
the cylinder; also that a lighted taper pushed up into the
eylinder whilst the hydrogen is burning will be extinguished.
We see, therefore, that hydrogen burns where it comes into
contact with the air, but will not support the combustion of
a taper.

Exp, 22.—Take a dry cylinder, somewhat smaller than those used
for collecting the gas, and holding it mouth downwards transfer
the hydrogen from one of the cylinders into it by pouring
upwards, The hydrogen will rise in the dry cylinder and dis-
place the air from it. Now apply a light to the mouth of this
cylinder and there will be a slight explosion, owing to a small
admixture of air during the transference, whilst the gas will burn

and moisture appear on the sides of the cylinder. (Also see
Exp. 45.)

We learn from this experiment that hydrogen is lighter
than air, and that when it burns water is formed. The burning
consists in the combination of hydrogen with the oxygen of
the air.

As by heat or electricity we are able to decompose water, and
ascertain by an analytical method that it is composed of hydrogen
and oxygen, so in this experiment we have synthesized water from
the elements hydrogen and oxygen.

SUMMARY.

1. Hydrogen occurs in the free state in the sun and stars.
= i in combination with oxygen in water and
some mineral substances; also in animal and vegetable
organisms, associated with carbon, oxygen, etec,
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QUESTIONS. —CHAPTER III.

1. Name some natural substances which contain hydrogen as
an essential constituent. Is hydrogen known to ocecur in
the free state ?

2. How may water be decomposed without the application of
chemical re-agents ?

3. Name elements which decompose water—

(@) at ordinary temperature with the liberation of hydro-
gen ;
(b) at ordinary temperature with the liberation of oxygen ;
(c) at red heat,
Give equations showing the nature of the reaction in each
case.

4, If you desire to obtain hydrogen in as pure a condition as
possible, what method would you adopt ?

5. If you desire to prepare moderately pure hydrogen in large
quantities, what method would you adopt ?

6. Write down equations showing the action of iron and mag-

| nesium respectively on dilute sulphuric acid.

7. Devise three experiments suitable for illustrating in a
striking manner the extreme lightness of hydrogen,

8. What chemical change takes place during the burning of
hydrogen in air?

9. How would you show that moisture results from the com-
bustion of hydrogen? Ordinary coal gas when burnt also
gives rise to the formation of moisture ; what conclusion
would this lead you to draw as to the composition of coal
gas? _

10. A light is brought to the mouth of an inverted cylinder of
hydrogen ; it is noticed that flame at first appears round
the mouth of the cylinder but none inside, afterwards the
flame gradually rises within the cylinder: explain these
phenomena,



CHAPTER 1V,
CHLORINE.

A compARISON of the physical and chemical properties of the
four elements, fluorine, chlorine, bromine, and iodine, termed the
halogens, and of their compounds, readily lead one to regard these
elements as forming a natural group.

And this not so much from the closeness of the resemblance as
from the fact that there is a gradual transition in properties which
proceeds alwaysin the same order, viz.in the order of their atomic
weights. A general survey of the group will illustrate this.

Physical properties of these elements.—Fluorine 1s a gas
which does not condense to a liguid even when cooled down to
—95° C.; it possesses a very faint greenish-yellow colour ; chlorine
is much more readily condensible, and has a distinet greenish
colour; bromine is at ordinary temperatures a reddish-brown
liquid boiling at 59° C. and solidifying at — 7° C., whilst iodine
is a black crystalline solid which boils at 184° C,, its vapour
being of a beautiful violet colour.

In the gaseous condition these elements have a very irritant
action on the mucous membrane which is most marked in the
case of fluorine and chlorine, and least so with iodine. They
have an odour resembling that of seaweed if they are in a largely
diluted condition. .

Their solubility in water follows the order of their atomic
weight ; chlorine, the most soluble (fluorine decomposes water),
dissolving in about half its volume of water, bromine to the
extent of three parts in 100 of water, whilst iodine is only
very slightly soluble in water, but dissolves readily in alcohol,
ether, bisulphide of carbon, or in a solution of potassium iodide.

F. ST. CHEM, 83 D
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When chlorine is passed into water to saturation at 0° (', yellow
crystals having the composition Cl,. 8 H,0 separate out. On
warming these crystals they readily decompose with the evolu-
tion of chlorine. Bromine under similar circumstances forms
crystals having the composition Br,. 10 H,0.

General Chemical Properties.—Whilst the tendency to
combine with oxygen increases as we pass from fluorine to iodine,
the affinity for hydrogen and the metals decreases. Fluorine forms
no compound with oxygen, chlorine can only be made to combine
indirectly and forms unstable oxides, iodine however is directly
oxidized by nitric acid, and its oxide is much more stable,
Hydrogen, on the other hand, combines directly even in the dark
with fluorine and at very low temperatures, but with chlorine the
combination only takes place on Leating or under the stimulus of
rays of light of great chemical activity, and bromine and iodine
are induced to combine with hydrogen with much greater
difficulty.

Moreover, the stability of the products of such action, HF,
HCl, HBr, HI, shows a falling off in the order named.

The interaction of the halogens and water is instructive,
Fluorine decomposes water immediately at ordinary temperatures,
and with considerable energy, giving rise to the formation of
ozone, Chlorine acts readily and bromine feebly at ordinary
temperatures, but only in sunlight ; iodine is without action.

Chlorine-Occurrence.—Chlorine is not found in the free state
in nature, but occurs in combination in rock-salt (NaCl). Sylvine
(KCI), and Carnallite (KCL.Mg Cl,.6 Hz0). Free hydrochloric
acid and ferric chloride (Fe,Cly) have also been-observed in vol-
canic regions., The chlorides being fully soluble are found in
large quantity in sea-water (see p. 85).

Preparation of Chlorine.—Sodinm chloride (and most other

chlorides) may be used as the source of chlorine. When treated
with manganese dioxide and sulphuric acid the following reaction
takes place— :
2 NaCl + 3 H,SO, + MnO, = 2 NaHSO, + MnS0, + 2 H,0 + Cl,.
More usually in preparing chlorine, concentrated hydrochloric
acid is substituted for the common salt and sulphuric acid, the
reaction being—



CHLORINE, 313

4 HCl + MnO, = MuCl, + 2 H,0 + Cl,.
''he reaction may be performed in a flask fitted with a safety

funnel similar to that used in preparing hydrochlorie acid ; very

gentle heat is required. b,
The gas should be passed through a wash-bottle containing

concentrated sulphuric acid especially where it is of importance
that it should be dry, as in experiment 29

Fia. 5.

Exp. 23.—Pass chlorine for some minutes through about 50 e.c. of
water, and to about 20 c.e. of this add a solution of sulphuretted
hydrogen ; hydrochlorie acid is formed, the liquid becoming
turbid owing to the separation of sulphur, according to the
equation—

Cl; + Hy8 = 2 HCL + 8,
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Exp. 24.—Till a Cowper’s tube with chlorine water (see figure), and

expose to direct sunlight; bubbles of gas will be seen to rise in
the liquid. When sufficient gas has col-
lected it may be tested with a glowing
splinter,and will be found tobe oxygen.
The change which has taken place is
represented by the equation—

2 ClL, + 2 H,0 = 4 HCI + 0.,

Chlorine is soluble in water and acts
upon mereury, it is therefore collected
by downward displacement, and six jars
of it may be obtained in this way, using
precautions to avoid inhaling the gas,

Exp. 25.—Introduce a lighted jet of
hydrogen into a jar of chlorine. It
‘continues to burn with the production
of fumes of hydroehlorie acid, which
may be made more visible by bringing
a drop of ammonia liquor to the
mouth, of the jar.

Exp. 26.—In the same manner burn coal

gas in chlorine ; it will be seen that

S — the flame becomes duller and more

o0, smoky. Hydrochloric acid is produced

as in the previous experiment from the hydrogen in the coal gas,

and the smokiness of the flame is due to the separation from the
coal gas of carbon with which the chlorine does not unite.

Exp. 27.—Into a third jar of chlorine bring a piece of phosphorus on
a deflagrating spoon and without the application of heat; presently
the phosphorus will ignite and burn feebly with the formation of
phosphorus trichloride—

2P + 3Cl, = 2 PCl;.
Antimony, copper and some other metals in a finely divided
condition also ignite when plunged into chlorine.
Exp. 28.—Heat a piece of sodium in a deflagrating spoon until it

takes five, and then plunge it into a jar of chlorine; the :amiium
burns brilliantly, uniting with the chlorine to form sodium

chloride.
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The bleaching of vegetable colouring matters.—Chlorine
possesses the property of depriving the leaves of plants, flowers
and vegetable dyes of their colour. In the absence of moisture
no such action however takes place, the bleaching being due to
the oxidation of the colouring matter by nasecent oxygen resulting
from the interaction of chlorine and water (see Exp. 24). Certain
oxidizing agents which likewise furnish nascent oxygen, notably
hydrogen peroxide, have a similar action,

Exp. 29.—Place a piece of dry cloth dyed with turkey-red in a stop-
pered jar of dry chlorine, and leave it some minutes ; no decolour-
ization will oceur, but on moistening the cloth it will be bleached.

Exp. 30.—Place a printed label, smeared with writing ink, in a jar
of moist chlorine ; in a little while the ink stains will disappear
whilst the printing ink will be unaffected.

The bas’s of the writing ink is a vegetable colouring matter
which is acted upon by the chlorine, but the printer's ink consists
essentially of carbon, which, as we have seen in experiment 26,
is not acted upon by chlorine,

SUMMARY.

1. The elements I, Cl, Br, I afford an excellent example of a
chemical family.,

Physical properties show a gradation from the gaseous fluorine,
uncondensed at — 95° C., to iodine, solid at ordinary temper-
atures and even up to 184° C,

Specific gravity, atomic weight, and other physical properties
follow in a similar order.-

Chemical properties.

Note tIl}!.t in the order of increasing atomic weight, viz, in the
order I, Cl, Br, I. 1 -

() affinity for oxygen increases ;
CHIE y» hydrogen decreases,
Chlorine.
2, Preparation.—
() By electrolysis of HOI, v
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QUESTIONS.—CIHAPTER VIIL

Draw up in tabular form a comparison between the halogen
elements with regard to (@) their colonr, (b) their solubility
in water, (¢) their action on water, (d) their affinity for
hydrogen,

How may chlorine be obtained in the free state (a) from
hydrochloric acid ; (b) from potassinm chloride ?

What is the' action of sulphuretted hydrogen on chlorine
water ?

Describe what takes place when a solution of chlorine in
water is exposed to sunlight.

Deseribe the chemical changes which accompany the burnmg
of a candle in chlorine, and show how far they account for
the peculiar appearance of the flame which is observed
when a candle burns in chlorine,

Give instances of other elements besides hydrogen which
readily combine with ehlorine,

Chlorine has been described as a body of great chemical
activity ; what observations with regard to its behaviour
lend support to such a view ?

. Explain the chemical change which takes place during the

process of bleaching,
Why is printer's ink permanent in presence of chlorine ?



CHAPTER V
HYDROCHLORIC ACID.

Preparation of hydrochloric acid gas.
Hydrogen combines directly with chlorine—

(@) when a jet of hydrogen burns in chlorine ;

(b) when a mixture of hydrogen and chlorine is placed in a
closed vessel and ignited by passing a spark ;

(¢) when a mixture of these gases is exposed to sunlight or
the flash of burning magnesium, the combination taking
place instantaneously with explosion ;

(d) when a mixture of the gases is exposed to diffused
daylight, the combination taking place slowly and
without explosion.

Hydrochloric acid gas is most conveniently prepared by the
action of concentrated sulphuric acid on common salt (sodium
chloride)!; on gently heating the mixture the following reaction

takes place—
NaCl + H,S0, - NaHS0, + HCI,

Sodium chloride. Sodium hydrogen sulphate,
and when a higher temperature is employed the sodium hydrogen
sulphate reacts further—

NaCl + NaHSO, - Na,80, + HCI,

Sodium sulphate.
The two stages of this reaction may be summed up together
thus, regarding only the ultimate products—
2 NaCl 4+ H,S0, = Na,S0, + 2 HCL
1 All chlorides, except those of silver und mercury, yield hydrochlorie acid when

treated with sulphurie acid.
40

\\
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The preparation is carried out in a flask fitted with safety funnel
and delivery-tube, as shown in the figure. In consequence of the

great solubility of the gas in water, it must be collected
over mercury or in dry eylinders by displacement of air.

Properties of the gas.

Exp. 81.—Pass the gas rapidly through a few cubic centimetres of
water ; it will be found to dissolve very freely in the water,
yielding a strongly acid solution. The concentrated hydrochlorie

«  acid used as a reagent is a saturated solution prepared in this
way, and contains about 40 to 45 per cent. by weight of hydro-
chloric acid. This experiment shows the very great solubility of
hydrochloric acid gas in water. This may also be effectively
exhibited by the following device.
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Exp. 32.—Tillalarge bolt-head, of at least two or three litres content,
with hydrochlorie acid gas by displacement. Fit it with an
india-rubber cork, throngh which passes a tube with stop-cock,
and drawn out into a jet as shown. Dip the extreme end of the
tube info water and open the stop-cock,

Under these con-
ditions the gas at
first only comes into
contact with the
water very slowly
by a process of dif-
fusion, and it is
desirable to bring
about contact with
a larger surface of
water by cooling
the flask ; this may
be done by pouring
a few drops of ether
over 1ts surface,
When the jet once
comes into play
the water continues
to 1ise into the

flask until all the

hydrochlorie acid is absorbed.
Water at 0° C. absorbs 503 times its volume of the gas.

Hydrochlorie acid is a eolourless gas which fumes in moist air,
and has a strongly irritant action on the mucons membrane,
A weak aqueouns solution of the gas when hoiled under normal
pressure becomes stronger, until it contains 2024 per cent. of the
gas, and a stronger solufion than this, when boiled, grows weaker,
and ultimately falls to 20-24 per cent. strength, A solution of
this strength disfils unchanged at 110° and 760 m.m.

Dry hydrochloric acid gas may be condensed under a pressure
of 40 atmospheres at zero, forming a colourless liquid. Tt is a
remarkable fact that whilst the aqueous solution of the gas readily
acts upon metals, oxides, carbonates, ete., the anhydrous gas anrd
the liguefied acid are much less active. Liquefied hydrochlorie
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acid has been shown to be entirely without action upon iron, zine,
magnesium, and many other metals, and will not even decompose
anhydrous carbonates,

The chlorides.—We lhave seen that hydrogen in combination
with chlorine forms an acid. Many of the elements, when brought
into this acid, replace the hydrogen and form a salt, the acid
character either disappearing altogether, or becoming much less
pronounced. If the oxide be emp'oyed instead of the metal,
there is no hydrogen given off, the salt is formed as before, but
the hydrogen ecombines with the oxygen of the oxide and forms
water. BSuch salts may also be produced in many cases by direct
combination of an element with chlorine.

Other methods of preparation of the chlorides will be indi-
cated in the following experiments—

Exp. 83.—Dilute hydrochloric acid with five times its velume of
water, and to 20 cubic centimetres of this add metallic mag-
nesium little by little so long as any effervescence oceurs, and
until some of the magnesium remains in excess, Now decant the
clear liquid into a poreelain basin, and evaporate nearly to dryness
over a water-bath. A erystalline substance will separate out on
cooling ; this is the chloride of magnesium (MgCl,. 6 H,0), the
gas which was evolved during the solution of the magnesium
being hydrogen.

Mg + 2 HCl = MgCl, + H,,
Dry the salt on filter paperand then dissolve it in water, and add
a few drops of litmus solution ; it will be found to be neutral, or if
the mother liquor has not been completely removed, faintly acid.

Exp. 84.—To 20 cubic centimetres of the dilute hydroehlorie aeid
add barium carbonate in excess. Decant off the clear liguid
and evaporate to small bulk as before, erystals of barium chloride
(BaCly 2 H,0) will separate out. The gas which isevolved in this
case is carbon dioxide.

BaCO; + 2 HCI = BaCl, + CO, + H,0.
Barium chloride, like magnesium chloride, dissolves in water
forming a neutral solution, J

Exp. 35.—'1‘:3. 20 cubic centimetres of hydrochloric acid add a few
drnps_ of litmus solution, and then add gradually a solution of
eaustic potash until the bright red colour of the litmus changes
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to port-wine red (if too much potash isadded it will become blue).
Now evaporate as before, and erystals of potassium chloride will
separate out—

KHO + HCI = KC + H,0. -

Caustic potash.
There will be no evolution of gas in this case, unless the pntash
should contain some carbonate as an impurity.

Exp. 36.-—To a solution of nitrate of lead add hydrochloric acid: a
white precipitate is formed consisting of chloride of lead. In
this case the chloride which is formed is only slightly soluble
in the cold, and it separates out without evaporation. Decant
off the clear liquid and boil some of the salt with water. If
sufficient water is added it will dissolve completely and separate
out again in erystals on allowing the solution to cool slowly, the
chloride of lead being soluble in 20 parts of hot water and in 135
parts of cold water.

Summing up, we have as methods for the preparation of the
chlorides—

(1) Direct combination of elements with chlorine,

(2) Solution of the metal, the oxide, hydrate, or carbonate in
hydrochloric acid.

(3) The addition of hydrochloric acid or a soluble chloride to a
solution of a salt of the metal with the production of an
insoluble, or slightly soluble, chloride.

The nature of acids and salts.—In the same sense that we
regard the chlorides as compounds of chlorine with the metals,
we may look upon hydrochloric acid as a compound of chlorine
with hydrogen. All acids contain hydrogen, and may be regarded
as hydrogen salts in which the hydrogen is replaceable by metals
to form what are ordinarily termed “salts” ; acids are usually sour
to the taste and often corrosive. They all possess the property
of turning a solution of the vegetable colouring matter, litmus,
red, and a body which exhibits this property is said to have
an acid reaction to litmus.

Tests for the hydrochloric acid and its salts,

1. A solution of silver nitrate, AgNO,, when added to a solution
of hydrochloric acid or a chloride gives a white curdy pre-
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cipitate of silver chloride AgCl, soluble in ammonia, insol-
uble in nitric acid.

2. Free HCI, heated with manganese dioxide, or chlorides heated
with manganese dioxide and sulphuric acid, evolve chlorine,
which may be easily recognized by its colour, smell, and
bleaching action.,

SUMMARY.

1. Hydrogen chloride—preparation—
(a) by direct union of H and CI ;
(b) by action of sulphuric acid on chlorides.
+ 2. Properties—
() heavier than air ;
(b) great solubility in water ;
(c) irritant and corrosive action ;
(d) liquefied by pressure ;
(e) anhydrous or gaseous liquid HCI much more inert.
3. The chlorides—
(a) Moist hydrochlorie acid gas or a solution of the gas

acts on metals, oxides, carbonates forming chlorides.
(b) Tests for chlorides.
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QUESTIONS.—CHAPTER V,

1. Under what circumstances does hydrogen combine directly
with chlorine ?

2. What is the action of sulphuric acid on sodium chloride
(e) at ordinary temperatures, (b) at a red heat ?

3. How would you prepare a saturated solution of hydroehlorie
acid gas ?

4, What would be the effect of boiling such a solution, and of
continuing the process until the liquid had become reduced
to a small bulk ?

5. An ordinary wide-mouthed bottle is filled with hydrochloric
acid gas and inverted over water; describe what you
would expect to occur.

6, How is liquefied (anhydrous) hydrochloriec acid obtained, and
in what respects does it differ from gaseous hydrochloric
acid ?

7. Given caustic soda and hydrochloric acid, describe how you
would prepare a sample of common salt.

8, What is-the action of hydrochloric acid on («) lime, (b)
manganese dioxide, (¢) zine, (¢) marble, (¢) nitrate of lead ?
Ghive equations in each case representing the reactions,

0., Make a list of the properties or reactions of hydrochloric acid
which you regard as characteristic of this body.

10, A solution of silver nitrate is added (a) to excess of dilute
hydrochloric acid, (b) to a solution of common salt; in each
case a white precipitate is forined ; describe the nature of
the precipitate and also of the substances to be found in
the supernatant liquid,



CHAPTER VLI
PHYSICAL PROPERTIES OF GASES.

ArrnoucH some of the earlier philosophers regarded air as a
fluid, it was not till the seventeenth century that any definite
proof of this was given, Nor was it till late in the eighteenth
century that (with the exception of air, hydrogen and carbon
dioxide) gases were distinguished from one another as different
chemical substances. At the present day, and especially amongsé
the non-metals and their compounds, we are acquainted with a
large number of bodies which exist under ordinary atmospherie
conditions in the forin of gas.

The examination of the properties of gases, and of the part
which they play in chemical reaction, cannot be carried out
without a knowledge of their physical properties,

We purpose then to show how the weight of a gas may be

determined, having regard to the allowances to be made for
temperature and pressure.

The General Property of Weight of Gases.
This may be shown in the following way—

Exp, 37.—Suspend two similar beakers of about 5 litres content, one
of them in an inverted position, at the ends of the arms of a
rough balance and counterpoise them, Now pass Lydrogen into
the inverted beaker by means of a tube held as far up the heaker
as possible, but without coming into contact with it, and gradually
lowering the tube towards the mouth of the beaker. The hydrogen

47
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will accumulate in the upper part of the beaker and gradually fill
it to the mouth, pressing out the air before it.

The arm of the balance will at the same time be deflected, and the
beaker in question will rise. Add small weights till the arm
becomes horizontal again. If the beakers are of the size preseribed
above, about 6 grammes will be necessary for this. If we continue
to pass the gas after this, the equilibrium of the balance will not
be disturbed, but on withdrawing the tube the arm bearing the
inverted beaker will soon begin to fall again, showing that it is
now gaining weight. Thisis due to the diffusion of the hydrogen
out of the beaker and its replacement by air, and it will be seen
how gradual such a process is,

We have seen then by this rough experiment that when 5 litres
of air are replaced by 5 litres of hydrogen, a loss of weight occurs
equal to about 6 grammes, which represents that a litre of
hydrogen 1s approximately 12 grammes lighter than a litre of air,

Exp. 38.—When the whole of the hydrogen has been cleared out of
the inverted beaker and replaced by air, pass carbon dioxide down-
wards into the other beaker, and note that it is depressed, show-
ing that whilst hydrogen is much Zlighifer than aiv, carbon dioxide
18 heavier than air. The weight required to restore equilibrium
in this case will be found to be approximately 3 grammes.

To determine the weight of gases more accurately ; suspend
from the arms of a delicate chemical balance two globes fitted
with stop-cocks, and having a content of about 500 c.e. In order
to eliminate corrections for buoyancy of the air the two globes
should be as nearly as possible similar.

Exhaust one of the globes carefully at the air-pump, and then
close the stop-cock. Now attach it at one arm of the balance,
and the other globe filled with dry air at the other arm, and note
the weight to be added in order to bring it into equipoise. This
will be the weight of 500 c.c. of air, say 0-618 gramme at the
temperature and pressure prevailing at the time, say 9° C. and
750 m.m. pressure. Now attach the vacuous globe to a supply of
dry hydrogen and again equipoise.

Instead of 0:618 gramme we find only 0575, and we have the
data necessary to determine—

(1) The relative density of hydrogen and air.
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(2) The weight of a litre of hydrogen or air.

For the present we only kngw that ome litre of air and of
hydrogen at 9° C. and 750 m.m. pressure weigh respectively
1:236 grammes and 0086 gramme.

We shall now consider the effect of temperature and of pressure
on the volume and density of a gas.

Relation of Volume of Gases to Temperature,

Exp, 39.—Take one of the globes previously mentioned, and plunge
it (with the stop-cock open) in a bath of water cooled down to 0°
C. by the addition of fragments of ice. When it has remained
some minutes, and the air in it has been reduced to zero, close
the stop-cock and carefully dry the ontside of the globe. The
other globe is to be heated to 100° C. by steam or boiling water,
the stop-cock is then closed, and the globe dried. Attach both
to the balance, and the latter will be found to be considerably
lighter than the other. The air in the globe owing to expansion
has been partly expelled from the globe.

The expansion which a gas undergoes is a constant, and inde-
pendent of the chemical ecomposition of the gas. Dalton found
the expansion to be iy part of its volwme at 07 for each increment
of 1* O. in temperature.

This i8, however, more usually known as the Law of Charles,
Stated in another form we have—

273 vols. of gas at 0° C. become 274 vols. at 1° C.

” 3 IR (7 TS v Bt SR B

9 1) s 210 ,, , 8° C. andsoon;
also " T . e L RO (O

3 » I e R S S

1 1 Y 270 o 3° (.

Now the absolute zero of temperature is —273° C., and convert-
ing the temperatures stated above into degrees absolute by the
addition of 273, we see that the volume of the gas will be—

At 270° absolute, 270 volumes
i - SR |
y 272° 1) 272 3]
w 2087 BTO ey
that is, the volume of a gas is directly proportional to its absolute
temperatire,
F, 8T. CHEM, E
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Relation of volume of Gases to the pressure to which
they are subjected.—An experimental investigation of this
may be made by using the simple apparatus here described.
A B C is a bent glass tube
of even diameter, one limb
of which is made at least
8 feet long, and the other,
provided with a tap at the
extremity, is 40 inches. A
side tube is provided at B,
for running off mercury
from the longer limb. It
is not necessary to graduate
the tubes throughout, but
the following points may
be marked on the shorter
limb—

(1) a point 4 inches from C.
(2) a point 6 inches from C,
(3) a point 12 inches from C.
(4) a point 24 inches from C,
(5) a point 39 inches from C,
And on the longer limb—
(6) a point 63 inches higher
than the level of (5).
(7) a point 95 inches higher
than the level of (5).

Open the tap and pour
in mercury to the level (3),
then close the tap, and al-
low mereury to run off till
it falls to level of (4). The
pressure to which the gas is
subjected is now that of the

atmosphere (say 80 inches of mercury, minus the .cﬂlumn.of
mercury in the shorter limb that stands above the pm}qt (5), 4. &
15 inches of mercury). The length of the tube occupied by the
gas is now 24 inches instead of 12 inches at the outset. The
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pressure on the gas originally to that exerted now is in the ratio
30:15, or 2 : 1, and the volume of the gas (the tube being of
even diameter throughout) is in the ratio 12 : 24, or 1 : 2.

Now pour in mercury till it reaches the level of (6) in the longer
limb, and we shall find that in the shorter limb it will then stand
at level (2). The length of the tube occupied by the gas is now
6 inches, or the volume is in the ratio 1 :2 of that which it
originally occupied. The pressure is 60 : 30, or 2 : 1.

Finally pour in more mercury till the level (7) is reached in the
longer limb, and we find that in the shorter limb it will stand at
level (1). The length of the tube occupied by the gas is now 4
inches, or the volume is in the ratio 1 ; 3 of that which it origin-
ally occupied. The pressureis 90: 30, or 3; 1, |

That is, placing the respective ratios of pressures and volumes
gide by side we have—

Pressure increased, 1 : 2. Volume decreases, 2 ; 1
y  decreased, 2 : 1. y Increases, 1 : 2
" ” gl 1 1) ” 1:3,
or when the temperature remains constant the volume oceupied by
- @ gas is inversely as the presswre. This is known as the law of
Boyle from the fact that he first gave definite experimental proof
of its truth in 1662, In France and Germany it is often called
Mariotte's Law, Mariotte being credited with the independent
discovery of the law fourteen years later than Boyle.
It may be expressed shortly by the formula—
P. V = a constant,
P being the pressure, and V the volume occupied by the gas
under that pressure.

If the volume is taken as unity under a pressure of 1 atmo-
sphere, the law may be stated thus—

1B AT =] :

The above description is only true for a perfect gas under
moderate pressure and temperature. No perfect gas exists in
reality : hydrogen, nitrogen, and a faw other gases behave at
ordinary temperatures and pressures nearly like a perfect gas,
but at very low temperatures or high pressures even these no
longer agree strictly with the laws as stated. It is found indeed

that all gases when placed under certain extreme conditions of
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temperature and pressure, behave abnormally, and ultimatel Y pass
into the liquid state, and it is only when they are far removed from
this liquid state (i. e. at temperatures and pressures such that
they are far above the boiling-point of the liquid) that they obey
Charles’ and Boyle’s laws.

Liquefaction of gases.—By a combination of high pressure
and low temperature every gas can be liquefied.

The following table gives the temperatures and pressures at
which some of the commoner gases become liquids—

Carbon dioxide at — 80° C. and 1 atmosphere pressure,
orat — 20°0., , 23 ¥ ,,
orat + 20°C. ,, 58 o

Sulphur dioxide at -~ 10°C. ,, 1 A 5
or at + = 1 23 T i}
orat + 30°C. ,, 53 3 "

Nitrogen at — 193° C. and 1 atmosphere pressure
or at - 160°C. ,, 14 1

n

or at — 146° C. ,, 52 . =
e at ~ ST S S 4 5
orat — 140°C. ,, 39 Ey i3
Ethylene at — 103°C. ,, 1 a3 o

A gas cannot always be liquefied by pressure alone. There is
in fact a temperature peculiar to every gas above which the gas
cannot be liquefied by any pressure whatever. Thus Andrews
has shown that at temperatures above 31° C. it was impossible
to liquefy carbon dioxide by pressure. ;

This temperature is called the eritical temperature of the gas,
so that the critical temperature of carbon dioxide is 31° C. The

-egsure which_a gas exexts at its critical temperature i
he follgwing tableé gives these two con-

the eriticgl pressure. ;
stants for a nun gases—

Critical temperature. Critical pressure.
Nitrogen = 146° C. 33 atmospheres.
Oxygen — 119° G. 50 5
Nitrie oxide = 088 Gl T 5
Marsh gas ~ 1007 C. o0 i

Carbon monoxide - 140° C. 39 "
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It will be noticed that the five gases in the table have very
low critical temperatures ; these guses and hydrogen were until
recently called permanent gases, because until 1879 all attempts
to liquefy them had failed owing to the temperatures empl‘ﬂ?red
being above the eritical point, IHydrogen has the lowest eritical
temperature of all gases,! and it has only recently heen liquefied
by Olszewski,

Various methods have been employed in liquefying gases.
Faraday was able to liquefy a large numnber of gases by means of
their own pressure in glass tubes. To liquefy chlorine in this
way the yellow ecrystals of chlorine hydrate, Cl, 8 H,O, are
brought into a glass tube of about 1 c.m. in diameter, and closed
at one end. The tube is then bent at right angles at about its
middle point and sealed. If now the sealed end be placed in a
freezing mixture, whilst the other end containing the hydrate
be gently warmed, a comparatively large volume of chlorine is
liberated, and the pressure of the accumulated gas together with
the low temperature employed is sufficient to bring about its
liquefaction,

If silver chloride be saturated with ammonia gas, it forms the
compound 2 AgCl. 3 NH,, and this body treated in the same way
evolves ammonia in such a quantity as to liquefy by its own
prE‘-ESure.

Diffusion of gases.—The particles of gases possess a much
greater freedom of motion than do those of liquids or solids, for
the excursions which they may make are confined in the case of
the latter to the space occupied by the liquid or solid itself ; in
the case of gases, however, the extent of these excursions is only
limited by the walls of the vessel in which they are contained,
Furthermore, if the walls are loose and open in texture, that is,
porous, then it is possible for the gaseous particles to traverse
them,

If a quantity of ammonia be discharged at one end of a room,
the odour of the gas will, after a short time, be perceptible at the
other end, even though the temperature of the room is constant
throughount and the air still and free from currents,

1 The newly-discovered gas helium has resisted liquefaction even under cons
ditions which were found sufficient to bring about the liquefaction of hydrogen,
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That a very light gas should rise in a denser atmosphere and a
heavy gas fall, is only what might be expected from the ex-
perience gained with solids orliquids. The following experiments
will, however, serve to show that gases, however light they may
be, will also gradually diffuse downiwards through a denser
atmosphere, and however heavy they may be, they will gradually
diffuse upwards through a lighter atmosphere. The particles of
a gas must therefore be subject to some other impetus than that
accounted for by the ordinary laws of gravitation. The transfer
of a mass of a gaseous body (hydrogen or coal gas in a balloon)
- takes place, it is true, in accordance with gravitation, but
diffusion of the particles of gases cannot be so explained ; it
is the result of an active and incessant motion proper to the
particles themselves.!

Exp. 40.—A stout glass collecting jar of about 1 litre content is
filled with hydrogen and held steadily, mouth downwards, for three
or four minutes. A lighted taper is then brought into it, and it
will be found that instead of burning quietly, as pure hydrogen does,
there will be an explosion. This is evidence that during the period

of exposure, the heavier

air particles have dif-
fused into the jar, the
explosion being due to
admixture of oxygen
with the hydrogen.
Exp. 41.—Fill three
similar bottles (wide-
monthed) with chlorine
and eclose them with
stoppers. Place them
in beakers as shown and
cover the mouth of

the beaker with a

glass plate ; remove the

stoppers from two of them and make the following observations,

1 This statement must not, however, be taken to indieate that the constitution
of gases differs essentially from that of liguids and solids. The particles of
liquids and possibly solids also partake of progressive movements, but these
are more limited in extent, being restricted to the mass of the liquid or solids;
they also give evidence of being less rapid.
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(1) In a few minutes aspirate some of the air from the beaker
through a solution of potassium iodide ; the solution will be
coloured brown owing to the fact that chlorine liberates iodine
from a solution of potassium iodide. Air will not do this, and
evidence is thus presented that some of the chlorine, though
more than twice as heavy as air, has passed from the bottle into
the surrounding space.

(2) Compare the colour of the second unstoppered bottle from
time to time with that of the one remaining stoppered, the green
colour in the former will e seen to grow much more faint owing
to the gradual ditfusion of the chlorine from the bottle into the
beaker.

Exp. 42.—A porous cell, such as is used in voltaic batteries, is
fitted with an indiarubber stopper,
and a glass tube about half a
meter long, furnished with a bulb,
is passed through thestopper; this
is bent and drawn out into a jet
as shown in the figure. Before
inserting the cork fill the bulb
and lower part of the tube with
water. Now place a beaker filled
with hydrogen over the porous
cell, and the water will be im-
mediately depressed and driven
out of the jet in a fine stream.
This is evidence that the light gas
hydrogen passes through the walls
into the porous cell quicker than
the air is able to pass out of it.
A greater volume of gas collects
within the space of the cell and
tube and forces the water out
before it.

Exp. 43.—Do a similar experi-
ment with the arrangement shown
in the figure, in which it is possible to observe, by bubbles passing
through the water in the bottle, that air is finding its way into
the porous cell through the glass tube. In this case the cell containing
air is surrounded with carbon dioxide in a beaker. Under such
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uircu_mstancea the air diffuses out of the cell quicker than the
heavier gas, carbon dioxide, passes into if. This tends to pro-
duce a partial vacuum within the cell, and air enters in bubbles
through the Jiquid in the bottle,

Fra. 1.

Exp, 44 —Repeat the last experiment, using oxygen instead of
carbon dioxide, and note that in this case the bubbles pass in
much more slowly, and altogether a much smaller volume of air

is required to restore equilibrium in the cell.

The relative densities of the gases employed in the above

experiments are—
Air, 1444, Carbon dioxide, 22.

Hydrogen, 1.
Oxygen, 16,

The greater the difference in density, the more rapid is the
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diffusion. By measuring the amount of different gases which
diffused through a porous plug in a given time, under like
conditions, Graham found that the relative rate of diffusion s
inversely proportional to the square root of thevr densities. Thus
in relation to air—

1 Velocity of

5 diffusion

+/density. ul:ﬁer:md.
Density of hydrogen = 00695 = AU 3830
. oxygen — 11043 — 0951 (-949

o garbon dioxide = 15180 = (.812 0:812

The Metric System of Weights and Measures.

Before entering into further detail in regard to the relative
density of gases, it will be well to -adopt certain units of mass
and volume. The metric system has been found convenient
for all operations in which weighing and measuring are concerned,

The wnit of length in this system is the metre, which is equiva-
lent to 39-37 inches.

The wnit of volwme is that of a cube whose side is (15 of a
metre, equivalent to very nearly one-sixteenth of a cubic inch,
and the wnit of weight is the weight of this volume of water, the
temperature being that at which water has its maximum density,
viz. 4° €. This weight is termed the gramme, and is equivalent
to 15-432 grains. '

The prefix kilo indicates the multiple 1000, thus—

1 kilogramme = 1000 grammes = 15432 grains = abt. 2-2 ]bs.

The prefixes deci, centi, and milli respectively indicate the
fractional parls %, i, and t550.

1 decimetre = +% métre = 3'937 inches.
1 centimetre T 9 0:3937 .,
1 millimetre = +4+ 003937

One inch is thus slightly more than 25 millimetres.

fl
Il

5 = lll'!llII;_ljlMET‘.FH.'El';“lllll!:.l - # . 'E-GHLE? OF EEHTH;ETHEE
(T | 1 i I | |
ik L3 R
] | I |

SCALE OF INCHES
Fia. 18.
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1 decigramme = .y gramme = 15432 grains,
1 centigramme = {15 " 0-15432

1 milligramme = ¢ o o =10015432

n

11

A measure of volume very frequently employed is the Litre,
which is the volume occupied by a kilogramme of water ; it is
therefore equivalent to a cubic decimetre, or,in English measure,
61027 cubic inches.

Whenever the specific gravity of a liguid or solid is spoken of,
water is used as the standard of comparison ; thus, if we say that
sulphuric acid has a specific gravity of 1:84, we imply that it is
1-84 times as heavy as water, and hence one cubic centimetre of
such acid will weiglh 1:-84 grammes.

Hydrogen is in like manner employed as the standard by which
to express the density (or better, specific gravity) of gases. One
litre of hydrogen at standard temperature and pressure (i.e.
0° C. and 760 m.m. mercury) weighs 0:0899 gramme, and when
we say that nitrogen has a density of 14, we mean that it is 14
times as heavy as hydrogen ; one litre of it should therefore
weigh (0-0899 x 14) grammes.

In calculations bearing upon the weight and volume of gases,
it is convenient to bear in mind the volume occupied (at 0° C,
and 760 m.m.) by a gramme of hydrogen ; this is, of course,

t}_ﬁlﬂ% litres, or 1112 litres,

The volume occupied by 1 gramme of nitrogen is GTRCOE

litres, and by 14 grammes of nifrogen D_'Gdi}i_xﬁ litres, that is
again 11-12 litres.

And in general, the volume occupied by 2 grammes of an
elementary gas, when a is the atomic weight of the element, 1s
11-12 litres. It must be added that sometimes air is taken as
the standard of density ; air is 14383 times as heavy as hydrogen,
and one litre of air at standard temperature and pressure weighs

1-293 grammes, )
The constitution of gases.—Any views that may be held
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relating to the constitution of gases must be consistent with the
following observations—

(1) No difference in physical character is found to exist
between gases that are elements and those that are compounds.
In either case they expand or contract, as the temperature and
pressure vary, in accordance with the laws of Charles and Boyle.
There is, indeed, every reason to believe that the constitution of
simple and compound gases is similar.

(2) That the smallest portion of matter attainable by any
process of subdivision or capable of taking part in a chemical
change is nof infinitely small (Dalton’s atomic theory).

(3) Gay Lussac showed that when gases combine together they
do so in volumes which bear a simple ratio to one another and to
that of the product. The relative volumes which do so combine
are also found to be represented by small whole numbers,

" Thus actual experiment shows that—

2 vols. of hydrogen and 1 vol. of oxygen combine to form
2 vols. of water vapour.
1 vol. of hydrogen and 1 vol. of chlorine combine to form
2 vols. of hydrochloric acid gas.
2 vols. of carbon monoxide and 1 vol. of oxygen combine to form
2 vols. of carbon dioxide.
1 vol. of nitrogen and 3 vols. of hydrogen combine to form
2 vols. of ammonia.

that is
1 vol. of water vapour is formed fl'mli{l vol. of hydrogen and
3 gy gy OXYgen.
1 33 ]I}’{].I'Dﬂhlnl‘i{; acill = o J’ 1_.!' 133 lll}rd]'ﬂg!}]]‘, and
\ $ ,, ,, chlorine.
1 ,, ecarbon dioxide 4 & { sy earbon monoxide and
% ;» OXygen,
1 ,, ammonia - 15 ,, ,, hydrogen and
& "5' R Ilitl‘ﬂgﬂll.

He_nce, fnr instance, whatever the smallest particle of ]]}ﬂlﬂ-
chloric acid may be, it contains both hydrogen and chlorine in

equal vulmn.es, and we shall have to assume the existence of still
smaller particles of these elements,
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Three striking and important features are thus evident—

(a) that the constitution of all gases is similar ;

(h) that the ultimate particles of matter lmvﬁ actual and
definite dimensions ;

(¢) that we must conceive of two kinds of particles.

Avogadro’s hypothesis affords an explanation that is consistent
with the behaviour of simple and compound gases, and at the
same time in consonance with Dalton’s theory of the indivisibility
of the ultimate particle known as the atom.

Avogadro recognized two kinds of ultimate particles—

(@) the ultimate particle which can exist in the free state, as
for instance the smallest particle of gaseous hydrochloric
acid, This we term the molecule.

(b) the ultimate particle which is capable of taking part in a
chemical cliange, or capable of being transferred from
one chemical compound to another, as, for instance, the
hydrogen or the chlorine contained in the molecule of
hydrochlorie acid. This we term the atom.

He also stated the hypothesis that equal volwines of all gases at
the same temperature and pressure contain the same number of
moleciles, hereby affording a reasonable explanation of the
similarity in physical characters exhibited by all gases whether
they are simple (i. e. elements) or compound,

A diagrammatic method of representing the constitution of
gases may serve fo present these ideas in a clearer light,

The combination of hydrogen with chlorine may be represented
aa shown below, where

oo represents a molecule of hydrogen.,

(0] .3 an atom .
23 i a molecule of chlorine.
® 3 an atom ,, i
I 2 | L
00 00 00 6% ©F €3 Os O® O O®% 0 O8

I

o0 00 00  T| ee ee se o® OB O® OB 0§ 0@

00 ©O0 0O 5 40 o0 O O® 09 O® 00 Ce

v 2 volumes of
} forming {hydmgcn chloride

1 volume } “combines { 1 volume
of hydrogen with of chlorine
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The volume represented is such as to be that occupied by nine
molecules, but the explanation holds equally well whatever
number of molecules might be taken.

Also representing the molecule of nitrogen by N,
hydrogen by H,

i i i ammonia by NH, )
and taking for equal volumes the mean spuce occupied by
4 molecules

" k) 44

e l | | 1
' N. N.| |®,H H,H HH,| |NH,NH,NH,NH,
sl Tl =
N, N, |4 | B H, 8, B, H, H Jim-r:,m{s NH, NH,
. | l a [
volu c in 8 v 8 i 2 volum f
SR LG P B A
Similarly
o | R |
€0 €0 .c0 eal I 0,0, | 60,060, 60,00,
+ =
co CO (O CU‘ 0, 0, | |00, C0, .CO,CO,
| AR g

2 volumes of 1 combine §1 volume

§ 2 volumes of
carbon monoxide!  with lof oxygen

} forming learbon dioxide

| |
H, H, H, H, 0,10, H,0 H,0 H,0 H,0 }

H, H, | H, H, 0s "0, H,0 H,0 H,0 H,0

2 volumes 1 combine 1 volume
of hydrogeny with lof oxygen

2 volumes of
water vapour

} forming {

The conception of the constitution of simple and componnd +
gases indicated in these diagrams will be found to accord with
the observations of Gay Lussac, and the hypothesis of Dalton and
Avogadro.

In the gases mentioned above it has been assumed that the
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molecule consists of two atoms, and though as a rule this
assumption is borne out by the facts, there are certain ex-
ceptional cases in which it does not hold. Instances of this are
afforded in the case of iodine vapour at very high temperatures,
in which the molecule consists of one atom ; and sulphur vapour,
just above the boiling point of sulphur (at 500° C.), in which the
molecule consists of six atoms,
The representation of these cases may be made as follow—

Todine vapour at 450° C, Iodine vapour at 1,500° C,
. ee eo o» ® ® & |
se oo e e ““e="e |
s o0 e I ® e ‘
' |

Sulphur vapour at 500° C. Sulphur vapour at 1,000° C.

60 'go oo |
e ‘mmoo

oG, ©o GB
nr:}coo::‘ !

oo oo oo
(=i oo ste]
co co oo

ote) oo o0 00 o0 (8]0
ole) co o0

The vapours of Hg, Cd, P, and As are other examples of
abnormal molecules, but the treatment of these is postponed to a

later stage.

The molecular weight of gases.—In speaking of the density
of gases, it is most usual to adopt that of hydrogen, tl}e lightgst
of gases, as the standard of comparison, and to designate the
density of hydrogen as unity. The density of gases can then b.e
determined in the manner described at the beginning of this
chapter, It will be found from actual experiment that
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Hydrogen being taken as 1:0

the density of nitrogen i85 14+0

” 7 gLesl ” 1‘?9

- o chlorine o0

o 7 1:}’{11'0{.{;@1 chloride ,, 182

i 5 ammonia 5 8D
carbon dioxide ,, 22:0 and so on.

1 1)
As equal volumes of the respective gases contain the same
number of molecules, then the weight of the molecule must be
proportional to that of the weight of equal volumes of the gases,
i. e. proportional to the density.
The weight of the atom of hydrogen having been taken as _1,
the molecule H, must be taken as 2. Hence the molecular weight
of the other gases will likewise be doubled— :

Molecular weight of hydrogen being taken as 20

i ¥ nitrogen will be 280
” 1 oxygen 3 318
= 2 chlorine e A
& . hydrogen chloride ,, 364
i s amionia PR L)
- 5 carbon dioxide ,y 440

and so on.

In writing equations to express chemical reactions regard must
therefore be paid to the state in which the bodies concerned
exist, If in the solid condition, the molecular structure is usnally
undefined, and a mere empirical statement of the quantity of the
“reagent” employed must be made.

6 S 38, and 5;

all represent 192 parts by weight of sulphur, The first is the
form used for expressing a certain weight of solid sulphur, the
second expresses the same weight of sulphur in the form of
vapour at 1000° C., and the third the sulphur in the form of vapour
at 500° C, :

So  H,+0 =H,0
and KCl0, = KCl + 0,

would be incorrect, since in the first equation free oxygen is
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employed, and we have learnt that in this state there are two
‘:LLU!IIE! in the molecule, and in the second equation O, would
indicate that ozone was the gas resulting from the decmn;nﬂiti-un
of KCIO,: this is not the case. The correct forms of expression
would be obtained by doubling the formule—

2Hy; 4+ 0,=2 H,0
and 2 KCIO; = 2 KCl 4 8 0.

SUMMARY.

1. Relative weight (or density) of gases ascertained by comparing
-the weight of the gas with that of an equal volume of hydro-
gen (or air) under the same conditions of temperature and
pressure. .
2. Volwme as influenced by vaviations of temperature and pressure,
If ¢ = temperature in degrees Centigrade
then ¢ + 273 = o 3 absolute

YV (volume ab 0:6) = o = =

when # 18 volume observed at #° C.
If p = pressure in m.m. of mercury

then V (volume at 760 m.m. pressure) = E’I?; OF s

3. Gases may be liquefied by pressure, provided the temperature
is sufficiently low, 4. e. is lower than the “ecritical temper-
ature,”

4. Gases, whether elementary or compound, seem to be similarly
constituted.

Gases combine together in volumes that bear a simple
ratio (e.g. 1 : 1,1 : 2, 2 : 3 and the like) to one another and
to that of the product resulting from their combination.

Hence -need for diseriminating between the atom (the
smallest particle of an element which can enter or be expelled
from chemical combination), and the molecule (the smallest
particle of an element or compound that can exist in the free
state), and for the acceptance of Avogadro’s hypothesis,
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5. The molecule usually consists of 2 atoms, but iodine, sulphur,
mercury, cadmium, phosphorus and arsenic, under certain
conditions are exceptions to this rule,

6. For compounds in the gaseous condition the weights of the
molecules are proportional to the densities of the gases, and
indeed the molecular weight of hydrogen being expressed
by 2 and its density (it being the unit of comparison) by 1,
it follows that the molecular weight is double the density.

7. Formule and equations must be used with the understanding
that they are a means of expressing, as far as possible, the
condition of matter as well as its composition,

F, 8T, UHEN, .
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QUESTIONS.—CHAPTER VI.

. What gases were known to the earlier chemists ?
. Deseribe an experiment showing that air has weight.

How would you determine the density of air as compared
with hydrogen ?

What would be the alteration in volume which a gas at
normal pressure would undergo if submitted to a pressure
of (a) 1140 m.m. (b) 190 m.m. of mercury ?

The temperature of a gas at zero is raised to 91° C. ; what
change would there be in the volume of the gas ?

What are the conditions necessary to bring about liquefaction
of gases ?

A beaker of carbon dioxide is left standing in air; what
gases would you expect to find in the beaker after the
lapse of a few minutes ?

How do you explain the fact that a heavy gas will gradually
pass wpwards in an atmosphere consisting of a lighter gas,
and vice versd ?

A porous cylinder (Exp. 42) is filled with hydrogen and
exposed to an atmosphere of carbon dioxide ; it is found
that 20 c.c. of the hydrogen pass out of it in one minute.
Using the same apparatus under similar conditions, but
substituting oxygen for hydrogen, how much oxygen
should pass out of the eylinder in the same period of time ?

Given that a metre is 39:37 inches, calculate the number of
cubic inches in a litre, and determine in the same measure
the equivalent of 150 c.c,

A liquid has a specific gravity of 1'45, find the weight in
grammes of 100 c.c. of it, and also the volume of it that will
just weigh 100 grammes.

If a litre of hydrogen weighs 00899 grm., find the number
of litres of it that will weigh 1 grm., and also the volume
occupied by a gramme of oxygen.

Enunciate the hypothesis of Avogadro and state the evidence

in favour of its aceeptance.
Give instances of circumstances under which the vapour
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density of iodine and sulphur are abnormal. How are
these cases reconciled with Avogadro’s hypothesis ?

15, Taking the molecular weight of hydrogen as unit, write down
the molecular weight of the following bodies in the gaseous
condition : —nitrogen, chlorine, carbon dioxide, and hydrogen
chloride,

16. Correct the equations—

K, +H,0 =3K0H + Hn-
n-50; +0, =80,

NaCl + H,S0, = Na,S0, + HClI,

H,0 +C, =2HC +0,



CHAPTER VII,

COMPOUNDS OF HYDROGEN WITH OXYGEN AND
SULPHUR,

WATER.—When pure, water is a clear and tasteless liquid ;
under ordinary circumstances it may be regarded as colourless,
but in reality it has a faintly bluish tinge, which is perceptible
when white light is passed through a stratum of about 20 feet in
thickness. It freezes at zero Centigrade, and boils under normnal
atmospheric pressure at 100° C,, leaving no residue on evaporation.
It is chiefly remarkable for its solvent properties, and there are
few: chemical substances which are not dissolved to some extent
by water.

The chemical composition of water.

It is easily demonstrated (see Exp.45) that water is composed
of hydrogen and oxygen, but this simple experiment gives us no
information as to the proportions in which the hydrogen and
oxygen combine; to ascertain these it will be necessary to carry
out quantitative determinations, either by volume or by weight.
If the determination by weight alone were made we could,
knowing the relative density of hydrogen and oxygen, deduce

the composition by volume, and vice versd,
63
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Exp. 45.—The fact that water is composed of hydrogen and oxygen
may be shown by burning hydrogen in oxygen or air, aud

condensing the pro-
duct of the com-
bustion by holding
a cool glass wvessel
over the flame.
Moisture may be
seen to form on the
sides of the wvessel,
and in a little while
this will run to-
gether into drops
which will be found
to show the proper-
ties of water. Not
only hydrogen, but
also bodies which
contain  hydrogen,
such as coal gas and
paraffin, when burnt
give rise to the
formation of water
vapour, and hence
the condensation of
moisture often ob-
served on the win-
dows of a room.

By such means it is established that water consists of hydrogen
and oxygen, Further experiments are, however, necessary before
we are able to say in what proportions the hydrogen ana oxygen
oceur, In Chapter III it has already been shown that water may
be decomposed by heat, by the eleetric current, and by the action
of certain elements. These processes are all based upon the
decomposition of water, and they indicate that the hydrogen
obtained from the decomposition of water is twice the volume of
the oxygen contained in it. The volumetric composition of water
may, however, be determined with much greater accuracy by a
synthetical process,
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Composition of water by volume —Tlhe method employed
at the present day, which we owe to Bunsen, is similar in principle
to that employed by Cavendish in 1781, but capable of greater
accuracy, and is moveover applicable to gases in general.

A tube of even bore, about 700 millimetres in length, is used,

i
m/ -
.I._ ﬂ

il il i

=Em sli] .I...llllll:-.t
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Fia. 15,

This is furnished with platinum wires to enable the gases to be
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tigparked,” and millimetre divisions are etched on the tube.
The ¢ eudiometer,” as such a tube is called, is first calibrated
so that its relative volume down to any given graduation is
known. It is then moistened on the inside with a few drops
of water, filled with mercury and inverted in a {rough containing
mercury, Pure oxygen about one-tenth of its volume is now
passed in, and the exact level of the mercury in the eudio-
meter and in the trough is read. Hydrogen is then added
equal to about six or seven times the volume of the oxygen.
The eudiometer is now closed by pressing it down firmly on an
india-rubber cushion at the bottom of the trough, and the spark
is passed.

Under these circumstances the whole of the oxygen enters into
combination with hydrogen, and as the water which forms con-
denses, a partial vacuum is formed inside the tube, and on gently
raising it from the cushion the mercury is seen to rise,

From the observations taken we know

(a) the amount of oxygen ;

({7 s  hydrogen originally taken and that re-
maining over, the difference between these representing
that which has combined with the oxygen,

Anexamination of these numbers will show that the volume of the
hydrogen is double that of the oxygen with which it has combined,

If we surround the eudiometer with a steam-jacket!, so as
to prevent the condensation of the water, we shall be able
to ascertain that the volume of the water vapour produced is
exactly that of the hydrogen it contains. We may summarize
these facts in the statement—1Two volumes of hydrogen combine
with one volume of oxygen to form two volwmes of water VAPOU”
or steain.

Cavendish in 1781 was the first to ascertain the composition of
water, He introduced a mixture of two volumes of hydrogen
and one of oxygen into a strong glass vessel fitted with two
wires, which passed info the inside of the vessel so as nearly
to touch one another. The electric spark was passed by means
of the wires, and the gases exploded. By repeating the experi-
ment many times, he was able to show that oxygen combines

' In this case omit the previous moistening of the eudiometer,
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with twice its volume of hydrogen, and that the liquid resulting
from the combination was water.

Composition of water by weight.—Many oxides, sich as
those of lead, copper, iron, ete., when heated in a current of
hydrogen give up their oxygen, and are “reduced,” as it is
termed, to the metallic condition. In this reduction the oxygen
combines with hydrogen with the production of water. If, then,
we can ascertain (1) the weight of the water formed, and (2) the
weight of the oxygen which has gone to form it, we shall have
by difference the weight of the hydrogen contained in the water,
and thus a full synthesis of water by weight. (See Exp. 61.)
Very careful experiments have been performed in this way, using
oxide of copper (Cu0) as the medium for the supply of the oxygen.
The equation expressing the reaction is—

CuO + H, = Cu + H,0.

Experiments carried out in this way with extreme care
indicated that one part by weight of hydrogen combines with
7-98 parts by weight of oxygen to form water,

Water of crystallization.— Many salts, when they are
allowed to crystallize from solution, contain water, which is
associated with them in definite proportions, and it cannot be
regarded otherwise than as water in combination with the salt.

There is, however, very little stability in the combination;
for instance, copper sulphate crystallizes with the composition
CuSO,. 5 H,0. At 100° C. 4 H,O are set free, and the remaining
molecule of water requires a temperature of 240° C. to liberate it.

Alumn erystallizes with 24 H,0, 10 H,0 separate at 100° C,, a
further 9 H,0 at 120° C., and nearly the whole of the remainder at
280°C. In some cases, indeed, such as crystallized sodium car-
bonate or washing soda, Na,CO,. 10 H,0, the salt loses water or
effloresces at ordinary temperatures in a dry atmosphere.

The amount of water of erystallization which attaches itself to
a salt varies according to the temperature at which the crystals
form. Thus, from a solution of sodium sulphate, crystals of
Na,S0,. 7 H,0 can be obtained at temperatures below 26° or
crystals of Na,SO,. 10 H,0 (Glauber’s salt) at temperatures below
34°: while above 34° crystals of Na,S80; are obtained. Epsom
salt MgSO0,. 7T H,0 furnishes another example giving MgS0,. 6 H,0.
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Frequently, salts which at ordinary temperatures separate from
solution in the anhydrous condition, possess water of crystalliz-
ation when crystallized at low temperatures. Thus if a concen-
trated solution of common salt be allowed to stand at ordinary
temperatures crystals of NaCl are obtained, but at - 10° C.
crystals of NaCl. 2 H,0, and at — 23° C. crystals of NaCl. 10 H,0
separate: compounds like the two last are called eryohydrates,

Hydrates or hydroxides.—These possess a higher degree of
stability, and in some cages are not decomposed even at very
high temperatures. Thus, from caustic soda, which we may
regard us Na,0. H,0, we cannot separate the water at all by
heat, nor is it possible to do so in the case of caustic potash,
Lime (Ca0), when moistened with water, forms CaO. H,0 or
Ca(OM),, with the evolution of much heat, and the water is only
separated again at a dull red heat. -

Similarly, SO, + H,O form the very stable body sulphuric acid,
H,S0,, which may be regarded as the hydrate of sulphur trioxide,
and P,0, + 3 H,0 forms 2 H,PO,, phosphoric acid.

SULPHURETTED HYDROGEN.—This is a gaseous body
occurring in solution in certain mineral waters, and formed during
the putrefaction of animal and vegetable matters which contain
sulphur. It is a colourless gas with a disagreeable odour, and is
poisonous if inhaled in quantity. It burns in a free supply of
oxygen or air, forming water vapour and sulphur dioxide, whilst
in a limited supply of air free sulphur is formed.

Water at 0° C, and 760 m.m. pressure dissolves 4'37 times its
volume of the gas, and at 20°, 2'9 times its volume, the solution
possessing the characteristic smell of the gas, and having a faintly’
acid reaction. The gasis decomposed by heat, the hydrogen it
contains being set free, whilst in presence of many metals the

sulphur combines with the metal, -
Preparation of the gas —Place in a small flask ferrous

sulphide, fit the flask with a two-holed cork through which
pass a thistle funnel and delivery-tube, and connect with a flask
containing a little water to retain impurities carried over. The
whole arrangement is shown in the figure. When the gas is
required, pour about 50 c.c. of dilute sulphuric acid down the
thistle funnel. The reaction is—
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FeS + H,80, = FeS0O, + H,S.

Ferrous sulphide nsually contains free iron, and the sulphur-
etted hydrogen prepared from it is thus contaminated with
hydrogen—

Fe + H,80, = FeS0, + H,,

The gas may be obtained in a purer condition by the action,
aided by heat, of concentrated hydrochloric acid on sulphide of
antimony according to the equation—

Sbe8; + 6HCL. = 28bCl,  + 3HS

Antimony trichloride.

Fia, 16.

Exp. 46.—Make a solution of the gas in water, and dip in it a blue
litmus paper, it will be slightly reddened. Note the odour of the .
solution.

Pour a few c.e. of it into neutral solutions of copper
sulphate, lead nitrate, nickel sulphate, zine sulphate, calcium
chloride, sodinum chloride. The following results will be noticed—
With copper sulphate, a dark brown precipitate of cupric sulphide :

CuS0y + H,S = CuS + H,S0,.
Cupric sulphide.
With lead nitrate, a dark brown precipitate of lead sulphide :
Pb(NOg), + H,S8 = PbS + 2 HNO,.
Lead sulphide,
With nickel sulphate, a dark brown precipitate of nickel sulphide:
NiSO, + H,S = NiS + H,80,.
N:ckel sulphide,
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- With zinc sulphate, a white precipitate of zine sulphide :
ZnS0, + H,S = ZnS. + H,80,.

Zine sulphide.
In the case of caleium chloride and sodium chloride there will
be no precipitate, owing to the fact that the sulphides of caleium

and sodium are readily soluble in water.
Now add some hydrochloric acid to the tubes containing the

precipitates, and the sulphides of nickel and zinc will be found to
dissolve, whilst those of copper and lead will remain,

By such a method we may prepare many of the sulphides of
the metals, and we shall find them divisible into the following
classes—

(1) Sulphides insoluble in water and dilute mineral acids,

(2) Sulphides which are insoluble in water, but soluble in dilute

mineral acids,

(3) Sulphides which are soluble even in water,

The precipitate may be separated by filtration from the solu-
tion which remains, and it is possible in this way to separate any
member or members of one of these clagses from those of another
class.

Many of the sulphides may also be prepared by mixing the
metal (preferably in a finely divided condition or in filings)
intimately with excess of powdered sulphur and heating in a
porcelain crucible until the portion of sulphur over and above
that which will enter into comnbination with the metal 1s vola-
tilized. Access of air or of gases which may act upon the
sulphide is to be avoided.

Exp. 47.—Sulphuretted hydrogen is, as we have seen, very soluble in
water, and it attacks mercury ; also, owing to its offensive nature,
and to the faet that it is only slightly heavier than air, it should
not be collected by displacement ofair. We may, however, collect
it over hot water, the solubility of gases being in general smaller
the higher the temperature of the solvent. Having obtained a
cylinder of the gas by collecting in this way, apply a lighted
taper to the mouth, and note that the gas burns with a pale blue

flame, and that a gas (SO,) is formed which has the suffocating
odour of burning sulphur—
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There is usually a slight deposit of sulphur on the sides of the
vessel due to the cooling of the gas, and the difficulty of access
of air in sufficient quantity to ensure complete combustion. If the
taper be passed within the cylinder in which the gas is burning, it
will be extinguished, showing that sulphuretted hydrogen, like

hydrogen, burns in air (or oxygen), but does not support the
combustion of a taper,

Exp. 48.—Defach the preparation flask, and fit it with a tube about
20 centimetres long, and drawn out to a fine jet. The gas
may be lighted at the jet when all the air is expelled, and the
presence of waterin the produets of combustion may be shown by
holding a cool glass vessel over the flame. Also, by depressing
the lid of a porcelain crucible into the flame, a deposit of sulphur
may be obtained. Now heat the tube some distance away from
the orifice with a Bunsen burner or spirit-lamp, and the gas
will be decomposed by the heat, and a deposit of sulphur will
form a little beyond the point where the heat is applied. Finally,
extingnish the flume, and allow the gas to impinge on a piece of
filter-paper moistened with nitrate (or acetate) of lead, a dark
stain will be produced owing to the formation of sulphide of lead ;
by this test the presence of sulphuretted hydrogen may be
detected even when present in very small quantities,

Tests for Sulphides.—(1) Warm the substance with dilute
sulphuric acid ; wmost sulphides are decomposed with the evolution
of sulphuretted hydrogen, e. g.—

mB.  H.80, = ZnS0, - Hb.

Zine sulphide. Zine sulphate.

The sulphuretted hydrogen may be detected by its odour or by
its action on paper moistened with a solution of acetate of lead,
Pb (C,H;0,),.

(2) Mix a little of a dry sulphide with sedium carbonate and
heat strongly on charcoal with the blowpipe flame. Sulphide of
sodium is formed, and may be recognized by the fact that when
a little of the product is placed on a silver coin and moistened,
a brown stain is produced. All sulphides react in this way.
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SUMMARY.

. That water is composed of hydrogen and oxygen is shown—
(@) by burning or exploding hydrogen with oxygen or air;
(b) by methods of decomposition of water (see Chap. IIL).
. That the hydrogen and oxygen combine to form water in the
proportions 2 : 1 by volume and 1 : 8 (approx.) by weight is
established—
() by exploding hydrogen with excess of oxygen in a
eudiometer ;
(b) by heating certain oxides in a current of hydrogen.
. Water + certain basic oxides = hydroxides,
s + 5 acidic ,, = hydrogen salts or acids.
Water of crystallisation attached to salts,
. Sulphuretted hydrogen—
Preparation.—By acting on sulphide of iron (or other
sulphides) with mineral acids.

Properties.—

(@) Odour and solubility in water.

(b) Decomposition by heat.

(¢) Burns in air forming H,0 and S or H,0 and S0,.

(d) Action on solutions of salts.

(¢) Nature of sulphides,
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QUESTIONS.—-CHAPTER VII.

. Write down in separate paragraphs (a) the physical, (b) the

chemical properties of water.

. Under what circumstances does hydrogen combine witl

oxygen to form water ?

Make a list of those properties of water which you regard as
being absolutely characteristic of that hody.

Give briefly two methods by which it may be shown that
water is composed of hydrogen and oxygen in the propor-
tions of two volumes of the former to one of the latter.

Pure hydrogen is passed over heated oxide of copper, and the
water avhich forms is collected ; if the loss in weight of the
oxide of copper be 420 grammes, and the weight of the
water obtained 4:73 grammes, determine the amount of
hydrogen and oxygen in 100 grammes of water.

Define, with examples, what is meant by water of crystal-
lisation. What is the nature of the compounds known as
hydroxides £

How is sulphuretted hydrogen prepared? Write down the
equation to show the action of hydrochloric acid on ferrous
sulphide,

What products are obtained by burning sulphuretted hydrogen
(@) in a limited supply of air, (b) in excess of air?

How would yon show that sulphuretted hydrogen contains
hydrogen and sulphur ?

What is the action of sulphuretted hydrogen on acid solutions
of (a) silver nitrate, (b) copper sulphate, (¢) lead nitrate ?
Give equations showing the changes which take place.

How is sulphuretted hydrogen collected ?

What is a sulphide ? State the different processes by which
sulphides may be prepared.

How would you detect the presence of a sulphide? Why 1s
a paper moistened with acetate or nitrate of lead blackened
in presence of sulphuretted hydrogen ?



CHAPTER VIII.
PROPERTIES OF WATER- NATURAL WATERS.

Physical properties of water.—Water occurs not only in
the liquid form, but also in the solid form, as ice or snow, and in
the gaseous form, as water vapour or steam. Below 0° C. it
takes the solid form, and above 100° C., at standard pressure,! it
passes into steam; but at lower temperatures, however, water
evaporates slowly into the air, and even in the solid con-
dition, as snow and 1ce, evaporation goes on, though still more
slowly. Water possesses a high specific heat, and is adopted
as the unit with which other bodies are compared ; ice has the
gpecific heat 0°5, and steam 048, :

Changes of volume of water at different tempera-
tures.—Wlhen ice melts, the water which it forms is smaller in
volume by nearly 10 per cent. than the ice from which it is
formed. Also, as the temperature rises from 0 to 4° C, a further
confraction, amounting however only to about 145 per cent., oceurs.
At 4° C. water has its maximnm density (and hence smallest
volume), and above this it expands again as the temnperature
rises, until at 100° C. it occupies a volume rather over 4 per cent.
greater than that at its maximum density, Water vapour has
roow the density of liquid water, and the volume of steam at 100°
is nearly 1,700 times that of the water from which it is formed.

1 For further information concerning the tension of water-vapour and the
builing-point of water consult text-books on physies,

79
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Latent heat of water and of steam.— When heat is imparted
to ice it melts, but the thermometer continues to record 0° C,
until the whole of the ice is melted, and when water is boiled the
temperature of the water remains at 100° Q. until it is wholly
transformed into steam ; moreover, the steam resulting also shows
the temperature of 100° C. Although heat is hefng-cnntinually
imparted to the ice or water, as the case may be, the thermometer
records no increment of temperature., This heat is termed latent,
for although it is undoubtedly communicated to the ice or water,
it is unrecognized by the thermometer, The following ex-
periments will afford convineing evidence on this point,

Exp. 49."—Mix 100 c.c. of water at 0°C. with 100 ¢.e. of water at 80°
C., stir quickly together, and the temperature of the resulting
200 c.c, of water will be found to he 40° C. (or rather less, in
point of fact, owing to radiation of heat during the experiment),

Now mix 100 grammes of snow or powdered ice with 100 e.e.
of water at 80° C.; the snow will just all melt, and the result will
be 200 c.e. of water at 0° C.

In order to compare the results of these two experiments, we
must adopt a unit of heat ; this is defined as that amount of heat
which will raise one gramme of water 1° C. in temperature, and it
is termed a calorie. Since in the former experiment we have a8
an end result 200 grammes of water at 40° C., and in the latter
200 grammes at 0° C., there is a difference of 8,000 calories in the
results as recorded by the thermometer. This amount represents
the latent heat of fusion of 100 grammes of water in the solid
state (snow), and for one gramme the value would be 80, That
is to say, that as much heat is needed to melt one gramme of ice
or snow as would raise one gramme of water from 0° C, to 80° C.
(See also Exps. 15 and 16, Chap. I1.)

This property is not peculiar to water, for, as a rule, when a
change of physical condition occurs in any substance by the
passage from the solid to the liquid state, similar phenomena can
be observed. Frequent instances of it occur when salts, such
ag ammonium nitrate, calcium chloride, etc., are dissolved in

water.

1 A simple form of calorimeter for this and similar experiments may be made
of thin brass or copper standing on cork supports,
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When the change takes place in the inverse manner, 4. e. the
passage from liquid to solid state, heat is given out equal in
amonnt to that which, in the former case, had been rendered
latent, and indeed the latent heat of steam is most readily ascer-
tained by determining in this way the heat given out on the
condensation of steam.

Similarly, the conversion of other liquids into vapour is accom-
panied by a large absorption of heat; a few drops of ether placed
on the hand quickly evaporate and give rise to a sensation of
great cold, the heat requisite for the transformation into vapour
being abstracted from the hand.

And in general, whenever a change occurs in which the particles
partake of a freer motion, heat really does disappear as heat, it
being converted into energy of motion which is communicated to
the particles.

So when the reverse change occurs, the energy of motion is
converted back again into heat and reappears as such,

Freezing mixtures.— DBy dissolving a quantity of many salts
such as ammonium nitrate or potassium iodide in water, a con-
siderable depression of temperature may be obtained, but the
freezing mixture most commonly employed is a mixture of
common salt and snow or powdered ice, by whicli a temperature
as low as - 23° C, may be reached.

The cooling 1s due to the fact that snow and salt when mixed,
rapidly pass into the liquid condition, a change which we have
seen is accompanied by an absorption of heat. The heat so
absorbed in the passage from the solid to the liquid state is
abstracted from the mixture, and hLence the depression of
temperature,

Any depression below ~ 23° C. would result in the separation
of the solid eryohydrate NaCl. 10 H,0 (see page 57) with an
evolution of heat which would counteract the cooling. The limit
of temperature that can be attained by the use of salt and snow
is therefore — 23° (.

Water as a solvent.—Most of the solid substances and oases
which we meet with in chemical operations dissolve to an ap-
preciable extent in water; some liquids, such as alcohol and

F. ST. CHEM, G
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sulphuric acid, associate themselves with water in all proportions;
whilst others, such as oils, if shaken up with water separate
again, being taken up by the water either only to a slight extent
or not at all.

Solubility of solids.—The extent to which solid substances
are soluble in water under similar circumstances varies according
to the nature of the substance.

Minerals, such as coal, limestone, quartz, and many chemical
compounds, such as sulphate of lime, oxide of lead, sulphide of
iron, are only very slightly soluble, whilst others, e. g. nearly all
chlorides and nitrates, are freely soluble. In any case, however,
there is a limit to the amount of solid matter which can be dis-
solved, and when water has taken up as much as it will, we have
what is known as a saturated solution,

The quantity of a substance required to form a saturated
solution is usually greater the higher the temperature, though
there is no simple general relation between the temperature and
the amount dissolved.

The solubility in parts per 100 by weight of water is given
for a few substances in the following table—

e 20° C. 50° C. 100° C.
Potassium nitrate ... 153 312 850 2460
Sodium chloride ... 355 360 370 396
Potassium chlorate ... 23 8-0 19:0 580
Sodium chlorate ... 819 99-0 1360 2326
Mercurie chloride ... L5527 T4 ilTER 54-0
Potassium sulphate ... 83 12-5 17-0 26:0

Solubility of gases.—Thereis no general connection between
the solubility of gases and their chemical composition. Some
gases, such as nitrogen, hydrogen, and carbon monoxide, are very
slightly soluble, whilst others, such as ammonia, sulphur dioxide,
and hydrochloric acid, are very freely soluble in water. The solu-
bility, instead of increasing with the temperature, decreases, though
in no simple relation. One volume of water at the temperatures
stated, and under 760 m.m, pressure, dissolves the volumes of the
respective gases given in the following table—
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(15 10° C. 20° C.
Nitrogen ... 0-020 0:016 0-014
Oxygen ... 0-041 0-033 0-028

Hydrogen ... 0-019 0-019 0-019
(Carbon dioxide ... 1:799 1'185 0-901
Sulphuretted hydrogen ... 4371 55806 2:905

As instances of much more soluble gases we may take—

Sulphur dioxide ... 798 566 394
Hydrochloric acid 5030 4750 444-0
Ammonia ,., 1049-6 812-8 6540

The influence of pressure on the solubility of gases.—
The volume of a gas which dissolves in water is directly pro-
portional to the pressure (Henry's Law). Thus water at 0° C,
dissolves of carbon dioxide—

At 1 atmosphere pressure 1'8 times its volume.

, 2 atmospheres 36 5 )
yy & ” " 2 NS 3
5 % atmosphere DGR s 1
S 2 5 0:6 1 1) 1

Soda-water is water charged with carbon dioxide under a
pressure of about 4 atmospheres, and so long as this pressure on
the surface of the water is maintained this volume of gas will be
retained, but dirvectly the pressure is released an effervescence
is observed, and gas escapes from the liquid in proportion to the
diminution of pressure.

Natural waters.—The water which evaporates from the
surface of sea and land, and passes as water vapour into the air,
is the purest form of natural water, and it retains its purity until
it begins to fall as drops from the rain cloud.

Rain water.—When this is collected at the surface of the earth
it has passed through a considerable stratum of air, and dissolved
in its passage not only gases normally occurring in the atmo-
sphere, but also such impurities as are found there. Even then
the solid matter contained in it does not amount normally to more
than 3 or 4 parts per 100,000. In the neighbourhood of towns
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the impurities taken up are more numerous and in larger

quantity ; also near the sea, and especially during high winds,
much sodinm chloride is found in rain water.

River water.—The composition of this water will of course
depend on the nature of the surface and of the strata over which
the water passes. TFor instance, a considerable part af the
drainage area of the Thames consists of chalk, and its water
contains about 30 parts of dissolved matter in 100,000, two-
thirds of this consisting of calcium carbonate and sulphate,
whilst the Dee in Scotland, passing over the older strata (prin-
cipally slate and sandstone), contains only 56 parts of dissolved
matter per 100,000, one-fourth of this being calcium salts, Since
the water which passes into rivers collects from the surface of the
soil, it contains also much more organic matter and carbon
dioxide than rain water, arising from contact with plants and
decaying vegetable matter,

Spring water.—The water of springs is rain water which
has percolated through soil and rocks. The composition of
spring waters varies very considerably, according to the depth
from which the water rises, and the nature of the strata which it
has traversed. In some cases the amount of dissolved matter is
very large, and such springs, especially when they have a saline
taste or medicinal properties, are known as mineral springs,

The springs of Bath and Harrogate contain magnesia and
sulphuretted hydrogen, and are known as magnesia and sulphur
waters ; a spring near Woodhall Spa contains free iodine ; many
springs contain iron, and are known as chalybeate waters.

Mineral springs which rise from great depths are frequently hot,
some having a temperature of nearly 100° C.; this is especially
the case in volcanic regions, where the earth’s temperature rises
more rapidly with increase in depth below the surface.

Spring water is bright and sparkling, since it is more fully
charged with gases than either rain or river water, and contuins
less organic matter this being removed in its passage through
beds of soil or gravel. The composition of some typical waters
is given in the table further down.
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PROPERTIES OF WATER

Sea water.—The matters dissolved or suspended in river
or spring water are carried to the sea and remain there, since
the water vapour rising from the sea consists of practieally pure
water, So that notwithstanding the removal of large quantities
of these impurities by settling out or by the action of organisms,
sea water is still the most impure form of natural water, and
owing to the large amount of matter in solution its gpecific
gravity is on the average 1:03. In those land-locked seas
which receive much river water the impurities are of course
in smaller quantity, but in the open ocean the residue obtained
on evaporating 100,000 parts of sea water amounts to about
3,600 parts, of which nearly four-fifths is sodium chloride, the
rest being chiefly calcium and magnesium sulphate and mag-
nesium chloride, The peculiar taste of sea water is due to the
presence of these salts.

In the following table details are given of the composition of
some typical natural waters, the solids in parts per 100,000, the
gases in cubie centimetres per litre—

COMPOSITION OF SOME NATURAL WATERS.

1 SoLips. ‘ GASES. l
J L

- v | Magme- | Sodinm :
||, Zotal [Caletum gy | ‘Ghilor- lDlg:mm| N. | 0.[c0g

Residue.| Salts. i‘:iﬂll:ml ide. | Matter.| :

— | — — e mn

Rain Water [ g wile || wil

g | 05 140 [18:1[0-4| 1'3
River Water (Thames) 20 20 | 1B 2¢ | 84 ([150|7-4|803
River Water (Dee) 56 | 14 | 0D 10 | 929 | |
Spring Water a0 | | 20 | Traces (158 1:0}
Mineral Water (Bath) 236 187 [ 28 | 84 | Traces | 40| 8°0 | 26°0|
Sea Water 8,500 140 580 | 2,650 | Traces | 27160 !17-0|

Chemically pure water may be obtained by distillation, the water
being boiled and the steam which is given off condensed. On a
small seale the apparatus shown (Fig. 13) may be used. The
water is boiled in a flask connected with a condenser, through
which a continual stream of cold water passes for the purpose of
condensing the steam, K |
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A small quantity of volatile organic matter may be carried
over during a first distillation, and soluble matter from the glass
condenser and receiver may be present: but on adding a few
dmp:s of potassium permanganate solution, and distilling again in
platinuin apparatus, very pure water is obtained.

Drinking water.—When water is to be used for drinking
purposes, it is of the highest importance that it should be clear and
colourless, and as free as possible from organic impurity arising
from sewage contamination, or contact with decaying animal or
vegetable matter. Dissolved salts, such as ordinarily oceur in
natural waters, are of less moment than organic impurity, and even

Fia. 17.

such minute quantities as 0'3 or 04 per 100,000 may be injurious.
The taste of drinking water is also an important factor, and
whilst distilled water and rain water are flat and insipid, owing
to the smaller quantity of dissolved gases which they contain,
spring water has a characteristic freshness which renders it most
palatable.

Hardness of water.—It is a matter of common experience
that the sensation felt when washing the hands differs with waters
from different sources. With rain water or the waters derived
from sandstone areas a lather quickly forms, whilst with cal-
careous waters there is a sense of harshness, and a good deal of
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soap is required to produce a lather; we notice further that in
the latter case a seum is formed which floats on the surface of the
water, Waters that readily form a lather are known as soft
waters, whilst those which do not are called hard waters, Hard
waters contain much dissolved matter, and especially salts of
lime or magnesia, which are the chief cause of the hardness.

The cleansing action of soap is due to the alkali and fatty acids
which it contains, and no lather begins to be produced—or in other
words no soap is available for cleansing—until the whole of the
lime or magnesia in the water has entered into combination with
the fatty acids to form the scum of which we have spoken, The
hardness of any sample of water is indeed measured by adding a
standard soap solution little by little to a known volume of the
water until a lather is formed; the more soap solution required
to effect this, the harder is the water.

The softening of water.—Carbonate of lime is insoluble in
pure water, but readily dissolves in water containing carbon
dioxide. ~Natural waters, especially when they have passed
through a layer of peat, become highly charged with carbon
dioxide, and if in this condition they come into contact with lime-
stone (this being essentially calcium carbonate) they take up
calcium carbonate and are rendered hard.

Exp. 50.—To a few cubic centimetres of lime water add four or five
times the volume of distilled water, and pass a stream of carbon
dioxide through the clear liquid. At first a turbidity is produced,
owing to the formation of caleium carbonate—

CaO0 + CO, = CaCOs.

Continue to pass the gas and the liquid will become quite clear
again, because we have now carbon dioxide in solution in the
water. Divide the clear liquid into two portions, and boil one
portion for alittle time ; to the other add a volume of lime water
equal to that originally taken, In each case the turbidity first
noticed will be reproduced, since in each case we have got rid of
the excess of carbon dioxide ; in the first case we expelled the
excess of carbon dioxide by heat, in the second we added sufficient
lime to combine with it and form caleium carbonate.

We may, then, precipitate_the calcium carbonate and get rid of
the hardness due to this cause, (@) by boiling the water, (b) by
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adding to it the proper amount of lime (Clark’s process), and
after allowing the precipitate to settle the water will be fuu;nl to
yield a luther with less soap than before : it has become softer.
Hardness dpe to caleium and magnesium carbonates ean be
removed in this way, and is terined temporary hardness. The
hardness due to sulphates and ehlorides of lime, magnesia, ete.,
cannot, however, be got rid of by boiling, and is known as
permanent hardness. Boiling water in a kettle or steamn boiler
therefore malkes it softer, and the “far” which forms on the
vessel is chiefly caleium carbonate which has been precipitated
during the process,

SUMMARY.

1. In this chapter, water is treated essentially from a physical

point of view :
(a) as a solid, liquid, or gaseous body ;
(b) as a solvent.

2. Oharacteristic properties :—

" () Great capacity for heat, 4. e. high specific heat.
(b) Freezes to ice or snow at 0° C.
(¢) Boils (under normal pressure) at 100° C,

3. Latent heat of the change from the solid state (ice) to the
liquid (water), and of the change from the liquid state to the
gaseous (steam).

Many other solid bodies whan they melt or when they are
dissolved in water show similar behaviour,

“ Freezing mixtures ” owe their low temperature to the ab-
sorption of heat during the passage of certain substances
from the solid to the liquid state.

4, Waler as a solvent.

Specially important is its power of dissolving most gases and
solids, some to a slight extent, others readily.

Solubility of gases decreases with rise of temperature,

Solubility of gases increases directly as the pressure.

Solubility of solids usually greater af higher temperatures and
pressures,
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Importance of these facts in connection with natural waters.
Note the typical characters of the gases and solids dissolved
in rain, river, spring, and sea-waters.

Essential characters of drinking water.

(a) Taste or effect on the palate.

(b) Freedom from suspended matter.

(c) = ,, organic matter, especially decaying
organic matter.

. Hardness of water.

() Permanent, due to dissolved salts, such as sodinm
chloride, caleium, and magnesinm sulphate, ete.

(b) Temporary, due to certain bodies such as ealeium and
magnesium carbonate, which are practically insoluble
in water unless it contains carbon dioxide.

Note how soap is acted upon by hard and soft water,

Pure water has no taste or smell, and exeept in a very thick
layer it is colourless. It should leave no residue on evapora-
tion and give rise to no turbidity or colouration with barium
chloride, nitrate of silver or Nessler's reagent,
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QUESTIONS.—CHAPTER VIIL

Trace the changes in volume that oceur when heat is applied
to a mass of ice until it melts and passes into vapour.

What do you understand by the term “latent heat”? Under
what circumstances does heat become latent, and what
becomes of the heat thus rendered latent ?

A is a liquid obtained by mixing together 100 grammes of ice

at 0° C. and 100 grammes of boiling water, B is obtained by

mixing 100 grammes of water at 0° C. and ‘100 grammes of
boiling water ; will the temperature of A differ from that of

B? Explain,

How many units of heat are required (1) to raise the temper-

ature of 100 grammes of water from 10° C. to 50° C., (2) to

just melt 100 grammes of ice ?

When is a solution said to be saturated ? What amount of
potassium nitrate (see table, p. 82) would be required to form
a saturated solution in 150 c.c. of water, («) at zero, (b) at
50° C.?

What volume of CO, will dissolve in 250 c.c. of water under
standard pressure, (a) at zero, (b) at 20° C., and what at
these temperatures when the pressure is that of 76 m.m. of
mercury, and when it is three atmospheres ?

In what respects does a typical sample of rain water differ
from the water of the Thames ?

How does it come about that sea water contains more matter
in solution than river water ?

What are the essential qualities of good drinking water ?

Why is more soap required to produce a permanent lather
with hard water than with soft water ¢

. State the constituents to which the temporary and permanent

hardness of water are respectively due.

Explain the circumstances under which the addition of lime-
water renders a water soft, and state why it does so.

How can caleium carbonate be made to dissolve freely in water,
and how may the caleium carbonate be precipitated out of
such water again without the addition of chemical reagents ?



CHAPTER IX.
OXYGEN AND OXIDES.

OxyGEN, Sulphur, Selenium, and Tellurium all belong to the
same chemical family, the resemblance between the last three
being of the closest character; but that oxygen and sulphur are
allied will be seen from the following statements.

Both elements form allotropie modifications.

Their compounds have a similar chemical composition: this
most important fact is illustrated by the following examples :—

The owides of elements have nearly always sulphides corre-
sponding to them ; e. g.—

co0 €0, H,0 H,0, K,0 K,0, HgO
G5 G, H S S RS SRS Hio S
The hydroxides of elements have hiydrosulphides corresponding
to them :—
KOH Ca(OH), C,H,OH
Aleohol
KSH Ca(SH), C,H,SH.
Mercaptan
s Some of the carbonates have sulphocarbonates corresponding to
1enm—
H,C0; Na,CO; K,CO,
H,CS; Na,CS; K,CS,
This similarity in composition is also accompanied by a general
chermical agreement which is shown in the behaviour of oxysalts
and sulphosalts ay reagents,

Occurrence.—Although oxygen constitutes about one-half of
the whole mass of the earth, it remained unisolated till 1774,

This may be attributed to the fuct that although it exists in the
91
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free state in the atmosphere, the separation from the nitrogen
associated with it is not easily accomplished, and to obtain it
from mineral substances in which it occurs is even more difficult.

It was first obtained indirectly from air, the oxygen of which
was caused to combine with mercury by long-continued heating:
in contact with air, red oxide of mercury being formed on the
surface. Priestley obtained oxygen from this oxide of mercury
by heating it to a somewhat higher temperature.

Preparation.—(1) In the laboratory it may be prepared by
heating potassium chlorate in a glass flask. The potassium
chlorate first fuses, and when the gas begins to come off, the
heat should be moderated, otherwise the decomposition takes
place too violently. It is found convenient to intimately mix
(the potassium chlorate being first powdered in a clean mortar)
about one-third the quantity of manganese dioxide with the
chlorate, as the decomposition then takes place at a lower tem-
perature and with greater regularity.

2 KCIO, = 2 KCl + 38 0,

Potassinm Potassinm
chlorate. chloride.

(2) When it is required in small quantity, it may be obtained

by heating mercurie oxide as already mentioned —
2 HgO = 2 Hg + 0,

(3) Manganese dioxide (the mineral pyrolusite) also yields
oxygen when heated; in this case a higher temperature is
required, and instead of a glass flask, an iron bottle is used.
Only one-third of the oxygen contained by manganese dioxide
can be expelled by heat, a lower oxide of manganese being left
behind—

3 MnO, = Mn,0O, + O,.
Some other oxides give up oxygzen when heated, e, g.—
3 PbO, = Ph,0, + O,
4 0r0; = 2 0r0; + 30,
2 Ba0, = 2 BaO + 0,
2 Ag,0 = 4 Ag + O,.

Oxygen is also evolved when certain salts (such as potassinm
permanganate, KMn0O,), rich in oxygen, are decomposed by lu?nt
or by the action of strong acids. Peroxides when heated with
f,-u]phuric: acid also evolve oxygen, e. q.—
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9 MnQ, + 2 H,80, = 2 MnSO, + 2 H,0 + O,.
This method was first used by Scheele, who discovered oxygen
independently of Priestley.
In recent years oxygen has been obtained on the large scale
indirectly from air by means of baryta, BaO (Brin’s process).
When this body is heated to dull redness in air it takes up oXygen

and is converted into the dioxide
2 Ba0 + 0, = 2 BaO,,

This dioxide at a bright red heat gives up the oxygen which it

had taken up, and is transformed again into baryta—
2 Ba0; = 2 Ba® -+ 0.

By alternately heating to the lower and the higher limit of
temperature oxygen is successively taken from the air and given
up again, so that the same charge of baryta may be the means of
furnishing an indefinitely large quantity of oxygen. In practice
the same result is achieved by keeping the temperature constant
and varying the pressure, air free from moisture and carbon
dioxide being passed over the oxide at a pressure of two atmo-
spheres. When the baryta has been converted into barium
dioxide, if the retort containing it be exhausted so as to diminish
the pressure, it is no longer necessary to apply a bright red heat
to drive off the oxygen, since the decomposition of the higher
oxide at the low pressure also takes place at the same temperature
as is required for the formation of the dioxide.

Properties of oxygen.—Oxygen possesses no odour, it is
colourless, and only slightly soluble in water, which at ordinary
temperatures absorbs about #% of its volume of the gas,

Pictet found that it required a pressure of over 100 atmospheres
at — 140° C, to liquefy oxygen. The liquid oxygen is strongly
magnetic; in ifs chemical properties it is much less active than
in the gaseous condition, being without action even on phosphorus,

The distinguishing feature of oxygen is that it combines readily
with nearly all the elements, and often with such energy that
the union is accompanied by manifestation of light and heat.
This phenomenon is termed “combustion,™ and oxygen is
consequently a powerful supporler of combustion. A glowing
splinter of wood, if plunged into oxygen, immediately bursts into
flame, a property which is only shown by ono other gas, nitrous
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oxide. The following experiments illustrate the properties of
oXygen—

Exp. 51.—A small piece of sulphur is placed on a deflagrating
spoon and ignited, it is then plunged into a jar of oxygen. The
flame is seen to be much brighter than in air, and there is pro-
duced a suffocating gas known as sulphur dioxide, S0O,. On
afterwards pouring watfer into the jar and shaking it up, this gas
dissolves and forms a solution of sulphurous acid, H,80,. The
acid character of the solution is shown by its turning blue
litmus red.

S + 0 = S0, and SO, + H,0 = H,S0,.

Exp. 52.—A piece of ordinary phosphorus! the size of a pea is
ignited in a deflagrating spoon and brought into a jar of oxygen.
A very vivid combustion ensues, the phosphorus combining with
oxygen to form phosphorus pentoxide, P;O;, a very finely-divided
white solid which dissolves very readily in water, forming
metapliosphoric acid, HPO,.

4P + 5 0, = 2 P,0;, and P,0; + H,O = 2 HPO,.

Exp. 5§3.—Chareoal (carbon) glows and scintillates very brightly in
oxygen, forming carbon dioxide, CO, This, when shaken up
with water, dissolves, the liquid showing a feebly acid reaction,
so that the litmus is changed to a wine-red colour as distinguished
from the bright red shown by stronger acids.

C + 0, = CO, and CO, + H,0 = H,CO,.

But such examples of combination with the evolution of light

and heat are not confined to non-metals, for many of the metals,
especially in the finely-divided condition, show vivid combustion.

Exp. 54—A few strands of fine iron wire are twisted loosely
together, ignited,® and then introduced into oxygen. The wire
burns with bright scintillations, forming an oxide of iron, FeyO,
which falls in globules to the bottom of the vessel. It is insoluble

n water.

3 FE + 2 D'E = FE:;O_J-

1 Great care must he exercised in handling phosphorus, as it ignites with the
warmth of the hand ; it should be cut under water, and rapidly dried between
filter paper. . : :

2 The combustion may be started by tying a small piece of string or hemp to
the end of the wire and igniting this in the flame of a Bunsen burner previously;
also it is well to put a layer of sand in the bottom of the cylinder to prevent

breakage.
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Similarly, sodium burns brightly in oxygen, forming the oxide
Naj0,.

Such experiments afford very striking illustrations of the
energy with which oxygen enters into combination with many
elements, but it must not be overlooked that even at ordinary
temperatures the process of oxidation goes on, though more
slowly. Thus the freshly-cut surface of sodium is quite: bright
and silvery, but very rapidly tarnishes, owing to the formation of
a film of oxide. Iron rusts in moist air, and lead loses its bright
metallic surface and gradually tarnishes. Phosphorus fumes and
gives out a faint luminosity in air forming phosphorous oxide,
POy Organic matter and some mineral substances, such as iron
pyrites, also undergo oxidation in the air at ordinary tempera-
tures ; and finally, oxygen plays an important part in vital pro-
cesses, both in the animal and vegetable organism, transforming
carbonaceous matters ultimately into carbon divxide, and hydro-
genous substances into water,

The oxides.—With the exception of fluorine and bromine, all
the elements form, with oxygen, compounds called the oxides.

The oxides of the alkali metals—soda, Na,0, potash, K,0—
readily combine with water, forming hydroxides, NaOH, KOH, and
those of the alkaline earths, lime, Ca0), strontia, SrO, baryta, BaO,
likewise form hydroxides, Ca(OH),, Sr(OH),, Ba(OH),. They are
soluble in water, and the solution has caustic properties, a soapy
feel, and turns red litmus blue. A substance which turns red
litmus blue is indeed said to have an alkaline reaction to litmus,
Such oxides are known as basic oxides or bases.

On the other hand, the oxides of the non-metallic elements,’
S0,, 50, CO,, P,0,, N,0;, B,0,, etc., combine with water, forming
acids, H,S0,, H,S0, H,C0, HPO, HNO,;, H,BO,, etc., and
these are often corrosive, possess a sour (acid) taste, and turn
blue litmus red,

'Eu far, then, as these oxides are concerned we have two classes of
oxides, differing in the properties enumerated. Tet usnow see what
happens when we bring together members of each of these classes,

Exp. ﬁﬁ.——’lfnke Eﬂfuut 25 c.c. of a solution of caustic potash, KOH,
add a little litmus to it, which will become blue ; now add
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nitric acid (HNOy) little by little, until the last drop just gives 4
wine-red tint to the liquid. In this condition the liquid is said
to have a neutral rewction to litmus paper, and the addition of a
single drop of the alkali will turn it &lue, whilst the addition of
a single drop of an acid will turn it »ed. Now evaporate the
solution down until, on cooling and standing a little while, a clear
colourless solid separates out.

Neither caustic potash nor the nifric acid on concentration
show any inclination to crystallize, and the solid which is pro-
duced differs from the materials from which it has been formed
not only in this respect, but also in that when dissolved it has
neither an allkaline nor acid reaction, but is neutral. Moreover,
heat will be found to have been evolved by the addition of nitrie
acid to the caustic potash. A chemical combination has been
effected between the oxides, and a sult has been formed—

Alkaline hydroxide. Acid. Salt.
RKOH + HNO; = . BNOg =  H0
Potash. Mitric acid. Potassium nitrate,

A similar experiment may be performed, using sulphuric or
hydrochlorie acid, the sulphate or chloride of potassium being
then formed.

But many oxides which react with acid oxides are insoluble in
water, and show no marked caustic properties, nor do they act on
litmus ; examples of these are zine oxide, Zn0, lead oxide, PbO,
cupric oxide, CuO. They however dissolve in ncida‘iu definite
quantities, partinlly or entirely neutralizing_ the acid, and on
evaporating, a salt is obtained, as in the previous case.

Exp. 56.—Digest 5 grammes of zine oxide with 25 e.c. of dilute
sulphuric acid (see footnote, p.29) on a watera?mth for some
minutes ; some of the zine oxide will remain undissolved, as we
have taken a larger quantity than suffices to combine with the
whole of the sulphuric acid. Now filter or decant n.il' the clear
liquid and coneentrate it, until on cooling and standing erystals
separate out. This is a neutral salt, zine sulphate—

{Ixide. Acid, Halt.
ZaE e S0 = NS H.,0.

Zine oxide. Sulphuric acid.  Zinec sulphate.

Similarly if lime, (Ca0) cupric oxide, (Cu0) or lead oxide, (PbO)
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be digested with sulphuric acid the sulphates of lime, copper and
lead will respectively be obtained and water eliminated : —
Ca0 + H,80, = CaSO, + H,0.
Cu0 + H,;S0, = CuSO, + H,0.
PbO + H,S0, = PbSO, + H,0.
If nitric acid be used, the corresponding nitrafes are obtained :(—
Zn0 + 2 HNO; = Zn(NOy), + H,0.
Ca0 + 2 HNO, = Ca(NOy), + H,0.
CuO + 2 HNO; = Cu(NOg), + H,0.
PbO + 2 HNO, = Pb(NO,), + H,0.
If hydrochloric acid be used, the chlorides are obtained :—
ZnQ 4+ 2 HClL = ZnCl, + Hy0.
CaO 4 2 HCl = CaCl, + H,0.
CuO + 2 HCl = CuCl, + H,0.
Pb0O + 2 HCl = PbCl, + H,0.

All oxides or hydroxides which enter into combination with
acids to form salts, whether (like potash) they have an alkaline
reaction or no such reaction (like zinec oxide), are termed basic
oxides, And salts are bodies formed by the combination of basic
oxides or hydroxides, termed bases, with acid oxides or hydroxides,
termed more generally acids. Salts can generally be obtained in
a crystalline form, and though usually neutral in their reaction,
may show an acid or alkaline reaction. Sodium carbonate, for
instance, is a salt with an alkaline reaction, whilst ferric sulphate
has an acid reaction,

Tests for Oxides.—(1) The oxides may generally be distin-
guished from the metals by the abseunce of lustre, and by the fact
that when dissolved in acids no hydrogen is evolved—

/m0 + H,80, = ZnS0, + H,0.

(2) Many oxides give up oxygen when heated strongly (see
p. 92), or give rise to the formation of water when heated in a
current of hydrogen, or when mixed with carbon, part or the
whole of the oxygen uniting with hydrogen or carbon.

CuO + H, = Cu + H,0.

(3) Oxides not decomposed when heated in hydrogen, or with
carbon alone (e. g. silica), may usunally be shown to contain oxygen
by mixing with finely divided carbon and heating in a stream of
chlorine, when carbon monoxide is obtained,

F. ST. CHEM.

|
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SUMMARY,
Oxygen.

1. Preparation.

() From potassium chlorate.

(b) From HgO, Ag,0, MnO,, BaO,, and some other oxides.

(¢) From KMnO,, or peroxides by the action of H,S0,.

2. Properties.

() Slightly soluble in water.

(b) Combustion of 8, P, C, Fe, Na, ete. in oxygen.

(¢) Oxidation at ordinary temperatures is usually a slow
process—e. ¢. sodium tarnishing, iron rusting, phos-
phorus fuming, C and H in organisms ; sometimes it
takes place morerapidly, e. g.finely divided P, Fe, Pb,etc.

3. The oxides and hydroxides,

(@) Basic oxides (Na,0, Ca0, etc.) which unite with water
forming hydroxides (NaOH, Ca(OH),, ete.), those
soluble in water having an alkaline reaction to litmus.

(b) Acidic oxides (SO, N,0;, ete.) which unite with water
forming hydrogen salts or acids—(H,80, HNO,, ete.)—
those soluble in water having an acid reaction to litmus.

(¢) Salts sometimes formed by bringing together basic
oxides and acidic oxides, e. g.

Ca0 4+ 80,5 = CaSO,
or by the action of basic oxides, or hydroxides on
hydrogen salts or acids, e. g.
Ca0 + H,S0, = Cas0, + H,0.
Ca(OH), + H,S0, = CaS0O; + 2 H,0.
and similarly with Na,0, CuO, PbO, Zn0O, ete.
4, Characters of oxides.

(a) Usually amorphous powders,

(b) When dissolved in acids no hydrogen is evolved (as
when elements react with acids), but water is formed.

(¢) Some oxides (HgO, Ag,0) give up oxygen when they
are merely heated. .

Many oxides (CuO, PbO, etc.) give up oxygen when
heated in presence of carbon or hydrogen.

Some (Si0,, Ca0, Al,0;, ete.) are unchanged even when
heated in, presence of carbon or hydrogen.
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QUESTIONS,—CHAPTER IX.

How was oxygen first isolated ? Mention any oxides whicli
will give up oxygen when they are heated.

State how baryta may be used as a means of obtaining oxygen
from the atmosphere.

How is oxygen usually prepared in the laboratory ?

What are the characteristic properties of gaseous oxygen, and
in what respects do they differ from those of liquid oxygen ?

Give instances of the formation of oxides by the action of
oxygen on elementary substances, () where such action
takes place at ordinary temperatures, (b) where heat must
be applied in order to start the reaction.

What takes place when the products of combustion of earbon,
sulphur, phosphorus, and sodium are respectively brought
into contact with water?

What is an oxide ? Give instances of oxides of the metals
which are soluble in water, and of oxides which are insoluble
in water,

How do acid-forming oxides (anbydrides) differ from basie
oxides? What is usually the effect of bringing together
solutions of these two classes of oxides ?

. Given metallic magnesiuim and sulphuric acid, how would you

prepare a specimen of Epsom salt (MgS0,. 7 H,0) ?
What experiments would you perform in order to show that

(@) oxide of lead, (b) oxide of copper, and (¢) silica contain
oxygen ?



CHAPTER X.
THE EQUIVALENT -NOMENCLATURE.

The equivalent.—The afomic weight of an element is the
smallest weight (in relation to hydrogen as unity) of the element
which enters into the composition of a molecule of any of its
compounds, The equivalent is the rvelative weight of an element
which replaces one part of weight of hydrogen.t

Methods of determining the equivalent.

For those metals which act upon dilute acids evolving hydrogen
it is only necessary to determine

(@) the amount of metal dissolved ;
b ¢ ,, hydrogen given off during the reaction.

The following experiments will show how this may be done.

(1) Determination of weight of hydrogen evolved.

Exp. 57.—A wide-mouthed weighing bottle of thin glass is fitted
with a rubber stopper and iubes, as shown in the figure, and
about 5 c.c. of water run into it. Omne of the tubes is simply
bent at right angles, and closed with a short piece of rubber
tubing and glass rod. The other is furnished with a bulb lightly
packed with dry fibrous asbestos or glass wool, and concentrated
sulphuricacidis introduced intoits lower part,as shown, by dippi.n z
it up to its orifice, in a test tube containing theacid.® The outside
is then rinsed with water (from a wash bottle), so as to remove
any acid adhering to it. A quantity of magnesium (not more

1 Tn some cases, notably with the non-metals, the direct replacement of h.}*dl‘ﬂ-
gen in hydrogen galts cannot be effected, and*thu cquwulents for them are the
relative "."-’l_':]rg{;iltﬁ which enter into combination with one part by weight of
hydrogen in the formation of such compounds as Hy0, HCL, HoS, H;;‘::"I, ete.

2 The tube should be of such dimensions as to hold at least 2 c.c. of the

acid, 100
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than 0'2 gramme) is accurately weighed and dropped into the
bottle, and the india-rubber cork fitted into its place. The whole
apparatus is then weighed. -
Momentarily removing the glass rod, blow gently ﬂ.?l.fl"i‘-"l'l
the bulb tube till about half the acid is expelled, and quickly
replace the glass rod. The acid is acted upon by ‘fJ'hB metal,.
hydrogen is evolved and passes out by the lnnI:-,r E:'I-:ltl left for
it, viz. the bulb tube ; the concentrated acid at111.1'ema1111ng there
serves to dry the gas, When the metal is all dissolved, remove

the glass rod and draw a gentle current of air through the
apparatus, so as to replace any hydrogen in the bottle, replace
the rod, and again wéigh. A decrease of weight will be
found to have occurred owing to the hydrogen discharged from
the apparatus, e. g.

Weight of apparatus before reaction 85534 grammes,
» s after . 36520
Loss of weight 0014

L5

1
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This is the weight of the hydrogen evolved. The weight of
magnesium taken was 0°168 gramme. The equivalent of mag-
nesinm is then—

0-168
m = 12-1

Similarly other metals such as iron, zine, and aluminimin may
be used in place of magnesium, and the equivalents should be
found to agree fairly accurately with the numbers 28, 32'5, and
9 respectively. The equations representing the reactions are ;—

Mg + H,S0, = MgSO, 4+ H,.
Fe 4+ H,80, = FeSO, + H,.
Zn + H,S80, =ZnSO0, + H.,,
2 Al + 3 H,80, = Al,(80,), + 3 H,.

(2) Determination of volume of hydrogen evolved.

More frequently in practice the volume of the hydrogen evolved
is measured, and its weight caleulated from this.

Several methods have been suggested for determining the
volume of the hydrogen which are sufficiently accurate for the
purpose. A very simple one is described in the following
experiment.

Exp, 58, —Take a Cowper’s tube, with stopper, as shown in the
figure, and of at least 100 c.c. content. Remove the stopper,
close the lower opening with the finger, and pour in about 50 c.c.
of dilute hydrochloric aeid ; fill up with a gentle stream of water,
so that it mixes as little as possible with the acid. Now intro-
duce at the stoppered end about (the weight being previous'y
correctly ascertained) 0°05 gramme of magnesium ribbon tightly
rolled up into a small compass, insert the stopper af once. As
soon as the magnesium comes into contact with the acid, hydrogen
is evolved. When the whole of the metal is dissolved, marlk the
level of the water in the tube, previously sinking the tube in
water to the level of the liguid within it, and measure the volume

of the gas.®

1 This elegant method of directly determining the weight of hydrogen evolved
by a given weight of a metal is taken from Prof. Tilden’s Hints on the Teacking of
Flementary Chemistry, and the figure is reproduced here by permission of Messrs,

Longmans, Green and Co.
2 To do this, if the tube is not graduated, remove the stopper, close the lower

opening with the finger, and note the amount of water required to just fill the
“tube again up to the level of tlte stopper, '
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The equation representing the reaction is—
Mg + 2 HCl = MgCl, 4 H..

It is evident that before the weight of hydrogen evolved ecan
be determined allowance must be made for—

(1) the temperature of the gas (the room):

(b) the pressure to which it is subjected
(that of the atmosphere at the time of
the experiment) ;

(e) the tension of water vapour.

This involves a somewhat complex calenlation,
and a table has therefore been prepared by which
the weight of the hydrogen may be readily ar-
rived at. (See Appendix, p. 203.)

Exp. 59.—Perform a similar experiment with alu-
minium foil, about 0°04 gramme ; the evolution
of gas takes place much more slowly! than in
the case of the magnesium, and the whole tube
may be filled with dilute hydrochloric acid,
since the action does not commence immedi-
ately. Zinec or iron wire may also be used for
determinations, taking in each case about 0°1
gramme of the metal.

The gas must not of course be allowed toissue =—
at the lower orifice of the Cowper’s tube, and
with a little tact any loss here may be readily avoided,

The equations for the reactions are—

2 Al + 6 HCl = ALCI, + 3 H..
Zn + 2 HCl = ZnCl, + H,,
Fe + 2 HCI = FeCl, + H,,

The estimation of the equivalent of the alkali metals, I, Na
&e., offers some difficulty, owing to the violence of the reaction
and the rapidity with which these metals are acted upon wlhen
exposed to air. This may, liowever, be overcome by using
an amalgam of the metal prepared in the following manner.2

1 Warm solution of eaustic soda or potas i ; Thy
for the acid, i potash may with ady antage be substituted

“ This experiment should be made by the teacher. at any i
performed by a beginner, : i P i lstal
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Weigh a smr}Il specimen tube and cork, then quickly introduce a
piece of sodium (handled with dry fingers) about the size of a

pea; cork the tube and
weigh again, hence ob-
taining the weight of the
piece of sodinm. Now
take about 10 c.c. of dry
warm quicksilver in a
small mortar, drop the
sodium out of the tube
on the surface of this,
and press it firmly be-
neath the mercury with
the pestle against the
bottom of the mortar,
The sodium will associ-
ate with the mercury to form sodiwm amalgam, and some heat
will be evolved. Now bring the whole of the amalgam into
a porcelain crucible, and place this in a vessel of water and under
the mouth of an inverted cylinder filled with water. Hydrogen
will instantly commence to rise from the surface of the amalgam
and collect in the cylinder. The volume of the gas must be
measured and 1ts weight determiuned, as in previous experiments,

Fra. 19q,

We have then weight of sodium = W

» g Dbydrogen = w

.y - w
Equivalent of sodium = =

A striking method of determining the equivalent may also be
shown by passing hydrochloric acid gas over sodium gently
heated in a tube and collecting the hydrogen evolved, but this
also should not be attempted by the student except under careful
supervision by the teacher,

(3) Determination by deposition of metal.

Another method by which the equivalent may be determined
is applicable in some cases where the foregoing cannot be used.
This is the deposition of a metal from a solution of one of its salts
by placing in it a more electropositive metal. Ior instance, if
metallic magnesium, or zine, or iron be introduced into a solution

—— oo
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of silver nitrate or copper sulphate, ete., finely divided silver or
copper will be thrown down, and the amounts deposited under
like conditions are proportional to the equivalents of the metals
in question. The reaction which takes place is—

CuSO, + Mg = Cun - + MgSO,.
2 AgNO,+ Mg = 2 Ag + Mg(NOg)..
CuSO, + Fe = Cu + FeSO0,.
2 AgNO, + Zn 2 Ag + Zn(NOy),.
Exp. 60.— Weigh accurately a rather deep poreelain crueible of about

50 c.c. content. Into this bring about 40 c.e. of a solution con-
taining not less than 2 grammes of copper sulphate, and then

I

Fia. 20.

about 015 gramme of magnesium ribbon, the exact weight of
which has been determined. The magnesium will slowly dis-

appear, and a heavy powder will be precipitated to the bottom of
the vessel. When on stirving with a glass rod there is no longer
any sign of the foil, the reaction is complete. The magnesium
has replaced the copper in the salt originally taken, and we have
now in the vessel metallic copper and a solution containing
magnesium sulphate and excess of copper sulphate. Now place
the poreolain crucible in the centre of a basin of about the same
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depth, and direct a very gentle stream of water on the surface of
the liquid, as shown in the figure. Adjust the stream so that
little if any of the particles are so disturbed as to be carried out
of the crucible, and allow it to continue some minutes and so
long as the faintest trace of blue colour?! is to be seen. Now
take out the erucible, pour off the liquid carefully, so as to avoid
the loss of any copper, and if some granules are found at the
bottom of the basin, pour off the liquid in it and wash these into
the crucible. After the water has been drained away as com-
pletely as possible from the copper, add a few cubic centimetres
of aleohol, pour off again and repeat this washing with aleohol
once or twice more, Now place the crucible in a desiceator,
allow it to remain till quite dry, and then weigh it. The
increase in weight will represent the amount of copper it contains.

We have now (a) the weight of magnesium used, (b) the equi-
valent weight of copper which this magnesium has displaced,
and if the experiment has been carried out with due care these
weights will be found to show very nearly the relation 12 : 316.
Thus if 12 be accepted as the equivalent of magnesiam, 316
must be taken as that of copper. Similarly if a solution of
nitrate of silver be substituted for that of copper sulphate, the
equivalent of silver may be determined. An experiment of the
same kind may be performed with metallic iron and copper
sulphate.

Quite analogous to this is the deposition of metals which occurs
during the electrolysis of solutions of their salts. We have
already seen (p. 71) that when water is decomposed we obtain
two volumes of hydrogen for one of oxygen, or 8 parts by
weight of oxygen are united to 1 part by weight of hydrogen.
Supposing now we were to introduce the platinum electrodes
into a weak aqueons solution of sulphate of copper, there would
be copper deposited on the electrode, at which in the former
experiment hydrogen had appeared. Similarly with sulphate of
silver solution we should have silver deposited. Further than
this, ascertain the weight of the hydrogen evolved in a given
time, and compare this with the weight of copper, silver, ete.,

1 On adding ammonia to a little of the lignid in a test-tube the blue eolour is
intensified, and, if then on looking down the tube the colouris no longer :tﬂxu‘unpt

the washing may be discontinued,
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deposited in the same time as determined by weighing the
platinum before and after the deposi tion.!
Taking hydrogen as unity, we shall Lave as the

Equivalent of oxygen (from electrolysis of water) = 8
4 copper ( i CuS0,) = 316
5 silver ( . Ag,S0,)= 1080

and similarly with other elements.

(4) Determination by reduction of oxide.

Again, the equivalent may be determined by ascertaining the
weight of hydrogen required to produce a certain weight of metal
by reduction of its oxide. Th's method can only be used in the
case of those oxides which are readily reducible in hydrogen,
such as the oxides of copper, iron, lead, ete.

Exp. 61. A glass tube about 15 m.m. wide and 20 c.m. long is
drawn out in the form shown below, and about 2 grammes of

finely powdered black oxide of copper? are introduced into it
in an even layer, or befter, in a porcelain boat. At the wider
end it is fitted with a cork, and attached to a {J tube containing
granular ealcinm chloride. The drawn out end is attached to a
supply of hydrogen dried by being passed over caleium chloride
ina |J tube. The hydrogen should be allowed to pass for two
1 It is assumed that the current from the battery is the same in each experi-

ment ; this may be best secured by conneeting up the water voltameter and the
solutions of copper, silver, ete. in series, so that the same current passes through
each of them.

¢ This should be previpusly heated to redness in air (to get rid of moisture, ete.
attached to it), and, whilst still warm, introduced into the tube just beforg
commeneing the experiment, ’ cHia
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or three minutes before heat is applied, in order to displace the
air in the tubes, or an explosion may occur. On heating the
oxide of copper it will slowly change to a dark red, and water
will be seen to condense in the further end of the tube and the
bulb of the |J tube. The heating must be continued and the
stream of hydrogen passed until no more traces of moisture are
observed in the straight tube, and care must be exercised to
prevent the further end of the tube becoming so hot as to affect
the cork. Most of the moisture will now collect in the bulb of
the |J tube, and the rest will be absorbed by calecium chloride.
The details below, from an actual experiment, will show the
weighings to be made, and the method by which the equivalent
may be deduced.

Weight of heating tube alone . . . 3826 grammes.

o = y,, and copper, taken
after heating is finished and tube has
been allowed to cool . . ; S

Hence weight of copper remaining . . 148 i+
Weight of |J tube before experiment o BDSOIE R

" yy - after 5 . .. 16299 3

~ Hence weight of water formed . : R s
and ,,  ,, hydrogen which has taken
part in the reaction is one-ninth (see

page 72) of this : ; s 004N

Equivalent of copper = -:}éj? — =il i

Similarly litharge (oxide of lead) PbO, or ferric oxide, Fe,Oy,
may be used, and we have—

Cu0 + H, = Cu + H,0 equivalent of Cu = 316
Pb0O + H, =Pb + H,O o s b = 1035
Fe,0, + 3 H, = 2Fe + 3 H,O0 o e e

Some metals form two or more oxides ; for instance, in addition
to the ferric oxide, Fe,0,, already mentioned, there is the lower
oxide (ferrous oxide), FeO, and the magnetic oxide, Fe,0,. These
when heated in hydrogen undergo reduction in accordance with
the equations—

FeO + H, = Fe + H,0 equivalent = 280

I
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The red oxide of copper (cuprous oxide), Cu,0, affords another
instance of the same kind—

Cu,0 + H, = 2 Cu + H,0 equivalent = 63°2
Finally, those metals which have two or more oxides frequ ént]y
form more than one series of salts, and these regarded as result-

ing from the replacement of hydrogen in the hydrogen salts
(acids) likewise show equivalents of different values, thus—

FeS0, from H,S0; equivalent 280, as in FeO.

Fey(S0,); , 3 H,SO0, i Sap el S e On
HgC0l , HCI < op0 O HEO:
ng‘-ﬂﬂ N 2 HCl " 1{}0} I3 }Ig['}'
CuCl 5 HCl s 63:2, 0 GO
cuCl, , 2HCI R SCETE N s SE

The composition of water being represented by the formula
H,0O indicates that the equivalent of oxygen is 8, and by using
this factor the equivalents of the element deduced from its oxides
will correspond to that obtained in the previous paragraph.

Thus the proportions in which the elements iron, mercury, and
copper unite with oxygen to form different oxides is as given
below, and the equivalents deduced will be found to agree with

those already stated.

Equi- Equi-
valent of valent of
element. oxygen.

In FeO weight of I'e : that of O :: 56 : 16 or 28
Fe,0, S s e lGas e B4 oo - 21
o] 1 S i i Ll R B R L L
el Hg : ¥ = d00 el 6 o200
ss HigQ - : s 122000 : 16—, 100

oo 00 00 00 00 00 0

n L
o G0 Cu : 5 1212644 ; 16 ,, 63:2
5 Cul k g 5 TR T S 1

and so on in the case of other elements.

In the following table a statement is given of the equivalents
and atomic weights of a number of elements, and some of the
compounds which exhibit the equivalent relation—
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i

f | | i ' H:c-:'ln- Equi-

B | At I i= | 1
Element. | wt{fg;:t{.: ' vﬁ?::;,_ | Oxide. Chloride. Sulphate. ﬂ-t::::::iﬂ ];TE
. __I b |weight : ;
Sodium |23 [ 23 | NeO0 WOl NaSO, | 1 : I
- Potassium | .39 | 39 KO0 KC KBS0, 1 1
Silver | 108 | 108 Ag,0 AgCl Ag,S0, 1 1
Copper 63-2 _' 632 | Cu0 Culll — 1 1
= 47 31'6 | CuO CuCl, CuSO, 2 1
Mercury 200 200 | Hg,0 HeCl Hg,SO, l 1 1
2 o 1000 | HeO HgCl, HgSO, 2 1
Magnesium | 24 12 MgO MgCl, MgSO, 2 1
Caleium 40 | 20 Ca0 CaCly €aSO, 2 1
Zine 65 825 | ZnO ZnCl, ZnSO, 2 1
Lead 207 1035 | PbO PbCl, PbSO, . -l
|
| |
Iron 56 28 | FeO FeCl, TFeSO, 2 1
¥ % 34 18 .5' | ]:FEED;; FEE{-‘:]E ].11['.'2[8{ 14}3 3 1
Aluminium | 27 9 ‘ ALO, ALCl; Al(SO,);| 3 1
Sulphur 32 8 ‘ S50, 8CI, — 4 1
33 1 53 ! SO:I R o 6 L
Carbon 12 3 | CO, CCl, — 4 1
Tin | 119 29°7 | Sn0; SnCl; Sn(S0,), | 4 1

Nomenclature.—The name applied to a chemical compound
is intended as a rule to indicate—
(@) the elements of which it is composed ;
(b) the proportions in which the elements occur;
(¢) in some cases, its chemical nature as a member of a
class.
Thus MnO, is manganese dioxide,
SO; ,, sulphur {rioxide,
N0, ,, nitrogen tetroxide,
NH, ., nitrogen trihydride or ammonia,
HCl ,, hydrogen chloride or hydrochloric acid.
Compounds consisting of only two elements are termed binary
compounds, and are designated by the termination ide, as in the
examples quoted above., Where the same elements combine in
two different proportions, it is necessary to name them in such a
way that they may not be confused with one another. Thus we
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7

have seen that mereury and iodine combine with one another to
form a green iodide and a red iodide, the former containing for
the same amount of mercury only half as muclt iodine as the
latter, In such cases the terminations ous and ¢ are applied,
ous where the proportion of the electronegative element is the
smaller.

HeT is therefore called mercurous iodide ;

Hgl, is called mercurie iodide.

Similarly—-
Cuy0 is cuprous oxide,
CuQ is cupric oxide,
N,0 is nitrous oxide,
NO s nitric oxide,
FeO is ferrous oxide,
Fe,0, is ferric oxide (or sesquioxide of iron).

There are also certain terms applied to classes of compounds
in consideration of their showing certain definite chemical char-
acters. Thus if we regard salts as composed of a base and an
acid, each being oxides, the basic part is known as the basic
oxide, and the acid part as the acid oxide or anhydiride.

Potassium sulphate, K,80,, in this sense may be regarded as
consisting of the basic oxide K,0, combined with the acid
oxide, SO,

Basic oxide. Acid oxide.

8o copper nitrate, Cu(NO,),, will be CuO . N,O..

calcium carbonate, CaCO,, i Ca@ i €0
sodium sulphite, Na,S0,, s NeQ B0
s  sulphate, Na,80,, b S Nadnigs S

The basic oxide in combination with water forms the
hydiroxide, e, g.
Ca(OH), or CaO.H,0.
Ba(OH), ,, BuO.H,0,
Fe,(OH), ,, Fe;0,.3 H,0,
2 NaOH ,, Nay0.H,0.

The acid oxide where it combines with water forming an acid
is termed an anhydride.
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S0, sulphurous anhydride H,S0, sulphurous acid.
SOy sulphurie - H,50, sulphuric
N,04 nitrous o HNO, nitrous
N,O; nitric % HNO, nitric T
It will be observed that the terms ous and ic are applied to all
such compounds, in the same sense as already stated, where it is
necessary to adopt a means of distinction. It must be pointed
out that where an element forms two series of salts these likewise
are similarly designated—
FeSO, ferrous sulphate.
Fe,(S0,), ferric 4
HgNO;  mercurous nitrate.
Hg(NO,), mercuric ¥
Finally those salts derived from the lower acids, bearing the
termination ous, have the termination ife, and those derived from
the i¢ acids, the termination ate.
H,S0; sulphurous acid Na,SO, sodium  sulphite.

"

11

H,50, sulphuric ,, Na,S0, ,, sul phate.
HNO, nitrous » KNO, potassium nitrite,
HNO, nitric T e Re L SRS nitrate.

The student must be prepared to find that, in many cases,
names are applied to compounds which do not conform to these
rules. Thus CO is very frequently and indeed usually called
carbonic oxide, and CO,, carbonic acid gas; also many common
substances are known by names which were given to them before
any definite scheme of nomenclature had been adopted. These
names are in many cases descriptive of the general appearance
or character of the body, and bear little or no relation to its
chemical nature. A few instances of such names will be
instructive.

Sulphuric acid (H,S0,) is often called oil of vitriol.
Copper sulphate (CuS0,.5 H,0) 5 blue vitriol.

Zinc sulphate (Zns0,.7 H,0) ,, white vitriol.
Ferrous sulphate (FeSO,.7T H,0) 3 green vitriol.
Hydrochloric acid (HCI) 3 spirit of salt.

Ammonia (NH,) i spirit of hartshorn,
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SUMMARY.

1, The numerical value attached to the *atomic weight.,”” Com-
pare with this the “equivalent,” which may be defined as
the weight of an element effecting the replacement of the
unit weight of hydrogen.

2. The equivalent may be experimentally determined—

() by measurement of the hydrogen evolved when a
hydrogen salt (an acid) is acted on by a metal ;

(b) by replacement of a metal, in a solution of one of its
salts, by another metal ;

(c) by reduction of an oxide in hydrogen, and determining
the relation between the weight of the metal so
obtained as compared with the weight of hydrogen
employed to effect the reduction.

3. Where the element combines with oxygen in more than one
proportion, forming oxides, say of the type M,0, M,0,, etc.,
or of the type MO, M,0,, M,0,, etc., the equivalent obtained
shows different values,

The same applies in case the element forms more than one
series of salts, e. ¢.
MCL MNO, M,S0, ous salts,
MCl, M(NOj), MSO, dc salis.

11

or—
MCl, M(NO.), MSO, ous salts.
M,Cls My(NOy); My(SO,), dc salts.
The numerical relations between the atomic weight and the
values for the equivalent are always of a simple nature.

4. The name applied to a compound of two elements usually
indicates the elements which go to form the compound, and
the relative number of their atoms entering into a molecule
of the compound.

9. Where only two compounds exist having similar components
thE:r' may be distinguished by the simple application of the
ending ous and 4c. And similarly these terminations suffice
to distinguish the two series of salts which some elements
form,

6. Basic oxides combined with water are tormed hydrowides,

I. 8T. CHEM, I
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QUESTIONS —CHAPTER X,

Define atomic weight and equivalent. Write down the atomic
weight and equivalent of sodium, zine, hydrogen, calcium,
chlorine and nitrogen.

Give two independent methods of determining the equivalent
of copper in copper sulphate,

How may the weight of hydrogen evolved by acting on
sulphurie acid with metallic zinc be directly determined ?
What weight of hydrogen should be evolved by dissolving
12 grammes of magnesium in excess of dilute sulphurie

acid ?

How is the equivalent of sodium determined ?

Explain what takes place when a plate of metallic iron is
dipped into a solution of copper sulphate,

A current of electricity is passed for the same time and under
similar conditions through acidulated water and through a
solution of sulphate of silver; if the weight of silver de-
posited be G:54 gramme, what ought to be the weight of
hydrogen and of oxygen evolved from the water ?

What are the equivalents of iron in FeCl, and FeCl,, and of
copper in Cu,0 and CuO, and of sulphur in SO, and SO, ?
What is meant by a binary compound? State the termin-
ations used in the denomination of binary compounds, and

the significance of each,

Write down the formul® of cuprous oxide, ferrous chloride,
potassium sulphite, potassium sulphate, ferrous sulphide,
nitrous acid, nitric acid, sulphuric anhydride.



CHAPTER XI.
SULPHUR AND SULPHUR DIOXIDE.

Occurrence of sulphur.—Sulphuris one of the comparatively
few elements which occur in quantity in the uncombined con-
dition. In Europe it is found in the neighbourhood of active or
extinet volcanoes in Italy, Sicily. Ieeland, ete., being usually
associated with earthy matter., In combination with hydrogen
it is found as sulphuretted hydrogen in certain mineral springs,
and with metals as mineral sulphides, such as iron pyrites, FeS, ;
galena, PbS ; zinc blende, ZnS; and cinnabar, HgS. Sulphates
of lime (gypsum) and barium (heavy spar) also occur in some
localities in considerable quantity. We see then that sulphur
either free or in combination is widely distributed.

Extraction of sulphur.—Sulphur melts at 115° C,, and in
the molten condition can be run off from the earthy impurities
and obtained in a state of moderate purity., 1t boils at 440° C.,
giving off brownish-red vapours which readily condense again
on cooling, and the further purification of the sulphur may be
effected by distillation in an iron retort, the vapours being passed
into a brick chamber where they condense. (Fig.22.) At the out-
gset when the chamber is cool, the product obtained is a fine
powder, called “flowers of sulphur,” for just as water vapour at
temperatures below zero (the melting-point of ice) condenses in
the form of snow, so in the case of sulphur there is formed by
rapid cooling, finely divided sulphur,

110
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When the temperature of the chamber rises above the me}tm g-
point of sulphur (115° C.), the product of the cundum'{ﬁair;mn is
liguid sulphur, and this is run off into moulds where it is cast
into sticks known familiarly as ¢ brimstone.”

Fig. 22,

Sulphuris largely used in the arts in the production of matches,

gunpowder, sulphuric acid, and as a source of sulphurous acid
for bleaching wool, straw, and silk,

Physical changes of sulphur under the action of heat.

Exp. 62.—Put about 30 grammes of sulphur in a wide test-tube, and
heat it as evenly as possible in the flame of a Bunsen burner., At
115° €. it will be seen to melt, and at a slightly higher tempera-
ture it forms a limpid liquid of a pale yellow colour. As it gets
hotter the liquid grows more viscid and darker in colour, this
stage ocewrring between 120° C. and 250° C. Above 250° C. it
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again becomes more mobile, and at 440° C. it boils and gives off
a brownish-red vapour whose densityis 96 times that of hydrogen
(the molecule, Sg, see p. 62), and when this vapour is heated to
1000° C. its density is only 32 times that of hydrogen (the mole-
cule, 8,, see p. 62). Pour some of the sulphur at about 350° C.
in a thin stream into a beaker of water, and note the production
of plastic sulphur.

Allotropic modifications of sulphur.—Some elements,
notably sulpliur, carbon, and phosphorus, show different properties,
according to the particular treatment to which they have heen
subjected, and the conditions under which they have passed into
the solid form. The differences observed are chiefly of a physical
nature, relating to specific gravity, hardness, melting-point, solu-
bility, and the like, but accompanying these there are variations
in chemical behaviour towards reagents. The varieties of form
which show such differences of physical character, or of chemical
behaviour, are termed allotropic modifications. :

Sulphur exists in the erystalline form, showing two allotropic

modifications.
(1) Octahedral sulphur.

(2) Prismatic sulphur.

It exists also in the plastic form, a third allotropic modification
obtained by suddenly cooling the molten sulphur, when at the
temperature of about 350° C. it passes from the condition of a
viscid liquid to the more mobile form,  Amorphous sulphur,
often called “milk of sulphur,” is perfectly white and quite
insoluble in bisulphide of carbon. This constitutes a fourth
allotropic modification of sulphur.

Octahedral sulphur.—Sulphur is found naturally in rhombie
pyramids rather like octahedra, and it is in this form that it
separates out from solvents, such as bisulphide of carbﬂp, on slow
evaporation. The specific gravity of rthombic sulphur is 2-045.

Prismatic Sulphur.—Sulphur in this form is no longer
rhombic, but monoclinic ; it is also of lower specific graﬂtj*,.l'%,
and melts at 120° instead of 115° and when left at the ordinary
temperature for some time, breaks up and passes into the more
stable rhombic form, as, indeed, all the modifications tend to do,
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Exp. 63.—Melt about 500 grammes of sulphur in a clay crucible,
and allow it to cool until a erust forms at the surface ; the crust
is then pierced and the still liquid portion poured out. Beneath
the crust will be found long prismatic needles of sulphur,

Plastic sulphur.—In the crystalline form, sulphur is brittle,
butin the plastic condition, as the name implies, it can be moulded
with the fingers, or drawn out into long flexible threads. Unlike
the modifications previously described, it is only partially soluble
in bisulphide of carbon. On standing, it slowly hardens and
passes into the ordinary forin of sulphur.

Amorphous sulphur.—This modification is devoid of any
definite structure, and consists of an impalpable powder, the
particles of which are often so small that they pass through filter
paper. It has a lower specific gravity (1:82) than prismatic
sulphur, and is insoluble in bisulphide of carbon.

Exp. 64.—Make a moderately concentrated solution of sodium thio-
sulphate, or of an alkaline sulphide (e.g. solution of ammonium
sulphide), and add a few drops of hydrochloric acid. The solu-
tion becomes turbid, and a white precipitate of *‘milk of sul-
phur ” is produced.

N2,8,0, + 2 HCl = 2NaCl + S + S0, + H,0.

Sulphur combines with many elements when heated with
them. Thusit burnsin oxygen at about 400°C., and it combines
with carbon at a red heat, forming carbon disulphide CS,: while
chlorine and hydrogen passed into boiling sulphur give sulphur
monochloride S,Cl,, and sulphuretted hydrogen respectively.

Many metals combine with sulphur when heated with it; for
example iron (see Exp. 6), silver, forming silver sulphide Ag,S

and copper, forming cuprous sulphide Cu,S. :

Exp. 65. Heat ‘sulphm' to the boiling-point and until the upper part
of the tube is filled with its vapour, and then plunge thin sheet
copper, or Dutch metal, into the vapour; the metal glows, and

enters into combination with the sulphur to form sulphide of
copper.

SULPHUR DIG].EIEDE, S0,.—When sulphur burns in air
or oxygen, sulphur dioxide is formed, and for purposes in whicl
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admixture with nitrogen or the excess of oxygen is of no moment,
the gas may be prepared by this method. On the manufacturing
scale indeed sulphur dioxide is sometimes so obtained, thongh
more usually a sulphide containing a large proportion of sulphur
such as iron pyrites, FeS,, is employed (see p. 127),

Preparation of sulphur dioxide.—When the gas is
required in a tolerably pure condition the following method is
applicable—

Exp. 66.—About 20 grammes of metallic copper are placed in an
eight-ounce flask provided with a thistle funnel and delivery tube,
and 50 c.c. of eoncentrated sulphuric acid are poured down the
funnel. The flask is then heated on a sandbath, moderating the
heat so soon as the action commences. The reaction which takes
Place is a complex one, but consists essentially in the reduction
of the sulphurie acid by copper.

Mereary, charcoal, or sulphur may he substituted for copper, but
in the ecase of charcoal the gas which passes off is mixed with
carbon dioxide—

C + 2 HypOy = CO; + 2 HO + 2 50,
With sulphur the reaction is—

S + 2 H,80, = 2 H,0 4 3 8Q,,
sulphur dioxide being formed both from the sulphur itself
and from the sulphuric acid used. It remains to he added
that all sulphites when treated with a mineral acid yield sulphur
dioxide— _
Nags@ L 2 H50," = 2NaHESQ, " + HO + SOS
Sodiwn sulphite. Sodinm hydrogen sulphate.

Sulphur dioxide being very soluble in water cannot be collected
over this liquid, meremry may however be used, but as it is more
than twice as heavy as air it may be conveniently collected by
displacement of air. Several jars may be filled with it, and its
properties demonstrated by the experiments given bhelow.

Properties.—Sulphur dioxide is a heavy colourless gas having
a suffocating odour. At 760 m.m. pressure, water at zero
dissolves 80 times its volume of the gas, and at 10° C. 56 times
its volume, the solution having an acid reaction. Sulphur dioxide
condenses to a liquid under ordinary atmospheric pressure
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at —8° C., and under 2 atmospheres pressure at 0° C. It can
therefore be obtained in the liquid form by passing the gas into
a vessel surrounded by a freezing mixture of ice and salt.

Exp. 67.—Put a lighted taper into a jar of the gas, it will be
extinguished, nor will the gas itself burn. Metallic potassinm
when previously ignited will however burn at the expense of the
oxygen in this gas.

Exp. 68.—Show the great solubility of the gas by the method used
in experiment 32 (page 42), or by passing the gas through 10 e.c.
of water until a saturated solution is obtained. Note the acid
properties of the solution, and fthat it possesses the odour of the
gas.

As owxidizing agents are those which readily transfer oxygen
to other substances which are thereby subjected to oxidation, so
reducing agents are those which take away oxygen and effect
reduction. Sulphur dioxide is a typical reducing agent; its
powers as an antiseptic and as a medium for bleaching silk,
straw and wool being due to its affinity for oxygen. Chlorine
bleaches in consequence of its bringing about the oxidation of the
colouring matter; sulphur dioxide bleaches, on the contrary, in
consequence of its reducing action. The one liberates oxygen
from water—

Cl, + H® = 9HO £ O

: Nascent oxygen.
the other liberates hydrogen—

Sulphurous acid. Sulphuric acid.

Exp. 69.—Rose-leaves thrown into a solution of sulphur dioxide are
bleached, the colouring matter however is not destroyed as when
chlorine is used, and the colour may even be restored again by

adding a few drops of strong sulphuric acid, or by exposure to air
for some time.

Exp. 70.-—Liberate iodine from potassium iodide by adding a few
drops of chlorine water ; nowadd sulphurous acid, and the brown

colour of the iodine will disappear.
2KIL + Cl, = 2KCl + I,
Ig qe ]IED =t 1’[2303 = IIESD_; + 2 HI.
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The sulphurous acid reduces water, and is itself oxidized to sul-
phuric acid, whilst the hydrogen which is liberated combines
with the iodine to form hydriodie acid, which is colourless. A
similar reaction takes place with chlorine water.

Exp. 71.—To a solution of potassium chromate add sulphurous acid,
the yellow colour of the chromate will change to green owing to
the reduction of Cr0O4 to Cr,04, the salts of the former being red
or yellow, whilst those of the latter are green. This change from
yellow to green affords a means of testing for the presence of
sulphur dioxide either in the gaseous state or in solution.

Sulphurous acid and sulphites.—We have seen that sulphur
dioxide dissolves readily in water, forming an acid, H,50,. We
may regard this as a salt of hydrogen (see page 109), or as formed
by the union of water with sulphurous anhydride, SO,. In acids
which have been previously treated, such as HF, HCI, we have only
had one atom of hydrogen which is replaceable by metals, and
these are termed monobasic acids. In sulphurous acid we have
two atoms of hydrogen so replaceable, affording an example
of a dibasic acid ; in phosphoric acid, H,PO, we have a {ribasic
acid,

Sulphurous acid being dibasic forms two series of salts called
sulphites, one in which both the hydrogen atoms are replaced,
such as Na,S0, K,S0, CaS0,; and these are termed normal
sulphites, or sometimes newtral sulphites. The second series of
salts are those in which only one hydrogen atom is replaced by a
metal, such as NaHS0,, KHSO,, CaHy(S0,),, the acid sulphites ;
NaHSO, is, for instance, called acid sulphite of soda, or bisulphite
of soda, or regarding sulphurous acid as a hydrogen salf, 1t may
be termed sodium hydrogen sulphite. They may be prepared
by passing SO, into solutions containing the basic hydroxide or
carbonate.

Exp. 72.—Take 50 c.c. of a solution of caustic soda, and pass sulphur
dioxide into it till it is saturated with the gas. On allowing the .
solution to evaporate at ordinary temperatures (it deuomp?ses
when heated), or on adding alcohol to it, the acid salf, sodinm
hydrogen sulphite, separates ont—

NaOH + S0, = NaHSO0;,



SULPHUR AND SULPHUR DIOXIDE. 125

If we add a second 50 c.c. of the same solution of caustic soda we
shall then obtain on evaporation or treatment with alcohol the

normal salt—

NaOH + NaH30, = Na,S0,; + H,0.
In a similar way, substituting caustic potash instead of soda,
the sulphites of potash may be prepared. The normal sulphites
of all other metals excepting the alkalies are insoluble in water,
and may be obtained as precipitates by the addition of a soluble
salt of the metal to a solution of an alkaline sulphite,

CaCl; + Na,80; = CalS0, + 2 NaCl.
Sulphites slowly take up oxygen from the air, passing into sul-
phates, and all sulphites are decomposed by acids with evolution
of S0,

SUMMARY.

(1) Natural occurrence of free sulphur in voleanic regions and
in combination as mineral sulphides and sulphates. Separation
of sulphur from associated mineral matter by distillation.

(2) Allotropic forms of solid sulphur—

coan 3 o . Meiting
Solubility. Sp. gr. point,

Amorphous Fine powder, | Insolublein CS,. | 1:82 | 115°C.
) Milk of sulphur
Crystalline (1) | Rhombic pyra- | Soluble in CS,. | 2:05 |115°C.

mids
(2) | Monoclinic . 2 1-93 | 120°C,
_ prisms
Plastic Amorphous Partly soluble in| — -

CS,.

. (3) Sulphur melts at 115° C. and passes through several varia-
tions of colour and viscosity as the temperature rises, finally
boiling at about 440° C. The vapour at 500° C. is 96 times the
density of hydrogen and at 1000° C, its density is % of this.

(4) Sulphwr diomide.
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. QUESTIONS—CHAPTER XI.

How is sulphur separated from the mineral matter with which
it is associated in the native condition ?

Under what conditions are ¢ flowers " of sulphur and “inilk ®
of sulplhur formed ?

Describe the physical changes through which sulphur passes
when it is heated in the absence of air.

Explain what you understand by *allotropic modification.’

Tabulate the properties of the different allotropic modifications
of sulphur so as te bring out the differences between them,

What is the action of hydrochloric acid on sodium thiosulphate
on caleium sulphide, and on ferrous sulphide ?

Wihat is the action of sulphur vapour on heated ecopper, iron,
oxygen, and hydrogen respectively ? Give equations re-
presenting the changes which occur.

¥

. Deseribe how sulphur dioxide is prepared on the labotatory

scale and how it is collected.

. otate the physical properties of sulphur dioxide, What volume

of the gas will dissolve in 100 c.c. of water at 10° €. under
~normal pressare ?

Explain the bleaching action of sulphur dioxide, and show in
what respects it difters from that of clilorine.

A little chlorine is passed into a solution of potassium iodide,
and then afterwards sulphur dioxide is passed in; state tle
changes which take place and give equations representing
them.

Describe the preparation of the normal atid acid sulphites of
soda; what is the action of sulphutic acid on them ?



CHAPTER XII.
SULPHUR TRIOXIDE, AND SULPHURIC ACID.

Sulphur trioxide, 80, —This body occurs in small quantity
with the sulphur dioxide formed during the combustion of sulphur
or iron pyrites,

Preparation.—Sulphur dioxide and oxygen are passed over
platinum sponge, obtained by igniting the double chloride of
ammonium and platinum. The gases must be dry, and the
platinum sponge gently heated, and there then appear at the exit,
dense white fumes, which if passed into a cool dry receiver
condense to white silky needles of sulphur trioxide.

A second method which is employed in the production of
sulphur trioxide in large quantities is based on the decomposition
of ferrous sulphate, FeSO,. 7 H,0. This body, when heated,
first loses most of its water of crystallization. The partially
dehydrated salt more strongly heated is decomposed thus—

2 FeSO, = Fe,04 + SO, + 50,.
The water which still remains attached to the salt, however, com-
bines with some of the SO, forming sulphuric acid, H,;S0,, and
this takes up another molecnle of SO, forming H,S,0,—
H,0 + S0, = H,S0, and H;80, + SO; = H,S,0;.

The acid thus produced is known as Nordhausen sulphurie
acid; it differs from ordinary sulphuric acid, in that it fumes
when exposed to moist air, and is often termed fuming sulphuric
acid. 'This liquid which condenses from the distillation of

partially dehydrated ferrous sulphate, when removed from the
120
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receiver and heated, yields the SO, which it has taken up,
leaving behind sulphuric acid.

By distilling with a powerful dehydrating agent, such as phos-
phorus pentoxide, the elements of water may even be removed
from sulphuric acid itself, and this affords a third method whereby
SO; may be obtuined—

P,0; + H,80, = 2 HPO; + 80,

Properties of sulphur trioxide.—At ordinary temperatures
sulphur trioxide forms white transparent needles, which melt at
15° C., and boil at 46° C. ; at a red heat it breaks up into sulphur
dioxide and oxygen. It combines very eagerly with water,
evolving mueh heat, and in contact with water it gives a hissing
sound like that of the quenching of hot iron. Sulphuric acid 18
thereby formed; it is of interest to add that it enters into
direct combination with certain oxides, forming sulphates, e. g.
with baryta, BaO, it yields barium sulphate, BaSO,.

SULPHURIC ACID, OR OIL OF VITRIOL, H,SO,. We
have seen that under certain circumstances sulphur dioxide com-
bines with oxygen to form sulphur trioxide, and that this in
presence of water gives sulphuric acid. The oxidation of sul-
phurous acid to sulphuric acid also takes place slowly when its
aqueous solution is exposed to air at ordinary temperatures.

Such methods are, however, not suitable for the production of
large quantities! of sulphuric acid as an article of commerce.

The oxidation of sulphurous acid is effectually performed by
the intervention of the oxides of nitrogen, and on the large scale
sulphur dioxide, oxygen (supplied in the form of air) and steam
are brought together, and these in presence of oxides of nitrogen
form sulphurie acid.

The sulphwr dioxide in works where a very pure acid is made
i8 obtained by burning brimstone, but in the very large majority
of cases iron pyrites is used as the source of the gas. This is
burnt in a series of “kilns,” and the heat arising from the com-
bustion is sufficient to render the operation continuous, fresh
charges being added from time to time,

1 Over a million tons of oil of vitriol

are prodyced i { it
course of o year, produced in Great Britain alone in the
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. The nitric acid from which the oxides of nitrogen are derived
18 prepared by the action of concentrated sulphurie deid on Chili
galtpetre, NaNO,—

NaNO, + H,80, = NaHSO; + HNO,;
the acid fumes are carried into the flues along which the sulphur
dioxide and air pass, and there intermingle with these gases,

The air is drawn in throngh the pyrites burners or kilns,
the draught being maintained by means of a chimney, and by
adjustinent of the doors of the kilns so as to admit the quantity
of air which éxperience has shown to be necessary.,

The stecdm is supplied from low pressure boilers, and introduced
into the “chambers” in such a way as to become intimately
associated with the other products,

The reaction ending in the production of sulphuric acid does
not take place under the circumstances very rapidly, and it is
necessary to provide for a lengthened period of contact between
the various bodies which take part in it. The gases are led
into a series of large chambers where they meet with the steam.
These are usually two or three in number, and have a total
capacity of 100,000 to 150,000 cubie feet, the relation of tle
gulphur burnt to the capacity of the chamber being such that the
average time occupied by the gas in traversing the chambers
is something like three hours, The walls and floor of the
chambers are constructed of sheet-lead supported on a wooden
framework, lead being a metal which is scarcely attacked at all
by sulphuric acid of the strength produced in the chambers. The
chambers are kept cool enongh to serve as condensers, so that the
acid collects on the floor, and is drawn off periodically.

The recovery of the oxides of nitrogen.—In practice, the
higher oxides of nitrogen are carried forward in the chambers,
and would escape at the exit. To avoid this waste, advantage
is token of the fact that they are absorbed by concentrated sul-
phuric acid. The exit gases from the chambers are therefore
passed through a tower (known as the Gwy-lmsﬁsac tc‘m:m*}, packed
with coke, down which concentrated stlpluric acid constantly
trickles. The oxides of nitrogen taken up in this way are dis-
charged again if the acid be diluted, since they are practically

insoluble in dilute sulphuric acid,
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In order therefore to render these absorbed gases again available
in the production of sulphuric acid, the acid which has traversed
the Gay-Lussac tower is pumped up to the top of a Glover fower
placed at the entrance of the chambers. This tower is packed
with flints and coke, and the nitrated acid is diluted as it runs
down by being mixed with the weaker ‘‘chamber acid.”” The
oxides of nitrogen which have been absorbed in the Gay-Lussac
tower are thus discharged within the Glover tower, and there
mix with the gases which are passing from the pyrites burners
to the chambers, the Glover tower being placed between the
pyrites burners and the chambers. The Glover tower performs
the further function of cooling the gases before they enter the
chambers, and in addition to this, a considerable amount of
sulphuric acid is actually formed in the Glover tower itself. The
acid which escapes from the Glover is strong (80 per cent.), and
has a temperature of 120° to 1307,

Details relating to Sulphuric Acid plant. Fig. 23.

(1) Pyrites burners.—These are shown partly in section, so
as to indicate the charge and the common flue into which the
gas passes. There are 24 burners, a second row of 12 being
placed back to back with those shown. The various doors on
the front of the burners serve for charging the ore, stirring the

charge when necessary, and finally for removing the burnt ore
which has fallen into the ashpit underneath.

(2) The Glover tower.—This is packed with flints and coke,
through which trickle from the tanks above () strong nitrated acid,
which has been previously used to absorb nitrous fumes in the
Gay-Lussac tower, (b) weak chamber acid. When the two acids
mix, nitrous fumes are freely liberated within the tower, and thus

it supplements the nitre-pots in providing the uitrous

fumes
necessary for the process.

(3) The Gay-Lussac tower.—This i« packed with coke, and

the strong acid (sp. gr. 1°78) which is supplied from the tank

uhf}ve, passes over the coke and absorbs any nitrous fumes in the
exit gases from the chambers.

The course taken by the gases,—The sulphur dioxide and
F, 8T, CHEM, K
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air (in excess) pass along the common flue A B from the pyrites
burners over the nitre-pots, and then along the pipe C, through
the Glover tower. At D they pass in at the front of chamber
No. 1, and thence from the back at 1 to the back of chamber
No. 2, entering this at I by the pipe E F. Similarly by G H
from the front of chamber No. 2 to the front of No. 3, and
from the back of this to the base of the Gay-Lussac tower
by K L. Having traversed the Gay-Lussac tower the exit
gas finally passes off to the chimney by the outlet at the upper
part of the tower. The steam is blown in at the ends of the
chambers in such a way as to travel always in the direction of
the draught, that is to follow the same course as that taken by
the gases. KEach chamber is 25 ft. wide, 20 ft. high, and 100 ft.
long, and they are seen in the figure in transverse section, so
that the direction of the length would be perpendicular to the
plane of the paper.

The functions of the various parts of the sulphuric acid plant
may be summed up thus—

The Chambers (1) bring about a prolonged contact between
the reacting bodies.

(2) Condense the salphuric acid which collects as the chamber
acid (sp. gr. 16, containing nearly 70 per cent. H,S0,) on the
floor of the chamber.

The Gay-Lussac Tower absorbs the oxides of nitrogen in
the exit gases from the chamber.

The Glover Tower (1) effects discharge of oxides of nitrogen
from the nitrated acid produced in Gay-Lussac tower.

(2) Cools the gases from the pyrites burners, the heat so
absorbed concentrating the acid to sp. gr. 1'7H, or 80 per cent,

(3) Assists in the actual production of sulphuric acid,

At a higher degree of concentration sulphuric acid rapidly
ftttuc:kr; lead, and if stronger acid is needed, the concentration
18 eftected by boiling it in glass or platinum stills, when wvery
weak acid passes over, and the acid remaining in the still rises in
strength till it contains 95 to 98 per cent. H,80,,

Acid _containing 100 per cent. H,80, cannot be obtained by
distillation alone, It ig prepared by adding sulphur trioxide to
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the 98 per cent. acid, and then on freezing, crystals of pure H,SO,,
melting at 10° C., separate out.

Properties of sulphuric acid.—The pure concentrated acid
is a thick oily liquid (sp. gr. 1:84), from whence it derives the
name, oil of vitriol. It boils at 338° C,, with partial decomposition,
so that when the acid containing 100 per cent. H,SO, is distilled
the residue becomes weaker, until it reachies a strength of about
96 per cent. H,S0,, at which it remains constant.

It is highly corrosive, charring wood and many organic sub-
stances even at the ordinary temperature. This is largely owing
to the great avidity with which it takes up water. Wood con-
gists mainly of cellulose, a compound of carbon, and hydrogen
and oxygen in the proportions in which they are contained in
water: the acid therefore abstracts water, leaving a mass of
carbon. The concentrated acid is frequently used for drying the
ordinary gases. Its affinity for water is likewise shown by the
large amount of heat evolved when the two liquids are mixed,

Laboratory representation of the Sulphuric Acid
Manufacture.

The formation of sulphuric acid may be represented in the
laboratory by taking a large flask (5 litres) and fitting it with
a cork provided with five holes through which pass tubes de-
livering—

(1) Sulphur dioxide (for preparation see p. 120),

(2) Nitric oxide {53 5 5 Pp-1b3);

(3) Steam,

(4) Oxygen from a gasholder ;
while the fifth hole is provided with a tube opening into the air.
The arrangement is shown in the figure.

Pass some sulphur dioxide, nitric oxide, steam, and oxygen
into the flask, then shut off the steam supply ; crystals of nitro-
sulphonic acid (lead chamber crystals) may be seen to form.
On clearing the flask of red fumes by a current of oxygen, and
then passing in more steam, these crystals will dissolve with the
evolution of red fumes. After allowing the reaction to go on
for some minutes, the liquid condensed in the flask may be tested

for sulphuric acid (see p. 133).
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The sulphates.—Concentrated sulphuric acid in presence of
metals frequently undergoes partial reduction, sulphur dioxide
being evolved (see p. 120), but with basic oxides it reacts with
great energy and forms a series of salts called the sulphates.

The sulphates of lead, calcium, barium, and strontium are in-
soluble or only slightly soluble in water, the rest being readily
soluble. Sulphuric acid like sulphurous acid forms two classes of
sulphates, the normal sulphates such as Na,S0,, CaSO,, and the acid

sulphates such as NaHSO,, either one or the other being formed
according to whether the base or the acid are in excess.

Test for Sulphates.

Exp. 78,—Add barium nitrate to a solution which contains either
sulphuric acid or a sulphate in presence of hydrochloric acid : a
white precipitate is formed consisting of sulphate of barium,
This is the only common barium salt which is insoluble in water
and acids, and the formation of the precipitate is therefore
characteristic, and may be taken as a sure indication of the presence
of sulphuric acid either in the free state or in combination,
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QUESTIONS.—CHAPTER XII.

Under what circumstances does sulphur dioxide combine
with oxygen ?

What is the action of heat on FeSO,, 7 H,0?

How may sulphur trioxide be obtained from (@) Nordhausen
sulphuric acid ; (b) ordinary sulphuric acid ?

. Describe how sulphur dioxide becomes transformed into sul-

phuric acid on the large scale.

Describe the general construction and the functions of the
lead chambers used in the manufacture of sulphuric acid.
How is sulphur dioxide obtained for the manufacture of
sulphuric acid, and what means are employed to ensure

its being mixed with the proper quantity of air?

What is the part played by the Glover tower in the produc-
tion of sulphuric acid ? :

How are the oxides of nitrogen, which are found in excess
towards the exit of the chambers, recovered ?

What is “chamber” aecid, and how is concentrated acid
obtained from this ?

Write down the formulae of the normal sulphates of copper,
potassium, lead, iron, and aluminium.

Give a method of testing for the presence of a soluble
sulphate, and show how you would distinguish whether
an aqueous solution contained—

(a) free sulphuric acid only,
(b) a neutral sulphate,
(¢) a mixture of the two.



CHAPTER XIII.
NITROGEN—-THE ATMOSPHERE -AMMONIA.

NITROGEN is the first member of a group of elements, nitrogen,
phosphorus, arsenic, antimony, and bismuth, which either in
themselves or their compounds exhibit considerable analogy to
one another. The first two members only are usually classed
with the non-metals,

The elements forming this group show a transition in physical
properties as the atomic weight increases, nitrogen being gaseous
at the ordinary temperature, whilst phosphorus is solid but easily
vapourized, the other members being more difficult to volatilize.

Speaking more particularly with regard to nitrogen and phos-
phorus, it will be seen by a comparison of their chief compounds
that they resemble one another—

(1) in forming hydrides of similar composition NHg, PHy, both
of which combine directly with haloid acids.

(2) in forming a characteristic series of oxides some of which
yield powerful acids.

Occurrence.—Nitrogen occurs mixed with oxygen in the
atmosphere, of which it forms nearly four-fifths the volume,

Although it does not enter to any large extent into the
composition of animal and vegetable tissues, it is, notwithstanding,
a very constant and essential constituent of such tissues. The

nitrogen of plants is obtained chiefly through the medium of the
136
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soil, in which nitrates and ammonium salts always occur. Animals
cannot assimilate nitrogen direetly, and derive their supply from
the plants.

Recently, the investigations of Ramsay and Rayleigh have
established the existence of a new gas in the atmosphere. This
gas has been named argon, and it remains associated with the
nitrogen after the oxygen has been removed, constituting nearly
1 per cent. of the air; itis exceedingly inert, and is only separated
from the nitrogen with great difficulty.

Preparation.—Air may be deprived of oxygen either by
burning phosphorus in it or by passing it over red-hot copper,
the oxygen combining to form phosphorus pentoxide and cupric
oxide respectively.

Exp. 74 —Float a small porcelain erucible containing red phosphorns

on water, and place a large bell-jar with a narrow neck (Fig. 25)
over it, and so that the depth of the water is about one-third the
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height of the bell-jar. Now ignite the phosphorus by touch-
ing it with a hot wire, and close the bell-jar by means of a cork
or stopper. The phosphorus will burn brightly at first, and
the heat evolved will expand the gas and depress the water
inside the jar. After a little time the cembustion will cease,
and the water ultimately rise further than its original level.
The fine white powder which is formed during the combustion,
consisting of phosphorus pentoxide, will gradually settle down
and dissolve in the water. When the water has ceased to rise
within the jar, pour more water into the vessel in which it stands
until the levels inside and outside ave the same. The gas has
diminished in volume and altered in character. It will be found
tn extinguish a lighted taper, and to be quite inert towards
chemical reagents. When air is deprived of its oxygen, the
residual gas which we have now in the jar is nitrogen.

A second method of preparation consists in heating ammonium
nitrite, which breaks up into water vapour and nitrogen.

NH,NO, = N, + 2 H,0,

A third method is to act on concentrated solution of ammonia
(taking care to keep a large excess of ammonia present throughout
the experiment) with chlorine—

8 NH; + 3Cl; =N, + 6 NH,CL
This reaction may be represented in two stages—
2 NH; 4+ 3Cl; = N; + 6 HCI
6 NH, + 6 HCIl = 6 NH,CL
If the ammonia be not kept in excess the reaction is
NH, + 3 Cl, = NCl; + 3 HCl,
the nitrogen trichloride being a heavy liquid which is liable to
explode in a very dangerous manner.

Properties of nitrogen.—Nitrogen is a colourless, tz%steleas
gas, which is unable to support life or combustion. Nltrﬂgﬁjl
does not combine with oxygen under ordinary conditions; but 1t
mayv be made to do so by means of an alternating current of
eleétricity, when the higher oxides of nitrogen are fﬂ.rmetl. It
is somewhat lighter than air, and condenses to the liquid form at
—198° C. ; it is slightly soluble in water, less so than oxygen
(see p. 83). It combines directly only with some few metals,

such as magnesium, titanium, and iron, and on the whole 1s
characterized by its great inertness.

i e
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THE ATMOSPHERE.—The gaseous envelope which sur-
rounds the earth is chiefly composed of nitrogen and oxygen.
With these are associated water vapour, carbon dioxide, ammonia,
and other gases, the amounts of which vary according tol circum-
stances. From whatever locality the air has been uhtmned,‘tha
relative proportions of nitrogen and oxygen show only slight
variations, as the following results show.

8 Percentage of Oxygen by Volwme.
72 analyses in different parts of Europe (mean) 2095
17 4 ., the Polar Seas " 20-90
51 0 at elevation of 15,000 ft. or over ,, 2094

The determination of the composition of the atmo-
sphere.—If a known volume of air, from which the impurities
have been removed, be introduced into a eudiometer and exploded
with about twice its volume of hydrogen (see p. 70), two volumes
of hydrogen combine with one volume of oxygen to form water
vapour, which condenses, and thus one-third the diminution in
volume represents the volume of oxygen present.

The difference between this and the original volume of air
taken is the volume of nitrogen,

An approximate determination of the composition by volume
may be made in the following way,

Exp. 75.—Take a glass tube about 700 m.m, high and15 m.m. diameter
closed at one end, and of as even bore as possible. Invert this,
filled with air, over water, note the volume of the air, and pass up
into it a piece of phosphorus attached to a stout copper wire.
The phosphorus will slowly combine with the oxygen of the air,
and the water will rise in the tube. Allow it to stand in a
shaded place until the water ceases to rise. Now remove the
phosphorus, and adjust the level of the water to the same
height inside and outside the tube, and note the volume of
residual nitrogen. The volume (correction may have to be made
for variation of temperature and pressure during the experiment)
occupied by the original air and the residual nitrogen may be
ascertained with tolerable accuracy by seeing what volume of
water is required to fill the tube to the two levels noted.

The composition of air by aweight may be ascertained by
passing the air over red-hot copper, with which the oxygen
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combines’ to form copper
. oxide. The airis previously
Al freed from earbon dioxide
8 and  moisture, by being
| passed over potash and con-
centrated sulphuric acid.
: The apparatususedis shown
i in Fig. 26; it consists es-
-Il'li'f sentially of a large glass
I | globe, to which is attached
a tube containing metallic
copper, and heated in a fur-
nace. The globe is first ren-
dered vacuous by means of
a good air-pump, the stop-
W) cock is closed, and the globe
-=‘!'||.'_.;l carefully weighed. The
tube containing the copper

is then rendered vacuous,
I closed and weighed. 'The
! copper having been heated
il e to redness, the stop-cock is
I opened sufficiently to allow
| i a slow current of purified

- '|5.§|'i|f;_:'*l air to pass through the tube
1l and into the glass globe,

26.

Fra.

. periment has been carefully
I “-IiIIIH: condueted, only nitrogen
| |g= Wl passesintothe globe. After

iy '||5 the apparatus has quite

el | cooled, the globe is again

S i weighed, and the increment

= I8 oives the weight of *ﬂw ni-

| \m trogen. The tube is also

i weighed again, and the

increase there shows the
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weight of the oxygen, together with a little nitrogen which remains
in the tube. On exhausting and weighing again, the decrease in
weight is added to the increase in weight of the globe to obtain
the total nitrogen. The oxygen is given by the difference of the
two weighings of the exhausted tube.,

A series of such deterininations gave the composition by
weight of air as—

Nitrogen Lo 985
Oxygen .. 23:0056

Water vapour in air.—The amount of water vapour varies
with the temperature and the degree of saturation of the air, for
the higher the temperature of the air, the more moisture will
it take up before it is saturated. The average amount is some-
what under 1 per cent. by volume, but in warm, moist climates
may approach 4 per cent. It may be measured by observations
on the dew-point (see text-books on physies), or by passing a
known volume of air over calcium chloride contained in U tubes,
and noting the increase in weight of the tubes,

The amount of water vapour which the air can contain may
be judged by the fact that 1 cubie mile of air saturated at 35°
would deposit, if cooled to 0° 140,000 tons of rain. But while
the air is seldom completely saturated, it never contains less than
17 of the possible amount.

Carbon dioxide in air.—The amount of this gas in air varies
considerably, according to the locality from which the sample of
air is taken. In country air there are from three to four volumes
of CO, in 10,000, but in towns the amount is larger, and may
reach seven or eight volumes. In badly-ventilated dwellings even
ten-fold the normal amount of carbon dioxide may occur. The
cl.eterminati-::rn of carbon dioxide is a matter of importance, espe-
cially in the case of indoor air, since it serves to show the
efficiency of ventilation.

The' presence of carbon dioxide in air may be shown by
exposing lime-water in a shallow dish ; the lime-water is soon
covered with a thin pellicle, owing to the formation of caleium
carbonate or chalk, which is insoluble in water—

Ca0 + CO, = CaCO,.
Baryta water may, by Pettenkofer's method, be used as a
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means of determining the amount of carbon dioxide in air. A
solution of baryta (which is alkaline) of known strength is shaken
up with a measured quantity of air, say 10 litres; part of the
baryta is converted into barium carbonate (a neutral body), whilst
‘part remains unaltered. The amount of alkali (the baryta) is
now smaller by reason of the conversion of part of it into
carbonate by the carbon dioxide. The more carbon dioxide is
present, the greater will be the amount of baryta converted
into barinm carbonate, and the greater will be the difference
between the amount of alkali originally taken and that remaining
afterwards. By ascertaining the amount of oxalic acid required
to: neutralize the original baryta water, and that required to
neutralize the residual liquid, the quantity of carbon dioxide in
the 10 litres of air may be ascertained.

Other impurities in air.—The remaining impurities, such
as suspended dust and carbon, ammonia, sulphur compounds,
hydrochlorie acid and ehlorides, oecur in much smaller and more
variable quantities. During thunderstorms oxides of nitrogen are
formed, and these give rise to nitrous and nitric acid; ozone is
also probably produced under such circumstances. The ammonia,
carbon (soot), and sulphur compounds ocecur in larger quantity
in the vicinity of towns, from the combustion of coal, or where
deeaying refuse is found.- The hydrochloric acid and chlorides
come for the most part from manufacturing operations, though it
is significant that, especially during high wind, the air in the
neighbourhood of the sea contains much more sodium chloride
than is usual.

The relation of animal and plant life to air.—By breath-
ing on a cool glass surface, and by expelling air from the lungs
through lime-water, it is easy to demonstrate that expired air
contains large quantities of moisture and carbon dioxide. Indeed
the expired air from man contains usually over 4 per cent. of carbon
dioxide, that is, over one hundred times as much as normal air.

The agencies at work in producing carbon dioxide are—

(1) Respiration of animals and plants,

(2) Combustion of fuel.

(3) Decay of organic matter,

(4) Subterranean causes,
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Faraday calculated that nearly five million tons of carbon dioxide
were contributed daily to the atmosphere by these processes.
Under such a contribution the air would slowly get more and
more charged with carbon dioxide, and the percentage of oxygen
diminish,

There are, however, processes constantly in operation which
act in the opposite direction.

(1) In the process of assimilation the green colouring matter of
plants (chlorophyll), in presence of direct or diffused sunlight,
effects the decomposition of carbon dioxide and liberates oxygen.

(2) Carbon dioxide being moderately soluble in water is carried
down by rain, and is also taken up by surface waters and sea water.

The precise extent to which the loss and gain counteract one
another is difficult to estimate, but that plant life is an important
factor is shown by actual observations on the living plant, and by
the wariations in the amount of carbon dioxide in air in the
neighbourhood of forests in the daytime, when the foliage is
exposed to the sun’s rays, as compared with night, when
assimilation is checked and only respiration goes on.

Is air a compound or a mixture of mnitrogen and
oxygen P—We have seen that a chemical compound shows the
following characters—-

(1) It possesses a definite composition (see p. 21).

(2) The weights of the elements composing it are in proportion
to the atomic weights, or in some simple multiple proportion of
the atomic weights—e, g. Hgl, HgT,, H,0, ete. (see p. 22).

(3) The compound shows distinetive physical and chemical
properties, the individual properties of the constituent elements
being more or less completely concealed (see p. 14).

(4) When combination takes place, heat is usually evolved
(see p. 18).

(5) When gases combine to form a gaseous compound there is
always a condensation to fwo volwmes, whatever the volumes of
the constituent gases may be, thus—

2 vols. hydrogen+1 vol. of oxygen form 2 vols, water vapour,

(83 ,,59} s +1 ,  nitrogen ,, e anmonia.
ee p. 9.
(6) The simple solution of a gas in water does not affect its
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chemical composition ; for instance, if we dissolve ammonia or
carbon dioxide in water, and then, by boiling the solution, expel
the gas again, it will be found to be unaltered in character
Or composition,

Now let us apply these tests to air.

(1) The composition of air varies very little under different
circumstances, but even such small variations as are found in its
composition do not occur in the case of chemical compounds.

(2) If we divide the relative proportions by weight of nitrogen
and oxygen in the air by the atomic weights of nitrogen and
oxygen, we shall see whether any simple multiple relation is
shown.

7699
Nitrogen o™ = 5499;

93006 . ..
Oxygen 508 = 1'441;

And 5:499 : 1-441 ;: 3:82 : 1.

That is, to be even approximately in agreement with the results
of analysis we should have to assume a compound N,,0,. The
same result may be arrived at by considering the volume relations
of nitrogen and oxygen in air.

(3), (4), and (5) Nitrogen and oxygen retain their characters
with slight modification in air, and a mixture of the two gases
in the proper proportions shows precisely the same characters in
all respects as air, No heat is evolved when they are brought
together, nor does any contraction in volume take place.

(6) When air is shaken up with water, a greater proportion of
oxygen dissolves than nitrogen, owing to the greater degree of
solubility of oxygen, so that whilst in the air originally taken,
one volume of oxygen is associated with approximately four
volumes of nitrogen, air dissolved in water consists of one volume
of oxygen associated with two volumes of nitrogen.

On all these grounds, therefore, we inust admit that air is
simply a mixture of nitrogen and oxygen,

Fogs are caused by condensation of water vapour induced by
dust. That dust is the cause of fog formation is proved by the
fact that in filtered air, fogs do not form, Analysis of the deposit
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left after a fog showed it to consist of carbon, hydrocarbons,
sulphurie acid, iron and its oxides, and silica. During a fog, too,
the amount of carbon dioxide increases enormously and reaches
from three to five times the normal amount.

AMMONIA, NH,—Ammonia or its compounds exist in
small quantities in air and in natural waters, being produced
either from oxides of nitrogen formed in the air, or by the action
of bacteria from refuse matters in the soil. Whenever animal or
vegetable products containing mitrogen are strongly heated in
closed retorts (air being excluded), and especially when they are
heated with limme or other alkalies, ammonia is given off.

In this way large quantities of ammonia are obtained during
the distillation of coal (which contains about 1} per cent. of
nitrogen), the coal gas being cooled and then wasbed, by which
means any ammonia is separated and obtained in solution. The
further distillation of the liquid so obtained with lime, sets free
the ammonia, which if passed into agueous hydrochloric acid
forins ammonium chloride or sal ammoniac,

NH, + HG = NHJQI

Ammonium elidoride.

The distillation of animal refuse, horns, or hoofs with lime
likewise affords ammonia, and “ spirits of hartshorn” is a name
by which a solution of ammonia is known.

Preparation.—In the laboratory it is usually prepared by
heating together a mixture of two parts of lime and one part of
ammonium chloride, Both must be in a state of fine powder,
intimately mixed, and as dry as possible. The mixture is heated
in a dry flask, and the gas collected over mercury or upward by
displacement, being much lighter than air ; it cannot be collected
over water owing to its very great solubility. If it is to be dried,
the ordinary desiccating agents for gases cannot be used, since
sulphuric acid combines with it with great readiness, and calcium
chloride absorbs it ; a layer of lime or fragments of caustic soda
may, however, be used. ;

Properties,—Ammonia is a colourless gas, having a very
pungent but not disagreeable odour if diluted with much air; in
the pure condition it is injurious when breathed in quantity,

F, 8T. CHEM, L
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At —34° C. at ordinary pressure, and at 0° C. under a pressure of
seven atmospheres, dry ammonia condenses to the liquid form.,

Exp. 76. —_—Fill a litre flask by displacement with dry ammonia, and
show its solubility in the same way as already described (p. 42).

Water at 0° C. dissolves 1,050 times its volume of the gas, and
at 15° C. 727 volumes. The aqueous solution is lighter than
Wwater, and in its most concentrated form has the specific gravity
0884 ; it contains 36 per cent. by weight of the gas. The gas
may be entirely expelled by boiling the solution.

Armmonia neither burns readily in air nor supports combustion,

but a mixture of warm ammonia and oxygen burns with a
greenish-yellow flame.

Exp. 77.—Gently warm a strong solution of ammonia in a wide-
mouthed eight-ounce flask, and bubble oxygen gas through the
solution at the same time. A mixture of ammonia and oxygen
will pass out at the open mouth of the flask, and will burn when
a light is applied to it.

Metallic oxides which are reduced in hydrogen also undergo
reduction when heated in ammonia gas, and in most cases the
hydrogen of the ammonia combines with the oxygen ‘of the
oxide to form water, and nitrogen is set free.

Ammonia combines directly with acids to form ammonium
salts ; this can be well shown with hydrochlorie acid gas.

Exp. 78.—Fill two similar jars by displacement with ammonia and
hydrochlorie acid gas respectively, and cover the mouth of each jar
with a glass plate. Now bring them mouth to mouth and withdraw
the glass plates. The gases as they come into contact will combine,
forming a fine white powder, which remains for some time diffused
throughout the jars. This body is ammonium chloride, NH,CL

NH; + HCl = NH,CL

2 vols. 2 vols.

Ammonium sulphate, (NH,),SO,, ammonium nitrate, NH,NO,,
and other salts may be obtained by neutralizing a solution of
ammonia with the respective acids, and then evaporating to
dryness on a water-bath.
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SUMMARY.

(1) Nitrogen occurs naturally in the free state in the atmosphere.
0 s ,  in combination in animal and
vegetable tissue, in coal, nitrate of soda and ammonia,

(2) Preparation—

(a) from air by abstraction of oxygen,

(b) by heating ammonium nitrite,

(¢) by the action of chlorine on ammonia.

(3) Properties.—

(¢) Very slightly soluble in water.

(b) Extremely difficult to liquefy.

(c) Chemically inert, yet it combines directly with some

few elements but not readily.

(4) The Atmosphere.—

Essential constituents are Nitrogen and Oxygen associated

with CO,, and moisture.

Contributions of CO, (and mmhtura) are constantly made
by animal and plant life and by the combustion of fuel,
also other gases in minute quantities.

Moisture undergoes partial removal in the form of rain.

Carbon dioxide undergoes partial removal by plants and
by solution in water.

(5) Composition and behaviour of air as indications that its
constituents are merely mixed together and not chemically
combined.

Ammonia.

(6) Preparation.—

By distillation of () ammonia salts (h) nitrogenous animal
or vegetable substances, with caustic alkalies.

(7) Properties,—

() Great solubility in water,

(b) Liquefied under moderate pressure and cold.

(¢) Lighter than air, characteristic odour.

(d) Non-supporter of combustion, combustible under cer-

tain circumstances,

(¢) Combines with acids forming salts.
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QUESTIONS. -CHAPTER XIIIL.

. Describe a method by which nitrogen may be obtained from

air by removal of oxygen,

(rive two methods for the preparation of nitrogen from
ammonia or ammoninm salts. :

State the chief physical and chemical properties of nitrogen.

A mixture of 25 e.c. of air and 50 c.c. of hydrogen is exploded
in a eudiometer, and the volume of the residual gas is found
to be 60-3 c.c. ; find the percentage of oxygen in the air.

5. A litre of dry air is passed over heated copper and the

10.

11.
12.

increase in the weight of the copper found to be 0-297
gramme, find the percentage by weight of oxygen in the
air. (1 litre of air weighs 1-293 grammes. )

How do the following impurities originate in air :—carbon
dioxide, ammonia, sulphurous acid ?
What agencies are at work which tend to remove such
impurities as carbon dioxide and ammonia from the air ?
In what respects does a miature of two gases, such as nitrogen
and oxygen, differ in its behaviour from a compound of the
two gases when shaken up in contact with water ?

What indications are usually shown that two gases which
you have brought together have entered into combination ?

Gtive a general method by which ammonia may be obtained
from nitrogenous animal or vegetable substances. -

How would you prepare and collect dry ammonia?

How can it be shown that ammonia contains hydrogen ?

oo A R



- CHAPTER XIV.
OXIDES AND OXY-ACIDS OF NITROGEN.

IN the following table is given a list of these compounds—
Nitrous oxide, N,O. Hyponitrous acid, HNO,
Nitric oxide, NO.

Nitrogen trioxide, N,0,, Nitrous acid, IINO,.
or nitrous anhydride.

Nitrogen peroxide, N,0,.

Nitrogen pentoxide, N,O., Nitrie acid, HNO,,
or nitrie anhydride.

Occurrence.—The higher oxides are formed in small quantity
when the electric discharge takes place in a mixture of nitrogen
and oxygen, These oxides, or nitrous and nitric acid formed
from them, therefore occur in the atmosphere and in rain water;
waters contaminated by the drainage of surface soil, or by decay-
ing nifrogenous organic matter, also contain similar products, In
all such cases, owing to the difficnlty of bringing about direct
combination of nitrogen and oxygen, they are present in very
minute quantities. Nitrie acid or the nitrates being in all cases
the source from which the oxides of nitrogen are derived, we shall
treat these first,

NITRIC ACID, HNO, Preparation.—Nitric acid, being a
volatile acid, is expelled from nitvates by the action of less volatile
acids, such as concentrated sulphuric acid (or silica), and this
reaction is made use of in its preparation, nitrate of petash or
soda being nsually employed.

149
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Exp. 79.—Introduce 20 grammes of potassium nitrate into a stop-
pered retort, and as much concentrated sulphuric acid as will
just cover it.  Apply a moderate heat, and presently the vapour
of nitric acid will pass over and condense in the neck of the
retort. The liquid may be collected ina small flask slipped over
the mouth of the retort, and kept cool by means of a stream
of cold water, or a wet cloth. When about 10 c.c. have been
distilled over, or so soon as whitish fumes of sulphuric acid begin
to appear, the experiment should be stopped.

ENOg S i S0, S SRHS0 O NG, d

Potassium nitrate. Acid potassivin sulphate.

On the large scale, the native Chili saltpetre, NaNO,, is em-
ployed, being a cheayer material, and the distillation is performed
in large iron cylinders, the condensation of the acid taking place
in a series of stoneware bottles, as shown in figure 27,

FiaG. 27.

Feonomy can also be effected in regard to the amount of sul-
phuric acid used, since it is practicable to work at a temperature
sufficiently high to leave as the residue the normal sulphate of
sodium, and hence the reaction is—

2 NaNO., - HS0, = NaS80, + 2HNGO.

Hodium nitrate. Sodium sulphate

Properties of the acid.—The pure acid is a colourless, fuming
liquid, of specific gravity 153, boiling at 86° C. Itis highly cor-
rosive, and by contact, instantly stains the skin yellow, more
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prolonged exposure giving rise to serious wounds. Dry straw
and woody fibre are charred or even set fire to by contact with
it. It mixes with water in all proportions, and if the dilute
solution be concentrated in air at atmospheric pressure it becomes
stronger until 68 per cent. of acid is present; it then distils
unchanged.

It is chiefly characterized by its powerful oxidizing action,
carbon, sulphur, and tin being transformed readily into CO,,
H,SO,, and SnO, respectively ; whilst turpentine, when mixed
with it, inflames. When it is remembered how readily nifric
acid breaks up (e. g. by passing its vapour through a red-hot tube)
into water, oxides of nitrogen, and oxygen, the powerful oxidizing
action of nitric acid will be understood.

Most metals are dissolved by it with the evolution of red fumes,
the nitrate of the metal, or, in some cases, the oxide being formed.
The reactions which take place are complex, and vary according
to the conditions under which the experiment is performed and
the strength of the acid used. The more important examples are
expressed by the equations below—

Sn 4+ 4 HNO, = 8Sn0, + 2 N,O, + 2 H,0.

4 Ag + 6 HNO, = 4 AgNO, 4 N,0, + 3 H,O0.

3 Cu + 8 HNO, = 3 Cu(NO;), + 2NO + 4 H,0.

4 7n + 10 HNO; = 4 Zn(NO,), + N,0 4+ 5 H,0
Regarding nitric acid as composed of water (I,0) and nitric an-
hydride (N,0.), we see that with the different metals in the order
taken, the extent of the reduction of the N,0, increases ; thus—

Sn reduces 2 N,0; to 2 N,0, and forms SnO,

Lag N,0; to N,0, w 2 Ag0.
1 e N,0O; to N,0, (2NO) ,, 38 CuO.
4 Zn N,0; to N,0 W ot e Zin Q)

The three last oxides combine with sufficient N,O0, to form
nitrates, the water being eliminated.

The so-called “noble” metals, such as gold and platinum, are
not acted upon by it, but readily dissolve in a mixture of ll}ﬂm-
chloric and nitric acids,? which has for this reason been termed

g redqid.

1 Aqua regin is usually made by mixing nitric acid wi .
ST . ¥ mixing nitrie acid witl . s its v
of hydrochloric acid, B th four times its volume

-
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Ezp. 80.—To a few cubic centimetres of dilufe nitric acid in a poree-
lain basin add fragments of lead, digesting on a water-bath, until
the acid is saturated, and no more of the metal will dissolve,
Evaporate the clear liquid to dryness, and a white salt, nitrate of
lead, remains,

Exp. 81.—Dilute 5 c.c. of nitric acid with an equal bulk of water,
and add a little litmms solution, which will beecome of a bright
red colour. Now add ammonia solution little by little until the
last drop turns the litmus blue, and concentrate the liquid to a
point at which, when a drop of it is allowed to cool on the end of
a glass rod, it erystallizes. On standing, erystals of ammonium
nitrate will be obtained.

The nitrates.—These salts may be looked upon as nitric acid
in which the hydrogen of the acid is replaced by a metal, thus—
HNO, KNO, NaNO, NHNO; AgNO,.
NG} PHONO), Cu(NOy), Ca(NOy, Ba(NO,),

They are all soluble in water, The nitrates of the alkalies are
the most stable, and those of the heavy metals the least stable.
When strongly heated, all undergo decomposition with the
evolution of nitric acid or the products of decomposition of nitrie
acid, viz. oxides of nitrogen and oxygen, and exert a powerful
oxidizing action on substances which may be mixed with them.

Exp. 82.—Heat a few grammes of potassium nitrate in a test-tube
unti] it fuses, and then drop into it one or two fragments of dry
charcoal. The charcoal will ignite and burn with violence, being
oxidized by the nitrate to CO,.

Exp. 83.—Repeat the experiment, introducing a few small shavings
of lead; the lead will be oxidized at the expense of the nitrate
and transformed into a yellowish powder of oxide of lead.

Tests for nitrates.—(1) Nitrates when heated with sulphurie
acid or silica give off nitric acid fumes, often accompanied by
red fumes of the hicher oxides of nitrogen.

(2) Mix a solution of a nitrate with strong salphurie acid, and
add copper turnings ; on warming, red fumes will be given off.

(3) (The most sensitive test). Mix a cold solution of a nitrate
with a cold, strong solution of ferrous sulphate, and pour gently
down the side of the tube strong sulphuric acid ;. the latter sinks

I e 0 b
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to the bottom, and a dark ring forms above it. The sulphurie
acid liberates nitric acid from the nitrate, and the ferrous sulphate
reduces the nitric acid to nitriec oxide, which combines with more
ferrous sulphate to form the dark-coloured seolution.

NITROUS OXIDE, N,0.-—This gas is familiarly known as
“langhing gas,” because when breathed in small quantity it
produces a feeling of exhilaration, Inhaled in larger quantities
it is an anwesthetic, and renders the subject insensible to pain,
and is for this reason employed in dentistry.

Preparation.—It hag already been pointed out (p. 151) that
when nitrie acid (dilute) is acted upon by zine, nitrous oxide is
formed. Itis more usual, however, to prepare it by heating ammo-
nium nitrate, the decomposition being represented by the equation,

NHNO; = N,0 + 2 H,0.

Introduce about 30 grammes of dry ammonium nitrate into a
4-ounce flask and heat gently, and just so as to bring about a
steady and not too rapid evolution of the gas. The delivery-
tube should be wider than usual, as the salt is liable to be carried
over and stop up the tube ; also stop the experiment when about
two-thirds of the salt has been decomposed or an explosion may
ensue. Cold water dissolves about its own volume of the gas ;
it may, however, be collected over hot water.

Properties of nitrous oxide.—If is a colourless gas with an
agreeable odour and taste. It condensesat 15°C. under a pressure
of 40 atmospheres to a liquid which boils at — 92° C. under ordinary
pressure. One hundred volumes of water dissolve 130 volumes
of the gas at 0°C., 92 at 10°C., and 67 at 20°C.

It 1s easily decomposed by heat, and supports combustion as
readily as oxygen.

Exp. 84.—Plunge a glowing taper into a jar of nitrous oxide, and
it will burst into a flame just as it does in oxygen. Sulphur
and phosphorus also burn in the gas with almost as much vigour
as in oxygen, though if only feebly ignited they may be extin-
guished. To distingnish it from oxygen, pass nitric oxide into
a jar of the gas—no red fumes will appear,

NITRIGI OXIDE., NO. Preparation.—A few grammes of
copper turnings are introduced into an 8-ounce flask provided
with a thistle funnel and delivery-tube, and.about 50 ¢.c, of a
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mixture of equal parts of nitric acid and water. In a few
moments gas begins to be evolved without the application of
heat, and red fumes appear in the flask.

These red fumes are formed by the action of the nitric oxide
on the oxygen contained in the flask; after a time the colour
disappears as they are displaced, and the gas may then be
collected. The reaction which takes place is—

3 Cu + 8 HNO; = 3 Cu(NO;), + 2 NO + 4 H,0;
essentially it is
3 Cu + 2 dNO; = 3 CuO + 2NO + H,0,
and the CuO with the excess of nitric acid becomes Cu(NO,),.

The gas is not very svluble in water (water dissolves about
=5th its volume under ordinary conditions), and it may be collected
over water. It dissolves in a cold solution of ferrous sulphate
(as FeSO,NO), and is expelled in a very pure condition from
such a selution on warming it.

Properties of nitric oxide.—It is a colourless gas which by
mere admixture combines with oxygen, giving rise to red fumes
of the higher oxides of nitrogen.

2NO + O, = N0,

It is very difficult to liquefy, requiring a pressure of 104
atmospheres at —=11°C.; the liquid boils at —-93°C. It is a
tolerably stable body, and is only decomposed at a red heat.

Exp. 85.—Expose a jar of the gas to air, and observe the red fumes.

Exp. 86.—Pass oxygen into a jarof the gas standing over water little

by little, allowing an interval to elapse between each addition.
Red fumes will be formed, and these will dissolve in the waten,
which gradually vises in the jar. If the gas be pure and the
oxygen be added in the proper proportion, the water will rise to
completely fill the jar. A dilute solution of nitrous acid is thus
formed, and may be shown to liberate iodine from potassium

iodide, or to decolourize permanganate of potash.

Exp. 87.—The flame of phosphorus, if feebly burning, will be extin-
guished in the gas, whilst if already fully ignited it will continue
to burn brightly. The temperature at which the gas is deccim-
posed being about 600°C., this seems fo indicate that combustion
is only supported when the temperature is sufficient to decompose
the gas, the oxygen which is liberated being the supporter of

the combustion.

it v o o
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SUMMARY.
Nitric acid.
(1) Preparation.— o=
From nitrates by heating with sulphuric acid.
(2) Properties.—
(«) Fuming corrosive liquid.
(h) Powerful oxidizing agent. ‘
(¢) Dissolves many metals forming nitrates and evolving
" one or other of the oxides of nitrogen,
(d) Nature of aqua regia.
(3) Nitrates—
(a) All soluble in water.
(b) Mostly unstable at high temperatures.
(¢) Oxidizing agents at high temperatures.
(d) Characteristic tests. :
Nitrous oxide.
(1) Preparation.—
(a) by heating ammonium nitrate.
(b) by the action of zine on dilute nitric aeid.
(2) Properties.—
(a) Moderately soluble in water.
(b) Liquefied under moderately high pressure.
(¢) Supports combustion as readily as oxygen,
(d) Forms no red fumes when mixed with nitric oxide,
(e) Effect of breathing the gas.
Nitric oxide,
(1) Preparation.—
By the action of nifric acid on metallic copper.
(2) Properties.—
(a) Only slightly soluble in water.
(b) Readily soluble in a cold solution of ferrous sulphate.
(¢) Liquefied under very high pressure and cold.
(2) Combines readily with oxygen forming higher oxides
of nitrogen,
(e) Supports combustion under certain conditions.
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QUESTIONS.—CHAPTER XIV.

How do you account for the oceurrence of oxides of nitrogen,
and the oxy-acids or salts of these, in the air and in the
soil ?

How is nitric acid prepared on the large scale ?

. In what respects does nitric acid differ from sulphuric acid ?

Give striking experiments caleulated to illustrate in regard to
nitrie acid, (@) its powerful oxidizing aetion ;
~ (D) 5 ” solvent action.
How would you prepare nitrates of lead and potassium, and
obtain them in the form of crystals ?
By what chemical reactions may nitrates be recognized ?

. Express by means of equations the action of copper, cupric

oxide, lead oxide, and tin respectively on nitrie acid.

. What are the properties of nitric oxide, and how may it be

distinguished from nitrous oxide ?
Give two methods for the preparation of nitrous oxide.

. State the physical properties of nitrous oxide, and say how

you would distinguish by chemieal tests nitrous oxide from
oxygen. In what respects does it resemble oxygen ?

. C



CHAPTER XV,
CARBON.

CArpON is the first member of a group consisting of the
elements carbon, silicon, titanium, zirconium, and thorium, of
which the first two members alone come under consideration
amongst the non-metals. They show a considerable resemblance
to one another in their physical and chemical properties.

Comparing together more particularly carbon and silicon we
observe that—

(1) The elements thernselves are very infusible.

(2) They exist in allotropic modifications of similar character.

(3) They form oxides of great stability and also gaseous
hydrides, CH, and SiH,, the former of these being a stable body,
whilst the latter undergoes decomposition very readily,

(4) Carbon and silicon both combine directly with fluorine
to formm CF, and SiF, respectively. With the other halogen
elements they do not combine directly, but volatile liquid
tetrachlorides CCl, and SiCl, are obtained indirectly.

Occurrence.—Carbon is found in nature in a state of com-
parative purity as diamond and graphite, the latter known as
mineral plumbago, from which black-lead pencils are made.
These forms do not, however, occur in any very considerable
quantity, and the sources from which the large supplies of
carbon are obtained are coal and vegetable matter,

The tissue of plants is very constant in composition, and
disregarding the moisture and the mineral ash left after comn-

bustion, amounting usually to about 1 per cent., dried wood is
found to consist of
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Carbon 50 per cent.
Hydrogen ... Bt
Oxygen and nitrogen 44 .

Where plants undergo decay and form thick accumulations of
peat, the relative proportion of the carbon increases, and the
following may be taken as the average composition of peat,
leaving out of account moisture and mineral matter—

Carbon 58 per cent.
Hydrogen ... 5
Oxygen and nitrogen i

In deposits of peat and the remains of vegetation which have
lain for long periods of time this process of parting with the
more volatile constituents and consequent increase in the
proportion of carbon goes on, and instead of peat we have a
much denser product known as brown coal or lignite, in which
the structure of the vegetation composing it can, however, still
be observed. Lignite varies greatly in composition, espeeially in
regard to the amount of moisture and ash. Excluding these, it
contains on the average—

Carbon 66 per cent.
Hydrogen ... g
Oxygen and nitrogen 20

In the older formations of the earth’s crust there are large
deposits of coal, which have resulted from long-continued action
similar to the foregoing. The seams of coal usually occur at
some depth, and are. overlaid by other strata. The vegetable
tissue from which coal is derived has thus been subjected to
immense pressure and to increased temperature, and under these
agencies, acting over long periods of time, the changes already
noticed in the passage from woody tissue to lignite have been
still further accentuated. Coal is darker in colour, denser,
and more brittle; as to composition, the following numbers
may be compared with those given for wood, peat, and
lignite— ;
Bituminous Coal. Anthracite.
Carbon ... ... 84 per cent. 94 per cent,

Hydrogen ... R S S
Oxygen and nitrogen ... 11 Dl ay

T
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Over 150 million tons of coal are brought to the surface in
the United Kingdom annually. In many localities, especially
in South Russia and the United States, there are large deposits
of petrolewm—a mixture of various oils, but all composed of
carbon and hydrogen, and hence termed hydrocarbons.

And when we add the very extensive series of carbon com-
pounds which have been prepared in the laboratory from coal tar
and petroleum, and the products, such as starch, sugar, turpen-
tine, albumen, stearin, ete., elaborated by plants and animals,
we are in a position to appreciate the immense importance of
the element carbon. The study of such bodies is indeed set
apart as a special branch of the science, and known as Organic
Chemistry, or the Chemistry of the Carbon Compounds.

Finally, carbon occurs in combination with oxygen as carbon
dioxide in the air,and in vast deposits of limestone and dolomite.
The carbon dioxide in air, being less than 4 volumes in 10,000,
might be regarded as insignificant, but the mass of the atmo-
sphere is such that at this computation there must be very nearly
a billion tons of carbon in it,

Allotropic forms of carbon.—(1) Diamond is the crystal-
line form of carbon; it is found in South Africa and Brazil,
usually as octahedra or cubes, or as some modifications of these.
Its value is due to its great hardness and brilliancy of lustre,
and to the fact that it does not oxidize or undergo change even
in presence of corrosive substances. It is the densest form of
carbon, having a specific gravity of about 35, and is also the
most difficult to ignite in oxygen,

It is therefore not to be wondered at that the composition of
diamond remained unknown until the time of Lavoisier, although
it had been previously observed that diamond could be burnt
and left no appreciable residue. Lavoisier about a century ago,
by means of a burning glass, ignited diamond in air enclosed
over mercury, and found that when it burnt, the gas which was
formed turned lime-water milky and was carbon dioxide.
DLII‘F{II.H, later, showed that earbon dioxide was the’ only product
obtained when diamond is burnt in oxygen, and that every

l? parts by weight of diamond yielded 44 parts of carbon
dioxide, according to the equation—
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C + 0, = CO
1%« 532 44"
Diamond consists therefore (with the exception of a minute
quantity of* ash) of pure carbon,

(2) Graphite.—This also occurs naturally, being found usually
in the older crystalline rocks. Cast-iron contains plates of this
form of carbon, which can be seen at a freshly-fractured surface,
and masses of it accumulate at the base of blast furnaces, It
is a soft, dark-grey substance, with a metallic lustre, and possesses
a much lower specific gravity (2-2) than diamond. Graphite (and
also amorphous carbon) is acted upon when gently heated with a
mixture of potassium chlorate and nitric acid, whilst diamond
is unattacked.

(3) Amorphous carbon is familiar to us as charcoal, lamp-
black, or animal charcoal, which, however, are usnally more or
less impure forms of carbon. The former may be obtained by
strongly heating wood or organic bodies in vessels from which
air is excluded, or by the action of dehydrating substances such
as concentrated sulphuric acid. .

Exp. 88.—Heat a few pieces of wood in a hard glass tube over the
flame of a Bunsen burner. Volatile vapours are at first given off
and burn at the mouth of the tube, and when these are no longer
to be seen, throw out the contents of the tube into water. The
black charred product is wood charcoal, and though its specific
gravity is 1°8 or thereabouts, it will float on water in consequence
of the large amount of air eontained within its pores. A special
form of charcoal is manufactured by charring wood by means
of superheated steam.

Exp. 89.—Make about 100 grammes of sugar into a thick syrup by
dissolving it in a small quantity of hot water, and place it in a
deep glass cylinder, then pour in about 100 c.c. of concentrated
sulphuric acid. Presently the liquid will blacken and froth
considerably, and a mass of black charcoal much more bulky
than the sugar originally taken will be formed. Wash this
thoroughly with water till free from acid, and there remains
carbon in a granular, amorphous condition. By drying this, and
then heating it in a stream of chlorine to remove hydrogen or
other gases, a very pure specimen of carbon is obtained.

S
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Animal charcoal is prepared by charring bones in closed iron
retorts ; it consists of a mixture of very porous charcoal and the
mineral constituents of bone (¢hiefly phosphate of lime). It
is used for decolourizing raw sugar, as it has the property of
removing many colouring matters.

Exp. 90.—Shake up with animal charcoal a hot solution of indigo
or litmus for a few 1aoments and then pour it on a filter, the
filtrate will be colourless. That the colonring matter is removed
by the animal charcoal and not by the filter, may be shown by
pouring a similar solution which has not been treated by animal

charcoal through a filter paper.

Lamp-black may be made by burning resin or turpentine, and
bringing a cool surface, e.g. the under-side of a poreelain basin
filled with cold water, into the flame. In this form, after treat-
ment with chlorine, a particularly pure and finely-divided form of
carbon is prepared,

In whatever form it oceurs, carbon is infusible at the highest
temperatures attainable ; it is also a very bad conductor of heat
or electricity. It cannot be considered an element of great
chemieal activity, since at ordinary or moderate temperatures it
does not combine direetly with any of the elements except
fluorine, and even at high temperatures there are comparatively
few elements with which it shows a disposition to unite directly,
At high temperatures, however, it combines directly with oxygen,
forming carbon monoxide or carbon dioxide; with sulphur to
form carbon bisulphide, and with hydrogen to form acetylene
(C,H).

Two very characteristic properties are—(1) its power of
absorbing gases manifested by the amorphous form; (2) its
activity as a reducing agent. If by exposure to a vacuum the
air be removed from the pores of wood charcoal, and this body
be then infroduced into an atmosphere of ammonia or carbon
dioxide, etc., the volume of gas taken up will be many times
greater than that of the charcoal. The gas therefore under-
goes condensation, and some heat is evolved in consequence,

Cocoanut charcoal, under favourable conditions, was found to
absorb of

¥. BT. CHEM, A
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Anmmonia e 172 times its volume,
Hydrochlerie aeid (. 163" 5 .
Nitrous oxide ez 99

1 13 11
Clarbon dioxide Ly e A T

It is this power of absorbing gases to which charcoul owes its
efficacy as a medium for disinfecting purposes, the gaseous
products of putrefaction being taken up within its pores: and
gases like sulphuretted hydrogen are oxidized by absorbed
oxXygen,

We have already had an example of a gaseous reducing agent
in hydrogen, which, owing to its affinity for oxygen, reduces many
oxides to the metallic condition. And in sulphurous acid or
phosphorous acid we have instances of liguids as reducing agents,
their activity being due to the ease with which they undergo
oxidation to sulphurie acid and phosphoric acid respectively. In
carbon we have a solid reducing agent which finds very frequent
employment in operations conducted at high temnperatures, the
carbon under such conditions being oxidized to carbon monoxide
or dioxide at the expense of the oxygen contained in the bodies
with which it is mixed. :

Thus, most metallurgical operations involving a reduction of
oxides to the metal, are carried out with the use of carbon in
the form of coke or coal which is oxidized to CO or CO, in
the process.

Exp. 91.—Make an intimate mixtare of about a gramme of finely-
powdered oxide of lead (litharge) with about one-tenth its weight
of chareoal, and heat to redness in a hard glass tube or porcelain
crucible for five minutes. Now throw some of the powder into
a mortar with a little water and rub it up, using pressure, with
the pestle, and then wash away the charcoal by means of a
stream of water, Pellets or plates of metallic lead will be

obtained—
2P0 + C =2 Pb + CO,

Similarly, oxide of copper or bismuth may be reduced, and
metallic copper or bismuth obtained from them.

The reduction of iron ores, or oxide of zine or tin, are examples
of similar reductions carried out on the large scale.

il L L T
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SUMMARY.

(1) Clarbon oceurs in free state as diamond and graphite, and
forms also an essential constituent of animal and vegetable
organisms and of carbonaceous matter (coal, ete.) resulting there-
from; also in the carbon dioxide of the atmosphere and the
carbonates found either as minerals or rock-masses (limestone, ete.)

(2) Allobropic forms.—

(a) Crystals of the regular system—diamond, sp. gr. 3'5.

(b) Vitreous masses, sometimes crystallized in the hexa-
gonal system—gqraphite, sp. gr. 2:2.

(¢) Amorphous—charcoal or lampblack.

(3) Properties.—

(a) Infusible at the highest temperature of the furnace.

(b) In the amorphous condition it occludes gases.

(¢) Reducing agent,

(d) Combines directly with oxygen, sulphur and hydrogen
at high temperatures.
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QUESTIONS.—CHAPTER XYV,

Show in tabular form the percentage of carbon and hydrogen
in (@) wood, (b) peat, (¢) lignite, (d) bituminous coal, (¢)
anthracite.

. Taking the atmospheric pressure as 15 1bs, on the square inch,

calculate the weight of carbon in a column of the air whose
base is a sqguare mile, the carbon dioxide present being
0:06 per cent. by weight of the air.

What are the properties characteristic of carbon ?

How may it be shown that sugar contains carbon ?

Compare the densities of diamond, graphite, and amorphous
carbon, What do you regard as a full and suofficient proof
that each of these bodies consists of the same element ?

What is animal charcoal, aud how is it prepared ?

How would you show that charcoal takes up gaseous ammonia

when exposed in an atmosphere of that gas ?

What application is made of this property of absorbing gases

which is shown in so marked a manner by charcoal ?°

State the conditions under which carbon monoxide is formed
when oxygen is passed over carbon. What is the effect of
passing steam over white-hot carbon ?

What is a reducing agent? Give examples of solid liquid
and gaseous reducing agents, illustrating your answer by
equations showing the chemical changes which take place
during reduction,



CHAPTER XVI.
FUELS—-COMBUSTION.

WHENEVER carbon, hydrogen, or bodies containing carbon and
hydrogen burn, they combine with the oxygen of the air, the
carbon to form carbon monoxide or dioxide, and the hydrogen
to form water, and the amount of heat accompanying the change
is perfectly definite and constant.

If a gramme of pure carbon be burnt to carbon dioxide, the
heat given out will be sufficient to raise the temperature of 8,080
c.c. of water one degree Centigrade. The heat requisite to raise
one gramme (i.e. 1 c.c.) of water one degree Centigrade being
adopted as the unit for measurement of heat (the calorie or
thermal unit), we say that the heat of combustion of one gramme
of carbon is 8,080 thermal units. So, in like manner, the com-
bustion of a gramme of hydrogen is found to give rise to the
evolution of 34,200 thermal units of heat. Iydrogen, therefore,
on combustion gives ont more than four times the amount of
heat as compared with the same weight of carbon,

Bituminous coal consists chiefly of carbon, but as it contains
some hydrogen, it should give out more heat on combustion than
the same weight of carbon, and it would do so except that it
contains usually 15 to 20 per cent. of oxygen, sulphur, nitrogen,
and mineral ash, which are practically unproductive of heat. In
anthracite, however, these constituents amount to little more than
5 per cent., and the heat of combustion of this kind of coal is
greater than that of bituminous coal,

Petroleum, consisting entirely of earbon and hydrogen, and
containing much more hydrogen than coal, actually does give
out- more heat than the same weight of carbon.

Fuel being employed for heating purposes, the amount of heat
169
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generated in its combustion is of primary importance, and the
following table shows at a glance the comparative value of
different substances which are applicable as fuels—

Hydrogen ... 34,200 thermal units per gramine consumed,
Petrolenm ... 12,000
Coal ... 7,500 to 8,500
Carbon s« 2080
Wood ... about 3,000 i =

Flame.—Whenever a gas or vapour is brought into an
atmosphere with which it can react chemically, and the heat
generated is sufficient to bring about incandescence of the
particles, flame is produced. The heat is generated and the
incandescence effected in the region where the reaction is carried
on, that is, at the smiface where contact occurs between the two
gases, as is scen when a jar of hydrogen burns mouth down-
wards. When we speak of hydrogen or coal gas as being com-
bustible gases, and of air as being the supporter of combustion,
we imply that hydrogen or coal gas, when once ignited, burn in
air, And in flames under ordinary circumstances this is the
case ; if, however, we were to lead a stream of air from a jet
into an atmosphere of coal gas, the flame would attach itself to
the jet, and might be described as air burning in coal gas. Ineither
case the flame marks the surface of contact between the air and
coal gas, and is the region where the
chemical changes take place which
transform the hydrogen and carbon in
the coal gas into water and carbon
dioxide as ultimate products.

M 1
Eh) 11

n "

chimney a cork through which passes a
short piece of straight wide tubing, and a
second narrow picce bent at right angles
as shown in Fig. 28, and connected with
the supply of coal gas. Close the aperture
at the top of the chimney, and allow thle
gas to escape by the straight tube until
the air is displaced, then light it at the
lower extremity of this tube and uncover

Exp. 92.—TFit into an ordinary lﬂmp,//

LR ETTRY
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the aperture at the top of the chimney. The flame will then
pass up the tube and attach itself to the inner opening where
the air and coal gas meet, the flame area being air and the
surrounding atmosphere coal gas. The gas escaping at the top
of the chimney may also be ignited, combustion occurring here
in the ordinary manner.

Where the gases are intimately mixed and then ignited, the
burning takes place with great rapidity, and explosion of a more
or less violent nature ensues, but where a regular supply of the
combustible product impinges upon the atmosphere in which it
burns, a more or less steady flame is the result, the particular
form of which is determined by the nature of the jet and the

shaping influence of air-currents.

In any case before flame can be produced at all, the tempera-
ture of the combuslible body must first reach a certain limif
known as the point of ignition. This temperature varies with
different bodies; the wvapour of carbon bisulphide may be
ignited by a glass rod heated only to 150° C,, whilst with hydrogen
or coal gas a dull red heat (600° C.) is insufficient. Conversely, a
flame is extinguished if its temperature is by any means reduced
below the point of ignition of the vapours consumed in it (see
Exp. 97).

Exp. 93.—Hold a piece of wire gauze (about 30 meshes to the inch)
horizontally over a Bunsen burner
and about an inch above the orifice
(Fig. 29). Turn on the gas and
light it on the upper side of the
gauze, the flame will not be com-
municated to the stream of gas on
the under-side of the gauze. Much
heat is carried off by the gauze,
and the part of the flame in contact
I with the gauze where it meets the
Fia, 29, upward current of gas, is so far
‘ cooled in consequence of this that

1ts temperature falls below the point of ignition of the gas.
Exp. 94.—Make a piece of the wire gauze into a cylindrical roll and
placea candle within it. Now direct the flame ofa Bunsen burner against
the outer surface of the gauze ; the wax may be melted, but the candle
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cannot be lighted unless the gauze
is heated to redness. The reason
for this will be gathered from the
explanation given in the previous
experiment.,

The Davy Lamp (Fig. 80) is
such an arrangement, in which an

gauze, and even if sueh a lamp be
entirely surrounded with inflam-
mable gas, this will not become

gas which passes through the
gauze may burn inside it and fill
the space above the oil lamp with
flame, If, however, the gauze

e the flame should be mechanically
driven through the meshes, communication with the inflammable
atmosphere outside may be established and ignition will then
take place,

The candle flame.—The inflammable matter in a candle is
the wax or tallow, consisting essentially of carbon and hydrogen,

This is melted round the wick,

of hydrocarbons are supplied into
the area immediately surrounding
it. That such an area exists con-
taining combustible vapours may
easily be shown.

Exp. 95.—Depress a sheet of stout
paper quickly into a candle flame to
the level of the top of the wick,
and hold it steadily there for about
a second. On withdrawing it, a ring
of sooty deposit will be seen, and
within it a clear space. Secondly,
take a glass syphon tube, as shown

oil lamp 18 shut in by a layer of

ignited, although the inflammable

becomes strongly heated, or if

which becomes charged and serves\
as a still from which the vapours ,
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in Fig. 81, and bring the shorter limb into the centre of the
flame ; presently yellowish-brown vapours will be,seen to pass
down the tube and issue at the other end. These vapours will
be found to be inflammable, and may be burnt at the exit of the

tuba.

We can thus distinguish in the candle flame—

(1) A central zone surrounding the wick and containing hydro-
carbon vapours—the zone of no combuetion (A in Fig. 31).

(2) A luminous zone or mantle surrounding the dark central
zone, in which the hydrocarbons are in the process of combus-
tion. The light emitted by the candle proceeds from this mantle,
which contains white-hot particles of carbon and the products
of the incomplete combustion of the hydrocarbon vapours (BC in
Fig. 31). There is also, external to this,

(3) A non-luminous zone in which more intimate contact with
the air is effected and the combustion is completed, the products
formed consisting of carbon dioxide and agueous vapour. Under
ordinary circumstances this zone is not easily seen, but by sprink-
ling a little finely-powdered common salt over the flame it will
flash out as a golden-yellow fringe, the colour of which is due
to the salt.

The operations which take place in the three zones may be
summed up in the order of their occurrence as (1) the vapour-
ization of hydrocarbons, (2) the partial combustion of the vapours
produced, with the evolution of heat, whereby the carbon
particles become white-hot and luminous; the access of air at
this stage being insufficient for complete combustion ; (3) the com-
pletion of combustion owing to admixture with an excess of air,
producing great heat but little light. The phenomena of flame
are dependent on the nature of the hydrocarbons supplied, on
the heat generated within the flame, and on the air-supply.

A few experiments will easily show us that modification of the
conditions has considerable influence on the nature of flame.

Exp. 96.—Introduce the nozzle of a blowpipe into the dark central
zone of a candle, and divect a current of air into that area. By
so doing we bring a supply of air into the heart of the flame
suflicient to secure complete combustion, and we do it in such,
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a manner that it becomes intimately mixed with the hydro-
carbong.t

The conditions necessary for the production of a luminous zone
are no longer present, and in the resulting flame, the ¢ blowpipe
flame,” we have two zones only, and in both the luminosity is
feeble. The inner zone (see Fig. 81) contains excess of hydrocarbon
over air, and the outer zone contains excess of air over hydro-
carbon.

Similar phenomena are to be observed in the non-lumminous
flame of a Bunsen burner. Here the air is admitted by the holes
at the base of the burner, and intermingles with the gas supplied
from a small jet at the same level, so that the flame is the result
of the combustion of an intimate mixture of gas and air, just as in
the case of the blowpipe flame,

Exp. 97.—Make a short coil of stout copper wire by giving it half-a-
dozen turns round a piece of glass rod about 5 m.m. in diameter,
and so that only a small space is left between one coil and the
next. Bring the eoil into the upper part of the luminous zone of
a candle flame ; the flame will become smoky : if it be quickly
depressed to the Ievel of the wick, the flame loses its luminosity,
and indeed may be extinguished altogether. Copper, being a good
conductor and radiator, earries off heat and lowers the temperature
to such an extent that the particles no longer maintain the white
heat which imparts the luminoesity to the flame, and the com-
bustion is rendered so incomplete that carbonaceous matters
escape combustion and pass off as smoke. The vapours may in
this way be cooled down even below their point of ignition, and
the flame is then extingunished altogether.

Oxidizing and reducing flames.—The foregoing paragraphs
show that heated hydrocarbon vapours have the power of com-
bining with oxygen in the gaseous condition to form carbon
monoxide or dioxide and water vapour. They have also the
power of abstracting oxygen from many solid oxides or bodies
containing oxygen. This property may readily be shown either
by means of the flame of a Bunsen burner or of the blowpipe.

Exp. 98.—Partially close the holes at the base of the Bunsen burner
until there appears a well-defined Iuminous tip (A in Fig. 33)
within the flame. Now introduce within the luminous area a
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small amount of barium sulphate on a loop of thin platinum
wire, and hold it steadily there for two or three minutes.

The substance will be found to have changed in character, for
whilst the barium sulphate originally taken is unacted upon by
hydrochloric acid, the resulting body when moistened with dilute
hydrochloric acid evolves an odour of sulphuretted hydrogen. The
sulphate of barium (BaSO,) has been deprived of its oxygen, and
has become barium sulphide (BaS) ; thison treatment with dilute
hydrochloric acid is transformed into the soluble chloride of

barium with the evolution of H,S—
BaS -+ 2 HC1 = BaCl; + HS.

Similarly, oxide of lead or copper may be reduced to metallic
lead or copper when brought into the inner flame of the blow-
pipe (Fig. 32), In whatever part of a flame the hydrocarbons
predominate and the supply of oxygen is limited, such a reducing
action prevails. And wherever in a flame the supply of oxygen
1s in excess of that required to consume the hydrocarbons, as in
the outerzone of the candle or the Bunsen burner or the blowpipe

Fia. 32,

In Fig. 83
A is reducing area
BCD is oxidizing area
B low temperature oxidizing area
C high i

1 ] 13
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flame, an oxddizing action is experienced. This may be shown by
bringing metallic tin or other metals into the outer margin of the
Bunsen flame, The accompanying diagram (Fig. 33) illustrates
the structure of the Bunsen flame with especial regard to the
oxidizing and reducing areas, and to the temperature of the
different parts of the flame,

SUMMARY.

(1) The nature of *“fuel "—wood, coal and petrolenm as fuels,
(2) The character of flame and the conditions that must be
fulfilled in order that a gas or vapour may burn.
(3) Special fames.—
The candle-flame (a) the zone of distillation,

A1 ,, incomplete combustion.
(e ,y complete combustion,
The flame of the Bunsen burner and the blow-pipe con-

sidered
() in regard to temperature ;
(b) i ,» oxidizing or reducing action,
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QUESTIONS. —CHAPTER XVI.

. Deseribe the chemical changes which take place during the

combustion of coal in a furnace.

What is the unit adopted for the measurement of heat ?
What volume of water may be raised {rom 10° C, to 50° C.
by the heat derived from the combustion of 10 gramues of
hydrogen and 10 grammes of earbon respectively ?

What are the chief differences between lignite and peat, and
between anthracitic ana bituminous coal? Why does a
pound of petroleum give out more heat during combustion
than a pound of coal ?

What conditions must be fulfilled in order that flame may be
produced from coal, petroleum, and coal gas respeetively ?

. Under what conditions is combustion accompanied by

explosion? Three mixtures of coal gas and air are inade
and a light applied to each ; one does not ignite at all, the
second explodes, and the third burns quietly with a lnninous
flame. Explain these phenomena,

Sketeh the flame of a candle showing the boundaries of the
different zones of combustion.

. Mention _the chief constituents in the different zones of a

candle flame,

In what respects does the blowpipe flame differ from the
flame of a candle ?

. What is meant by the temperature of ignition of a gas ?

Explain the principle of the Davy lamp.
Give a diagram of the Bunsen flame, and indicate on it
(@) the reducing area ;
() the oxidizing area ;
(¢) the high temperature oxidizing area :
(d) the low temperature oxidizing area.
How may calcium sulphate be reduced to calcium sulphide
(@) in the blowpipe flame ;
(b) in the Bunsen flame ?



CHAPTER XVIL
OXIDES OF CARBON.

CARBON MONOXIDE, CO, occurs in small quantity in
chimney gases, especially where the air-supply during combustion
is not in sufficiently large excess; it is also formed during the
dry distillation of wood, coal, and such organic bodies. The
gases from blast or other furnaces in which an excess of carbon
1s present, and in which a reducing operation is being performed,
consist largely of carbon monoxide.

Preparation.—The gas is usually prepared on the small scale
in the laboratory by the action of concentrated sulphuric acid on
oxalic acid, an equal volume of carbon dioxide being given off at
the same time.

Exp. 99.—About 20 grammes of erystallized oxalic acid are put into
an 8-ounce flask provided with thistle funnel and delivery-tube,
and as much concentrated sulphuric acid as to cover it. Heat
is applied steadily until effervescence sets in, and then moderated
so as to secure a regular and not too rapid evolution of the gas.
Collect over water, avoiding any escape of the gas, as it is very
poisonous. The reaction which takes place is—

COOH| v
COOm + + H,S0, = €0 + CO, + H,0 + H,S0,

The sulphuric acid removes the elements of water from the oxalic
acid without itself undergoing any chemical change.

Exp. 100.—Pour lime-water into a jar of the gas, and shake up ;_the
lime-water will become turbid owing to the formation of ealcium

‘honate 1—
o Ca0 + CO, = CaCOj.

The presence of carbon dioxide is thus indicated.

1 After the experiment has been performed, it is well to pburn the gas rather

than to let it escape directly into the air.
174
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Exp. 101.—Pour a few cubic centimetres of caustic soda into a jar of
the gas and shake up well, the carbon dioxide will combine with

the caustie soda, forming sodium carbonate—
2 NaOH + CO, = Na,CO; + H,0.

Bring the mouth of the jar under water, the water will rise, and
it will be seen that about half the volume of the gas is left. This
is the carbon monoxide. Transfer some of this-gas to a smaller
vessel by decanting it over water, and shake up with lime-water ;
no turbidity will be produced,. the carbon dioxide having Leen
removed. Now apply a light to the gas; it will burn with a
beautiful blue lambent flame. When the combustion is finished,
again shake up the wvessel, and marked turbidity will then be
produced, showing that carbon dioxide has again appeared. The
carbon monoxide has united with oxygen during the process of
combustion, with the formation of carbon diexide—

2.C0 + 0, = 2CO,.

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

Exp. 102.—Remove the carbon dioxide from a second jar of the
collected gas, and then decant into the jar sufficient air to fill
the vessel.

We have now a mixture of equal volumes of carbon monoxide
and air, and if after allowing the gises to stand for two or three
minutes to mix properly, the mouth of the Jar be held towards
the flame of a Bunmsen burner, it will be seen that carbon
monoxide and air form an explosive mixture.

If it be desired to separate the carbon dioxide from the monoxide
before collecting the gas this may be done by passing the
gasesfe}rnlved during its preparation through two wash-bottles
containing caustic soda solution,

Carbon monoxide may, however, be prepared free from the

dim{ideib}' gently warming a mixture of sodium formate and
sulphuric acid—

H
C0ONa | + TS0, = NaFISO, + H,0 + €0



176 Filkg't §TAcE OHEMISTRY.

or by heating roughly-powdered potassium ferrocyanide with
concentrated ! sulphuric acid.

An interesting method whereby carbon monoxide may be
obtained in large quantities, though in an impure condition, is to
pass carbon dioxide over red-hot chareoal. The charcoal may con-
veniently be heated in an iron pipe by means of a combustion
furnace, and the carbon dioxide evolved in a gentle stream by
the action of hydrochlorie acid on marble—

GD’E "|‘ C - 2 DU.
The carbon monoxide is either collected or burnt at a jet
attached to the exit of the tube.

This method of formatien may be observed in a coke or red-
hot cinder fire, on the surface of which the blue flames of the
burning gas may be seen, Tlie air passing in at the base of the
fire at the lower part of the grate unites with carbon, forming
carbon dioxide, and this as it passes~aver the mass of red-hot
carbon in the upper part of the grate is transformed into carbon
monoxide. ‘ Generator” gas, used in some manufacturing oper-
ations, consists largely of carbon monoxide, and is obtained by
passing air over a high column of red-hot coke or anthracite.

Properties.—Carbon monoxide is a colourless, tasteless gas of
a very poisonous nature. Itis only very slightly soluble in water,
100 volumes of water at ordinary temperatures dissolving less
than three volumes of the gas. It is also very difficult to con-
dense, the liquid boiling under atmospheric pressure at —190° C.
Under ordinary circumstances, carbon monoxide burns in air, or
may be exploded with oxygen in a eudiometer, forming carbon
dioxide. But when the gases are peifectly dried by exposing them
for a lengthened period to phosphorus pentoxide, sparks may
be passed through the mixture without combination taking place.
In this connection it may be mentioned also that bodies like
carbon, sulphur, and phosphorus will not burn in oxygen or air if
moisture be entirely removed, Owing to the readiness with which
carbon monoxide combines with oxygen, it is a powerful reducing
agent. It also combines directly with the vapnur.uf su]pi}ur,
forming carbonyl sulphide (COS), and in sunlight with chlorine,
forming carbonyl chloride (COCLy), also known as phosgene gas.

1 Dilute sulphuric acid gives rise to the formation of hydrocyanic acid (HCN).
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CARBON DIOXIDE, C0,—This gas is of more frequent
occurrence than earbon monoxide. Its presence in air and water
has already been mentioned, and also the part it plays in the
animal and vegetable kingdoms. It is given off in large quantities
from lime-kilns, in which the limestone (CaCO,) is decomposed
by heat into quicklime (Ca0) and carbon dioxide. Processes of
fermentation and putrefaction give rise to the gas. Whenever an
explosion of fire-damp occurs in coal-mines carbon dioxide is
formed in large quantities, and constitutes what the miners call
the after-damp or choke-damp.

Preparation.—Carbon dioxide is usually prepared by the action
of dilute hydrochloric acid on marble (CaCO;). No heat is re-
quired, and the operation may be carried out in a flask or Woulff’s
bottle fitted with delivery-tube, the reaction being—

CaCO, + 2 HCl = CaCl, + CO, + H,0,
Although somewhat soluble in water, the gas is usually collected
over water ; being, however, much heavier than air, it may be
collected by downward displacement. All carbonates, when
treated with dilute hydrochloric acid, liberate carbon dioxidc ;
many, such as limestone, liberate it when heated.

We have already seen that carbon dioxide is formed when
carbon or compounds containing it are burnt in excess of air, If
carbon compounds are heated to redness with oxide of copper, the
whole of the carbon is transformed into carbon dioxide, and it is in
this way that the amount of carbon in such compounds is estimated.

The following experiments, and that described in Chapter VIII,
page 87, will illustrate the properties of carbon dioxide.

Exp. 103.—Fill a large beaker of three or four litres capacity by
downward displacement with carbon dioxide which has been
bubbled through water to remove hydrochloric acid, and plunge
a taper into the gas ; it will be immediately extinguished, Now
detach a soap-bubble charged with air into the beaker, and it
will be found to float on the surface of the heavier carbon dioxide.
The density and other properties of the gas may further be
illustrated by pouring it over a lighted candle, and thus ex-
tinguishing it, or by ladling out the gas with a smaller heaker,
and showing the presence of carbon dioxide in the beaker by ity
extinguishing a taper,
¥, 8T: CHEM, N
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Exp. 104.—Insert burning magnesium ribbon into another beaker of
carbon dioxide ; the combustion will continne at the expense of
the oxygen in the carbon dioxide, and particles of carbon which
are liberated will be observed on rinsing out the beaker with
water. Carbon dioxide is a compound of great stability, but
it may be decomposed by certain metals, such as magnesinm or
potassium, which have a very great affinity for oxygen.

Exp. 105.—Pass a stream of carbon dioxide through a few cubie
centimetres of water to which some drops of litmus solution have
been added, and note that the litmus assumes a claret tinge ;
contrast this with the effect of adding litmus to water containing
a little hydrochloric or sulphuric acid. Notice also that by
boiling, the carbon dioxide is expelled, and the litmus assumes
its original colour. A solution of carbon dioxide in water is
therefore very unstable, and possessed of a feebly acid character.

Exp. 106.—Pass the expired air from the lungs, or carbon dioxide
(washed) from marble, through a slightly alkaline pink solution
of phenol-phthalein ; the pink liquid becomes colourless. This
change from a pink to a colourless solution may be used as a
means of indicating the presence of carbon dioxide.

Properties of carbon dioxide.—Carbon dioxide is a colour-
less gas with a very faintly acid taste. It is about 13 times as
heavy as air; water at 15° C. dissolves about its own volume
of the gas, at 0° C. 100 volumes of water dissolves 180 volumes
of the gas. As with other gases, the amount dissolved increases
divectly as the pressure under which solution takes place, and
soda-water being water charged with the gas under about four
atmospheres pressure contains about four times its volume of
the gas. Under a pressure of 36 atmospheres at 0° C. it con-
denses to the liquid form, and in this form it is prepared on &
tolerably large scale and stored in steel eylinders. If the nozzle
of one of these eylinders be opened, the pressure being released,
the liquid is rapidly transformed info gas. The amount of ‘h:ant
absorbed by the passage from the liquid to the gaseous condition
is considerable, and the issuing gas becomes so far cooled tllf’lt
a part of the gas condenses again even to the solid form. Solid
carbon dioxide is a white, snow-like substance which passes only
comparatively slowly into the 'gaseous condition again. The
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depression of temperature by its passage from the solid to the
gaseous condition is such that mercury can be readily cooled
down to — 40° C. and obtained as a solid body. Carbon dioxide,
as will appear from the previous experiments, is in general a
non-supporter of combustion or of animal life. It is decomposed
by the green colouring-matter of plants in presence of sunlight,
carbon being assimilated and oxygen set free in the process,

The carbonates.—We have seen in a previous paragraph
that a solution of carbon dioxide in water shows a feebly acid
reaction. For this reason, and from a consideration of the salts
known as the carbonates, carbon dioxide is to be regarded as the
anhydride of carbonic acid, and the composition of the acid,
although never isolated, may be taken as H,CO,.

Carbonic acid has two atoms of hydrogen replaceable by
metals, and is therefore a dibasic acid. In the acid carbonates
or bicarbonates only half the hydrogen is so replaced, thus
KHCO, is bicarbonate of potash, and NaHCO, is bicarbonate of
soda. In the normal carbonates the whole of the hydrogen is
replaced, as with K,CO,; potassium carbonate, and Na,CO,,
sodium carbonate,

Exp. 107.—Pass carbon dioxide to saturation into a solution of
caustic soda, and then evaporate down to dryness on a water-
bath. A residue will be obtained consisting of the monohydrated.
normal carbonate of soda, Na,C0y4. H,0.

Dissolve as much as possible of this in hot water and allow to
cool, crystals of Na,CO, 10 H,0 will be formed. This is the
product known as “soda crystals,” and used as washing soda.

Very gently warm a quantity of this salt, or preferably the
Na,CO;. HyO in an atmosphere of carbon dioxide; it will take up
CO, and be transformed into the bicarbonate, NaHCO,—

Na,CO,. HyO + CO, = 2 NaHCO,.

Exp. 108.—Heat in a porcelain basin over the Bunsen flame a few

grammes of dry bicarbonate of soda ; carbon dioxide will be given

off, and the normal carbonate again reproduced—
2 NEI.I'ICDE = lfﬂgco:] ar GGE A HEO

The carbonates and bicarbonates of the alkalies are obtained
by means of such reactions; they are soluble in water, whilst the
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carbonates of other metals are insoluble in water but soluble
with decomposition in acids—
CaCO,; + 2 HCI = CaCl, + CO, + H,0.
Some bicarbonates, e.g. CaH,(CO,),, are soluble in water
(see p. 87).
The carbonates that are insoluble in water may be obtained
(1) by the addition of alkaline carbonates to a soluble salt of the

metal—
Na,CO; + BaCl, = BaCO, 4+ 2 NaCl;

(2) by passing carbon dioxide into a solution of the hydrate—
CaH,0, + CO, = CaCO4* + H,0.

Weak bases such as alumina, oxide of silver, and oxide of
mercury either form no carbonates or very unstable ones, and
the normal earbonates of the alkalies are the only ones which
withstand a high temperature without decomposition.

Test for carbonates.—Add dilute hydrochloric acid to the
solid carbonate, or an aqueous solution of a carbonate in a test-
tube. An effervescence will be observed, and on decanting the
gas downwards into a second tube containing lime-water, and
shaking up, a turbidity will be produced in the lime-water owing
to the formation of caleium carbonate.

SUMMARY.

Carbon monoxide.
(1) Preparation.—
(a) by the action of red-hot carbon on CO, or when carbon
is burnt with an insufficient supply of air.

(b) by the action of sulphuric acid on a formate,
(c) y » 3 oxalic acid.

(d) 5 i Y potassium ferrocya-
nide.

(2) Properties.—
(a) Very slightly soluble in water, poisonous.
(b) Liquefied only under high pressure at very low
temperature.

1 Excess of CO, transforms this into the soluble bicarbonate—
Cnﬂﬂ-ﬁ -+ HED <+ ':Da = GﬂHg(CDgh.
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(¢c) Combustible (forming CO,) but not a supporter of
combustion,

(d) Generally inert as a chemical agent, but under certain
conditions it combines with oxygen, sulphur and
chlorine.

Carbon. dioxide.
(1) Preparation.—

() by burning carbon or carbonaceous substances in
excess of air,

(b) by heating carbon or organic substances along with
certain oxides.

(¢) by the action of acids on carbonates.

(2) Properties.—

(w) Heavier than the air, non-supporter of life or of
combustion,

(b) Dissolves in about its own volume of water at ordinary
temperatures, solution faintly acid.

(¢) Liquefies under moderate pressure.

(d) Chemically inert, decomposed with difficulty.

(¢) Readily soluble in caustic alkalies forming carbonates.

(3) Carbonates—formed by

(@) combination of CO, with oxides or hydroxides.

(b) precipitation of insoluble carbonates.

Many carbonates are decomposed by heat with evolution of CO.,.
All ¥y n 1 acid 1 1 1
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QUESTIONS.—CHAPTER XVII.

1. Mention some conditions under which carbon monoxide 1s
produced during the combustion of fuel on the large scaie.

2. You desire to collect a specimen of CO as free as possible from
air or CO,, using oxalic acid as the source of the gas; how
would you proceed ?

3. How may CO be transformed into CO, and CO, into CO ?

4, What experiments would you perform in order to distingunish
between CO and CO, ?

5. What is the action of dilute and of concentrated sulphuric
acid on potassium ferrocyanide ?

6. What is “ generator gas,” and how is it made ? How would
you show that it contains (a) CO, (b) CO,, (¢) H?

7. It has been shown that chemical action undergoes modifi-
cation when the reacting substances are perfectly dried ;
give instances of this,

8. Describe the reactions which take place when sodium bicar-
bonate (NaHCO,) and lead carbonate (PbCOg) are respect-
ively subjected to the action of leat, and when they are
brought into contact with dilute nitric acid.

9, Write down in separate columns (a) the physical, (b) the
chemical properties of carbon dioxide.

10. Give two methods for the decomposition of carbon dioxide.

11. How are carbonates in general formed? Given metallic
zine, lime, and caustic potash, how would you prepare
specimens of zinc carbonate, calcium carbonate, and potas-
sium carbonate ?



CHAPTER XVIII.
CHEMICAL CALCULATIONS.

I.—The relations between weight and volume of gases.

We have seen (Chapter VI.) that the densities of guses are
proportional to their molecular weights. In order to express the
weight of any gas it is convenient to remember as the basis of
calenlation that 1 litre of hydrogen at the standard temperature
(0° C.) and pressure (760 m.m. of mercury) is 000899 gramme, or
that 11:12 litres of hydrogen weigh one gramme,

If then we desire to ascertain the weight of any other gas
under like conditions, we commence by expressing in chemical
symbols the molecule of the gas thus—

The molecule of hydrogen is expressed by H, (2)

‘ X nitrogen 7 N, (28)
- s oxygen 53 0, (32)
- o chlorine 0 Cly (T1)
»” ” ynone L 03 [48)
o 5 phosphorus o P, (124)
i 5 water vapour " H,0 (18)
L s hydroehloric acid ,, HCI (36:5)
i i carbon dioxide ,, CO, (44)
v i nitric oxide i NO (30)
+ o gsulphur dioxide ,, S0, (64)
s " sulphuretted

hydrogen } 2 H,S (34)
- i ammonia . NH, (17)

and so on,
183
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The relative weights are, then, those stated in parenthesis after
the symbol in the above list, as derived from the respective atomic
weights.

Thus the weight of a litre of nitrogen is 14 times that of a litre
of hydrogen or (0:0899 x 14) grammes; a litre of carbon dioxide
weighs (0°0899 x 22) grammes ; a litre of sulphuretted hydrogen
weighs (0°0899 x 17) grammes,

The alternative method of expressing the same facts is perhaps
more readily applied in chemical calculations, viz. that 11:12
litres of hydrogen weigh 1 gramme or 22:24 litres (usually stated as
22+4) of hydrogen weigh 2 grammes, the same number of grammes
as that used for expressing the molecular weight. In this form
the statement is quite general, that the molecular weight
being m, 22-24 litres of any gas whatever weigh m grammes.

2224 litres of nitrogen weigh 28 grammes.
2224 n 22 Gx}rgen 21 32 n
2224 ,, ,, chlorine T %
2224 ,, ,, sulphur dioxide ,, 64 i
22:24 ,, ,, ammonia e L o

It is convenient to remember both forms of the expression, as
one or the other is more readily adapted for the purpose of cal-
culation according to the terms which are given. For instance,
if it be desired to calculate the weight of a certain volume of
a gas, the former expression lends itself more readily for the
purpose—as in the following example—

(1) Required the weight of 100 c.c. of carbon dioxide at 0° C.
and 760 m.m. pressure—

1000 c.c. (1 litre) of hydrogen weigh 0-:0899 grammes.
3 5 carbon dioxide ,, 19778 ;5
100 cubic centimetres of ,, 2 5 OB

Should the weight of the gas be given, and its volume is to be
determined, the second form of expression is more eusily applied.
(2) Required the volume occupied by 0'5 gramme of ammonia
at 0° C. and 760 m.m. pressure—
17 grammes of ammonia occupy 22-24 litres.
1 1 b 13 1-308
05 » 2 0-654¢
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1t 1s useful also to bear in mind that air is 14-435 times as
heavy as hydrogen, since frequently the densities of vapours as
actually determined by experiment are stated in terms of air as
unit.

Thus the density of sulphur dioxide is found by experiment to
be 2:247, air being the unit.

The density compared with lydrogen is therefore 2:247 x
14435, or 3243, a value agreeing well with that deduced from
the accepted comnposition of this gas.

II.-— Correction for temperature and pressure.

We shall first consider the influence of variations of femper-
ature on the volume of a gas, and consequently on the weight of
a given volume.

We have seen (Chap. VI.) that a gas at 0° C. expands 3y of its
volume for each increment of one degree Centigrade in temper-
ature. The more general form of expression, viz. that the volume
of the gas is proportional to the absolute temperature (see p. 49),
will be found the most useful, as a few examples will show. In
order to make the calculation it is in the first place necessary
to convert the temperatures as ordinarily stated into absolute
temperatures.

(3) A litre of gasis measured at 0° C.; what volume will it
occupy at — 20° C., and what at 50° C.?

0° C. = 273° absolute.
— 20° C. = 255°
4 507 C. = 323"

13

n

Volume required is at — 20° C. 1 litre x 352 = 926:8 c.c.
1 » n ok 50°0: Llitrarx 228 —qjesioae
273

(4) The volume of a gas measured at 10° C. is found to be

150 c.c.; what volume would it occupy at the standard temper-
ature (0° C.)?

10° C. = 283° absolute,

Volume required is at 0° 0., 150 x g_g = 1447 ge.

(5) The volume of a gas measured at 15° C.is found to be
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250 c.¢.; what volume would it oceupy at — 15° C. and at 57° C,
respectively ?

156° C. = 288° absolute.
e e
+ §7° C. = 330° 3
Volume required at - 15° C. = 250 x g;: = 224:0 c.c.
= BB‘D
; ; ol = S5) == = 0Bh=5 a0,
: X 588 2865 c.c

And now let us consider the effect of variation in pressure.
According to Boyle's Law (see p. 51), the volume of a gas is
inversely proportional to the pressure to which it is subjected
when the temperature is constant,

(6) A gas measured at standard atinospheric pressure (760 m.m.)
is found to occupy 15 litres; what volume will it occupy at
1,000 m.m. and at 100 m.m. pressure ?

760

Required volume at 1,000 m.m. is 1,500 x 1000 = 1,140 c.c.
¥ 4 y» 100 m.m, is 1,500 x %g = 11,400 c.c.

(7) The volume of a gas at 500 m.m. pressure is found to be
250 c.c. ; what would it measure under 5 atmospheres pressure ?
5 atmospheres = (760 x 5) n.m. = 3,800 m.m.

A 500
Required volume at 5 atmos. = 250 x 5,800 — 32-9 c.c.
Finally, an example is given of the allowance for both

temperature and pressure in the same expression.
(8) A gas occupies 190 c.c.at 13° C. and 740 m.m. pressure ; what
volume would it occupy at standard temperaiure and pressure

(0° C. and 760 m.m.), and what at — 130° C. and 780 m.m. pressure ?

13° C. = 286° absolute.
el

: 20D 4D Loy
Volume at-0° C. and 760 m.m. = 190 x 588 x 760 — 176:6 c.c.
— 130° C. = 143 absolute.
143 x 740

Yolume at = 130° C. and 780 m.m. = 180 x 586 x 780 = 90-1 c.c.
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III.— The relation between weight and volume of
liquids and solids.
The specific gravity of liquids is expressed in terms of pure
water at 15° €. as unit. The following table shows that the
specific gravity of water varies at different temperatures, water

at 4° being taken as 1,
Specific gravity of water at 0° = 099987

bl f 9° — 0-99997
1 1 it 4° = 1-00000
CapagY. - . 10° = 0:99975
i © 15° = 009916
o " 90° — 099826

. 2 4 O =

In ascertaining the density of a liquid by comparison with
water it is more convenient to make the determination at ordinary
temperatures, and hence it is usual to adopt the specific gravity
of water at 15° C. as the basis of comparison.

When we say that the specific gravity of a liquid is 1'8 we
mean that it is heavier than water in the proportion 1-8: 1; if
therefore 1 c.c. of water weighs 1 gramme, 1 c.c. of such a liquid
will weigh 1'8 grammes.? The following examples will show
how specific gravity of liquids enters into chemical problems.

(9) What is the weight of 100 c.c. of sulphuric acid of sp. gr.
1847

100 c.e. of water welgh 100 grammes.
S ﬂulghur_ic :u:_i{l of thel - ;
-ensity given

(10) Hydrochloric acid of sp. gr. 1:112 contains 21 per cent.
by weight of gaseous hydrochloric acid; find the volume of
hydrochlorie acid gas in 10 c.c. of such acid.

By the method used in the previous problem 10 c.c. of hydro-

chloric acid will weigh 1112 grammes.

11'12 x 21
oo = 2'3352 grammes, the weight of gaseous hydro-

chlorie acid contained in it.

1 This is not strictly accurate, since the gramme is the weight of
‘ ) ate, f 1 c.c. of water
;c; rilt:n(i;,'nd'r nl“r; ir.-{fu'rcct]la{m, lluWHx-::r, is only E]j]:l{’[ﬂ in case o m*u?v exact ux;rz*uaﬂiﬁl{
‘ed, and for ordinary purposes it is omitted. In any case i
may be obtained by multiplying the result by 0-0p916. ¥ . e
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365 grammes of HCl occupy 22-32 litres ;
2:3352 grammes occupy sang X aohy litres ;
365
= 1-428 litres.

The relation between weight and volume of solids, like
that of liquids, is expressed in terms of water as unit. Thus,
diamond is 3'5 times as heavy as water, and its sp. gr. is 35, the
sp. gr. of graphite is 22, of mercury 13-6.

The weight of these bodies that occupy the same volume as
1 gramme of water (that is, 1 c.c.) is 3:5, 2:2, and 136 respectively.

T'his relation is seldom necessary in chemical caleulations,

IV.—Calculation of the percentage composition of a body.

When the chemical composition of a body is expressed by
symbols, the proportions of the respective elements contained
in it are the weights of the elements as determined from the table
of atomic weights.

HCI indicates a compound formed by the union of 1 part by
weight of hydrogen with 355 parts by weight of chlorine.

H,0 indicates a compound formed by the union of 2 parts by
weight of hydrogen with 16 parts by weight of oxygen.

CO, indicates a compound formed by the union of 12 parts by
weight of carbon with 32 (i.e. 2 x 16) parts by weight of
oxygen,

P,0, indicates a compound formed by the union of 62 (i.e.
2 x 31) parts by weight of phosphorus with 80 (i.e.
5 x 16) parts by weight of oxygen.

H,PO, indicates a compound formed by the union of 3 parts by
weicht of hydrogen, 81 parts by weight of phosphorus,
and 64 (i. e. 4 x 16) parts by weight of oxygen.

365 parts by weigltt of HCI contain 1 pt. of H and 355 pts. of Cl

18 = i Ho0 s 20 Hoanddiie o, stk
44 it oy (BLD TR b [ b M B 7 3 T M e a0 )
1'5’:2 13 LR P‘.!O.'i 13 62 1 P H,I'ld. 80 R 0.
08 . iy H,PO,,, 8 ,, H,31ofPand 64 of O.

The percentage composition is merely the statement of the
relative weights of each of the constituents in 100 parts of the

compound,
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Thus, if 18 parts by weight of water contain 2 parlts of 11}'@rugen
and 16 parts of oxygen, then 100 parts of water will contain—

2_}{1_8_19_@ parts of H, d.e. 1111

and 16 "flj-ﬂ
__].8 11 3

and this represents the percentage composition of wlatcr.
(11) Find the percentage composition of potassium chlorate,

KC10,—

0, i.e. 8888 ;

Le — Bl

0; = 480

122-6

‘1 % 100

Percentage amount of K -B?T};_H--— = 31-89
ol = 3950 x 100 _ 9g.95

L i 122:6
= - Do o 3916
L2268 0000

(12) Find the percentage amount of water of crystallization in
FeSO,. 7 H,0.

Fe = 56
St — I
0, = 64
7TH,0 = 126
278
278 parts of FeSO,. 7 H,O contain 126 parts of water.
Percentage of water = lgﬁ_g?al_ﬂ[] = 4532,

The question which even more frequently arises in practice is
the converse one, the determination of the formula of a substance
from the results of analysis of the substance. We have seen
already that the relative composition by weight of a body is
obtained by taking the atomic weight of each constituent, and
where more than one atom of any constituent is present, then the
multiple of that according to the number of atoms,
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E.g., for COCl,—

S ' "l ! Brodug, ,  Featomisse
< 8 12 1 12 120 [
0 16 1 16 1616
cl, 355 2 71 7172

We now reverse the process, and desire to determine the
relative number of atoms of each element, having given the
composition by weight of a body as deduced from its analysis—

S = 23-7 per cent.

0 = 237 "o

Gl.=h%6. ., .
Let n, n/, n” be the number of atoms of S, 0, and Cl respectively,
the atomic weights being 32, 16, and 355, we have the relative
weights of each of the constituents—

32 m, 16 n/, and 355 n”.
These values are proportional to the weights as represented by
the percentage composition, viz.—
237, 237, 526,

Il

Thus—
32 n o€ 237 and n is proportional to 074,
Lo me oK . ,y 148,
35D " & 526 ,, n’ T sy 148,
The simplest proportion in whole nuwmbers is—
il e
and the formula on this assumption is—
S0,Cl,.

This, then, is the empirical formada as deduced solely from the
consideration of the results of the analysis. It is quite consistent
with such a ealeulation that the formula should be 5,0,Cl,, or
9,04Cl,, or any such multiple. Which of these 1s to be finally
accepted ecan only be decided after a determination of the vapour
density of the body, or of its chemical constitution and character,
and this would be the constitutional formula of the body.

To determine the empirical formula of a body, we therefore
divide the results of analysis by the respective atomic weights,
and the numbers so obtained are proportional to the number of

atoms,
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(13) The percentage composition of a compound is found to
be H = 588 and O = 94'12: find its formula.

In this case n and n, being in proportion to the number of
atoms of hydrogen and oxygen respectively

nH = 588, and H being 1, n = 5:88.
n,0 = 9412, and O being 16, n, = 588.

The body therefore consists of an equal number of atoms of
H and O, and the simplest formula would be HO. Chemical
considerations, however, compel us to accept a multiple of this,
viz. H,0,, as the formula of hydrogen peroxide, the substance
whose composition had been ascertained.

(14) Find the formula of a substance having the composition—

Mo — 976
==
= b1,
Water of crystallization = 51:22.
Mg gives %{—ﬁ = 0406 as proportional number.,
13:01
S 12600 Gy DR 0-406 " P
2601
0 ” I = 1:626 7 M
: 51-22
HEO e «FE = 2:846 = 3

From these numbers we deduce as the simplest whole numbers
bearing the same relation to one another 1:1 :4 : 7, and the
simplest formula for the body is—

MgS0,.7 H,O.

V.—Application to chemical problems.

We have now considered the fundamentul caleulations whicl
enter into chemical problems, and a few examples will be given
to show how these bear upon questions involving chemical decom-
position and interchange.

(15) What weight of caustic soda (NaOH) will be needed to
just neutralize 10 e.c. of dilute sulphuric acid (sp. gr. 1:155) con-
taining 21 per cent. of H,S0, ?
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In all cases where a chemical reaction is concerned, involving
considerations of weight or volume, it is well to state the reaction
in the form of an equation at the outset—

2NaOH <+ HPBO, = NaB80, 4 2HO.
Sodium Sulphate.

From this we see that 2 NaOH neutralize H,SO,, the respective
weight relations being—

2(23 + 16 + 1) and (2 4+ 32 + 64) or 80 : 98.

80 parts by weight of caustic soda serve to neutralize 98 parts
by weight of sulphuric acid.

Now determine the actual weight of sulphuric acid that is to
be neutralized—

10 c.c. of the dilute sulphuric acid (sp. gr. 1'155) weigh 11-55 grms.
21 per cent. of this is H,S0, i.e. 1 20 X 21
Required amount of caustic soda is—
2:42556 x 80
98

(16) What volume of oxygen collected at standard temperature
and pressure (0° and 760 m.m.) is given off on heating 10 grammes
of mercurie oxide ?

= 24255 grammes,

grammes, or 1°'98 grammes.

2 HeO = 2 Hg + 0,.
First determine the weight of oxygen from the above equation,
which shows that 432 parts of mercuric oxide yield 32 parts of
oxygen, or, in simpler numbers, 27 parts yield 2 parts of

oxXygen.
x 10

10 grammes therefore yield 2_2-?_, or 074 gramme.

Now 32 grammes of oxygen occupy at standard temperat}lra
and pressure 22:24 litres, and the volwme of oxygen corresponding
to this weight is—

L 2222-24 = H14 cubic centimetres.

(17) What weight of sulphur must be burnt so as to yield 1

litre of sulphur dioxide at standard temperature and pressure ?
5 + OE = SOE

Here we start from a known volume of gas and must work back

to the weight in terms of which the vesult is to be expressed,
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22:24 litres of SO, weigh 64 grammes.

r

1 litre of SO, weighs or 2:867 grammes.

22-24
Also 64 grammes of SO, contain 32 grammes of 5,
and 2:877 5 {0 S G e T 5.

1-4385 grammes of sulphur will therefore be required to prodice
1 litre of S0,

Such a calculation may, however, be shortened by the consider-
ation that as 32 grammes of sulphur, according to the equation,
yield 64 grammes or 22:24 litres of SO,

32
22:24

The next example will be rendered more complex by intro-
ducing conditions of temperature and pressure differing from the
standard. No further difficulty is really involved, except that the
correction for temperature and pressure must be made.

(18) 24 litres of nitrous oxide have been collected at 39° C. and
741 m.m. pressure ; what weight of ammonium nitrate has been
decomposed in order to supply the gas ?

First eliminate the irregularity introduced by the temperature
and pressure, by determining what volume the gas would have
occupied had it been collected at standard temperature and
pressure. This will be—

20 x 273 x 741
- 312 x 760
Now according to the equation—
NH,NO, = N,O - 2 H,0.
Ammonium nitrate. Nitrous oxide.

80 grammes of ammonium nitrate yield 44 grammes (or 22:24

litres) of nitrous oxide, and hence

80 x 2 e
2 ;2241@ grammeg, or 7-673 grammes, of ammonium

grammes will yield 1 litre of 50,

litres, or 2:133 lﬁres_

nitrate have been decomposed.

(19) One gramme of water is () converted into steam at 100° C.,
(b) decomposed by means of sodium and the hydrogen collected
at 13°C. ; _whut volume will each occupy, the barometer at the
time standing at 750 m.m, ?

First, let us consider the case of the steam. This being water

F. ST, CHEM, 0
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vapour has, at standard-temperature and pressure, a density such
that, as previously shown,
18 grammes is the weight of 22-24 litres,

25‘*;'24 o 1250 s e

Thus 1 gramme occupies

At 100° C. and 750 m.m. pressure this occupies—
1:235 x 373 % 760 :
e R e O W
273 % 150 i
Secondly, as to the hydrogen, the decomposition is represented
by the equation—
2Na + 2 H,O = 2 NaOH + H,;
from which we see that 36 grammes of water yield 2 grammes of
hydrogen, and therefore 1 gramme of water yields { gramme of
hydrogen.
The volume of hydrogen at standard temperature and pressure
. 5}
is thus 1_1131: or 062 litre. Corrected so as to represent the
volume at 13° C. and 750 m.m. pressure this becomes—
062 x 286 x 760 :
bt o = (658 litre.
273 x 750 s

The whele of the more important elements entering into the
treatment of chemical problems have now been discussed, and it
only remains to add some examples in further illustration of their
application to chemical reactions.

(20) 10 grammes of mercury are heated with excess of concen-
trated sulphuric acid and the sulphur dioxide formed is collected
at 15° (. and 765 m.m. pressure; wlat volume does it occupy ?

Here, as in most cases, it is best to commence by a statement
of the reaction which takes place.

Hg + 2HS80, = Hgdto, + 2H,0 + S0,.

Mercuric Sulphate.
9200 grammes of mercury give 64 grammes of SOy,
or 200 5 5 s 2224 litres of SO,.
10 1 1 1 1-112 1 L1
at standard temperature and pressure.
Volume at 15° C. and 765 m.m. pressure is then
1112 x 288 x 760 _ .96 Jigre,
273 x 76D
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(21) 25 c.c. of marsh gas (CH,) are mixed with 500 c.c. of
air and exploded in a eudiometer ; what volume of gas should
there be («) before the removal of the carbon dioxide formed, (&)
after the absorption of the carbon dioxide by means of caustic
potash? The temperature and pressure may be asgumed to be
the same when each of the readings of volume were talken.

The chemical reaction which takes place is

CH, + 2 0, = CO, + 2 H,0,
2vols. 4vols. 2 vols.
the nitrogen of the air taking no part in the combustion,

It is further manifest on inspection that the 2 volumes of
marsh gas and 4 volumes of oxygen, before explosion, give rise
to 2 volumes of carbon dioxide, the space occupied by the water
being negligible.

Thus 6 volumes are reduced to 2, and the diminution is 4
volumes.

But the marsh gas occupies 25 c.c., and is represented by 2
volumes,

The diminution in volume is therefore 50 c.c., and the 525 ec.c.
of mixed gases originally present in the eudiometer have been
reduced to 475 c.c. \

Similarly the CO, occupies the same volume as the marsh gas
from which it was obtained, and is thus 25 c.c., and if this be
removed there will remain 450 c.c. of gas in the eudiometer. The
result is that the residual gas—

(@) before removal of CO, is 475 c.c.
(b) after ke W s, olieie!

(22) 10 c.c. of liquid carbon bisulphide (sp. gr. 2:63) are burnt
in oxygen ; find the volume of the resulting gases measured at
standard temperature and pressure.

We must first ascertain the weight of the carbon bisulphide,
Its sp. gr. being 263, the 10 c.c. will weigh 263 grammes.

T]'H:’.' chemical change during combustion is represented in the
equation

CS; + 30, = CO, + 2 S0,.
76 grammes of CS, yield 44 grammes or 22:24 litres CO..
3 W IEB L ddds S0k
1 s . »  66:72 litres of CO, and S0, together,
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26-3 grammes of CS, yield 4 —IQTE—EH—"? = 23-09 litres.

(23) Considering air as a mixture of 79 per cent. by volume of
nitrogen with 21 per cent. by volume of oxygen, find the density of
air compared with hydrogen. Also find the density of the vapour
of carbon bisulphide compared with air.

79 vols. of nitrogen are as heavy as 79 x 14, or 1,106 vols. of I.

21 " OXygen 3 1 21 x 16, or 53'3‘! wooon
IU'D 13 Eil‘ L} LE 11442 1 12
Density of air is 14°42.1
; : : bl e
Density of the vapour of bisulphide of carbon is ool o8,
compared with H,
Compared with air it is therefore o)l = 2:635.

1442

Atomic weights to be used in the following calculations.

Hydrogen, 1. : Chlorine,  355.
Carbon, 12. Potassium, 39.
Nitrogen, 14. Calcium, 40,
Oxygen, 16. " Iron, 56.
Sodium, 23. Bromine, 80.
Magnesium, 24. Silver, 107-6.
Phosphorus, 31. Antimony, 119-6.
Sulphur, 32. Mercury,  200.

Lead, 2064

1 Actual density at normal composition is taken as 14°435,
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QUESTIONS.—CHAPTER XVIIIL

. The volume of a permanent gas at 0° C. is 3 litres ; at what

temperature would it occupy 4 litres, the pressure remaining
unaltered ? .

Two samples of gas occupy the same volume, but one is at
— 20° C., and the other at 20° C.; what is their relative
volume when both are at 0° C. ?

The volume of a gas at 13° C. is 100 c.c. ; find its volume at
— 130° C., at — 13° C., and at 130° C, '

A gasunder standard atmosplieric pressure measures 209 c.c. ;
what volume will it occupy under a pressure of 44, 3, 2,
and 54 atmospheres respectively ?

What volume will half a litre of gas measured at 750 m,m,
pressure occupy when subjected to a pressure of 850 m.m,
of mercury ?

. A rectangular vessel 10 c.m. long, 5 c¢.m. wide, and 35 c.m.

deep, is filled with gas at 100° C. and 770 m.m. pressure;
what volume will the gas occupy at standard temperature
and pressure ?

A sample of gas is collected in a endiometer, and it is found
that the level of the mercury in the endiometer is 257 m.m.
above that of the trough, also the height of the barometer
at the time is 745 m.m. ; under what pressure is the gas?

A sample of gas is collected at standard temperature and
pressure, and the pressure is then donbled, and the temper-
ature gradually raised until the volume of the gas is the

same as 1t was originully ; at what temperature does this
oceur ?
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Under how many atmospheres pressure will steam have the
game density as water (1 c.c. weighs one gramme), if the
contraction takes place in accordance with Boyle's law,
and the temperature remains at 600° C. ?

If the temperature remains at zero, at what pressure will
hydrogen have a density equal to 0:62 of that of water, this
being the density found by Dewar for hydrogenium ?

One cubie centimetre of bromine (density 32) is transformed
into vapour at 78° C.; determine the volume occupied by
the vapour.

The sp. gr. of pure nitric acid being 1'522, find the weight of
100 c.c. of it, and the volume that you must take to weigh
100 grammes,

What volume of such acid will be required to just neutralize
100 grammes of caustic potash (KOH), and what weight
of potassium nitrate is formed ?

Calculate the percentage composition of calcium carbonate ;
what percentage of carbon dioxide does it contain ?

Chlorine forms with water a solid hydrate, having the com-
position Cl,. 8 H,0 ; calculate the percentage of hydrogen,
chlorine, and oxygen contained in this body.

Find the empirical formula of a compound consisting of 46:66
per cent. of iron and 53'33 per cent. of sulphur.

An oxide of iron contains 723 per cent. of iron ; determine
its empirical formula,

Determine the simplest formula for a salt having the follow-
ing percentage composition—

Sodinm, 29-36.
Phosphorus, 2638,
Oxygen, 44-26.

100-00.

A solution of caustic soda having the sp. gr. 1:32 contains
98'8 per cent. of NaOH ; what weight of sulphuric acid is
required to be just sufficient to neutralize a litre of such a
solution ?

What volume of sulphuretted hydrogen at 13° C. and 798
m.m. pressure is required to effect the complete precipita-
tion of one gramme of corrosive sublimate, HgCl, ?
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21. What weight of pure antimony sulpbide, Sh,5,, should yield
a litre of sulphuretted hydrogen collected at 10° C. and
760 m.m. pressure ?

22. Determine the volume of chlorine required to convert 10
grammes of phosphorus into the pentachloride.

23. A gramme of common salt is dissolved in water and excess
of silver nitrate solution is added; what weight of silver
chloride should be precipitated ?

24. Calculate (a) the volume, (b) the weight, of carbon dioxide
in the air of a room 6 metres long, 4 metres wide, and
3 metres high, if there is 1 volume of this gas present per
1,000 volumes of the air.

25. Dumas determined the relative amounts of nitrogen and
oxygen in air by passing it over heated copper. He

found—
Weight of tube and copper before experiment, 120 grms.
" . ay oy 7 after T 121-15 ,,
w 3 globe when exhausted .., LGOS s
» w3 and nitrogen vy BODBE .,

From these numbers calculate the percentage composi-
tion of air by weight, and deduce its percentage composition
by volume.

26. Dumas determined the composition of water synthetically by
passing hydrogen over heated copper oxide, and found—
Weight of tube and copper oxide before experiment, 334598 g1s,

. a3 a9 A wwadal sy aller b 814°236 ,,
- 3» drying tubes before experiment oy 426'358
T T ,s after e e 240°268 7,

Jaleulate the percentage composition of water by weight.

27. Ten grammes of steam are passed over red-hot iron; what

volume of hydrogen at 26° C. and 741 m.m. pressure will

be obtained if one-third of the steam undergoes decom-
position ?

28. Fifteen cubic centimetres of ammonia are completely decom-

posed by electric sparks, and then 40 c.c, of oxygen are

added and the mixed gases exploded: state the gases

present and the volume of each (a) just before exploding,
(b) after exploding,
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A mixture of 10 litres of oxygen with one litre of carbon
dioxide is shaken up with 100 c.c. of water ; determine the
volume of each gas that will be dissolved—the barometer

at the time standing at 760 m.m. and the thermometer at
Zero.

. Make the same determination with a mixture of one lifre of

oxygen and 10 litres of carbon dioxide.

A litre of sea-water (sp. gr. 1'03) is evaporated to dryness,
and found to leave as residue 36'4 grammes of salts; find
the percentage of solid matter in the sea-water.

Given that a metre is equivalent to 39-37 inches, calculate
the number of cubie inches in a litre, and the number of
litres in a cubic foot. :

Determine the percentage of carbon in cane-sugar (C;,Hy0y)
and the volume of carbon dioxide that results from the
combustion of 0°2 gramme of sugar.

. A mixture of 20 c.c. of ethylene and 200 c.c. of oxygen is

exploded in a eudiometer; what volume of gas remains
after the explosion, and what volume when the carbon
dioxide is subsequently removed by absorption with potash ?

What quantity of crystallized oxalic acid (C,H,0,. 2 H,0),
heated with excess of sulphwric acid, will yield 5 litres of
gas at standard temperature and pressure ?

If 50 c.c. of sulphuretted hydrogen be mixed with excess of
chlorine, what volume of hydrochloric acid will be formed,
and what weight of sulphur liberated ? \

A grammie of a substance containing carbon is heated with
lead oxide, and found to form 10 grammes of metallic lead ;
what percentage of carbon was present ? :

What weight of iron must be dissolved in dilute sulphuric
acid in order to yield sufficient Liydrogen to fill a balloon
having a capacity of 100 cubic metres ?

. Ten grammes of carbon are burnt in 1,000 litres of air (taken

as consisting of 79 vols. of N and 21 of 0) at 15° C. and
700 m.n. pressure; find the percentage of nitrogen, oxy-
gen, and carbon dioxide in the air after the combustion 18

complete.
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ANSWERS TO QUESTIONS.

Increaséd one-half ; decreased one-fourth.

Increased one-third.

61023 cubie inches.

[ e

145 grms.

68°96 c.c.

11-12 litres.

700 c.c.

14, 62, 149-8, 23'8, 79°8, 3§, 14.
2K + 2 H,0 = 2 KOH + H..
280, - 0, = 2805

2 H,O + 2 Cl, = 4 HCL + O.,.
11:205 of hydrogen.

88-795 of oxygen.

A will be 10° C. ; B will he 50° C.
4000, 8000.
1995, 127°5.
449-75 44975 1349-2
225'25 22°52b 7
0-1 grm.

0005 grm., 004 grm,
98, 18'7 ; 63°2, 31°6; 8, 5°3,
2660 c.c.

19°6.

2297,

5794 tons,

8060 e.e. 2020 c.e.

201
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16.

17.

18.
19.
20.
21,

29

23.
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FIRST STAGE CHEMISTRY,

ANSWERS TO CHEMICAL CALCULATIONS IN
CHAPTER XVIII.

91°,
9293 : 253.

50 c.c,, 9009 c.c., 140:9 ¢.c.
2090 ¢.c.,418 c.c.,104:5 c.c.,

28 c.c.
441 c.c.
12917 e.c.
488 m.n.
Do G

. 3,951 atmospheres.
. 6,824 atmospheres.
. 871°9 c.c.

152-2 grammes ; 657 c.c.

. 739 c.c.; 1804 grammes.
=

40 per cent.
C e e

(DR =14 S

44 per cent,

744 per cent.
Cl = 33-02
0 = 5954
FebS,.
Fe,0,.
NagP,0;3.
1657 grammes.
81 cie.

4847 grammes.
1793 litres.
2:446 grammes,

Il

11

"

24,
25,

72 litres ; 1424 grammes.
Oxygen, 23 ; Oxygen, 207,
Nitrogen,77; Nitrogen, 79'3.
Hydrogen, 11-1.

Oxygen, 889,

27. 4123 litres.
28. () N = Tdce.
H = 225 c.c.
0 = 400 c.c.
[B)IINC=" 5 o c.
0 = 2875 c.c.
29. Oxygen = 373 c.c.

30,

I
32.
33.

a4,
3D,

S
38,
39.

(farbon dioxide = 16:36 c.c.
Oxygen = 037 c.c.
Carbon dioxide = 163°6 c.c.
5:534 per cent,

61023 ; 28:317.

42-1 per cent,

*157 litre.

180 c.c. ; 140 c.c.

14:39 grammes.

100 e.c. ; 0°0719 gramme.
29 per cent.

2518 kilogrammes.
Nitrogen, 79.00 per cent.

Oxygen, 192 ,
Carbon ;
dioxide, } Ligc i



APPENDIX,

Tue volume of a moist gas having been measured at a given
temperature and pressure it is necessary to first find what volume
the dry gas would occupy at O°C. and 760 m,m. pressure. Allow-
ance must be made (see chap. vi.)

(a) for the temperature of the gas (i. e. of the room).

(b) for the pressure to which it is subject (that of the
atmosphere at the time of the experiment).

(¢) the tension of water-vapour.

This involves a somewhat complex caleulation, and a table has
therefore been drawn up to enable the student to make the cor-
rection by using the factor given in the table.

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

v x 273 x (740 - 9.1)
283 x 760

To deduce the volume of the dry gas at standard temperature
and pressure from the observed volume it is therefore only neces-
sary to maultiply this latter by the factor 00928 as taken from the
table, and so for any other temperature or pressure,

.1{]“(}. 12 G 146, 1600,

—
—

= 0928 v,

18°C. 20°C.

Pressure, ' ! I
730 man. ... | 0915 | 0907 | 0899 | (0-891 | 0:882 | (874
740 man. ... | 0:928 | 0920 | 0911 | 0903 | 0-895 | 0:886

|
?_50 ma., ... 0940 | 0932 | 00924 | 0:915 | 0:907 | 0'898
iﬁ{} mm. .. 0953 | 0:945 | 0:936 | 0:928 | 0:919 | 0:910
Gl I 0966 | 0:957 | 0:949 | 0940 | 0932 | 0923
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For intermediate temperatures or pressures, the value may be
expressed with sufficient accuracy by taking the proportional
mean, ¢, (. :

for 10°C. and 745 m,m, we shall find 0.934
for 11°C. and 750 m.m, - 5 0.936

If we desire to know the weight of the hydrogen liberated, the
following table may be used. Taking the weight of a litre of dry
hydrogen under standard conditions as 0.0899 grm. the table
gives the weight of hydrogen in a litre of the moist gas collected
at the temperature of pressure given.

111 A [ B R 1 220 0 ([ 0 R 12 B 1 6

Pressure. | | ] |
730 m.m. ... | 0°0823 00816 | 000808 | 0-0801 | 0:0793 | 0:0786
740 m.n. ... | 0:0834 | 0-0827 | 0:0819 | 00812 | 0:0805 | 0-0797

750 m.m, ... | 00845 0:0833 0-:0830 |0:0823 | 0:0815 | 0-0808
760 m.m. ... | 00857 0:0850 00842 |0:0834 00826 | 00819
770 mam. ... | 0086800860 0:0853 |0:0845 |0:0838 | 0:0830

An example will make the method of using the table quite
clear, and serve to indicate how readily the weight of hydrogen
may be arrived at when its volume has been observed.

Thermometer 16°C.

Barometer 750 m.m.
Observed volume of gas, 120 c.c,
The factor under 16° C. and 750 m.m. is 0:0823.
Weight of hydrogen = w?{]ﬂxﬁﬁ _ 0:00988 grm.
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FIRST STAGE MECHANICS

(SOLIDS).
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F. ROSENBERG, M.A.,
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UNIVERSITY CORRESPONDENCE COLLEGE PRESS,
WAREHOUSE: 13 BOOKSELLERS Row, StrAaxDp, W,C,



PRESS OPINIONS.

“The only regret we feel on closing this book is that it is limited
to ‘First Stage” Mechanics. For the purpose the author has in view
it seems to be well adapted. "—Journal of Education.

“Very little difficulty should be experienced, even by a beginner,
in working through this volume. The author has provided a
thoroughly scientific training completely covering the syllabus.”—
Teachers’ Monihiy.

““What more does a student require, who is learning Theoretical
Mechanies ! "—Nature.

“To students who are desirous of a practical book for The
Elementary Stage of the Science and Art Department it will be found
exceedingly useful,”—FEducational News,

““Mr. Rosenberg has catered to the wants of South Kensington
students with great skill and clearness. It is distinetly in advance
of the majority of text-books on Mechanics which have come under

our notice,”— Teachers’ Aid.

It is the work of a practical teacher. The examples are carefully
graduated and made interesting. The work is well adapted to the

proposed end.”—Educational Review,

““ The book in every way meets most creditably the requirements of
the syllabus, and possesses all the usual characteristic and good
qualities of its fellows.”—.Schoolmaster.

““The author's explanations of the meaning of ‘rest’and mass’
cannot possibly be too much praised. Students who read this book
and go through the examples will be sure to pass the first stage of
Theoretical Mechanies (Solids). *—JIndustiries and Iron.
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The University Tutorial Serics.

General Editor: WILLIAM BRrices, M.A., LL.B., F.C.8., F.R.A.S.
Classical Editor: B. J. HAYES, M. A,

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

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

SOME PRESS OPINIONS,

“The special use of such manuals as those published by the University Corre-
ondence College is that they help the student to systematise his knmowledge, and
:ﬂm indicate clearly and definitely the plan to be pursued.”—Journal of Education.

“This series of educational works, now almost forming a scholastic library in
itself,”’— Educational Review.

“The more we see of these excellent manuals the more highly do we think of
them.”’—Schoolmaster.

“We have often had occasion to speak in terms of high praise of the University
Correspondence College Tutorial Series.”—Board Teacher.

“ As near perfection as can be desired.””—Teachers' Aid.

““This valuable library.””—=School Board Chronicle.

“This excellent and widely appreciated series.”—Freeman’s Jeurnal.

“The notes have the merit of brevity and practical directness.” —Guardtan.

“Marked by the clearness and thoroughness that characterize the series."—
Educational Times. :

#The work of men who have proved themselves to be possessed of the special
qualifications necessary."—~Schoo Guardian. ;

« By this time every one knows the material and uniform excellence of this
series.'—Practical Teacher. ;

“The evident care, the clearly conceived plan, the genuine scholarship, and the
gmeTmT ?a;lmllence of the productions in t.hli}sls-e{-:aa, give them, for the special Pul:-
pose they are intended to accomplish, high claims to commendation—especially the
sommendation of diligent use.”—Educational News.

“ This useful series of text-books.”’—Nature.

« Has done excellent work in promoting higher education.'’— Morning FPosi.
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Tatin and Greek Classics.

(See also page 4.)

The following are among the editions of LATIN and GREEK
(OrAssSICS contained in the UNTVERSITY TUTORIAL SERIES, and are on
the following plan:—

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

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

The distinctive feature of the NoTES is the omission of parallel
passages and controversial discussions of difficulties, and stress is
laid on all the important points of grammar and subject-matter.
Information as to persons and places mentioned is grouped together
in a HISTORICAL AND (GEOGRAPHICAL INDEX; by this means the
expense of procuring a Classical Dictionary is rendered unnecessary.

The standard of proficiency which the learner is assumed to possess
varies in this series according as the classic dealt with is usually read
by beginners or by those who have already made considerable progress.
A complete list is given overleaf.

Caesar.—Gallic War, Book I. By A. H. ALLCcrRO¥T, M.A. Oxon., and
F. G. Praistowg, M.A. Camb. 1s. 6d.

“A clearly printed text, a good introduction, an excellent set of notes, and a

historical and geographical index, make up a very good edition at a very small
price.”"—~8choolmaster.

Cicero.—De Amicitia. By A. H. ALLCROFT, M.A. Oxon., and W. F.
MasoMm, M.A. Lond. 1s. 6d.

Cicero.—De Senectute. By the same Editors. 1s. 6d.
*The notes, although full, are simple.”—Educational Times.

Horace.—Odes, Books I.—III. By A. H. ALLCROFT, M.A. Oxon., and
B. J. HAYES, M. A. Lond. and Camb. 1s. 6d. each.
** Notes which leave no difficulty unexplained.”—Schoolmaster.

“The Notes (on Book IIL.) are full and good, and nothi
demanded of them."—Journal of Kidiationt nothing more can well be

Livy.—Book I. By A. H. ALLCROFT, M.A. Oxon., and W. F. Masox
M.A. Lond. Third Edition. %s. 6d. ’ s

“The notes are concise, dwelling much on grammatical points i it
- . ; 2 and dealiug with
questions of history and archmology ina simple but interestingJ.'ashian."-—-Edm:ﬁmm.

Vergil.—Aeneid, Book I. By A. H. ALLcrROFT. M.A. O
W R MiEodr, MA. Toxd. 1. 63 ’ g ey

Xenophon.—Anabasis, Book I. By A. H. Arrcrorr, M.A. Oxon.,
_and F. L. D. RIcHARDSON, B.A. Lond. 1Is. 6d.
The notes are all that could be desired.””— Schoolmaster.
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XEDditions of Latin and Greek Classics,

(INTRODUCTION, TEXT, AND NOTES.)

AESCHYLUS—DPersae ......
5 Prometheus , .
5 Sep. C. Thebas
ARISTOPHAN : T
CAEsar—Gallic War, Bk. 1,
2, 3, 5, 6, each
55 sy BE.1, Ch.1-29
5 Gallic War, Bk. 7
e Gallic War, Bk.7,
Ch. 1-68 ....
CicEr0—Ad Atticum, Bk. 4
3 De Amicitia ...,
o De Finibus, Bk. 1
i De Finibus, Bk. 2
= De Senectute .. ..
% In Catilinam I. ..
2 Pro Archia
ol Pro Balbo, ......
" Pro Cluentio ....
= Pro Marcello ....
s Pro Milone
Pro Plancio. .....
DEMOSIHENES — Androtion
Meidias. .
EURIPIDES —Alcestis .
e Andromac he
i Bacchae. ., ....
i Hippolytus
HEeropoTUS —Bk. 3
i Blcs 6t e
Blc, 8. et
Houpx—Iliad, Bk. 6. .....
Ilm.d Blco.24. .
e Ud}'ﬁﬁﬂ}', Bks. 9,10
i Odyssey, Bls. 11,12
< Odyssey, Bks. 15,14
o Odyssey, Bk. 17..
Horack —Epistles
Z BEpedes . ... SRt
i Odes ....

++++++
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HoracE—Odes, each Book

x Sabives ... 0.
JUVENAL—Satires, 1, 3, 4..
+ Satires, 8, 10, 13
iX Satires, 11,13, 14

Livy—Bks. 1, 5, 21, each. .
. 1 .DBEE. 3.8, 9 each .
e Bk. 21, Ch. 1-30 ..
o 1 iBE; 29 Oh 1By,

NEP0oS — Hannibal, Cato,

Adbiata 2o RS So,

Ovip—Fasti, Bks. 3, 4 ....
sy  Heroides, 1, 5, 12 ,.
vy  Metamorphoges, Bk.11
yy  Metamorphoses, Bk.13
.,y  Metamorphoses, Bk.14
i Imstis, Bl 1

Trintia,; Bl Sate .o
PLJ.TID—LaLhEE N
% Phigadongesd s sl
SALLUST—Catiline ........
SOPHOCLES—Ajax ........
Y Antigone ....

a2 Electra ......

TaciTus—Annals, Bk. 1 ..
s Annals, Bk. 2 ..

= Histories, Bk. 1.
TERENCE—Adelphi
TRUCYDIDES—DBEk. 7
VERGIL—Aeneid, Books I.-
XIT., each ....

2t Fclogues........

i Georgics, Bks. 1,2
XENOPHON-—Anabasis, Bk.1
s Anabasis, Bk.4

Y Cyropaedeia, 1
Ilellﬁmca, S 0
Hellenica, 4..
(Jeconomicus. .
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Vocabularies and Test papers.

The VOCABULARY contains, arranged in the order of the Text,
words with which the learner is likely to be unacquainted. The
principal parts of verbs are given, and (when there is any difficulty
about it) the parsing of the word as it ocours in the Text. The
Vocabulary is interleaved with writing paper.

Two series of TEST PAPERS are, as a rule, provided, of which the
first and easier series is devoted entirely to translation, accidence, and
very elementary points of Syntax; the second, which is intended for
use the last time the book is read through, deals with more advanced

points.

8. d. 5. d.
ACTS OF APOSTLES,, ... IO Eryr—BE. 95 . i vaa i, 10
CAESAR—Gallic War, Bk.1 1 0 csandBIE. O] St ae i 10
5 Grelllic War SBEk. 21800 SR 02 Eh, 1510 L S 16
2 Gallic War, Bk. 3 1 0| OviD—Fasti, Bks. sand 4., 10

o+ Gallic War, Bk. 5 10| ,, Hﬂruides, 1, 235
o Gallic War, Bk. 6 1 0 L A 16
+ Gallic :‘.‘E_"a_.r, Bl 7176 s Metamorpghoses, Bk.11 1 0
CicEro—De Amicitia I S Metamorphoses, Bk.13 1 0
= De Senectute . 10 '3 Metamorphases, Bkk.14 1 0
3. dnCatdinem T, .. 10| .. ‘Iristia; Bl 1:.. 7. 10
- In Catilinam ITT.. 1 0| ,, 'ristia, Bk. 3 ...... 10
- Pro Archia ...,,. 1 0 PLATO—Taches .....cuivn. 150
e EroBalbo .. e 1 0| SaLLuvsr—Catiline ,,,... SR 21
< Pro Cluentio,,,.,.., 1 0| SOPHOCLES—Antigone 2 120
i Pro Marcello .,.. 1 {}I = Electra ...... 11
’ g;g {;Illlone ...... } E. TLEITUS—;}IJJBRIE, Bk. 1. 10
BIC10"; i, o istories, Bk. 1 £
EURIPIDEE—I-:-H ..... veuss 1 0| VERGIL—Aeneid, Bk. 1., 10
s %ﬁﬁitus... % g- " iﬁnm:li Ei 3 : i g

5 enei ot
HERD]}{}TUS— Bl 3 A A o ﬁeneid, B e )
- Bl B e eone 10 = Aeneid, Bk. 6,,,. 10
HﬂHER—DladEL]%k B i g = iﬂn&lg EE FE o g

e e enel o il
8Tl oot T e s D B0 L
3 gftﬁ:a ?ks 1-4,each 1 0 Gemg’i&a Bks.1,2 10
Bl Ll A 10| lFHDPHﬂN——-‘LnaDaBIE Bk.1 10
B o e 10 24 Cyropaedeia,

:: Hk.rﬁ . _} g Bks. 1 and 5,
RO B0 - s oeﬁiﬁé Frriyead T
'h micus., 1 0

A detailed catalogue of the above can be obtained on application,
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LZatin and Greek,

GRAMMARS AND READERS.

The Tutorial Greek Reader, or PROOEMIA (GRAECA. By A. WaveH
Youne, M.A. Lond., Gold Medallist in Classics, Assistant Ex-
aminer at the University of London. 2s. 6d.

The Tutorial Greek Grammar, [In preparation.
Higher Greek Reader: A Course of 132 Extracts from the best writers,

in Three Parts, with an appendix containing the Greek Unseens
set at B.A. Lond. 1877-1897. 3s. 6d.

The Tutorial Latin Grammar. By B. J. HAYEs, M.A. Lond. and
Camb., and W. F. Masom, M.A. Lond. Second Edition. 3s. 6d.

* Practical experience in teaching and thorough familiarity with details are
Eluinly recognisable in this new Latin Grammar. Great pains have been taken to

ring distinctly before the mind all those main points which are of fundamental
importance and require firm fixture in the memory.”—Educational News.

“It ia accurate and full without being overloaded with detail, and varieties of
type are used with such effect as to minimise the work of the learner. Tested in
respect of any of the crucial points, it comes well out of the ordeal.”—Schoolmaster.

The Tutorial Latin Grammar, Exercises and Test Questions on. By

F. L. D. RicaEArpsoN, B.A. Lond., and A. E. W. HazEL,
LL.D., M.A., B.C.L. 1s. 6d.

*This will be found very useful by students preparing for University examina-
tions." — Westminster Review.

The Preceptors’ Latin Course. [{n the press.

Latin Composition AND SYNTAX. With copious EXERCISES. By A. H.
ALLCROFT, M.A. Oxon., and J. H. HaypoN, M.A. Lond. and
Camb. Fourth Edition. 2s. 6d.

“This useful little book.”—Journal of Education.

“This is one of the best manuals on the above subject that we have met with for
some time. Simplicity of statement and arrangement: apt examples illustrating
each rule; exceptions to these adroitly stated just at the proper place and time, are
among some of the striking characteristics of this excellent book. Every advantage
too has been taken of printing and type to hrin%' the leading statements prominently
before the eye and mind of the reader."”"—Schoolmaster.

“The clearness and concise accuracy of this book throughout are truly remark-
able."—Education. :

“The arrangement and order are exceedingly good.”"—=School Board Chronicle.

Higher Latin Composition. By A. H. ALLCROFT, M.A. Oxon.
[In preparation.
The Tutorial Latin Reader. With VoCABULARY. 2s. 6d.

“* A soundly practical work.”—Guardian.

Higher Latin Reader. Edited by H. J. MATDMENT, M.A. Lond. and
Oxon., and T. R. MiLts, M.A. 3s. 6d.
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Roman and Grecian Thistory.

The Tutorial History of Rome. (To 14 A.p.) By A. H. ALLCROFT,
M.A. Oxon.,and W. F. Masox, M.A. Lond. ith Maps. 3s. 6d.
Tt is well and clearly written."—Saturday Review.

A Longer History of Rome. In Five Volumes, each containing &
Chapter on the Literature of the Period :—

I. History of Rome, 287-202 B.c.: The Struggle for Empire.
By W. F. Masom, M.A. Lond. 3s. 6d.

II. History of Rome, 202-133 B.Cc.: Rome under the Oligarchs.
By A. H. ALLcRoFT, M.A. Oxon., and W. F. Mason,
M.A. Lond. 3s. 6d.

IT1. History of Rome, 133-78 B.c.: The Decline of the Oligarchy.
By W. F. Masom, M.A. Lond. 3s. 6d.

“This volume gives a vigorous and carefully studied picture of the men and of
the time.”"—S8pectator.

IV. History of Rome, 78-31 B.C.: The Making of the Monarchy.
By A. H. Atrcrorr, M.A. Oxon. 3s. 6d.
““Well and accurately written.”"— Yorkshire Post,
Y. History of Rome, 31 B.C. to 96 A.D.: The Early Principate.
By A. H. AvrcroFr, M.A. Oxon., and J. H. HAYDON,

M.A. Camb. and Lond. Second Edition. 3s. 6d.

“ Written in a clear and direct style. Its authors show a thorough acquaintance
with their authorities, and have also used the works of modern historians to good
effect.” —Journal of Education.

History of Rome, 390-202 B.c. By W. F. Masom, M.A. Lond., and _
W. J. WooproUsE, M.A. Oxon. 4s. 6d.

A History of Greece. In Six Volumes, each containing a Chapter on
the Literature of the Period :—

I. Early Grecian History. A Sketch of the Historic Period to

495 B.c. By A. H. ALLcRoFT, M.A. Oxon., and W. F.
Masom, M.A. Lond. 3s. 6d.

““For those who require a knowledge of the period no better book
recommended.” — Edwucational Times. s PUrLOG 0 bubver: BooK oot d e

II. History of Greece, 495 to 431 B.C.: The Making of Athens.
By A. H. Artcrorr, M.A. Oxon. 3s. 6d.

ITI. History of Greece, 431-404 B.C.: The Peloponnesian War.
By A. H. ArvicroFr, M.A. Oxon. 3s. 6d.

IV. History of Greece, 404-362 B.c.: Sparta and Thebes. By
A. H. ALLCROFT, M.A. Oxon. 3s. 6d.

V. History of Greece, 371-323 B.c.: The Decline of Hellas.
.]1}' A. H. ATLcrOFT, M.A. Ox0n, 3s. 6d.

VI. History of Bicily, 490-289 i.c. By A. H. ALLcrorT, M.A.
Oxon., and W. F. Masod, M.A. Lond. 3s. 6d.

“'We can bear high testimony to its merits.” —Schoolmaster,
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French.

The Tutorial French Accidence. By ErRNEST WERKLEY, M.A. Lond.,
Professor of French at University College, N ottingham. With
EXERCISES, and a Chapter on Elementary Syntax. 3s. 6d.

“The essentials of the accidence of the French Lan i ibi
4 ¢ ) guage are skilfully exhibited
in carefully condensed synoptic sections.”— Educational N «ics. X

**A most practical and able compilation.”—Public Opinio.

The Tutorial French Syntax. By ErNEST WEEKLEY, M.A. Lond.,
and A. J. Wyarr, M.A. Lond. & Camb. With Exercises. 3s. 6d.
“It is a decidedly good book and should have a ready sale."—Guardian.

“* Mr. Weekley has produced a clear, full, and careful Grammar in the * Tutorial
French Accidence,’ and the companion volume of ‘Syntax,’ by himself and Mr.

Wryatt, is worthy of it.”) —Saturday Review.
The Tutorial French Grammar. Containing the Aeccidence and the
Syntar in One Volume. 4s. 6d.

French Prose Composition. By ERNEST WEEKLEY, M.A. Lond.
3s. 6d.

The Preceptors’ French Reader. By ErNEST WEEKLEY, M.A. Lond.
With Notes and Vocabulary. 1s. 6d.
“A very useful first reader with good vocabulary and sensible notes.'—S8chool-
master.
French Prose Reader. Edited by S. BARLET, B. és Sc., Examiner
in French to the College of Preceptors, and W. F. Masoxr, M.A.
Lond. With VocABULARY. ZThird Edifion. 2s. 6d.

“ Admirably chosen extracts, They are so selected as to be thoroughly interesting
and at the same time thoroughly illustrative of all that is best in French literature."
—Sehiool Board Chronidele.

Advanced French Reader: Containing passages in prose and verse
representative of all the modern Authors. Edited by S. BARLET,
B. és Sc., Examiner in French to the College of Preceptors, and
W. F. Masom, M.A. Lond. Second Edition. 3s. 6d.

¢ (hosen from a large range of good modern authors, the book provides excellent
practice in ‘ Unseens.' "—~Schoolmaster.

Higher French Reader. Edited by ERNEST WEEKLEY, M.A. 3s. 6d.

“ The passages are well chosen, interesting in themselves, and representative of
the best contemporary stylists.”—Jouinal of Education,

English history.

The Intermediate Text-Book of English History: a Longer History
of England. By C. S. FEARENSIDE, M.A. Oxon., and A.
JorNsoN Evans, M.A. Camb., B.A. Lond. With Maps & Plans.

VoLuME 1., to 1485. [In preparation.
VoruME L., 1485 to 1603. 4s. 6d.
VoruMk II1., 1603 to 1714. 4s. 6d.

VorLuME [V., 1714 to 1837. 4s. 6d.
“ The results of extensive reading seem to have been photographed upon a small
plate, so that nothing of the effect of the larger scene is lost."—Tenckers' Monthly.
“Itis lively; it is exact; the style is vigorous and has Ple:g,:y of swing ; the facts
are numerous, but well balanced and admirably arranged.”’— Education.
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English Language and Literature.

The English Language: Its History and Structure. By W. H. Low,
M.A. Lond. With TEST QUESTIONS. Fourth Edition. 3s. 6d.

CoNTENTS :—The Relation of English to other Languages—Survey
of the Chief Changes that have taken place in the Language—
Sources of our Vocabulary—The Alphabet and the Sounds of
English—Grimm’'s Law—Gradation and Mutation—Trans-
position, Assimilation, Addition and B:sappe&mncq pf Sounds in
English—Introductory Remarks on Grammar—The Parts of
Speech, ete.—Syntax—Parsing and Analysis—Metre—320 Test
Questions.

“ A glear workmanlike history of the English language done on sound principles.”

—Saturday Revicw.

“The author deals very fu]lilwith the source and growth of the language. The
parts of speech are dealt with historically as well as grammatically. The work is
scholarly and accurate.” —Schoolmaster. -

“The history of the language and etymology are both well and fully treated.” —
Teachers’ Monthly.

* Aptly and cleverly written.""—Teachers' Aid. :

“T‘Ee arrangement of the book is devised in the manner most suited to the
stndent’s convenience, and most calculated to impress his memory."'—Lyceum.

“ Tt is in the best sense a scientific treatise. There is not a superfluous sentence.”
—Educational News.

The Preceptors’ English Grammar. WWith numercus Exercises. By
ARNOLD WarLr, M.A. Lond. [ Ln preparation.

The Intermediate Text-Book of English Literature. Dy W. H. Low,
M.A. Lond., and A.J. WyATT, M.A. Lond. and Camb.

VoLuMEL, to 1580. By A. J. WyaATT and W. H. Low. 3s. 6d.
VoroMe II., 1558 to 1660. By W. H. Low. 3s. 6d.
VorLuMEe III., 1660 to 1798. By W. H. Low. 3s. 6d.

‘Really judicious in the selection of the details given.”—Saturday Review.

“Tresigned on a thoroughly sound principle. Facts, dates, and representative
quotations are plentiful. The critical extracts are judiciously chosen, and Mr. Low’s
own writing 1s clear, effective for its purpose, and evidently the result of thorough
knowledge and a very considerable ability to choose between good and bad.”—
National Observer.

** It affords another example of the author's comprehensive grasp of his subject,
combined with a true teacher’s power of using such judicious condensation that the
more salient points are brought clearly into view."— Teachers' Monthly.

““Mr. Low has succeeded in giving a very readable and lucid account of the
literature of the time.”—Literary World.

* Mr. Low’s book forms a serviceable student’s digest of an important period in
our literature.”—S8choolmaster.

_ ““The style is terse and pointed. The representative gunmtions are aptly and
judiciously chosen. The criticisms are well grounded, clearly expressed and
modestly presented.”—Morning Post,

4A Middle English Reader, By S. J. Evays, M.A. Lond.
[Jn the press.
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English Classics.

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

chau]:er;];'}ruﬂl‘cgua, Kn%ht’s Tale. With INTRODUCTION and NoTES
y A. J. WYATT, M.A. Lond. and Camb., and a Gl r
S. J. EvaNs, M.A. Lond. 2s. 6d. el

Chaucer.—Man of Lawes Tale, with the PROLOGUE to the CANTER-
BURY TALES. Edited by A. J. Wyarr, M.A. Lond. and Camb.,
with a GLOSSARY by J. MALINs, M.A. Lond. 2s. 6d.

Dryden.—Essay on Dramatic Poesy.—Edited by W. H. Low, M.A
Lond. TEXT and NorEs. 3s. 6d. F Ry

@Goldsmith.—Poems. KEdited by AusTIN DoBSON. 2s. 6d. net.

Langland.—Piers Plowman. Prologue and Passus I.-VII., Text B.

Edited by J. F. Davis, D.Lit., M.A. Lond., Assistant Examiner
at the University of London. 4s. 8d.

Milton.—Paradise Regained. Edited by A.J. WyATT, M.A. 2s. 6d.
Milton. —8amson Agonistes. Edited by A. J. Wyarr, M.A. 2s. 6d.

‘* A capital Introduction. The notes are excellent.”’—Educational Times.

Milton.—Sonnets. KEdited by W. F. Masom, M.A. Lond. 1ls. 6d.
Shakespeare. — With INTRODUCTION and NoTEes, by Prof. W. ).
RorFE, D.Litt., in 40 volumes. 2s. each.

A descriptive catalogue, containing Prof. Rolfe’s Hints to Teachers
and Students of Shakespeare, can be obtained on application.

Merchant of Venice Winter's Tale Hamlet
Tempest King John King Lear
Midsummer Night's Richard II. Cymbeline

Dream Henry IV. PartI. Julius Caesar
As You Like It | Henry IV. Part IL Coriolanus
Much Ado About Nothing @ Henry V. Antony and Cleopatra
Twelfth Night - Henry VI, Part I | Timon of Athens
Comedy of Errors Henry VI. Part I1. | Troilus and Cressida
Merry Wives of Windsor Henry VI. Part III. Pericles
Love's Labour's Lost Richard III, The Two Noble Kinsmen
Two Gentlemen of Verona Henry VIIIL Titus Andronicus
The Taming of the Shrew Romeo and Juliet | Venus and Adonis
All's Well that Ends Wall Macheth | Sonnets
Measure for Meagure Othello !

This edition is recommended by Professor Dowden, Dr. Abbott, and Dr. Furnivall.
Shakespeare.—Henry VIII. Edited by W. H. Low, M.A. Lond. 2s.

Spenser.—Faerie Queens, Book I. Edited with INTRODUCTION,
NoTES, and GLOSSARY, by W. H. HiLL, M.A. Lond. 2s. 6d.

Spenser's Shepherd’'s Calender, Notes on, with an INTRODUCTION.
By A.J. Wyarr, M.A. Lond. and Camb. 2s.
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Mental and horal Science.

Ethics, Manual of. By J. 8. MackeNzIg, M.A., Professor of Logic
and Philosophy in the University College of South Wales and
Monmouthshire, formerly Fellow of Trinity College, Cambridge,
Examiner in the Universities of Cambridge and Aberdeen.
Third Edition, revised, enlarged, and partly rewritten. 68. 6d.

“In writing this book Mr. Mackenzie has produced an earnest and striking con-
tribution to the ethical literature of the time.”—Mind.
#This excellent manual.”—International Jowrnal of Ethics.

¢ Mr. Mackenzie may be congratulated on having presented a thoroughly good
and helpful guide to this attractive, yet elusive and difficult, subject."' —Schoolmaster.

¢ 1t is a most admirable student’s manual.”—Teacher's Monthiy.

“ Mr, Mackenzie's book is as nearly perfect as it could be. It covers the whols
field, and for perspicuity and thoroughness leaves nothing to be desired. The pupil
who masters it msﬁ find himself equipped with a sound grasp of the subject such as
no one book with which we are acquainted has hitherto been equal to supplying.
I;Et til;a least recommendation is the really interesting style of the work.”—.Literary

orld.

“Written with lucidity and an obvious mastery of the whole bearing of the subject.'”
—Standard.

“‘No one can doubt either the author's talent or his information. The ground of
ethical science is covered by his treatment completely, sensibly, and in many
respects brilliantly.”"—Manchester Guardian.

¥ For a practical aid to the student it 13 very admirably adapted. It is able, clear,
and acute. The arrangement of the book is excellent.—Neweastle Daily Chronicle.

Logic, A Manual of. By J. WELTON, M. A. Lond. and Camb. 2 vols.
Vol. 1., Second Edition, 8s. 6d.; Vol. II., 6s. 6d.

This book embraces the entire London Pass Syllabus, and renders
unnecessary the purchase of the numerous hooks hitherto used. The
relative importance of the sections is denoted by variety of type, and
a minimum course of reading is thus indicated.

Vol. I. contains the whole of Deductive Logic, except Fallacies,
which are treated, with Inductive Fallacies, in Vol. IT.

** A clear and compendious summary of the views of various thinkers on important
and doubtful points.”—Journal of Education. ?

A very good book . . . not likely to be superseded for a long tim "
.E'ﬂuﬂﬂ.'immfnﬂruiew, i . o S Uofsots;

_ ““Unusually complete and reliable. The arrangement of divisions and subdivisions
18 excellent.” —Scloolmaster,

*The manual may be safely recommended,” —Educational Times.
" Undoubtedly excellent."'—Board Teacher.

Pnrnhnlngly, A Mannal of. By G. F. Srour, M.A., Fellow of St.
John’s College, Cambridge, Lecturer on Comparative Psychology
in the University of Aberdeen. [In preparation.
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(MMatbematics and aDechanics.

Algebra, The Intermediate. By WILLIAM BRIGGS, M.A., LL.B.,

F.R.A.S., and G. H. BRYAN, Sc.D., M.A., F.R.S. Based on the
Algebra of Radhakrishnan. 3s. 6d.

Algebra, The Tutorial.

Part I. ELEMENTARY JOURSE. [In preparation.
Part II. Apvancep CoURSE. [In preparation.

Astronomy, Elementary Mathematical. By C. W. C. BARLow, M.A.,
Lond. and Camb., B.Sc. Lond., and G. H. BRYAN, Sc.D., M.A.,

F.R.S., Fellow of St. Peter’s College, Cambridge. Second Edition,
with ANSWERS. 6a. 6d.

** Probably within the limits of the volume no better description of the methods by

which the marvellous structure of scientific astronomy has been built up could have
been given.”—Athenwum,

** Bure to find favour with students of astronomy."”—Nature.

*This book supplies a distinct want. The diagrams are clear, the style of writing
lucid, and the mathematical knowledge required but small.”’—Teachers’ Monthly.
*Completely successful.”’—Liferary Worid.

Coordinate Geometry: The Right Line and Circle. By WILLIAM
Bricas, M.A., LL.B.,, F.R.A.S,, and G. H. BRYAN, Sec.D., M.A.,
F.R.S. Third Edition. 3s. 6d.

* It is thoroughly sound throughout, and indeed deals with some difficult points
with a clearness and accuracy that has not, we believe, been surpassed."— Education.

“Thoroughly practical and helpful.”’—=S8choolmaster, !

““ Another of the excellent books published by the University Correspondence
Qollege Press. The arrangement of matter and the cgﬁiuus explanations it would be
hard to surpass. It is the best book we have seen on the subject.”—Board Teacher,

Coordinate Geometry, Worked Examples in: A Graduated Course on
the Right Line and Circle. Second Edition. 2s. 6d.

Dynamics, Text-Book of. By Wrirnriam Brices, M.A., F.C.S,,
F.R.A.S., and G. H. BRYAN, Sc.D., M.A,, F.R.8. 2s. 6d.

 The treatment is conspicuous for its clearness and conciseness.” —Nature.

Euelid.—Books I.-IV. By RupErT DEAXIN, M.A. Lond. and Oxon.,
Headmaster of Stourbridge Grammar School. 2s. 6d. Also
geparately: Books T., IL., 1s.

“The book is clearly printed, the demonstrations are well arranged, and th:
diagrams, by the judicious use of thin and thick lines, are rendered more intelligible.
—Saturday Review.

“ An admirable school Edition.""—~8peaker.

Geometry of Similar Figures and the Plane. (Euclid VI. and XIL.)
V\-TEJ numerous Deduetions worked and unworked. By C. W. 0.
BarLow, M.A., B.Sc., and G. H. BRyAN, Sc.D., F.R.S. 2s. 6d.
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Matbhematics and Mechanics—continued.

Hydrostatics, An Elementary Text-Book of. By WILLIAM BRIGGS,
M.A., F.CS, F.RAS., and G. H. BrYaxN, Sc.D., F.RS.
Seconid Edition. 28. \ ‘ _

“The w:::rk is thoroughly sound. The hand of the practical teacher i1s mamE‘Fst
throughout the work, and it will be useful both to teacher and student.”—

Educational Review.

Mechanics, Advanced. With the Questions of the _1larst eleven years
gt at the advanced examination of the Science and Art
Department. By WL BRIGGS, M.A., LL.B., F.R.A.8., and
G. H. Bryavw, Se.D., F.R.5.

Vol. I. Dyx~aumIcs. 3s. 6d.
Vol. 1II. SrtaTIics. 3s. 6d. : _ g
Wols. I. and II. deal respectively with those portions of Dynamies and Statics
which are required for the Science and Art Second (Advanced) Stage Examination
in Theoretical Mechanics.

Mechanics, An Elementary Text-Book of. By the same authors.

Second Edition. 3s. 6d. _
“ A most nzeful and helpful manval.” —Educational Review.

Mechanics (of Solids), First Stage. By F. RosENBERG, M.A., B.Sc.
Second Edition. 2s.

“The work of a practical teacher.”—Educational Keview.

Mechanics, The Preceptors’. By F. RosENBERG, M.A., B.Se. 2s. 6d.

Mechanics of Fluids, First Stage. By G. H. Bryaw, Sc.D., F.R.S,,
and F'. ROSENBERG, M.A., B.Se. 2s.

Mechanics and Hydrostatics, Worked Examples in: A Graduated
Course on the London Matriculation Syllabus. ZThird Edition,
Revised and Enlarged. 18. 6d.

Mensuration of the Simpler Figures. By WILLiaM Brices, M.A.,
F.C.8.,, F.R.AS., and T. W. EpmMoNDSON, M.A. Camb., B.A.
Lond. Second Edition. 2s. 6d.

Mensuration and Spherical Geometry: Being Mensuration cf the
Simpler Figures and the Geometrical Properties of the Sphere.
Specially intended for London Inter. Arts and Science. By
the same authors. Second Edition. 3s. 6d.

“The book comes from the hands of experts; we can think of nothing better
qualified to enable the student to master this branch of the syllabus, and to
promote a correct style in his mathemat® zal manipulations.””—Scheolmaster.
Statics, The Tutorial. By WiLLiaM Brices, M.A., LL.B., F.R.A.S.,

and G. H. BRYAN, Sc.D., M.A., F.R.S. 3s. 6d.

Trigonometry, The Tutorial. By WiLLiam Briees, M.A., LL.B,,
F.R.A.S,, and G. H. BRYAN, Sc.D., BL.A., F.R.S. 3s. 6d.

“An eminently satisfactory text-book, which might well be substituted as an
elementary course for those at present in use.”—Guardian.

* Good as the works of these authors usually are, we think this one of their best.”
— Edueation,

Trigonometry, Synopsis of Elementary. By WILLIAM BRricas, M.A.,
LL.B., F.R.A.S. Intferleaved. 1s. 6d.
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Chemistry,

Analysis of a Simple Salt. With a Selection
. of Model Analyses
and TABLES OF ANALYSIS (on linen). By the same Autgﬂmj.
Fourth ‘Edmuﬂ. 2s. 6d. TABLES OF ANALYSIS (separately) 6d.
*The selection of model analyses is an excellent feature.”—Educational Times.

Ghnr;l;[uiilrcij,lhl‘ha Eutnrial. By G. H. BarLey, D.Sc. Lond., Ph.D
erdelberg, Lecturer in Chemistry at Victoria University. Edited
by WiLrL1AM Brices, M.A., FE}FS Sk
PART I., NoN-METALS. 3s. 6d.
PART II., METALS. 3s. 6d.
Matriculation Supplement to Part I. 1s. 6d. [In the press.

*“ We can unhesitatingly reco d it f i
Rl schnuls-”—_.ﬁ’fhmaﬁg;i. mmend 1t for the higher forms of Secondary and

“ A good text-book. The treatment is thorough and clear d th i
are good and well arranged.”—School Guardr’nﬁg. A N AT

Chemistry, First Stage Inorganic. By G. H. BAILEY, D.Se. 2s.

““A valuable and comprehensive book for ¥wo tud - P
Education. P young students.” —Secondary

Carbon Compounds, An Introduetion to. By F. Bepnow, Ph.D.,
D.Se.  2s. 6d. [Ln the Press.

Chemistry, Synopsis of Non-Metallic. With an Appendix on Caleu-
lations. By WiLLiaM Briees, M.A., LL.B., F.C.S. New and
Revised Edition, Interleaved. 1s. 6d.

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

Chemical Analysis, Qualitative and Quantitative. 3s. 6d. [In the press.

Biology.

Biology, Text Book of. By H. G.WELLS, B.Sc. Lond., F.Z.S., F.C.P.
With an INTRODUCTION by Prof. G. B. Howks, F.L.S., F.Z.8.

Part I., VERTEBRATES. Second Edition. 6s. 6d.
PArT II., INVERLEBRATES AND PLANTS. 65s. 6d.

“The Text-Book of Biology 18 a most useful addition to the series already izsued,
it is well-arranged, and contains the matter necessary for an elementary course of
vertebrate zoology in a concise and logical order.”” —Journal of Education.,

“ Mr. Wells' practical experience shows itself on every page; his descriptions are
short, lucid, and to the point. We can confidently recommend it.”—FEducational

Times, :
“The numerous drawings, the well-arranged tables, and the careful descriptions

will be of the utmost value to the student.” —Schoolmaster.

Zoology, Text-Book of. By H. G. WELLs, B.Se. Lond., F.Z.S,,
F.C.P., and A. M. DAVIES, B Se. Lond. 6s. 6d.

Botany, Text-Book of By J. M LowsoNn M.A., B.Sc. 6s. 6d.
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Physics.
By R. W. StEwART, D.Sc. Lond.

Heat and Light, Elementary Text-Book of. Third Edition. 3s. 6d.
‘“ A student gf ur,diuary ability who works carefully through this book need not

ar the examination.”’—=~8choolinaster. .
* i Tt will be found an admirable EEIﬁ-‘bDGk."—-—EEhmﬂtwnﬂ_I News.
« A welcome addition to a useful series.”—School Guardian.

Heat, Elementary Text-Book of. 2s.
Heat, Advanced. (For the Advanced Stage of the Science and Art

Department.) 3s. 6d.
Light, Elementary Text-Book of. 2s.

Magnetism and Elautrir:ity, First Stage. 2s.
Physiography, First Stage. By A. M. Davies, B.Sc.

Sound, Light, and Heat, First Stage. By JoHN Dox, B.Sc. 2s.
Sound, Elementary Text-Book of. By JouN Don, B.Sc. 1s. 6d

THE TUTCRIAL PHYSICS.
With 424 Diagrams and numerous Calculations.

By E. CarcuHPooL, B.Sc. Lond., First Class Honourman.
Yol. I. Souand, Text-Book of. Second Edition. 3s. 6d.

By R. W. StEwARrT, D.Sc. Lond.
Vol. II. Heat, Text-Book of. Third Edition. 3s. 6d.

Vol. III. Light, Text-Book of. Third Edition. 3s. 6d.

Vol. IV, Magnetism and Electricity, Text-Book of. Third Edition.
3s. 6d.
U'" C:a.fnnut fail to be appreciated by all engaged in science teaching.''—Publishers'
ircular.

*(Clear, concise, well-arranged and well-illustrated, and, as far as we have tested,
accurate.”—Journal of Education, :

‘‘Distinguished by accurate scienfific knowledge and lucid explanations.”—
Educational Times.

“The diagrams are neat and accurate, the printing excellent, and the arrangement
of the matter clear and precise.”"—Practical Teacher.

“It is thoroughly well done.""—Schoolmaster.

“The author has been very successful in making portions of the work not
ordinarily regarded as elementary appear to be so %y hig simple exposition of
them.""—Teachers’ Monthly.

“The author writes as a well-informed teacher, and that is equivalent to saying
that he writes clearly and accurately. There are numerous books on acoustics, but

few cover exactly the same g;round as this, or are more suitable introductions to a
serious study of the subject.” —Nafure,

Properties of Matter: an Introduction to the Tutorial Physics. By
E. CarcarooLn, B.Sc [In preparation,

(teneral Elementary Science. Edited by WiLLiam Briges, M.A.,
LL.B., F.C.8. 3s. 6d.
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Adapted to the Requirements of the Science and Art Department.

FOR THE ELEMENTARY STAGE. 2s. each Vol

First Stage Mechanics (Solids). By F. RoSENBERG, M.A., B.S%.
First Stage Mechanics of Fluids. By G. H. BRYAN, Sc.D., F.R.S.,
and F. RosENBERG, M.A., B.Sc.

First Stage Sound, Light, and Heat. By Jomnx Dow, M.A., B.Sc.
First Stage Inorganic Chemistry (Theoretical). By G. H. BatLey, D.Se.
First Stage Physiography. By A. M. Davigs, B.Sc.

Fira'g.u S;a.ga Magnetism and Electricity. By R. H. Jupk, M.A.,

S L

FOR THE ADVANCED STAGE. 3s. 6d. each Vol.

Advanced Mechanics (Solids). By Winriam Briees, M.A., F.C.8.,
F.R.A.S., and G. H. BryaN, So.D., M.A., F.R.S. Part L
Dywamics. Part II. STATICS.

Advanced Heat. By R. W. STEWART, D.Sc. Lond.

The following books are in course of preparation:—For THE
ELEMENTARY STAGE—First Stage Mathematics, First Stage Physio-
logy, First Stage Botany, and Inorganic Chemistry (Practical),
Organic Chemistry (Practical). For THE ADVANCED STAGE—Second
Stage Mathematics, Advanced Magnetism and Electricity, Advanced
Inorganic Chemistry (Theoretical), Advanced Inorganic Chemistry
(Practical), Organic Chemistry (Practical).

The Wniversity ";:torréépéﬁbeut

AN
UNIVERSITY CORRESPONDENCE COLLEGE MAGAZINE,

Issued every Saturday. Price 1d., by Post 14d.; Half-yearly
Subscription, 3s.; Yearly Subscription, 5s. 6d.

Eramination Directories.

Matriculation Directory, with Full Answers to the Examination
Papers. (No. XXTV. will be published during the fortnight following
the Examinaton of June, 1898.) Nos. VL., VIL, IX., XI.—XXI.
18. each, net. No. XXIII. 1s. net.

Intermediate Arts Directory, with Full Answers to the Examination
Papers (except in Special Subjects for the Year). Nos. II. (1889)
to VI. (1893), 2s. 6d. each, nes.

Inter. Science and Prelim. Sei. Directory, with Full Answers to the
Examination Papers. Nos. I. to IV. (1890-3), 2s. 6d. each, net.

B.A. Directory, with Full Answers to the TExaminatian I:apers
(except in épeuial Subjects for the Year.) Nos. I.—IIT., 1819-91.
9s. 6d. each, net. No. IV., 1893 (with Full Answers to the Papers.
in Latin, Greek, and Pure Mathematics). 2s. 6d. net.
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