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PREFACE

0

THE TENTH EDITION.

{1 is now twemty-five%ears since the first publication of this
little book, and in the history of a branch of science like
Chemistry this is a long time. In the successive editions
which have been called for, efforts have been made .to
introduce from time to time an account of such new dis-
coveries or new theories as appeared likely to be useful te—
the student. The time has now come when new mattér
can no longer be incorporated into the old text. The
influence of the new doctrines—especially those relating to
ste;reo-chemistry, to clectrolysis, and to the properties of
soiutions—-—is felt throughout every department of the science,
and phraseology is necessarily so modified to suit the new
points of view that no process of patching can be regarded
as sufficient to bring old statements of fact or hypothesis
into harmony with present ideas. Accordingly the book
has been completely recast, and in large pa'rt re-wriften.
Its general character as an elementary work has been



designedly retained, out it is beficved that the student who
has been sufficiently prepared by experimental practice in
the personal observation of phenomena will find in it a Zhirlys
complete introduction to all the most important doctriness
of modern chemistry. '

[
ROYAL COLLEGE OF SCIENCE, LONDON :
Octobier 1901,



EXTRACT FROM

PREFACE TO THE FIRST*EDITION.

This little volume is primarily intended for the use of
students. "It Mns at pYesenting a syno'psis—-—brief indeed, and
probably imperfect—of the leading principles of chemistry
in such a form as to give the subject a mores decided
educational direction than has been hitherto customary. ©

In consideration of its peculiar {itness for developing the
powers of observation, of reasoning, and of mcmory, ng”
branch, of experimental science deserves more emphatic
recognition at the hands of educators than chemistry. In
order, however, that its advantages may be reaped to the full
I believe that the methods of teaching very generally preval-
ent in schools require to be considerably modified. I think
teachcrs ought to realise the fact that chemistry, as a school
subje®; is not taught with @ vicw to its practical applica-
tions to medicine, manufactures, or the arts, but because the
study is calculated to quicken the faculties of observation,
to strengthen the memory, and to engender a Jower and a
*habit of continuous thought, as well as to arouse aew
inter®ts and open up new fields to the imagination. It is



of little consequence, i this view, whether ‘or not the facts
acquired can be turned to practical accoaut; but it is of
prime importance that the phenomena brought under their
notice, and thc¢ manner in which thosc phenomena arc
presented, should be such a¢' will compel the pupils to
think.

Notwithstanding that the book does not profess to be a
complete treatise on the subject, its contents will, I believe,
be found sufficiently comprehensive to afford a tolerably
general view of chemical cheory as it exists at the present
time. My desire has been to assist the student in attaining
to hroad and philosophic views of chemistry as a whole,
and to accustom him to regard it ‘as one~out’ of many
branches of physical science rather than as a mystery stand-
ing apart from other studies.

~

CLIFTON : Jlay 1876.
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METRIC WEIGHTS AND MEASURES.

——
PRErIXEs,~Myria- . . . . . . . 10,000
Kilo- . . . . . . . . 1,000
Hecto- . . . . . . . . & 100
Deka ) . . . . PR . 10
( . . . . . I
oo P &
Centi- . . . . . . . . 106
Milli- . . . . . . . . idr
Inserting after the hyphen and in the brackets—
(1.) Metre, gives the measures of length.
(2.) Litre, ' ) capacity.
@3.) Gran-, ' weight.
LENGTII.
1 MFTRE = 10 decimbtres. (10 dem.)
= 100 centimetres. (100 cm.)
= 1,000 millimetres. (1,000 mm,)
1,000 Metres = 1 A romctre.
CAPACITY. o
1 Litre = 1 cudic decimetre, \ c.demg >
= 1,000 cubic centimetres. (1,000 c.C.
WEIGHT.
« Grani or the weight of 1 c.c. of puie water at 4° C,
= 10 decigrams. (10 dg.)
= 100 Centigrams. (100 cg.)
= 1,000 milligrams. (1,000 mg.)
1,000 Grams = 1 Ailogram.
I"NGLISH EQUIVALENTS.
NEARLY ACCURATELY
1 MFTRE = 3 feet 3¢ inches = 39°370y, inches,
or 394 inches.
1 KILOMETRE = 1,100 yards = 1093 63, yards.
1 LaTkE = lk Impl. pint = 1764774414 Pint.
or 35 ounces. .
1 GrAM = 154 grains = 15°43amex EraINS,
1 KILOGRAM = 2% pounds = 2°204gm3 pounds.
MEMORANDA.
Weight of 1 litre of hydrogen (at o° C. and under 760 mm. bar.
pressure) = ‘o896 gram, or 1 crith.

Therefore 1 gram of hydrogen measures 11°16 litres.

For common purposes ‘og gram may be taken as the value of thgg,
crith.  This corresponds to 1.°1 as the measure of 1 gram.

Specific gravity of Hydrogen éA'u-: 1)= ‘0693.
» ” yy Al H = 1)= 14742.
o

5°C.
“ . 1”C. = ¥°F.,,

9° F.
and 1°F. = §°C.

To convert C. into F. temperatures g~5§—9 + 32=F,

To convert F. into C. temperatures (F — ) 325 - .



INTRODUCTION.

THE study of nature requires the employment of two dis-
tinct processes : the first is the observation or discovery of
facts, and the second is the deduction of inferences from
those facts. It is of the utmost importance to the student
of chemistry to keep these processes apart from cach other
in his mind, agd ehdgavour clearly tg apprehend the proper
functions of ?)%scrvation and experiment on the one &and
and those of hypothesis and theory on the other. Chemistry
is essentially an inductive science—that is, its thebries are
cntirely based upon the results of observation and expeti-
ment ; and although it is true that a theory once adopted is
often sustained and strengthened by leading to the dis-
covery of other facts, this is essentially a secondary process,
and should always be so regarded. The assumption of
theorid® based upon bad observations, or no observation
at all, can be shown by the history of chemistry to have
retarded the progress of knowledge very seriously in past
times. The notion, for example, of an inflammatory prin-
ciple called ‘ phlogiston,’ and the general adoption of this
idea during the greater part of the eighteenth century, for
the purpose of explaining ngt only the process of burning,
but other chemical changes, undoubtedly assisted in pre-
venting the recognition of many facts which later became
obvious, and in delaying the reception of the trug theory of
chemical change. An additional word of warning will not
be out of place. A good theory is one which almost always
leads %o further discovery, but no theory, however justifiable,

R 2
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can be regarded a final. Studénts are too apt to believe

that an explanation having been once givchn, if it accounts

for all known facts in a fairly satisfactory manner, ,will

remain for ever established as representing the actual pro-

cess or method of nature. All cxperience, however, leads *
to the conclusion that, however apparently complete a theory

may, be, an extendion of knowledge will sooner or later lead

to its being modified or absorbed into a more comp.:hen-

sive theory, which will explain a wider range of phenomena.

‘Theories in chewmistry, therefore, as in other branches of
physical science, can only be regarded as aids to the mind

in apprehending and classifying the facts and things of
nature, or, to use a familiar expression, they are only

¢working hypotheses.” And when the word ‘law’ is used it

must be understood wonly as a coeveniegnt abbreviated

expréssion of coincidences which have been observed. The

‘Law of Boyle,’ for example, is only a synoptical statement

of facts observed as to the behaviour of gases in regard to

pressure, but no gas conforms strictly to the statement that

its volume is inversely proportional to the pressure.. A

‘law of nature’ is therefore not analogous to a legal enact-

ment, which all are required to obey, and which admits of
no variation. The science of chemistry is concerned with

the composition of matter and with the study of tht rela-

tions found to subsist between composition and properties.

1t is a science based, as already stated, upon the results of
observation and experiment, and in the construction of
theories the chemist makes constant use of the generalisa-

tions commonly referred to as laws of nature.

Among these generalised statements or laws two-ure of
such fundamental importance that they are often regarded
as axioms requiring no special notice or proof. The first of
these stateinents affirms the indestructibility of matter. It
is 'based upon the experimental results of a full century,
for ‘since the practice of using the balance was generally
adopted, we have learnt that chemical changes are atténded



By a redistribution of weightt, but nbver by a destruction of
substance. A'ﬁling butnt may disappear, but it is not
, desgroyed, and in all cases the mass of a chemical com-
pound is the sum of the united masses of its constituents.
* Conversely matte is’ never «created by chemical processes,
but is only changed in form.

e The second of these two principles st®tes that exergy is
indeYwuctible. When two substances combine together to
form a compound, the change is always attended by an
absorption or evolution of heat. When, for example,
hydrogen combines with oxygen, the production of the
water is attended by a notable evblution of heat. This heat
may be made to do mechanical work of some kind, such
as the expansion of the gases and of the steam formed by
their union, ogjf cogfined, it may pgoduce pressure upon a
piston or a gauge. Moreover, the amount of heat produced
may be mcasured either by observing the amount of water
the temperature of which-may be raised by i% means
through a given number of degrees, or by the amount of ice
whieh can be melted, or in other ways. And it is found
that when thus measured, the quantity of heat produced
is constant for any given chemical ckange. Heat was formerly
supposed to be akind of very fine matter having no weight,
and it Was referred to as one of the imponderable clements
under the name of caloric. But it was proved by experi-
ments made 1n the early part of the nineteenth century by
Sir Humphry Davy and by Count Rumford, that if heat
was matter, the quantity of it associated with ordinary
matter was infinitely great, for heat cpuld be continu-
ally psoduced in a mass of metal by continuous friction.
Later, in 1843, the exact quantitative connection between
heat and mechanical work was established by Dr. Joule,
of Manchester, and thus heat was proved not tebe matter
but a mechanical condition of matter. Similarly, it is now
known that heat, light, electricity, chemical action, and
mechdnical power are mutually convertible one into



another without less, save that ‘which can be acéounted for
in the imperfection of the material or of tHbe apparatus used.
A heated body, an isolated chemical element, and a gass
of matter raised to a height agree in possessing the power
of duing work of onc kind or another, which, however, may'
be reduced to one form, and this power of doing work is
called energy. 1Ske matter, it can be neither created npor
destroyed and, though it may change in character/ it is
constant in amount.!

In order toefacilitate the explanation of chemical and
physical phenomena, it has been found convenient to
revive, in a somewhat modiificd form, the ancient hypothesis
that all bodies possessing extension and weight are made
up of stuff, substance, or matfer, which is not uniform and
continuous throughout, but consists gf sepgrate very small
portions. Each of thesc small masses, which are called
molecules, is supposed to be to a certain extent independent
of the rést and isolated from them. The hypothesis further
requires us to supposc that the molecules constituting any
given species of matter are all alike, in size, weight, and
properties, and differ in these respects from other molecules.
Thus the molecules contained in onec drop of water are
conceived to be precisely like the molecules in any other
drop of the same liquid.  Similarly the molecules in 4 given
globule of the liquid metal mercury, or quicksilver, must be
assumed to be like all other molecules of the same mietal ;
but water molecules and mercury molecules differ altogether
from cach other in weight and chemical properties. It
must be distinctly understood that molecules cannot be
seen, and all the arguments upon which the assumption of
their existence is founded are derived from the examination
of masses of appreciable magnitude. We know nothing of
isolated imdividual molecules; the examination of these

% For a complete exposition of the doctrine of energy the student
should consult works on physics, especially Maxwell’s Z%eory oF Heat.



would be for obvious reasoms impossible, and even if such a
division were atdually possible, the condition or properties
of 3 single molecule would be in no way comparable with
those of-a mass of matter in which many molecules are

+ imagined to be naturally aggregated by cohesion or other-
wise. But we may assume that when one kind of matter
affect® chemically another kind, the spgallest quantity of
eaMhich is capable of entering into the reaction comsists
of a determinate number of molecules. I‘or the purposes
contemplated in this book, then, a moleculg may be defined
as the unit of chemical action ; that is, the smallest quan-
tity which is able to take part ingr result from a chemical
change. :

When two different*kinds of matter are mixed together,
chemical action often takes place between them. This
action is supf®%ed %o be due to tht union of molecules of
the one kind with molecules of the other kind, oro an
interchange of their components. The constituegt parts of
molccules ! are called aZoms.? Nothing is known concerning
the, trge nature of atoms, though they have at different
times been supposed to be hard particles of various geome-
trical forms, or vortices, like rings in air often produced from
the top of a chimney, or from the funnel of a locomotive,
and eendered visible by the smoke or steam. To the
chemist the word simply means a small mass which cannot
be divided, or, at least, has never been known to be divided,
into smaller masses in the course of chemical action, An
atom, then, is the smallest portion of matter which can be
transferred from one molecule to another.

When the atoms within a molecule are all alike, the
substance made up of such molecules is called an element.
Most commonly, however, there are reasons for considering
that the atoms composing a given molecule arg dissimilar,

! Molecule, diminutive, from Lat. moles, a mass.
2 Atom, from a, not, and Téuvw, I cut.



and then the body is a compound. The number of atoms
in a molecule is very variable. A few eleAvents have mole-
cules which are assumed to consist of one atom only, others
of two, three, or four; while in compound bodies the
number may amount to hundreds

Atoms are held together within the molecule, and pro-
bably molecules ajso are in certain cases united togeﬁner: by
the eperation of what is called, for want of a betteryferm,
chemical affinity, or chemical altraction. Of the nature of
chemical attraction nothmg is known. It cannot operate
at a distance like gravitation, but requires that bodies should
be in contact before they ¢an combine together or act upon
each other. It is apparently opposed by heat, for a suffi-
cient elevation of temperature serves to break up the mole-
cules of all compounds, and even those of many elementary
substances, and in this dlsruptlon of molé®lar or atomic
combinations by heat there is a very closc analogy with the
process of evaporation of a liquid. (Se¢ Dissociation.) It
is closely related to electricity, and an electro-chemical
theory, proposed by Davy in 1806, though nevgr fully
accepted, contains an element of probability which has led
to its revival in a modified form in more recent times. This
theory attributes chemical combination to the existence
of charges of electricity of opposite kinds upon the atoms
which unite, but there are several difficulties in the way
which have ncver been satisfactorily cleared up, and are
still a subject of debate. This question will be referred to
again in a later chapter.

The study of those forces which affect entire molecules,
and masses of molecules without regard to their corgposi-
tion, belongs to the domain of ‘Physics. The immediate
object of Chemistry is to ascertain the composition of
bodies by the application of methods of azalysis or of syn-
thesis, but the science is not confined to the practice of these
experimental arts. It has long been known that the same
elements united in the same proportions do not necessarily



produce compounds having 4n every case ¢he same proper-
ties—in other wolds, the order in which atoms are united
together is not less important than their number, and con-
*stitulion must be clearly distinguished from composition.
{See Isomerism.) .

The density, fdsibility, volatility, colour, crystalline form,
angl otler physical properties of both clementary and com-
poMJ)odies are dependent upon the nature, number, nd
order of the atoms composing their molecules, and it séems
to be now fully established that the chemigal characters of
an elementary atom are directly related to its mass, as
represented by the value of its atomic weight. Further-
more, the combination and the separation of atoms or of
molecules is attended by a distribution of energy, and every
chemical change is attended by absorption or evolution of
heat, and frequ®Rtly Gy other physical phenomena,

The materials which compose the earth’s crust, with its
ocean and atmosphereand their inhabitants, may beroughly
classified according to their mechanical condition into se/ids
and fuigs. Fluids are either liquids or gases.

A solid retains its form unless acted upon by pressure,

by division with cutting instruments, by heat, or by solvents.
Many solid bodies under suitable conditions assume definite
geometwic figures, which are generally bounded by plane
faces, and thus give rise to crystals. This rigidity, by which
the external form and relative position of parts is maintained,
is'due to what is called ‘cohesion.’” We should not, how-
,ever, be justified in assuming that the constituent particles
of solids are in a condition of absolute repose. Alteration
of temperature and volume produced. bythe application of
heat are attributable, according to the molecular theory, to
the motion of the molecules, this motion being supposed to
consist mainly in their rotation, or oscillation, or rgvolution,
within a determinate space.

A liquid is recognised by its mobility, and by always
assuming when at rest a horizontal level surface, except just



where it comes (into contact with the vessel containing it.
The several parts of a mass of liquid ar& hot held together
with the same amount of force that binds together the
parts of a solid, for it is generally much less difficult to
detach a drop from a mass of liquid than to break off a
portion of a solid. The curved surface of a liquid at con-
tact with a solidf‘the ascent of liquids in capillary tubes, and
th¢ spheroidal form of the rain-drop as well as ¢#water
sprinkled upon a greasy surface, are all effects of ¢surface
tension *—that.is, thesc phenomena are due to the fact that
the superficial layers of a liquid behave like an elastic
membrane stretched ovet the liquid and exerting a pressurc
upon it. The volume of a liquid is scarcely affected
appreciably by pressure, even wheh very great, and pressure
communicated to any one part of a mass of liquid is trans-
mitted almost instantly ard without loss to.cvery other part.

From the phenomena of liquid diffusion which will be
alluded to further on, it seems probable that the molecules
of liquids are constantly moving about. Thesc motions,
however, are sluggish in comparison with the corresponding
intestinc movement which is observed in gases, and this is,
perhaps, to be expiained by the assumption that the mole-
cules of liquids are comparatively closc together, so that
their free motion is impeded by frequent collision. ¢

Gases differ from solids and liquids in having practically
no cohesion. A mass of gas exhibits no surface, like that of
a liquid, and no gas can be confined in a vessel which does
not enclose it on every side. -

The bulk of a given portion of matter, solid, liquid, or
gaseous, must depend both upon the temperature gnd the
pressure to which it is submitted. The variation of volume
produced in a solid or liquid by change of pressure or of
temperatyre is very small when compared with the change
produced by the same means in the volume of a gas. The
law .of the compressibility of gases was discovered by the
Hon. Robert Boyle and published in 1662. It was ex-



amined mdependently and verified by Mgriotte some years
afterwards.

Jaw of Bovle—*The volume of a given mass of any gas
varies inversely as the pressure.’
*  Thus, if V is the volpme,when the pressure is D,

The volume of the gas becomes
.

3 V when the pressure is 2 P
% v » » 3 P
7]1' A ”» ’ 4 P
,1,' Vv ”» 1 ¢ . * n P
Also o
2 V bH 2] * * %! P
3 V i) L4 3 . . "1;' P
u V ”» 13} . . ! P

Hence the pressure which is produced by the e/asticgforce
or tension of a gas is proportional to its density.

So that if pressure increases,
density increases,
and vo/ume diminishes.
Also, if vo/ume increases,
pressure and density diminish.

BdYlce’s law is not absolutely obeyed by any known gas ;
but hydrogen and the other gases which are liquefiable with
great difficulty conform to the law very nearly, and thus
present the nearest approach to the condition of a perfect
gas with which we arc acquainted. With change of pressure
the easily liquefiable gases and vapours increase or decrcase
in voleme to a greater extept than more permanent gases.

It is usual to consider that the atmosphere possesses its
average and normal density when, at the sea level and at the
tempcerature of o° C., the column of mercury ig the baro-
meter sustained by the atmospheric pressure is 760 milli-
metres (or 29'9z inches) high. This amount of pressure is
often Spoken of as onc atmosphere.



In accordange with the laW of Boyle the volume of a
gas under altered barometric pressure can be calculated by
the formula

vV P,
v, 5P,

in which V is the given volume under pressure P, and %,
is the new volume when the pressure is altered to ¥{. So
that

Example.—100 volumes of air are measured off when
the barometric pressure is 740 mm.; what will be the
volume of the same air when the bargmeter stands at
760 ,mm., ?

Here V = 100, P = 740, P, = 760.

100 X 740

ThenV, = - 760 =97'3 vols.

“Answer.

Solids, liquids, and gases alike expand upon the applica-
tion of heat, but whereas cach solid and liquid increases by
a fraction of its volume which is peculiar to itself, al} gases
expand to practically the same extent by cqual increment
of temperature. In other words, whilst the coefficients of
expansion of solids and liquids are all different, these of
true gases are the same in every case.

Law of Gay-Lussac and Charles.—Air expands by 2;3
'y

of its volume at o° for every incrtase in temperature of 1°C.

Thus 273 volumes of air at . o
become 274 ” ’ . 1
275 » b2 2

276 » ” . . 3

. 273+t » »»” . . t‘



Also, 273 volumes of 2ir at . e o°

yecome 272" ” » . . —1°
271 L 1] . . —2°
270 ” ”» . - —3°
273 _t ” «n . .=t

And generally 273 + t at t° become 273 + T at T°.

}mfractlon prp or 003665, is called the coefficient®of

expansion, and represents almost exactly the increment or
decrement which occurs in a measured volume of air or
other permanent gas for every change of temperature of one
degree centigrade, provided the pressure remains unchanged.
The coefficient of all gages is very nearly coincident with
that of air, and for chemical purposes may, without incon-
venience, be asswmed®to be the same. Strictly speaking,
however, every gas has a coefficient of its own, which?in
the case of the more easily liquefiable gases, is perceptibly
greater than the number given above, as may be seen by
the following table :—
- o

Coefficients of expansion for 1° C.

Air . . . . *003665
Hydrogen . . . . 003667
Carbonic oxide . . . ‘003667
Nitrogen . . . . *003668
Nitrous oxide . . . J003676
Carbon dioxide . . . *'003688
Cyanogen . . . . 003829
Sulphur dioxide . . . 003845

It seems not unreasonable to suppose that such differ-
ences are due in part to the fact that in vapours and in the
more easily liquefiable gases the influence of cohesgjon is not
altogether annulled. It is conceivable that a vapour may
consist of molecules which, unlike the independent mole-
cules of perfect gases, may be connected together into com-



panies moving apout much inc the same way as individual
molecules, but less rapidly. '

Examples.—A certain mass of air measurcs 100 (cubig
centimetres at o° ; to find its volumc at 10°.

273 vols. of a gas at o° become 273 + t vols. when the
temp. is t° C.

¢ In this case t = 10.
‘I'hen 273 c.c. at o° become 283 c.c. at 10°,

. 28
1% , becomes 2°3 c.c. at 10°
273
' 283 X 100
and 100 ,, ’ 283 X 190 ¢ ¢ at 10°
273

Ans. 10366 c.c.

Or employing the decimal equivalentcto':—%, let V, be the

required volume and V the vol. given.
Then V, = V (1 + 00366 t)
= 100 (T + '00366 X 10),
= 10366 Auns.
300 c.c. of air at 20° ; find the volume at o°.

273 + 20 at 20° become 273 at o°

I »  becomes 213 at oo
293
And 300 * » " 273 X 399 g1 oo,
293
2795 Auns.

Or, using the decimal coefficient, we say V,, atcertain
volume of air at o° becomes 300 c.c. at 20°, or

Vo (1 + 00366 X 20) = 300.

Whence V, = 300

——— T . = ‘ .c. Auns.
1 + ‘00366 X 20 279'5 ¢.C. Ans

goo c.c. of air at 10°; find the volume at —10%.
»

[



* In this and all snmllar problems it is tp be remembered
that the coefficient of expansxon is a fraction of the volume
which the gas occupies at 0° not at any other temperature.

273 + 10 c.c. of air at 10°
" medsure
273 — 10 C.C. at —10°.

‘Therefore 500 c.c. of air at 10°

203 X 500

measure
283

, Or 464°6 c.c. af —10°.

Or let Vo, Vi, and V—,, be the volumes at the tem-
peratures 10° 0°, and —,10° respectively ; then
— = _ - Vm _
V-,w=V,( mﬁW)_TTodeETRx (1 — 00366 x 10)
=464°6 c.c. Ans.

Air or any other permanent gas diminishes by 217-3 of

its voJuge for every degree of temperature travelling down
the scale. If the same relations of volume to temperature
were maintained, it is obvious that at —2%3° the volume
would be 77/, and the gas cease to exist. Such a tempera-
ture has, however, never becn attained ; and if ever such a
degree of cold were reached, there can be no doubt that a
gas exposed to it would liquefy, or that some change would
occur whereby the gas would be rcleased from obedience to
obhe ordinary law.

Notwithstanding, however, that such a condition of things
is pracgically beyond the reach of expdriment, this con-
sideration is important as furmshmg the basis of an abso-
lute scale of temperature. Calling —273° C. the zero-point,
we represent absolute temperatures by adding 73 to the
number of degrees upon the ordinary Centigrade scale.
From what has already been stated regarding the expansion
of gases, it follows that, pressure being constant, the volume



of a mass of gas yaries directly as the absolute temperature.
This statement is sometimes referred to as the law of
Charles, to whom we owe the discovery, towards the epd of
the eighteenth century, of the equal expansibility of thé
principal gases by heat. , ©

Law of Avogadro.—All gases, when under conditions
sufficiently remote from those which induce their liquefac-
tion, are affected in the same manner and to the “%ame
extent by changes of pressure and of temperature. Dif-
ferences of density, of chemxcal composition, or of chemical
properties do not affect the generality of this statement.
The volumes of heavy oaygen and light hydrogen, of simple
nitrogen and compound wmarsh gas, increase and decrease
according to the same law. It is' impossible to avoid the
inference from these facts that these _Hes, so different
chepically, must be ‘physically constituted alike. If now
we admit the hypothesis that gases, like other bodies, are
made up of small independent masses called molecules,
and that heat causes these molecules to separate from one
another, while cold or pressure causes them to gpproach,
we are led to the assumption that in equal volumes
of different gases at the same temperature and pressure
there must exist the same number of molecules.

This statement, originally enunciated by an °Italian
physicist, Avogadro, in 1811, may now be regarded as a
well-established truth.

But, like every other part of the molecular theory; this
law owes its recognition by physicists and chemists, not tqy
any direct proof that can be adduced from experimental
sources in support of such hy¥othesis, but to the fact that
nearly all observed chemical phenomena do not only
“harmonise with such views but find in them complete and
satisfactory- explanation.

Adm:ttmg the law of Avogadro, we see at once why
‘gases are equally expanded by heat, why they are equally
‘contracted by cold and pressure, and why they cémbine



together, accordigg to the, discovery ofe Gay-Lussac, in
simple proportions by voltime.

a later chapter will be shown some of the conse-
Yuences which follow upon an application of this law, and
the important progsess of chemical theory which has resulted
from its adoption. :

o Grakam’s Law of Gaseous szusz'on.——-.A very remark-
ablarqperty of gases and vapours is their power of mixing
with one another, even in opposition to gravity.

If a bottle of any odorous gas is opened in any part
of a room of constant temperatutre and free from draughts,
the smell of the gas soon becomes perceptible in every
part of the room, and, after the lapse of a short time,
equally in every past. Notwithstanding that, as in the case
of sulphuretted h‘xdrggen, a heavy gas may be selected for
the experiment, 1t would be easy to prove by analysis of*the
air that every part of it is equally impregnated with the
foreign matter. Other experimental illustrations of the
same law may easily be devised. A bottle of hydrogen
held mggh downwards in the air for a short time soon
becomes explosible. A jar of air inverted over another
filled with carbon dioxide gas soon acquires the power of
giving, like carbon dioxide, a precipitate with lime water.
And th® process of intermixture proceeds almost equally
well if the gases are separated from each other by a partition
formed of some porous material.

A thin plate of unglazed earthenware, a slice of arti-
Sgially compressed graphite, or a cake of dry plaster of
Paris, may be employed for the purpose. A very effective
form of gapparatus consists qf a clay battery cell closed by
a cork, through which a yard or so of glass tubing open at
both ends is made to pass. By means of this simple
apparatus it may be shown that different gases penetrate the
porous clay with different degrees of rapidity, and that light
gases effect a passage more quickly than heavier ones. The
consequence of this difference of diffusion-rate is that a



difference of pressure is established inside the cell, and’if
the open end of the tube is dipped into watcr a certain
quantity of gas is expelled in bubbles from below, qr the
liquid is forced by the atmospheric pressure up the tubé.
If, for example, the clay vessel previously full of air is sus-
rounded by hydrogcn gas, intermixture of the air within
and the hydrogen without takes place through the clay ;. but
since the hydrogen diffuses more rapidly than thg air, the
quantity of gas within is rapidly increased, and some of it
visibly finds s escape from the open end of the tube
through the water.

Farly obscrvations of and experiments upon gaseous
diffusion were made by Priestley in the last century, and by
Dobereiner in 1825 ; but Graham' gave the cxplanation of
the phenomena, and, by precise and long -continued experi-
mehits established the law.

The welocitics of diffusion of different gases are
inversely proportional to the square rools of their den-
sitzes.

Graham’s experiments were for the most part canducted
with a very simple apparatus, consisting of a straight wide
glass tube closed at its upper extremity by a disc of porous
stucco or graphite. This tube was filled with hydrogen
or other gas over the mercurial trough, the *graphite
plate being covered during this operation with a sheet
of guttapercha. The mercury within the tube was kept
at the same level as the mercury in the trough, in order
that there might be no alteration of pressure while ti
diffusion was proceeding and at the same time the tem-
perature and barometric pressure were recorded — After
the lapse of a certain interval, measured by a chro-
nometer, the volume and composition of the residual gas
could b& determined.

The following table embodies some of the results
obtained in this way, the pressure and temperature being
suppgsed to be the same in all cases :—

'



"DIFFUSION OF GASES.

I . L
1 Name of Gas Density Sg;‘ﬁ’:ﬂﬁ;’;t «-/i)ctnshy \1’:)1171%:{;;:1‘
Air I I I I
[ S -
i el B g 1 M
arshegas . 554 774 "3 .
Carbon monoxide 9678 9837 10165 1'0149
Nitrogen . . ‘9713 9856 10147 1.-0143
Oxygen e 1'1056 10515 'g!;u.) 9487
' Carbon dioxide. 1'529 1-236.5 -8087 812

It will be noticed that the observed rate of diffusion
agrees very nearly with the rate calculated from the density
of the gas; but e case is thereabsolute concordance.
This is, probably, in part due to the errors inevitable in
any experimental investigation, especially where gases are
concerned, but is also in some degree attributable to the
fact that the diaphragm employed possesses an appreciable
thickmess, so that in passing through the pores the gas
encounters considerable resistance.

By taking advantage of the unequal diffusibility of gases
of diffe.rcnt density, a partial separation of mixed gases may
in some cases be effected.

The gases constituting atmospheric air, for example,
may be, to some extent, separated from each other by
causing a slow current of air to flow through a clay tube

wassing through a glass tube which has been exhausted as

completely as possible by the air-pump. The nitrogen,
being Mghter and consequently more diffusible than the
oxygen, passes more abundantly into the vacuous space,
leaving the residual air richer in oxygen than it was
originally. *

The physical explanation of the phenomena of diffusion
depends directly upon the mechanical theory of gases. The
molecules of a gas are supposed to move constantly in



straight lines tillsthey come nearly into contact with other
moving molecules, or with the walls of the containing vessel.
If these walls are perforated at intervals with apewureg
large enough to permit the passage of a molecule, we may
conceive that although many molecules cbntinue to rebound
as though the surface were impervious, yet a great many
others may find their way into and through these shortsls-
sages, and so into the atmosphere beyond. Molecules from
the external atmosphere may be assumed to pass inwards in
precisely the same manner, and if the densities of the
gases on the two sides of the partition are the same, the
number of molecules passmg inwards in a given time is
exactly equal to the number pgssing outwards, and no
change of volume or of pressure can result. But if the
gases are of different densities, molecalggof the lighter gas
pas$ through more rapldly than those of the heavier, and a
change is produced in the tension or elastic force of the gas
enclosed in the porous vessel.

This pressure, cxerted by a gas in opposition to that
which it has to bear when enclosed in a vessel, is reptesented
according to the kinctic theory as the result of the con-
tinuous showering down of its molecules upon the surfaces
with which it is in contact. The molecules of different
gases being of different masses, they must move with dif-
ferent degrees of velocity, the light molecules more rapidly
than heavier ones, in order to produce the same amount -of
pressure. Hence, when the gas in contact with the porous
surface is a light gas, its molecules must be supposed to fuf¥
upon a given area more frequently than when the gas em-
ployed is heavier, and conseguently the opporturfities for
the escape of molecules through the pores are more frequent.
Hence it is that light gases diffusc more rapidly than heavy

. gases. *

Gases have not only the power of passing by diffusion
through porous substances, but under certain cxrcumstanccs
+ penetigte membrancs, and even sheets of metal which are



absolutely destltute of porgs. This phgnomenon differs
entirely from diffusion, for it is not found that the lightest
gase§ traverse such substances most rapidly ; indeed, the
T:ontrary is more generally the case, Moreover, the metals
which are so remarkable for their power of transmitting
some gases are absolutely impermeable by others.

o A few simple experiments will give®the student an
1dea of the general character of the phenomena we are " dis-
cussmg If a thin india-rubber balloon (such as are sold at
the toy-shops), inflated with air, is immeysed for a few
minutes in a vessel full of carborr dioxide gas, the balloon
becomes largely distended, and if # band of tape is fastened
round it before the experiment, it generally bursts after im-
mersion in the gas for a Short time. A similar balloon filled
with hydrogen or carbon dioxide gas quickly collapses
when ex@Bsed to M€ air.  Such a film of rubber appeass to
have no porosity, but rather to resemble a film of liquid in
its relations to gascs. The penetration of the rubber and
similar colloids by a gas appears to be due to the absorption
of the_gag by one surface of the colloid and its transmission
to the other surface by the agency of liquid and not gaseous
diffusion. The liqucfied gas then volatilises into the vacuum
or atmosphere on the other side.

The passage of gascs through metallic plates at a red
heat was referred by Graham to a somewhat similar causc.
Thus, at a red heat, both platinum and palladium, and even
iron, are permeable by hydrogen gas; and this is evidently
ggnnected with the fact that the same metals are capable of
absorbing and rutammg considerable quantities of hydrogen
when that clement is presgnted to them under suitable
conditions.

The compression of a vapour tends to produce the same
change of state as lowering its temperature ; that is,® portion
is usually reduced to the liquid state. Considering the
generally close resemblance between vapours and those
bodies which are commonly called true gases, Faraday came



to the conclusion that the latter are not csscntlally different
from the fornur, but are in fruth the vapours of volatile
liquids far removed at ordinary tempcratures from thelr
boiling points. This conclusion he verified exp«.nmentally
by enclosing in strong A-shaped glass tubes materials cap-
able of evolving the gases he wished to examine. On the
application of ¢ gentle heat to thesc materials gas was
generated, and by its accumulation in the conﬁned space
sufficient pressure was exerted to cause its partlal lique-
faction. In this way ammonia, chlorine, and other gases
were reduced to the condition of limpid liquids, and by the
combined use of pressu.e and low temperature, produced
by powecrful freczing mixtures, a great many other bodies,
which till then had been known cnly in the gascous form,
were also liquefied. Larger apparatus, constructed on the
samg principle as ¥ardday’s glass tub®™were subsequently
employed by different experimenters, and several gascs,
such as carbon dioxide and nitrous oxide, are liquefied
on a large scale by compressing them by powerful force-
pumps into steel cylindrical bottles fitted with stopcocks.
By such methods all known gascs were, with six exceptions,
reduced to the liquid state. '
Further advance, however, would have been impossible
had it not been for an important discovery by the late
Professor Thomas Andrews.  Iis rescarches, published in
1869, disclosed the fact that if the temperature of a gas is
above a certain ¢ritical point, which varics with the nature
of the gas operated upon, liquefaction by pressure is n
longer possible The following diagram shows the effect of
submitting air and carbon d1<md<, to pressure at different
temperatures. When air or any y similar gas, such as oxygen,
hydrogen, or nitrogen, is submitted to gradually increasing
pressure gt any temperature ncar to that of the air a steady
contraction is produced, and the pressure, , multiplied by
the volume, o, is practically constant, or po = 1. When,
however, a gas which is easily liquefiable is submisted to



ptessure under the same conditions, it is found at all tem-
peratures to contract at a2 much greater rate, and pw is less
than 1. In the case of carbon dioxide the curves which
%how the effect at 13°'1 and at 21°'5 indicate by the sudden

change to the vertical that liquefaction begins at the pres-
sures shown ; while at temperatures above 31° or there-
about o amount of pressure that can be practically applied
will bring about this effect. Andrews thus established a
distinction between the state of gas above and below the
critical temperatures. 1n the former state the substance is
& gas, in the latter a vapour. This discovery gave the clue
to the character of the six gases supposed to be permanent.
Their cgitical points are at temperatures’ so low as to be
attainable only by special arfangements and with great diffi-
culty. Hence the failure of the earlier attempts to reduce
these gases to the liquid state, notwithstanding the appli-
cation of pressures represented by several thousand atmo-
spheres.

Later experimenters applying the principle thus esta-




blished have employed liquid nitrous oxide and ethylene boil-
ing under reduced pressure as cooling agents, and have
succeeded in obtaining temperatures below the critical points
of oxygen, nitrogen and air, and hence by the employment
of comparatively moderate pressures it has become possible
to liquefy these gases in considerable quantity. For a long
time hydrogen zione resisted all efforts to reduce it to,the
liquid state, but by the employment of liquid oxygen, boil-
ing in vacuo, a temperature of —211° C. has been reached,
and when hydrogen, cooled to this temperature and under
great pressure, is allowed to expand by relieving the pressure,
a portion of the gas undergoes liquefaction and gives the
appearance of ebullition within the tube containing it. The
critical temperature of hydrogen is about —233°. The fol-
lowing table gives the physical constants of the six gases
which, previously to 1377, were spokeT Of as ‘permanent’
gases, and of the gas argon discovered in atmospheric air in
1894.

|
N Critical [Critical | Boiling Freezing eWreezing
ame ‘Temperature|Pressure Point Point | Pressure
Below Atmos. mm.
Hydrogen(H)) . . . — 20'0 —252°'5 - 257° 4
Nitrogen (N, i) . —146'0 350 -~194°°4 —214%0 | 6o
Carbonic oxide ((.()) . —139°5 35°5 — 190’0 —z207'0c | 100
Argon (A)). . . —121°0 50'6 —187°0 —18g°'6 ?
Oxygen(0) . . . . —188 50°8 —182'7 ? ?
Nitric oxide (NO) . - 935 71°2 -1536 —167'0 138
i Mecthane (CH)) . . - 818 54'9 —1640 —185'8 I 8o -
-

The liquefaction of air, oxygen and hydrogen is now
effected by the application of another principle. When a
gas under pressure is allowed to escape from a small orifice
against atmospheric pressure, or in other ways to do work,
it becomes cooled, and the expanded gas thus cooled may
‘be used to reduce the temperature of the gas while still
under pressure. In this way a cumulative effect may be
: produced sufficient to bring about liquefaction of a portion



of the gas on its escape. Dgtails of severgl forms of appa-
ratus using this principle may now be found in sevcral
familiar text books.
*  Mhe critical pressure is the pressure of the g 1,as at the criti-
gal temperature when a very small increase of pressure or re-
duction of temperature causes liquefaction. In like manner
tl;% freezing pressure is the pressure of thé®substance when
about tg solidify. The liquids resulting from the condensa-
tion of these gases are all described as colourless with the
exception of oxygen, which in the liquid sgate has a pale
blue tint, and exhibits a remarkable absorption spcctrum
having several dark bands chiefly® in the red, orange, and
yellow.

The following table®shows the amount of pressure in
atmospheres necessary at the temperature of o° to liquefy
some of the more portant of the ga%es :— -

PRESSURE IN ATMOSPHERES—TEMP. 0° C.

Sulphur dioxide . . . . 1'53
Cyanogen . . . . . 2°37
~Hydrogen iodide . . . . 3'97
Ammonia . . . . 4'4
Chlorine . ; . about 4
Hydrogen Slﬂphld(. . . . 1o
itrous oxide . . . . 32
Carbon dioxide . . . . 385
Hydrogen chloride. . . about 42

Or they may be liquefied by cold alone under ordinary
Mospheric pressure, as follows : —

Sulphur dioxide condcnses below . — 10°
Cyanogen . . . ’ . — 22°
Ammonia . . . " . — 36°
Chlorine . . . » . — §o°
Carbon dioxide . . » . = 79°
Oxygen . . . ” . —183°

Air . . . 2 . =—190°



When a solid is transformed into a liquid, or a liquid
into a gas, an apparently abrupt change of physical proper-
ties occurs, and heat is abundantly absorbed without,. pro-
ducing elevation of tempcrature. But the transition from
one state to another is by no means so.sudden as appeass
from the consideration of cases like that of water. Many
solids, such as fton, pass through an intermediate statg.in
which they are more or less plastic or viscid befpre they
finally assume the liquid condition ; and even the most
perfect liquids with which we are acquainted are far from
being absolutely mobile. -Ether and alcohol, for example,
flow more casily than water; but even these liquids exhibit
a ccrtain degree of viscosity.

Experiments commenced in 1322 by Caignard de la
Tour, and continued and extended by Andrews, have
shown that matter iS capable of exmg in a somewhat
analogous condition intermediate between the liquid and
gascous states :—¢ By partially liquefying carbonic acid gas
by pressure and then raising the temperature to 88° F., the
surface of demarcation between the liquid and gas hecomes
fainter, loscs its curvature, and at last disappears. ‘The
space is then occupied by a homogeneous fluid, which
exhibits, when the pressure is suddenly diminished or the
temperature shghtly lowered, a peculiar appearance of
moving or flickering striee throughout its cntire mass, At
temperatures above 88° I., no apparent liquefaction.or
scparation into two distinct forms of matter could be
effected, even when a pressure of three or four hundred
atmospheres was applied.” (Andrews.) Nitrous oxide and
sulphurous oxide, and other gases, give similar results.  The
strie referred to are most probably the result of changes in
density, caysed by slight changes of temperaturc or pressure,
_as in ordinary liquids or gases when heated.

It thus appears that the various physical states of matter
merge one into another by imperceptible gradations ; and
the m'glecular theory affords some explanation &f this.



“The change of a solid into a liquid, and of a liquid into
a gas, is the result of alteration, generally®increase, in the
distances between the molecules and in the rapidity and
sharfcter of their movements. The gencrally received
opinion is somcthing like the following. In a solid every

, molecule is attached to the surrounding molecules by cohe-
sion, and it is frec to move only about & certain mean
po.&lon, which it never leaves so long as the body remains
solid. Pn a liquid each molecule clmgs to its ncighbours,
but less firmly than in the solid, and it is free to move and
does move about in the mass, though proceeding in any one
direction a very small distance beferc its path is altered by
encounter with other molecules. In a gas the molecules
are independent of each other, and move with various
degrees of vclocity in straight lines. When two molecules
approach cach oth@®™thc path of each molccule is altered.
In the intermediate states of matter there is probably a
mixture of thesc conditions. Thus, ina liquid at its ¢ critical
point,” like carbonic acid gas at 88° I., some molecules are
probably movmg singly and independently, like the mole-
cules of a gas, in the midst of masses of others which are
closer together and moving more slowly, after the manner of
molecules in a liquid, the relative proportion of molecules
in thesg two conditions scrving to determine whether the
mass exhibits the character of a gas or a liquid.

Experiments by Crookes on the phenomena exhibited
by ‘highly attcnuated gases led many years ago to the
lgtergstmg discovery that when the tension of a gas is much
reduced it possesses properties wholly dlﬂ'erent from those
of the same gas under ordinary pressures. Under these
c1rcumstanc<.q the number of molecules present in a given
space being greatly diminished, the distance through which
any one of them can move without collision is prgportion-
ately increased. When the pressure is reduced to about

-one-millionth of an atmosphere, and the discharge from an
inductiqn-coil is passed through the tube containing the



gaseous residue, no luminosity is observed in the contents
of the tube, as becurs when the electric discharge is passed
through an ordinary vacuum, but the molecules dnven from
the negative pole with great velocity traverse the Whote
space before them in straight lines, angd striking upon the
surface of the glass or upon other solid bodies placed in
their path, cause them to emit a phosphorescent light. The
stream of molecules flowing thus from the negatlve poie is
also capable of moving light bodies suspended in its course,
and when brought to a focus and allowed to impinge upon
the surface of 4 solid it heats it strongly. These phenomena
are exhibited equally wall by hydrogen, carbon dioxide, or
atmospheric air, and appear to have no connection with
the chemical composition of the gas. It appears therefore
that ordinary matter is capable of subsisting in a fourth
state, differing as much from the solit, liquid, and gaseous
states as these do from one another.

As a result of further investigations into the phenomena
connected with the discharge of electricity through gases, it
has been suggested that under certain circumstances the
atoms of the gas may themselves be resolved into a com-
paratively large number of more minute particles, each
carrying a charge of electricity. The subject is, however,
still very obscure, and is not sufficiently developed to be
suitable for presentation in an elementary book.



SECTION I,

CHEMICAL COMBINATION AND CHEMICAL
COMPOUNDS.

CHAPTER 1L

ELEMENTS, COMPOUNDS, AND MIXTURES.

WHEN water is exi%sed to a very 'high temperatures or
made the vehicle of an electric current, it disappears and is
replaced by an equal wcight of a mixturc of two gases,
hydrogen and oxygen. These two gases will, under certain
conditians, again give rise to water and to exactly the same
amount of water as at first.

Water then is said to be composed of oxygen and
hydrogen. It is worth noting, however, that, strictly speak-
ing, this* can only mean that in proportion as the water is
destroyed or ceases to exist, the gases make their appear-
ance, and wice versd, for in water we have no resemblance
to hydrogen or oxygen, neithcr can we detect either of
th~se bodies in water except by this process of so-called
decomposition.!

Now,.if the hydrogen thys obtained from water is sub-

! ¢ Cavendish and Watt both discovered the composition of water.
Cavendish established the facts; Watt, the idea. Cavenglish says,
« From inflammable air and dephlogisticated air water is produced.”
Watt says, *‘ Water consists or is composed of inflammable air and
dephlogisticated air.” Between these forms of expl’ession there is a
wide distihction.— Liebig’s Letters on Chemistry, p. §8.



mitted to a repetition of thessame kind of treatment or to
any other that may suggest itself, it refuses utterly to yield
up anything that is not hydrogen. In other words, it cannot
be decomposed. We find then that certain bodies,! such
as water, may be resolved into two or tnore dificrent kinds
of matter, and these are called compounds ; while others like'
hydrogen cannot be split up in this manner by any msans
with which we are at present acquainted, and are.regarded
as elements.

It must be understood that the word ‘element’ is only
provisional, and is merély intended to imply that in the
present state of knowledge the bodies so called have resisted
all attempts to decompose them.

Concerning the primal elements of nature nothing what-
ever is known. Som‘e speculations copcerning the constitu-
tion. of the chemical ‘elements’ will be referred to later on,
but it will be sufficient in this place to indicate the gencral
nature of the investigations that have been made in regard
to one or two of them.

Chlorine was discovered in 1774 by Scheele, whe, in the
language of the then prevalent theory, called it ¢ dephlogis-
ticated muriatic acid.” This was cquivalent to saying that it
was muriatic acid deprived of its inflammable principle,
hydrogen,  After the discovery of the fact that many of the
common acids contain oxygen, Berthollet, acting under the
belief that it contained oxygen, gave it the name ‘oxymuriatic
acid” Davy proved, in 1810, that it contained neither hy-
drogen nor oxygen, and gave it the name by which it 4.s
since been known and ranked with the rest of the elements.

Davy’s chief experiments were as follows :—  «

The dry gas mixed with dry hydrogen unites with it with-
out contraction and without the production of any water.
Charcoak previously freed from hydrogen and moisture,
undergoes no change when intensely ignited in the dry gas

! It must be understood that bodies of definite characters, and not
mere mixtures, are here referred to.  (See pp. 35 to 42.)
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by the voltaic current even fgr several hours, and no oxide
of carbon is formed. Potassium, sodium, tin, copper, and
othey, metals when heated in it combine with the whole of
tite gas, leaving no gaseous residue and forming no oxide of
the metal. Phosphorus and sulphur, both highly oxidisable
substances, unite with chlorine, but set free from it no
mygiatic acid. ~ Chlorine mixed with dry ambuonia produces
only nitrogen and dry sal-ammoniac, and no water is formed.
Electric sparks passed for a long time through chlorine
gas produce no change in it. When chloring acts upon a
heated metallic oxide the amount of oxygen expelled is
equal to that which is contained in the oxide and no more.
So mich for direct experimental evidence. The discovery
of iodine, in 1811, and of bromine, in 1826, confirmed the
position of chlorine among the clements, for if oxygen be a
constituent of one SF these bodies it must be presens in
them all. Further knowlcedge since obtained, the accurate
determination of their atomic weights and the place they
occupy in the system of classification which is based upon
the numerical values of the atomie weights, establishes the
claim of these three substances to be regarded as a natural
group of elements. (See Halogens, Section II.)

The case of the fixed alkalies, potash and soda, is the
converss of that of chlorine. Originally supposed to be
elementary in consequence of the failure of all attempts to
extract from either of them more than one form of matter,
they had been suspected by Lavoisier to contain nitrogen,
probably by reason of a certain resemblance to the volatile
alkali ammonia, which was known to contain both hy-
drogen and nitrogen. By some of the same school it had
becn guessed that the alkalies and alkaline carths were
compounds of metals with oxygen, in consequence of the
resemblance which some of them, such as limep present
to oxides, like litharge, the composition of which was
known. In 1807 it was known that the voltaic currcnt would
decompese acidified water into oxygen and hydrogen, and



that solutions of various salts vere resolved into acid, which
collected at the positive pole; and alkali, which always
passed to thc negative, also that’ many of the metalp and
their oxides might be separated from their compounds by
the same agency. With these facts ineview Davy exposed
caustic potash to the action of a powerful electric current
and obtained okygen and potassium. Caustic soda wags by
the same means shown to contain sodium. Tpese new
metals were at first supposed to be compounds of hydrogen
with potash and soda respectively, but in that case they
ought, when burnt in oxygen, to produce the hydroxides.
That this is not the cas¢ was shown by Davy.

As to potassium and sodium their elemental nature
seems almost above suspicion, for'there is no class of sub-
stances possessing so many characters in common as the
metals, and if it could be shown that any one of them con-
tained, for example, hydrogen, the same constituent might
be expected to occur in all. The results of spectroscopic
analysis, moreover, seem to place this question beyond doubt,
for the spectrum of each metal is independent and shows
no sign of containing an elcment in common with any of
the others.

Other examples might be mentioned of substances long
regarded as chemical clements ultimately showing their true
character as compounds under the influence of some new
agent or some improved mode of operating ; thus,.the
substance regarded as metallic vanadium by Berzelius turned
out to'be an oxide of vanadium when examined long aft~+-
wards by Roscoc.

In the case of oxygen it is found that, by the action of
electricity and otherwise, it may be converted into another
gas, ozone, possessing remarkable characters quite distinct
from thase of oxygen. Nevertheless, oxygen ranks as an
element because it yields in this way only one new body at
a time, which by mere application of heat recovers its original
properties, and that without loss or gain in weight. It must,



therefore, be assumed that the altered prqperties exhibited
under these circumstancés result from a temporary re-
arrasgement of its constituent particles. When, -as in this
clse, elementary matter, stuff, or substance is capable of
making its appearance in the form of two or more bodies
having different properties, these are said to be allotropic
magifications of the element, and the phenomenon is spoken
of asallojropy. (See ‘Isomerism and Allotropy,’ Chapter IX.)
About seventy elementsare known at the present time, but
it is not improbable that a few new substances may be here-
after added to this number. It is not, however, very likcly
that any hitherto unknown clements will be found to occur
in any considerable quantlty among the constituents of the
carth’s crust, for every substance within reach of man has
already been subjected to a very close scrutmy by chemists.
Tt will be seen by reference to the following table ghat
the materials which compose the solid earth, so far as we
know it—the ocean, the atmosphere, and the bodies of the
living beings which inhabit it—arc made up of a few of
these elements, the rest occurring in much smaller quantity,
in some cases are discoverable only by specially delicate

methods.
Water consists of . . .. ; 83;:3%"“
{ Oxygen.
Nitrogen.
. {Silicon.
Silica . © = {Oxygen.
Calcium.
Limestone __ 1 Magnesium.
B * = )Carbon.
Solid earth con- < Oxygen.
sists chiefly of Silicon.
Various  silicates 'Oxygux
forming ery stal- : Aluminium.
line rocks or)Iron.
beds of clay Calcium.
Potassium,
D

Air consists chicfly of




Carbon. )

Fydrogen.
Oxygen.

{Carbon
|
!
{

Plants consist chiefly of foL.

Hydrogen.

Oxygen.

Nitrogen.

Calcium .,
Phosphate.

Calcium

, Carbonate.

The extraction of the metals from their ores, the
manufacture of alkalies, soap, glass, dyes, and a variety of
other useful applications of practical chemistry, were known
to man in a more or less practical form from very early times.
The alchemists extended the art of chemistry by the dis-
covery of the processes for producing many acids and salts,
and by the invention of much useful apparatus. The dis-
covery of oxygen by Priestley, of chlorine by Scheele, the
proof of the composition of water supplied by Cavendish,
and the overthrow of the phlogistic theory by Lavoisicr’s
explanation of combustion, were all great strides in advance
which followed one another in rapid succession. But the
foundation of chemistry as an exact science was only laid
towards the end of the last century, when thestbalance
began to be used systematically in all chemical investiga-
tions. Exact determinations of the relative weights of
bodies engaged in varinus chemical reactions were necessary
for the establishment of those laws upon which chemical
ideas of the present day are founded. A long series of
experiments was required before the facts were generally
accepted by chemists. It was proved towards the end of
the eighteenth century that acids and bases neutralise each
other cempletely when limited and fixed proportions of each
are mixed together, but these experimental results failed to
attract the notice they deserved, and it was only about. 1808
that the first and most important quantitative principle in

Soft Parts =

Animals qonsist
chiefly of

lBone and Shell =



chemistry was finally established by the, experiments of
Proust. This is known 4s the ¢ Law of Definite Propor-
tiong’ and may be stated as follows. :—

* The proportions in whick substances unite logether are
definite and constant. In other words, a given chemical
compound always consists of the same elegnents united in*
thqgame proportions.

In ogder to form water, for example, union between
hydrogen and oxygen occurs exactly in the proportion of
two measures of the former to onc measure of the latter.
This corresponds with two parts by welght of hydrogen to
sixteen parts by weight of oxygen, since oxygen is sixteen
times heavier than hydrogen. The employment of any
larger quantity of either ‘element would only result in the
excess being left uncombined. .

When two bodies unite together to form a chemical
compound they merge so completely one into the other as
to be no longer recognisable by any physical character.
The properties of chemical compounds are always quite
distinct from those of their constituents, and in general have
not even a remote resemblance to them. In the glistening
red crystalline powder called by chemists mercuric oxide
and vulgarly ¢ red precipitate,” no trace can be detected by
the cyeqmor by any other sense, of the liquid, volatile, silvery
metal mercury, and the colourless, gaseous oxygen into
which it is resolved by the action of heat. In water, again,
whether ecxamined in the condition of solid ice, liquid
watgr, or vaporous steam, we should look in vain for any
resemblance to the gaseous elements, hydrogen and oxygen,
of which it consists. Neithgr can we detect in the pro-
perties of water any that can be regarded as intermediate
between those of the two constituents, or such as we should
expect to find exhibited by a mixtur® in which each element
retained its independence.

Every chemical compound is definite in its nature, and
not only eontains the elements of which it is composed in
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proportions which are invariable, but it exhibits constant
characters by which it may usudlly be identified. Water,
for example, is a nearly colourless liquid at common
temperatures, which contracts when cooled to about 4°, and
if cooled further expands till it solidifies into ice. The
‘melting point of, ice is constant at o0°, and the boiling point
of watcr under a pressure of one atmosphere is 100°. (The
melting points and boiling points of other substanges are in
like manner fixed temperatures, and their obscrvation in
the chemical luboratory is daily resorted to with the object
of recognising and distinguishing substances already known
or newly discovered.

The law of definite proportions itself furnishes a criterion
by which the character of a body under examination may be
judged as to its title to rank as a dcfinite chemical species.
For when it is found that the clements contained in a
substance are united together in the ratio of their atomic
weights (see Chapter 1I1.), the probability that they are
chemically combined is very great ; whilst if they are not
present in such proportion, the inference that the substance
is a mixture is completely justified.

In order to decide whether a given substance is a true
chemical compound or a mere mechanical mixture, various
considerations are employed by chemists, the mtiure of
which depends very much upon the circumstances of each
particular case. 1f a solid body is the subject of investiga-
tion, it is examined under a microscope, in order to see
if its appearance is uniform throughout ; or, if crystallispble,
it is recrystallised, and the crystals compared with those of
the original substance. 1If soluble in any liquid, it may bc
treated with a quantity of the solvent insufficient to take
up the whole. The part dissolved, after getting rid of the
solvent*hy evaporation Or othcrwise, ought to agree in every
respect with the undissolved portion, if the original body is
one compound and not a mixture.

Inthe case of those liquids which are volatile, #td which



béar the application of heat without degomposition, the
boiling point should remain constantly at the same tempera-
turewduring the distillation of the whole, and portions taken
ffom the retort and from the distillate in the receiver ought,
in the case of definite compounds, to correspond in density
and all other physical and chemical characters.

»aWhen the body to be examined is a gas, the action of
solvents js tried ; and if, after such treatment, the relative
proportions of the ingredients are undisturbed, the body
may be regarded as probably consisting of ene compound.
This may be confirmed by observing whether these propor-
tions agree with the combining wWeights of the elements
present. The phenomena of gaseous diffusion are also fre-
qucntly useful in helping to decide whether the elements in
a given gas are chemically combined or mechanically mixed.
Other means of a mechanical nature may be resorted to
in special cascs, and occasionally considcrable ingenuity
is called for in devising methods suited to the occasion.

One or two examples will render these matters more
intelligiblg to the student. We will select cases in which
the law of definite proportions would afford no assistance in
the solution of the problem.

Fifty-six parts of iron would unite with thirty-two parts
lyy~wemmirt of sulphur ; but the two elements may be mixed
together in the state of fine powder, without exerting upon
each other any chemical action whatever, the compound,
ferrous sulphide, which would be formed by their union in
these proportions being produced only when they are
strongly heated together.  'The mix/ure of these two bodies,
though it might be indistingyishable from the compound by
appcaling to the proportions of the two ingredients, would
yet be casily recognised by such properties as the follow-
ing :—Under a microscope particlés of iron and pasticles of
sulphur would be visible ; a magnet would withdraw the iron
from the powder and leave the sulphur ; ‘carbon bisulphidc
would d¥ssolve the sulphur, but would not affect the iron ; a
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separation coulc! be effected by merely stirring up in water,
when the iron, by reason of its greater density, would
sink quickly to the bottom, leaving the sulphur suspenged ;
diluted sulphuric acid poured upon the mixture woufd
evolve hydrogen gas. The chemical compound has a uniform
appearance under the microscope ; if reduced to powder, it
could not be divided into two different portions by the quse
of a magnet, by any solvent, or by elutriation with water ;
and, lastly, the action of diluted sulphuric acid would result
in the evolution of hydrogen sulphide gas, easily distinguish-
able from hydrogen by its odour, by its solubility in water,
and by many other properties.

The domain of organic chemistry supplies numerous
problems of the kind we are considering.

In certain kinds of tartar there exist the potassium salts
of two acids, which have the same composition, but some-
what different properties. These acids are called respec
tively tartaric and racemic acid. The former rotates the
plane of polarisation of a ray of polarised light to the right,
whilst the latter is optically inactive. Crystals of tartaric
acid are permanent in the air, whilst those of racemic acid
contain a molecule of water, which, escaping at ordinary
temperatures, renders the crystals efflorescent. Racemic
acid and calcium racemate are decidedly, though xct-.coy
greatly, less soluble than the corresponding tartaric acid
and calcium tartrate. Hence it will be perceived that
whilst it is perfectly easy to distinguish the pure acids from
each other, the mere estimation of the amount of carbon
and hydrogen, or even an examination of a great many of
the salts, would not suffice to decide between the one or
the other of them and a mixuure of the two.

A mixture of alcohol, water, and ether might be made
in such (proportions (46 : 18 : 74) that it would possess
exactly the same composition as alcohol. But such a mix-
ture would be at once distinguished from alcohol by its
peculiar odour, and by scparating into two layers on addi-



tion of water. When distilled, it would be found to boil
at a much lower temperature than the boiling point of
alcapol ; and after about three-fourths had passed over into
tRe receiver, the liquid left behind in the retort would no
langer smell of ether, and would be easily recognised as
weak alcohol.

ain, the commercial liquid alkaloid® toluidine is an
oil whlch when distilled, boils steadily at about z200° and
no difference of cemposition can be detected between the
first portions of the distilled liquid and the Jast. And yet
this substance is a mixture of two alkaloids of the same
composition, one liquid, the other®solid, the boiling points
of which (200° and 198°) differ so slightly that they cannot
be separated by any kifid of fractional distillation. They
can be completely separated from each other by taking
advantage of the fact that the oxalat® of solid toluiding is
much less soluble in ether than the oxalate of the liquid
base, or by the difference of properties of their acetyl
derivatives or of their hydrochlorides. When the com-
pounds obtained undergo no change in crystalline form or
in solubility when recrystallised, they are believed to be pure
and homogeneous. From the compounds thus separated
the alkaloids themselves may be regenerated by appropriate
Eaalmapt.

Examples of mixtures of gases, presenting the same
composition as true chemical compounds, might be easily
multiplicd.

Thus, equal volumes of hydrogen and chlorine constitute
a gaseous mixture which exhibits the colour and bleaching
action of chlorine ; and after shaking up with solution
of soda, just one-half its bulk of colourless inflammable
hydrogen remains. Hydrogen chloride gas, which contains
the same clements combined in the same proportjons, 1s,
on the contrary, a colourless gas which no longer possesses
the bleaching power of chlorine, and is veadily and com-
pletely sgluble in water or in solution of soda.



Ethane and hydrogen gases in equal volumes furnish'a
mixture which Would be indi‘stinguishable from marsh gas
by ordinary quantitative analysis. But recollecting Shat
ethane is more than four times more soluble in water than
hydrogen, whilst the rate of diffusion of hydrogen is nearly
four times that of ethane gas, it would not be difficult to
distinguish the fhixture from the compound. Further asgist-
ance might be derived from a study of the action of chemical
agents upon the two gases. '

The case of atmospheric air is one of so great import-
ance that its consideration demands some attention in this
place. '

Neglecting accidental constituents, as well as the water
vapour, carbon dioxide and argon, Which are always present,
the analysis of air from various localities has led to the con-
clusion that it considts almost uniformly of 209 volumes
of oxygen with 79°1 volumes of nitrogen. The question
whether these two elements are united together chemically
has been decided in the negative, in accordance with such
considerations as the following :—

1. The most accurate analyscs seem to indicate that
the proportion of oxygen to nitrogen in the atmosphere is
not absolutcly uniform, as would be the case if it were a
compound. Az

2. The quantities of oxygen and nitrogen present do not
bear any simple relation to the combining weights of thosc
elements. '

3. When oxygen and nitrogen arc mixed together t})éy
show no signs of chemical action by evolution of heat or
contraction of volume ; and such a mixture, when due pro-
portions are cmployed, resembles atmospheric air in every
respect. ‘

4. Water dissolves the constituents of the air in unequal
proportions, so that, by reason of the greater solubility of
oxygen, the air which may be expelled from common water
by boiling contains a larger proportion of thatcelement



than is present in atmospheric air. A chemical com-
und would dissolve, as a whole, without change of
composition.
* 5. When the rays emitted from a given source of heat
are transpitted through different gases, it is found that
compounds absorb a much larger amount than elementary
gases or mixtures of elementary gases. Yhus the amount
of radigpt heat absorbed by nitrous oxide, a colourless and
transparent gas, is more than 350 times as great as the
amount absorbed by a column of equal length of oxygen,
nitrogen, or atmospheric air. Between the absorbent
powers of the last three gases no difference can be detected,
and the natural inference, therefore, is that they are similarly
constituted. *

6. The elements may be separated to a certain extent by
the mechanical process of diffusion through a porous plate,
called, in this case, atmolysis. ‘

It was also discovered by Graham (sec Introduction,
p- 21) that gases have the power of penetrating thin sheets
of india-Jubber, and that the rate at which oxygen passes
through this material is more than two and a half times
that of nitrogen. Upon this observation he based a
very instructive experiment, which proves conclusively the

~fzer-ghat the oxygen of atmospheric air is not combined
with the nitrogen. An air-tight india-rubber bag is ex-
hausted as completely as possible by the Sprengel air-pump.
When the exhaustion is nearly perfoct, it is found that gas
cap still be slowly extracted from the bag by continuing the
operation ; and this gas is found by analysis to consist of
a mixture of nitrogen and joxygen, containing upwards of
40 per cent. of the latter ingredient. The gases thus with-
drawn from the bag result from the passage of the gases
of the atmosphere through the india-rubber partition ;
the oxygen, however, more rapidly than the nitrogen. The
explanation of this dialytic passage of ‘gases through the
apparently impermeable caoutchouc appears to be that the



gases are absorbed by the external surface of that material,
that they penetrdte in this condttion to the other side of~
the sheet, where evaporation occurs in consequencewof
exposure to an atmosphere of very slight density. °

CHAPTER II '
LAWS OF CHEMICAL COMBINATION.

THE first and fundamental principle observed in the forma-
tion of chemical compounds has already been stated in the
preceding chapter as the Law of Definite Proportions. This
was ultimately believed and acted upon by chemists gene-
rally(‘in the early years of the nineteenth century, but its
complete establishment ¥as accomplished only as the result
of a large number of experiments carried out with great care
by a number of different persons. Previously to that time
the composition of a few oxides and sulphides was known
with tolerable accuracy, and the proportion of basic oxide
to acidic oxide in some salts, such as carbonate of lime and
carbonate of magnesia, had been determined. It was also
known that acids and bases were capable of neutre'i~- ;
each other when mixed in certain definite proportions, any
excess of one or other remaining uncombined. This was
further supported by the observation, to which atten-
tion was drawn by Wenzel in 1777, that when two salts are
mixed together they generally give rise to two other salts
by exchange of components, and that this process follows
definite proportions. When, for example, 142 parts by
weight of sodium sulphate are dissolved in water and
mixed with 331 parts by weight of lead nitrate two new
salts are formed, namely, lead sulphate and sodium nitrate,
in the proportions of 303 parts of the former to 170 of the
latter, and that if a larger quantity of either of the osiginal



pair be taken the excess remains unchanged. These ob-
ervations, however, remained for magy years almost
umwpticed till the principle of definite proportions in com-
tination was established by Proust.

Up to, this time, the results of analysis had been repre-
sented by numbers which expressed the pr‘)portion of each
cogstituent in 1oo parts of the compound. ~ For example, in
100 parts of red oxide of copper there are—

Parts
Copper . . . . 88-8
Oxygen . . . . 1172
100°0
In black oxide of copper :—
Copper . . . . 79'8%
Oxygen . . . v 2073
" 100'00
In carbon monoxide : —
Carbon . . . . 4285
. Oxygen . . . . 57°14
100°00
In carbon dioxide :—
—— Carbon . . . . 2727
Oxygen . . . . 7272
100700

.Dalton discovered reciprocal and multiple proportions
by stripping from them the disguise in which this mode of
representing composition enyeloped them.  For by taking
the proportion of some onc of the elements in a series of
similar compounds as unity, and ascertaining by calculation
the proportions which the others bear to it, it is, easy to
show that these proportions are simple multiples one of
another. )

In the case of the two oxides of carbon, the composition
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of which has just been statedjif we calculate the ratio ‘of
the oxygen to the carbon in both-of them, we find the pro-
portion in the second double that in the first. Thus, takshg
the carbon as unity— ' .

Carbon Oxygen Carbon Oxprgen
4285 .- 57°14 4 I : 1'33
and 27°27 : 72°72 i I : 266
Then plainly— ,
1'33 : 2'66 A 1 : 2

In other words, the proportion of oxygen by weight in
carbon dioxide gas is .double that contained in carbon
monoxide. Obviously the same fact may be expressed in
another way by taking the oxygen.as unity instead of the
carbon :—

Oxygen « Carbon Oxygen Carbon
57°14 : 4285 i 1 : 750
72'72 : 2727 i 1 : '375
Then—
‘750 . ‘375 o 2 : I

Or we may say that carbon dioxide contains half as much
carbon as carbon monoxide. Similarly it will be found that
the ratios of the oxygen in the several oxides of nitrogen, of
sulphur, and of many of the metals are as 1, 2, 3, &e, = -,
2, 3, &c., of the other constituent.

Hence it appears that when two substances unite together
in several proportions, then if one of them is taken as the unit
the quantity of the other substance in the different compounds
varies in a simple manncr. This is known as the Law of
Multiple Proportions. A great number of equally simple
cases might be cited, and, doubtless, it was the study of
such cases which in'the first instance led to the enunciation
of the law. In perhaps a still greater number of instances,
however, it is by no means easy to trace its application.
Among the numerous compounds of carbon with hydrogen,
for example, are found such relations as the following, which
represent the composition of the series of paraffins :—



Carbon . . Hydrogen
Methane . . .o 3 partgywith 1 part

Ethane . . . . 4 » T,
' Propane . . . . 9 » 2 parts
Butane . . . .24 » 5 »
Pentlne . h . . 5 ” 1 part
Hexane . . . . 36 D 7 parts
Heptane . . .21 ” 4
Octane . . . .16 » 3 »
Nonane . . . .27 » 5 »
Decane . . . . 6o LIS § SR
&c. &e. &ec.

A third proposition known as the Law of Reciprocal
Proportions, or the Law of Equivalents, may be stated as
follows :—

The weights of two different clements, A and B, whick
combine with a third, C, represent the proportions in which
they will themselves unite together if union belween them is
possible, or they bear some simple relation to those proportions.
Thus, 35} parts of chlorine and 8o parts of bromine com-
bine with 23 parts of sodium. Then, according to the law,
when chlorine combines with bromine, 35} parts of the
former are required for cvery 8o parts of the latter. This

<> TidyTdc rendered graphically somewhat in this manner :—

Sodium.
m 23,
AN
RN
. \\‘
& 5
N %
7 N
/ N
/ .
n8o/ —__.)P 355
Bromine. with Chlorine.



In other words, the combining weight of a body may alwdys
be represented @s a multiple of the same number whatevp:
state of combination it enters into, or 7 # is the combi€ing
weight, where » is a number peculiar to the body and # ‘is
some integer. 0

Looking round for an explanatlon of these facts, it
occurred to Dalton about 1804 to resuscitate the ancipnt
theory of the limited divisibility of matter. According to
this view, matter is made up of definite small parts or
particles which, are called ‘atoms’ (see Introduction, p. 7),
because it is assumed that they cannot be cut or divided,
or at any rate are not Hivided in the course of ordinary
chemical and physical changes. According to this view,
chemical combination results from the approximation of
atoms to one another, while chemical decomposition is due
to their separation. It is obvious that the three laws of
Definite, Multiple, and Reciprocal Proportions receive a
full explanation from the Atomic Theory, for if we assume,
for example, that the element oxygen is composed of atoms
cach having a definite mass, and that no fractional part of
an atom can exist or take part in forming a compound, and
if in like manner we assume that the clement hydrogen is
similarly constituted except that the atoms are of smallet
mass, then when combination takes place between the.. v
substances, 1, 2, 3, &c. atoms of one kind will unite with
1, 2, or 3, &c. atoms of the other kind. The absolute
weights of atoms are not known, but their relative weights
can be determined, and if the weight of an atom of hydro-
gen is represented by 1, the weight of an atom of oxygen is
16. Hence any compounds of oxygen with hydrogen must,
if the hypothesis is correct, consist of 16 parts by weight of
oxygen with 1 part by weight of hydrogen, or of 16 xm
parts of oxygen with 1 x z parts of hydrogen, where 7 and
z are whole numbers.
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GAY-LUSSAC’§ LAW OF VOLUl\jES.

\W ken gases combine together they do so in equal volumes,
ov in volumes whick have some simple relation one to another,
as 1t0 2 1t0 3 2 to 3, and so on. For example,
hydrogen chloride is formed by the union 4f

1 volume of hydrogen with
1 volume of chlorine ;
water is formed by the union of

2 volumes of hydrogen with
1 volume of oxygen ;

ammonia by the combination of
3 volumes of hydrogen with
1 volume of nitrogen ;
nitrogen trioxide by the combination of
2 volumes of nitrogen with
3 volumes of oxygen, &c.

It is important also to remember that whatever the
volume of the vaporous elements before combination, the
bulk of the resulting compound, measured in the gaseous

«—=a4T dnder the same conditions of temperature and pres-

sure, is generally less than the total bulk of the constituent
gases measured separately.

In a very few cases the volume occupied by the united
subgtances is the same whether they are combined chemi-
cally or only mixed together.

Thus

1 volurae of hydrogen with
1 volume of chlorine,

mixed together, would, of course, form only two volumes of
the mixture, but when united they also produce

" 2 volumes of hydrogen chloride gas.



On the other hand,

1 volume of oxygen with
2 volumes of hydrogen
contract into .
(2 volumes of water gas.

This law of volumes was first announced by Gay- Lussac
very soon after the laws of multiple and rec1proca1 propor-
tions by weight had been established by Dalton. It should be
clearly understood that all these statements were originally
the outcome of experimént, and were unconnected with any
previous hypothesis as to the constitution of matter, We
now see that if Avogadro’s hypothesis as to the constitution
of gases (Introduction, p. 16) is accepted, the law of
volpmes arising out of Gay-Lussac’s cxperiments may be
explained by the application of the Atomic Theory nearly
in the same way as the multiple and reciprocal relations
discovered by Dalton. Suppose, for example, 1 volume ot
hydrogen to contain 7 atoms, then according to, Avogadro
1 volume of chlorine will also containg » atoms, and 2
volumes of hydrogen chloride contain 22 atoms of the com-
pound. Similarly, if 1 vélume of oxygen contains 7 atoms
of that element, 2 volumes of hydrogen contain zs.zt~e
of hydrogén, and 2 volumes of water in the state of gas
contain 27 atoms of water. Since the days of Dalton and
Avogadro the convenient custom has arisen of distinguish-
ing the primary particles or atoms which are separable from
one another by chemical processes from the molccules
which usually consist of united atoms, but this distinction
does not affect the application of Dalton’s Atomic Theory.
A molccule of water, though universally believed to consist
of two atoms of ”hydrogen combined with one atom of
oxygen, is none the less in the strict sense of the term an
atom of water, for if divided into smaller parts it ceases to
be water, and becomes oxygen and hydrogen. w
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CHAPTER IIL

»
SYMBOLS AND FORMULZE.

] .
THE:introduction of the Atomic Theory led immediatcly
to the employment of a system of symbols having a quanti-
tative significance, by which the atomns of elements and
their union in various proportions to form compounds
could be clearly expressed. The symbols used by Dalton
* consisted of circles bearing arbitrdry marks for the sake
of distinction: thus the symbol of an atom of hydrogen
was ©, while an atom of oxygen was represented by O,
and an atom of nitrogen by 0. The symbols of elements
placed near together indicated chemial combination : an
atom of water, for example, was supposed to consist of an
atom of hydrogen combined with an atom of oxygen,
thus ©O. ‘

Dalton’s. symbols, however, soon gave place to a more
convenient system introduced by Berzelius, which, with
slight modifications in a few individual cases, has becn
used down to the present day.

-« 1o vach of the elements is assigned a symbol formed

generally of the initial letter of the Latin name of the
elemgnt. For example, sulphur is represented by the
symbol S; selenion, Se; silicon, Si; strontium, Sr; but
silver y(azgentum) is Ag, and sodium (zairium) has the
symbol Na.

But chemical symbols arc not merely abbreviations
contrived, like shorthand characters, for the purpose of
saving trouble in writing the names. Each symbol repre-
sents ozne afom of the element for which it stands, and hence

y\ expresses a definite weight and volume of the clement,
which are identical with the ‘proportions by weight and
volume in Which it enters into chemical combination.
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The weight of an atom of hydrogen is less than the
weight of an dlom of any Othet element. It is, therefgue,
convenient to consider the value of the symbol of hydéGgen
as unity and the values of all other symbols greater than
unity. But since nothing is known as to the absolute
weight of an gtom of hydrogen or of any other element, it
should be borne in mind that the atomic weights #&e in
reality ratios, or fractions whose denominator is 1,
although they arc always written in the form of whole
numbers.

In the following list are given the names of all the
known elements, toget%er with their symbols and atomic
weights, but it will be observed that, in addition to the first
column, which contains the atomlic weight calculated from
the most trustworthy data and compared with hydrogen
taken as the unit, two other columns have been added in
which the numbers have been increased in the proportion
of 1588 to 16. The object of this is to provide for
ordinary purposes a set of numbers which more nedrly
approach to integers, and are therefore more easily re-
membered and more convenient for purposes of calcula-
tion. Strictly speaking, this change, which gives to oxygen
the atomic weight 16, a whole number, makes the atomic
weight of hydrogen greater than 1, but as the difféfénce is™
very small it is customary, when great accuracy is not an
object, to take no account of this difference. The student
is recommended at once to commit to memory the numbers
given in the third column opposite to those namesesvhich
are printed in capital letters, leaving the rest to be learnt
gradually as occasion may require.

In a later chapter an account will be given of the
methods by which the numerical values of the atomic
weights are detcrmined.



TABLE OF ATOMIC VVI_“IGIIT'S

| ‘
L]
Name of Element. Symbol.
.
ALPMINIUM . | A1 . .
Antimony,. Sb (Stibium) .
Argon A . .
Arsenic As .
Barium Ba .
Beryllium . Be |
Bismuth Bi
Boron . .1 B
BROMINE . Br .
Cadmium . [ Cd ‘.
Casium . Cs . ;
CALCIUM Ca !
CARBON . C. i
Cerium . . Cec |
CIILORINE . Ql . .
Chromium .  Cr . .
Cobalt i Co . \
COPPER . | Cu ((uplum). :
Erbium .» . .
FLUORINE . 1<
Gadolinium P Gd
Gallium Ga
Gcrmanium Ge . -
..... ., Au (Aurum) . |
Hc.llum . . lle . o
HYDROGEN . 11 {
Indjum . In
IODINE . 1.
Iridium Ir. . .
TROM Fe (Ferrum) . !
Krypton K . .1
Lanthanum. I La . )
LLEAD I’b(I’lumhum) :
Lithium . |
MAGNESIUM . Mg i
Manganese .| Mn ; i
' Hg ( Iydrar-
MERCURY { gyrum)
Molybdenum Mo . !
Neodymiumg Nd !

Approxi-

Calculated from the mate
most accurate Valuex for !
Experiments. Commeon

se.

(H=y) ! 7 (8 =16) 0=16)

269 | 27°1 27

T19°I 120 120

39'6 40 40

744 75 i 75

1364 137% 137

9'03 91 | 1

2069 ! 208§ 208

109 11 11

7936 7996 8o

111°6 | 11274 | 112

132 I 133 l 133

397, 40 1 40

11°91 12 | 12

139 140 140

3518 35745 35°5

51°7 52°1 52

58°56 59 59

63°1 636 635

1647 166 166 ?

189 19 19

155 i 156 156 ?

695 70 70

7L°5 72 72

1957 197°2 197

4 4 4
I 1008 1

1131 114 114

125°9 12685 127

191°§ 193 193

556 50 56

81°2 815 827

137 138 138

205°35 206°9 207
698 703 7

24°18 24°36 243

546 55 55

198-8 2003 200

95°3 96 96

142°5 1436 | 144 2

E2



TABLY OF ATOMIC WEIGHTS—continued.

Apbyoxi-
Calculated from the mate
Name of Element. Symbol. ost accurate Values for
Experuments. ¢ Common
Use. |
. RN .
(I =x) O-16) | (B=16)
Neon, . . | Ne . . 19°9 20 207
Nickel . . I Ni . . 583 587 « 587
Niobium . . | Nb . . 933 94 ©94°?
NITROGEN . | N. . . 1393 14'04 | 14
Osmium . ¢ . | Os . . 1896 191 1191
OXYGEN. .10. . . 1588 | 16 .16
Palladium . Pd ¢ . .| 1052 106 106
P}IOSPHORUS P. . - 3077 31 ©31
Platimmm . .| Pt . .1 1933 1948 | 103
POTASSIUM . | K (Kalum) . 1 ‘3886 | 39715 ' 39
Praseodymium . | I’r . .+, '139'4 | Ljo's 1 1407
Rhodivm . . | Ro . . 10272 103 103 |
&Kubidium . . [ Rb . .1 8476 | 854 8
Ruthenium. . | Ru . . 1009 } 101'7 ' 102
Samarium . . Sm . .| 1489 150 ' 1507
| i | .
Scandium . . Sc . S1438 | aT 44
Selenion . .1 Se {785 1 791 ' y9
SILICON . . USi . {282 | 284 . 28
SILVER . . /\"(Ar;,emum) I 10712 | 107793 108
SODIUM . . Na (Natrium) ;| 2288 ! 2305 23
Strontium . .| Sr . .| 894 ; 876 . 88
SULPHUR . !S. . . 3183 | 32006 32
Tantalum . . !'Ta . . 1816 | 183 | 1832
Tellurium . . | Te . . 126 | 127 27 TOT
Terbium . .1 Th . . 1588 k 160 160 ?
Thallium . LTl . . 2026 ; 2041 | 204
Thorium . .1 Th . . 12308 2325 238
Thulium . .| Tm . 170 L1771 ;o171 ?
Tin . . . '-n (Stannum) i 117°6 | 118°% | 119
Titanium . ' 47°7 481 “18
Tungsten o \V (Wol mm). i 182°6 184 184
Uramum S T4 2395 240
Vanadium . V. . .. 508 51°2 51
Xenon . . | Xe . N PYi 128 128 ?
Ytterbium . . | Yt R { & 173 173?
Yttrium . LY. . . 883 89 8 ?
ZINC . .U Zn . . 639 65'4 65
Zirconium . . i 7x . . 90 907 91




‘In order to indicatc combination between two elements
ﬁ&ﬁ symbols arc placed side By side, thus#HCl. When a
cule of a compound contains more than one atom of
cach or either of its constituents, the number of atoms is
indicated by a small figure placed below the line.
*  Thus the formula for water, OH,, represgnts one atom of
oxy@en united with two atoms of hydrogen, and H,PO,
means that three atoms of hydrogen, onc atom of phos-
phorus, and four atoms of oxygen are bound together in
phosphoric acid.

The formula, taken as a whole, is generally assumed to
represent a molecule of the compound, though it will here-
after (Chapter VIL.) be explained that much uncertainty exists
in many cases. The relatxve weight of the molecule is
easily found by adding together the weights represented by
the several symbols of which it is made up. This weighy is
called the molecular weight. In order to express two or
more molccules a figure is placed at the beginning of the
formula, and must be understood to multiply every symbol
that follows it. TFor example, 20H, represents two mole-
cules of water, cach consisting of two atoms of hydrogen
with one atom of oxygen ; in all, four atoms of hydrogen and
two atoms of oxygen. Occasionally brackets have to be

“Tntroduced when some group of symbols occurs more than
once. Aluminium sulphate, for example, has the formula
Aly(S0O,),, which is thus written for the sake of assimilating
the appearance of the formula to that of other sulphates,
suctaas H,50,, BaSO,, I'eSO,, &c. Resemblance between
them would be less apparent if it were expressed as
AlS;0,,.

Care and a little practice are all that is necessary to
avoid confusion in the use of formul®, and the beginner is
therefore rccommended to work out conscientiously all the
examples given at the end of the section.

Eguations.—Chemical changes involve neither the
destructidn nor the creation of matter, but simply a redis-



tribution of the materials of which the acting masses are
composed. In' order, thereforé, to represent by symb,
the results of any given change, it is only necessary to Wyite
down the formule of the substances cpncerned, and then to
transpose their symbols in such a manner as to build up
the formule of the compounds which are produced. We
thus arrive at equations in which the signs +, — and =t.are
employed so far as the weights of matter are coneerned, in
the same sense as in algebra.

The following examples will scrve to show the manner
in which chemical equations are to be read, as well as the
mode of investigating the relative weight of the bodies
which are formed or decomposed. The student should
practise reading equations aloud, qr writing them out at full
length, accordmg to these instructions :—

¢ Equation given,

2HgO = 2Hg + 0..

This means that two molecules, or 432 parts, by weight,
of mercuric oxide yield two molecules, or goc parts, by
weight, of metallic mercury, and one molecule, or 32 parts,
by weight, of oxygen.

Young students, however, would do well to ensure
precision by filling up such a scheme as the following :—

2Hg0 = 2Hg + 0, |
No. of molecules 2 ive and 1 |
Name . . | Mercuric oxide ! Mercury , Oxygen |
Wt. of 1 mol. . |200 + 16 = 216 [ 200 I e
Whole weight . { used 432 | ; obtained 400} 32 I'

When gases or vaporisable bodies occur in such an
equation we can express the volume of each by recollecting
that, according to the law of Avogadro, the space occupied
by a gaseous molecule under normal conditions is always the
same. We may also connect together the weight and volume
of a gas by applying a rule which will be more’ fully ex-



plained in the next section, namely, that the relative density
of a body in the gaseous statcd is the half pf its molecular
weqht The weight of a molecule of cargon dioxide, for
exanple, is 44 ; its relative density is, therefore, 22, and the
weight of a litre of the gas is 22 times as great as the weight
oof a litre of hydrogen measured at the same temperature
and.pressure Now, the weight of a litre ®of hydrogen at
0° €., and under a pressure equal to 760 mm. of the baro-
metric co‘umn, is very nearly ‘o9 gram or 1 crith. Hence
we may say that a litre of carbon dioxide weighs 22 criths,
or, if the weight is to be expressed in gralns, it will be
22 X ‘09 grams. .
Example :
Cl, & H, = 2HCL

A molecule of chlorine and a molecule of hydrogen

Wt. of 1 molecule 71

Whole weight . | used 71

Volume . . 5 I

or 2, or
|

produce two molecules of hydrogen chloride. o

! l

| c, + I, = 211Cl

( No. of molecules 1 1 1 ‘

‘ Name » . |Chlorine Hydmgen Hydrog.en chloride '
i

I 1

obtained 2
or 4

|
|
|
36°5 |
2 ) ! obtained 73 |
I
2
|

If, now, we choose to attach a concrete value to the
symbols, we express it thus :
Cl) + H) = ZI‘ICI
\V%ight 71 criths 2 criths 73 criths;
or
71 x ‘og grams + 2 X ‘o9 gram = 73 X '0Q grams
Vol. 2litres + 2 litres = 4 litres.

The student having throughly mastered the foregoing
examples, and worked some of the exeroises given at the

® ! The density of hydrogen being taken as 1.



end of the section, is now in a position to solve such pro-
blems as the follomng,, whjch may be taken as represen -
tative :—

1. How many pounds of zinc are required to makeesoo
pounds of the crystallised sulphate? «

Formula of one molecule of crystallised zinc sulphate,
ZnSO, . 7H,0.

Molecular weight 287,

The symbol of zinc, Zn = 65, occurs only orfce in the
formula of the sulphate. Hence,

In 287 lbs. of zinc sulphate there are 65 lbs. of zinc.
. 6 .
1lb. » " ) 857 1b. of zinc.
% 500 Ibs. »  would require ’,685— X 500 lbs.
6 Ibs, oz =
. 65 X 500__ 3 of 7i
Ans. 287 113 3. of zinc.

2. How many litres of oxygen (at standard temperature
and pressure) arc obtained by heating 10 grams of, potassium
chlorate ?

2KCl0; = 2KCl + 30,,
or more simply
KClO; = KCl + 130, -
122°5 74’5 48.

Taking the potassium chlorate in criths, we should
obtain 3 litres of oxygen gas.
Then—
122°5 criths,
or 122°5 X ‘og grams give 3 litres of oxygen.

1 gram would give — 3 . _ litres.
122°5 X ‘09

(o]
S To grams o, 3° __ Iitres.
122 5 X "09

Ans. .. 3°___ = 721 litres, or 2721 c.é&.
522°5 X ‘09



Taking ‘o9 gram as the weight of 1 litre of hydrogen,
1,gram is the weight of 11:1 ltres. This gumber is often
uséfgl. Thus, in the example worked out on the preceding
page, the calculation would be a trifle shorter, thus:

KCl10, give O,
I22°'5 grams 16 X 3 ggams
orri'r x 3 litres.

Then jo grams of chloratc would give

33'33 X10 — ;.92 litres.
12275

* CLASSIFICATION OF REACTIONS.

Chemical action may take place in a great many different
ways, but every known chemical change may be referred to
one or other of the following five typical modes of action :—

1. Combination of entire molecules.

Examples :
Hg + Cl, = HgClL
Mercury. Chlorine. Mercuric chloride.
) + Q, = cocl,
Carbonic oxide. Chlorine. Carbonyl chloride.
NH, + HCI = NH,CI
Ammonia. Hydrogen chloride. Ammonium chloride.
Ca0 + OH, = Ca(HO),
. Calcium oxide. Water. Calcium hydroaide.
PbO, + SO, =  DbSO,
Lead peroxide. Sulphur dioxide. Lead sulphate.

11. Splitting up of a compound molecule into its elements,
or z'ntg simpler molecules.
Examples :

CaCO, = CaO + CO,
Calcium carbonate. Calcium oxide. Carbon dioxide.
H,S0, = H.,O + SO,

Sulphuric acid. Water. Sulphur trioaide.
PCl, = PCI, + QL
Phosphorus Phosphoius Chlorine.
pentachloride. trichloride. .
Hg,l, = Hg +  Hgly
Mercmg.\s iodice. Mercury. Mercuric iodide,
C,H;0; = C¢HgOg + COq

Gallic acid. Pyrogallol, Carbon dioxide.



Many familiar decompositions, which at first sight appear
to belong to thys class, are ih reality double decompositiong,
as an examination of one or two cases will show. A'he
decomposition of mercuric oxide by heat, for exanfple,
seems to consist in a simple resolution of th@ compound
into its elemens,

HgO = Hg + O.
But when we write the equation molecularly,

HgO '+ Hg0 = Hg'+ Hg + O,

we may sec that the decomposition of one molecule of the
oxide nccessitates the splitting up ¢f another. In order to
form one molecule of oxygen—and we believe one molecule
to be the smallest quantity of the element capable of inde-
péndent existence—we must take two atoms of it from two
separate molecules of the oxide.

The same remarks apply to other cases, such as the
decomposition of potassium chlorate by heat.

111. Rearrangement of the atoms constituting a molecule
s0 as fo give rise o a new compound.

Two examples of this mode of transformation may b2
given here.
(NH,)CNO converted by heat into CO(NH 2)

Ammonium cyanate.

C,H,CH,HN converted by heat into C;H,CH,;H .

Methyl-aniline, Toluidine.

The further explanation of this kind of change is post-
poned to the chapter on ‘ Isomerism.’

IV. Single Displacement.—In this kind of change an
atom, or group of atoms, contained in a molecule is dis-
placed by.another atom or group.



Examples :
LY/ + 2lICl ="* 7nCl; ¢+ H,

C. Hydrogen chloride. Zinc chloride. Hydrogen.
MgBr, + Cl;, = MgCl, + Br,
Magnesium bromgde, C"nlorine. Magnesium chloride. PBromine.
!C5H|10NO + 502 = (CF,H”O)Q: 2 + 2NO
Am :l nitrite, Sulphur dioxide. Amyl sulphate. Nitric oxide,

Many é&ases of precisely the same character arc not.easy
to find. The fact is, the great majority of reactions belong
to the next class of dowble decompositions. * Even some
which’seem to be single decomposijions must in strictness
be so considered ; thus, the decompositipn of hydrogen
chloride by sodium must, be represented in this manner H

NaNa 4+ HClI <+ HCI +
or Na, + 2HCl = 2NaClI + H, ,
not Na + HCI = NaCl + H.

V. Double Decomposition vr Metathesis.—This is by far
the most general mode of action.  Two or more molecules
coming together exchange some of their constituents so as
to give rise to the same number or to a greater number of
molecules. We may, for the sake of completeness, classify
double decompositions under three divisions :—

1. Those in which one of the reacting bodies is an
element ; e.g.

Naz + 2OH2 = ZNaOH + Hg
So?lum. Water. Sedium hydroxide. Hydrogen.

2. Those in which both are compounds ; e.g.
Na,CO, + CaCl, = 2NaCl 4+ CaCO;,

Sodium carbonate.  Calcium chloride.  Sodium chloride.  Calcium carbonate,

3. Those which result in the formation of ‘ substitution’
compounds. This kind of reaction is not essentially
different iff its nature from cases 1 and 2, but substitution



products among carbon compounds constitute a class of
bodies so remarkable in ‘thelr characters as to descrqe
special notice. Some cxamples of their formation are given
in this place, morc particular mentiop being reserved ?or a
later chapter.

Examples

L}
Methane. Chlorine. Chloromethane. Hyd€ogen chloride.
CH;, + NO,HO = CsH,NO, + H,0
Benzene. - Nitric acid. Nitrobenzene. Water.
CsHy +HO.S0,HO=C:H;50,.0H + H,0
Benzenc. Sulphuric acid.  Benzene-sulphonic acid.
C:H,0 + NO.OH =C,HN.OH)O+ H,0
Phenol. Nitrous acid. 1-onitrosophenol.

The study of the conditions under which chemical
cﬁangcs occur, and of such as retard or prevent change, is
much more difficult, and will be referred to later in the
book.

CHAPTER IV.
NOMENCLATURE.

A NAME may be used either for the purpose of indicating
some particular person or object, or it may serve to point
out relationships and to define the position which amthing
holds in some system of classification.

In the early days of chemistry the number of different
bodies known was comparatively small, and mere indicative
names fulfilled all the requirements of the time. But
when chemical research began to be regularly followed,
and crowds of new compounds were constantly presenting
themselves, it became necessary to devise names which
would serve, not merely to distinguish one compound from



another, but to indicate, at least in some degree, the
rglationship subsisting between allied bodjes. The first
attempts of this kind were naturally imperfect, the devices
employed being wholly inadequate to the requirements of
the case. Eor example, it soon became evident that the
anere employment of adjectives, as in the names blue, green,
and se/kite vitriol and the like, could have on}ya very limited
applfcation.

It was’only after oxygen had been discovered, and its
compounds were called oxides by Lavoisier, that chemical
names began to assume somc appearance of précision. The
nomenclature adopted by the leading chemists of that
period has met with very general acceptance ; and, although
modified in detail, the system of the present day is based
essentially upon the same principle. The names now
cmployed by chemists for scientific purposes somctimes
assume rather formidable dimensions, but, unlike the
fanciful names in use in connection with some branches of
natural history, every syllable has a significance of its own.
And in spite of their length and frequent uncouthness, it
may fairly be claimed for these names that they are in few
cases inconvenient practically, while they do very fairly
realise the idea originated by Lavoisier, namely, that of
representing as by a formula the composition of the bodies
for which they stand.

Nevertheless, many of the old names dating their origin
from the times of the alchemists have become, by long
familggrity, so incorporated into the language of medicine,
of commerce, and the arts, that it is neither possible nor
advisable for the chemist to reject theiruse. In the majority
of cases, indecd, they are very serviccable, and no chemical
student should disdain to make himself acquainted with
such terms as caustic potash, alum, borax, oil of wvilriol,
wood-spirit and marsh-gas, and to use them when they ex-
press all that is required, alternatively with the more formal
and systematic names, the employment of which, for certain



purposes, has been rendered necessary by the advance of
knowledge. .. )

Names of E‘lemenls.-—Sevcn metals have been known
from very early times, namely, gold, silver, quicksilver or
mercury, lcad, copper, iron, and fin, and 35 the names
of these elements differ in modern languages, the Latix
words are ge‘nerally employed in the derivation of the
symbols used in chemistry. These have already been Yiven
in the table of atomic weights (pp. 51, 52). ThoSe elements
which have been discovered by more modern chemical
research have rececived names which in some cases
recall their origin, e.g..silicon (sifex, flint) ; whilst others
were suggested by some prominent characteristic, e.g.
chlorine (xAwpo¢, green), or by their chemical relations,
real or supposed, e.g. oxygen (vfve, acid; yervaw, I gene-
rate).

* Metals which have been discovered in modern times
have all been designated by Latinised names, with the ter-
mination ‘jum’'—-potassium, sodium, lithium, thallium,
&c.-—while the names of the non-metallic elements are
characterised by no syllable which is common to them
all.

Names of Binary Compounds.—When two elements are
combined together, the last syllable or two of the name o
one of them is changed into the suffix ide. Thus, we
have CaO, calcium oxide ; HCI, hydrogen chloride ; PbS,
lead sulphide. In nearly all cases it is the name of the
more negative or chlorous element which is thus modlﬁed
the name of the metal or corresponding element remammg
unaltered.

Prefixes from the Greek—mono-, di-, tri-, &c.—serve to

! Unlfortunately this termination has been erroneously applied to the
name of the non-metal selenium, from a belief entertained at the time of
its discovery that it was a metal. I have ventured in these pages to
change the final syllable into or, selenion.  The alteration of the name
siliclum into silicon will, I hope, be considered sufficient ficcedent.



indicate the number of atoms of the chlorous element
pgesent in a molecule of the.corpound. Thus—

N,O is nitrogen monoxide.
N,0, ,, nitrogen dioxide.
N,O; ,, nitrogen trioxide.
N;O, ,, nitrogen tetroxide. »
N.O; ,, nitrogen pentoxide.

Not unfrequently, however, when the actual number of
atoms is doubtful, or when it is desired simply to indicate a
relation between two compounds, that which' contains the
larger proportion of the chlorines or oxygen or similar
substance is distinguished by the suffix 7, whilst the other
ends in ous. Thus, in.the foregoing series, we may dis-
tinguish—

N,O as nitrous oxide.
N.O,, or more correctly NO, as nitri oxidé.

Similarly-

N,Oj; is nitroxs anhydride.
N,0; is nitric anhydride.

A few other marks serve in special cases ; thus, Fe, Oy,
Cry,04, Mn,0,, Al, Oy, are often called sesgrioxides.! When
there is a series of oxides, chlorides, or sulphides of the
same elements, the syllables proso ? and per 3 are sometimes
prefixed to the name to indicate respectively the poorest
and the richest in oxygen, chlorine, or sulphur, as the casc
may he. Thus, the two oxides of iron, which are usually
represented by the formule FeO and Fe,O, may be dis-
tinguished by one or other of the following pairs #f names,
according as it is desired simply to indicate that the ratio of
oxygen to iron is greater in the one compound than in the
other ; or to imply, what is a matter of far less certainty,

.
! Latin, sesqu?, one and a half. ? Greek, mparos, the first,
¥ Greek, vmip, above, over, exceeding.



that so many atoms of the two elements form one molecule
of the compoynd. ¢ . .

FeO, Ferrous oxide : Iron protoxide ; Iron monoxide ;
or” ¢ »°r
Protoxide of iron. Monoxide of iron.

. L . .8
Fe,Oj, Ferric oxide : Iron peroxide ; Iron sesquioxede ;
or or
Peroxide of iron. Sesquioxide of iron.

Names of Acids and Salls.—The same principles guide
the construction of the"names of these compounds, and a
single example will go far towards explaining their applica-
tion. 1t happens, in the case of chlorine, that an unbroken
succession of compounds is formed by the union of this
clement with hydrogen and oxygen. These are their names
and formulz :

HCIO . . . Hypochlorous acid.
HClO, . . . Chlorous acid.
HCIO,; . . . Chloric acid.
HCIO, . . . Perehloric acid.

Here, again, the terminations ous and /c serve to'indicate
different grades of oxidation, whilst the prefixes Zypo and
per respectively announce a smaller and a larger amount of
oxygen than is contained in-the chlorous and chloric acids.
If we consept to regard acids as salts of hydrogen, we may
write names for this series of compounds which a® con-
structed in all respects in the same manner as those which
are appll%d to salts in general.

Instead of We may write .
Hypochlorous acid . . Hydrogen hypochlorite.
Chlorous acid . . . Hydrogen chlorite.
Chloric acid . . . . Hpydrogen chlorate.

" Perchloric acid . . . Hydrogen perénlorate.



And here another rule must be attended to, namely,
th%t when the name of a salt éhds in i, she name of the
acid or hydrogen salt with which it corresponds terminates
in oug, whilst salts iq afe are derived from acids whose
names end in 7. ’ -

* One more example will serve to emphasise this rule :

[
(F2S0; Hydrogen sulphite, or sulphurous acid.
NaHS®;  Sodium-hydrogen sulpite,
or acid sulphite of sodium.

Na,SO, Disodium sulphite (normal);
‘ or sodium sulpbite.
H,SO, ' Hydrogen sulphate, or sulphuric acid.

NaHSO, Sodiunt hydrogen sulphate,
or acid sulphate of sodium.

Na,SO, Disodium sulphate (normal),
or sodium sulphate.

In the name hydrochlorsic acid it is evident that the
termination has nothing to do with the presence or absence
of oxygen, and this use of the termination forms an excep-
tion to the general rule. It is convenient in this case to
call the compound hydrogen chloride, and to reserve the
old-established name, hydrochloric acid, for the familiar
solution in water.

NAMES OF CARBON COMPOUNDS.

The nomenclature of carbon compounds has always
been a sbject involving much difficulty in consequence of
the very large and rapidly increasing number of such com-
pounds known to the chemist. With regard to thos& which
have been known for a long time, the names are in the
majority of cases fanciful, and generally have some reference
either to the original source of the compound, or to some
more or less prominent characteristic. Thus, formic acid is
so called Because it was originally obtained by distilling



ants (formica, an ant) with water, acetic acid because it was
produced from minegar (acefem),-succinic acid because it is
the acid obtained by distillation of amber (succinum), and
lactic acid because it was extracted from sour milk (/).
Obviously no system of names coulé be contrived so long
as the things to be named were not arranged in series and
were apparently unconnected with one another. - ¢

The first step may be considered to have peen‘taken
when Liebig and Wohler'in 1832 showed that benzoic acid,
essence of bitter almonds, and a number of other com-
pounds contained a group of elements to which they gave
the name ‘ benzoyl,’ that is, benzoic stuff or matter (fAy).
But the first practical proposal for reducing to some degree
of order the very numerous compounds of carbon and
hydrogen was made by Hofmann many years later. The
number of atoms of carbon in the scries of paraffins is
indicated after the first three terms by incorporating the
Greck numerals into the name, while the vowel @ in the
last syllable recalls the fact that these are the compounds
saturated , with hydrogen from which the. succeeding
members of cach connected series may be derived by
removing'pairs of atoms of hydrogen. The latter are dis-
tinguished by the other vowcls in the usual order. In the
following table the names ‘methane, ethane, propane,’
are based upon the names of the radicles ¢ methyl, ethyl,
propyl,” which have been long in use and are too familiar to
be discarded :—

CH, CH,

Methane. Methene.

CH, C,H, C,H,

Ethane, Ethene. Ethine.
C 8 CiiHli C:(HI C3H2
Propane. Propene, Propine. Propone,

The succeeding terms run: tetrane, pentane, hexane,
heptane, octane, enneane, decane, &c.
Further successive attempts have been madé*to systema-
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tise by restricting the use of certain terminations to the
nages of well-defined classes of compounds, and it is now
generally agreed that the name should express the chemical
functiens of the compgund, and thus scrve asa kind of con-
densed fornwula.

* In accordance with this principle the #rminal syllable
ol is fgserved for alcohols and compounds resembling them ;
for examplg, carbinol, phenol, terpineol, thymol. Basic
nitrogenous compounds are represented by names ending
in zzne, thus ; ethylamine, quinine, strychnine. «It is also the
custom to use prefixes of Greek origin, such as ortko, meta,
para, and to introduce numerals and Greek letters such as
a, B, v, 8, and Asinto the ,midst of the syllables composing
the name with the object of indicating the supposed order
of the components, but these are of course expressive of
theoretical ideas of constitution which cannot be explained
without reference to a large number of examples, and would
indecd be appropriate only to a work exclusively devoted
to the chemistry of carbon compounds.

CHAPTER V.
ATOMIC WEIGHTS.

THE first step towards the determination of the ratios, com-
monly cdlled atomic weights, is to ascertain the proportions
in which the several elements unite with some one of their
number, the combining proportion of which is either taken
as the unit, or whose ratio of combination has already been
determined. With this object the form of experiment must
be suitably chosen, and every precaution taken against error,
which, however, can never be wholly avoided, even by the
most skilful®and experienced operators.



Oxygen was formerly employed as the standard of com-
parison, and it® atomic wc:ght taken as 1oo. But, sipgce
hydrogen is known to enter into combination in smaller
proportion than any other element, it is more convenient to
adopt it as the standard, and take its atomic wesght as unity.
The most impo#tant relation to establish at the outset is th&
proportion in which oxygen and hydrogen unite togetfier to
form their most stable and characteristic compqynd, water.
This has becn attempted by a number of experimenters, but
notwithstanding all the care and labour which have been
spent upon the investigation, it can hardly be said that the
values obtained represent so accurately the combmmg
ratios of these two elements that further experiment is
unnecessary.

Two chief mecthods have been adopted. Dumas, in
1842, published the result of his experiments, the first which
were conducted with any near approach to accuracy. His
plan consisted in passing pure hydrogen through a weighed
bulb containing pure oxide of copper heated to redness,
collecting the water thus formed and weighing its  Assuming
the value 1 for the atomic wcight of hydrogen, Dumas
obtained for oxygen the number 15°9607. Erdmann and
Marchand by the same process obtained the value 15°9733.
The second important method consists in determining
directly the relative densities of the two gases by weighing
them in large globes. By this mode of opcrating Regnault
found oxygen to be 15°9628 times heavier than hydrogen.
There can be no doubt, however, that the dcnsxty of
oxygen is somewhat less than this. Lord Raylugh s experi-
ments in 1893 made it 15882, while those of Professor
E. W. Morley gave the number 15-895, and reviewing the
work of other experimenters the results stand as follows.
The mean value of the symbol O derived from the synthesis
of water is 15'8796, while from a comparison of the densities
of oxygen and hydrogen with that of air its valug is 15:8769.
The general mean is 158794, from which the number 1 5°88
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differs inappreciably, and it may be used for all scientific
pwposes. ' » .

The most trustworthy estimations of the combinin
weighe of carbon were made by the simple method of
burning a weighed quantity of pure carbon, in the form of
Braphite or diamond, in oxygen, and collecting the carbon
dioxi§e formed by means of caustic potash contained in
suitable abgorption apparatus, carefully weighed. In carbon
dioxide 16 parts of oxygen combine with 6 parts of carbon
almost exactly; but assuming the value »5-88, already
given for oxygen, the combining waight of carbon becomes
11°913.

TFor the cstimation f the combining proportions of
other clements different methods have to be adopted. Tt
will be sufficient if two or three of these are indicated.
Chlorine, potassium, and silver may be taken as being both
important and represcntative.

By decomposing potassium chlorate by heat or by hydro-
chloric acid, and weighing the resulting potassium chloride,
experimentss conducted at different times by Berzelius,
Penny, Marignac, and Stas led to results the general mean
of which gave 60-846 parts of potassium chloride from roo
parts of potassium chlorate. This may be cxpressed as
follows :—

Potassium chloride : oxygen :: 60846 : 39°154,

or KCl : Oy :: 744217 : 47'88099.

This_number, 744217, is the combining weight of po-

P : . .
tassium chloride, and is made up of the combining weights
of potassium and chlorine. These must bc separately
estimated as follows. Starting with pure silver, it may be
converted into chloride either by dissolving it in nitric acid
and adding hydrochloric acid, or by heating in chlorine gas.
Experiments of this kind by a number of chemists, among
whom Stas is conspicuous, have shown that 1oo parts of
silver combine with 32'8418 parts of chlorine. It has also



been shown that 100 parts of silver dissolved in nitric
require for exact precipitation 69-1032 parts of chloride, of
potassium. Now, these 69'1032 parts of potassium €hloride
must contain 328418 parts of chlorine (which is the atnount
required to combine with 100 parts of silver) and 36 2614
parts of potassi#m. Then, since 69°1032 parts of potassmm
chloride correspond to 100 parts of silver, »

KCl : Ag :: 744217 @ x, °
and x is the combining ratio of silver = 107°696.

When the value algeady adopted for oxygen, namely,
1588, is taken, the combining value for silver deduced from
all the best experiments is 107°13., By similar calculations
the number for potassium is 3882, and for chlorine 35°'18.

Such numbers as these express, with the greatest approach
to accuracy at present possible, the proportion in which these
clements enter into certain of their most stable and definite
compounds, but the question whether they represent the
atomic weight, that is, the smallest proportions in which the
several elements enter into combination, can only be
answered by appeal to other considerations. The determi-
nation of the atomic weight, then, is accomplished by first
estimating as exactly as possible the combining proportion
of the element concerned, and then finding, by the applica-
tion of the methods now to be described, a factor by which
this value is to be multiplied or divided. In those cases in
which it is possible to apply several of the following rules, it
is found that the number indicated by the application of one
of them is identical with the number indicated by the others.
This is important as showing that when the atomic weights
of two elements have been determined by two different
methods, the probability that they are comparable with each
other and with the same standard amounts to practical cer-
tainty. Thus, the atomic weight of silver determined by
the spegific heat method’is equally probable with that of
carbon derived from the composition and densny of its



f&j)orisable compounds, although silver forms no volatile

cogipound, and carbon exhibits ahomalies in jts specific heat.

" The: atomic weight, as deduced from other considera-
tions,ds represented iy some cases by the same number as
the density of the element in the gaseous state, the density
df hydrogen being taken as the unit. Thisis true of oxy-
gen, Ritrogen, chlorine, bromine, iodine, sulphur, selenion,
and probaQly potassium and sodium. But the densities of
the vapours of mercuty, cadmium, and zinc, as compared
with hydrogen, are respectively half the atpmic weights,
whilst the vapour-densities of arsepic and phosphorus are
represented by numbers which are twice the atomic weights.
Hence the vapour-density of an element is no guide to the
determination of the atomic weight.

1. Application of the Law of Awvogadro. —Accordmg
to the system here adopted, and which will be further
dwelt upon in the next chapter, the bulk of one part by
weight of hydrogen is regarded as the volume of the
atom of that element, and is selected as the unit for
comparison of other volumes, atomic and molecular. Twice
this bulk of hydrogen contains a molecule, and all mole-
cules in the gaseous state occupy the same volume. Now,
according to the atomic theory, a molecule cannot contain
less than one atom of any element ; and, consequently, if
we ascertain what is the smallest quantity of an element
contained in a molecule of any compound of which it may
be a constituent, we shall have determined the atomic
weight of the element.

The"“atomic weight, then, may be said to be the smallest
weight of the element ever found in two volumes of the
vapour of any of its volatile compounds, the bulk of one
part by weight of hydrogen, at the same temperature and
pressure, being considered as one volume.

Suppose, for example, it is requ1red to find by this rule
the atomic welght of oxygen, we'have only to ascertain the
vapour defsities of a number of compounds containing that



element, and the weight of oxygen contained in each. The
results are then tabulated in the following manner:—

Relanve Density, Waight of
€l -

Volatile Compounds containing ;]{m: l\7o‘l’llmlx§h:f w‘ii‘g“],‘; gf Oglii’é ‘i:"
Oxygen. Gasage\llgggm at | yolumes. Two

! a;d Pressul::-.. Volumes.

e e -

Water . . . . 9 } 18 16
Carbon monoaide . . 14 i 28 16
Carbon dioxide . . 22 ; 44 32
Sulphur dioxide . . 32 ! 64 32
Sulphur trioxide . . 40 \ 8o 48
Nitrous oxide . . < 22 ' 44 16
Nitric oxide . . . 15 i 30 16
Alcohol . . IR 23 46 16
Ether . . . . 37 74 16
Aceticacid . . . 30 60 32
&e. &ec. &e.

Two volumes of the vapour of any volatlle compound
therefore, never contain less than 16 parts of oxygen, and
hence 16, or more accurately 1588, is accepted as its
atomic weight.

This is a rule of very general applicability, for although
a great many of the elements, carbon for example, are quite
incapable of being volatilised at any manageable tempera-
ture, they yield a large number of easily volatile compounds.

There are, however, many metals which are neither
vaporisable by themselves nor when in union with other
elements. In such cases this rule cannot be applicd, and
information has to be sought in a different direction.

11. Zaw of Dulong and Petit.—*The specific heats of
the solid elements are inversely proportional to their atomic
weights.” Whence it follows that the product of the multi-
plication of the specific heat by the atomic weight is a
constant number.

In the following table are given the specific heats of the
most important of the elements, together with thelr atomic
weights :—



> Atomi f

o Name of the Element. Wtec;gl:i' Eqig.l %telghts Atoiml\‘}\;elg‘l;ts
Aluminium . . . 27" 214 578
Antimeny . . ) 120 *050! 609
Arsenic , ,. . . 75 ‘0814 6°11
oBismuth . 208 ‘0308 640
Boron (crystalhsed) . I 2300 3 2°53
Bronflne (solid) . . 8o 0843 674
Cadmlum . . . 112 0567 635
Carbon . » . . 12 — —
a. Wood charcoal . — ‘2410 289
B. Natural graphite . — *2020 242
v. Diamond . . — ‘1469 ° 176
Cobalt . . . . 59 » ‘1030 6-07
Copper . . . . 635 ‘0952 604
Gold . . . . 197 ‘0324 636
Iodine . . . e 127 0541 687
Iron . . . . 56 ‘1138 637
Lead . . . . 207 ‘0314 6°50
Lithium . . . . 7 ‘9408 658
Magnesium . . . 243 *2499 6-07
Mercury (sohd) . .\ 200 ‘0319 638
Nickel . . o 587 ‘1092 641
Phosphorus . . S 31 — —
a. Common . S — 1895 5-87
B. Red ,. . o —_ 1698 526
. Platinum ..l 195 ‘0324 631
Potassium . . L 39 ‘1055 6°54
- Silicon . . 28 — -
a. (erphll()lf]dl . o — 1810 5'07
B. Crystallised . N — 1650 4°62
. Yused . . L -— ‘1380 3-86
Silver . . . .1 108 ‘0570 6'16
Sodium . . 23 2034 675
Sulphur (oclahedral) . 32 1776 5°68
Tin . . 119 ‘0562 6°69
Zinc . . . . ! 65 ‘0956 623

——— - R —

The greater number of the spemﬁc heats given in this
table were deterinined by Regnault. A glance down the
fourth column will show that, with three exceptions (boron,
carbon, and silicon), the amount of heat required to pro-
duce the same change of temperature in the different
elements is nearly the same in all cases when the quantities
operated ugon are in the proportion of their atomic weights.
That the numbers representing the atomic heats are not



found to be exactly identical is due partly to unavoidable
errors in the egtimation of the “specific heats, and partly to
the fact that the different elements are not dealt with under
conditions which are strictly compaxable with one another.
Thus, solid mercury and solid bromine, at thestempcratures
at which the specific heats were determined, are much nearr
to their melting points than are the solids, copper and iron,
at the temperatures at which the same operation was per-
formed upon them. The presence of impurities in the
material used for experiment and other circumstances, such
as the assumption of different allotropic forms by some of
the elements, tend to the introduction of further uncertainty.

Experiments made by F. Weher in 1876 prove that the
specific heats of the three exceptional non-metallic elements,
carbon, silicon, and boron, increase rapidly with the tem-
perature, and become nearly constant at high temperatures.
At 600°, or a little above, thc number found for diamond
was 4589, and that for graphite *4670. These numbers
multiplied by 12 give 5°5 and 56 respectively as the atomic
heat of carbon in these two forms. It willebe observed
that these numbers are not appreciably lower than thosc
assigned to several other elements of small atomic weights,
Increase of specific heat as the temperature rises is, how-
ever, not confined to the exceptional instances mentioned,
for several metals such as nickel and cobalt, and especially
aluminium, show considerable increase. The true specific
heat of aluminium at about —180°C. is ‘122, at about 20°
it is ‘205, and at 4o00-450° it is 253 ; the corrgsponding
atomic heats are 3'3, 5°5, and 6'8. In this case, then, in
passing from a low to a high temperature the specific heat is
more than doubled. And it appears to be generally true
that the specific heats of solid bodies increase as the tem-
perature is raised, though in some cases, silver, tellurium,
and platinum for example, the rate of increase is very slow.
The original expression of Dulong and Petit is therefore too
rigid and should be modified somewhat as follows: ‘the
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mean speciﬁc heats of the solid elements between the tempera-
tures of o° and 100° C,, with the exception of glucinum,
boton carbonandsilicon, aremverselyas theiratomic weights.’

If the specific heats of all are determined at such tem-
peratures that they are approaching a maximum, no uni-
formity is observed, the value of the produci of multiplying
specific heat by atomic weight varying between 5°5 and 7-0.
The siinple; rule as stated above acknowledges the existence
of exceptional elements, the atomic weights of which can be
determined by appeal to other considerations. ,

The determination of specific heags being always attended
by many sources of error, whilst the combining proportion
can be fixed with a very considerable degrec of accuracy,
the application of this rule, like the first, consists essentially
in enabling us to decide as to what multiple of the com-
bining proportion is to be taken as the atomic weight. In
doing this we are guided by the formula

62
At Wt. = sp. At}
where 6°2 is the average atomic heat of a solid element.

Suppose, for example, it is found that 29'75 parts of
tin are equivalent to 1 part of hydrogen, and we require to
find the atomic weight. The specific heat of tin is ‘0562,
therefore

At. Wt, = b2 110°3.
0562

The RMomic weight of tin is, however, not taken to be
110°3, but rather such a multiple of 29°75 as comes nearest
to that number, and this is found to be 2975 X 4 or 119.

I11. Zsomorphism.—If a crystal of common potash alum
is immersed in a saturated solution of the purple chrome
alum, the purple salt is deposited uniformly over the colour-
less nucleus, so that the crystal increases in bulk though it
undergoes no alteration of form. The resulting crystal may



be transferred to a solution of ammonia alum or of iron
alum, or manganese alum, and ‘during every fresh immegsion
it receives a deposit of a different salt upon its surface,
the crystalline form, that of the regular octahedrom, being
throughout preserved. -

If instead ¢ f thus causing successive layers of the variofis
alums to be superposcd one upon the other, solutionsof any
two of these salts are mixed together, crystals of the same
form are deposited containing the clements of both salts.

The alums arc double sulphates, all containing the same
amount of water of crystallisation, and having a composition
which may be represented by the general formula

M,S0,. M ,(SO,)y-24H,0
or M’ M'" (SO4)2 -+ IZHQO,

in which M’ may be Cs, Rb, K, Na, Am, Tl or Ag, and
M’ may be Fe, Mn, Cr, Al, Ga, or In.

If, therefore, any two of these compounds are compared
togethcr, as, for example, -

Potash alum . . KAl(SO,),.12H.0
Soda alum . . NaAl(S8O,),.12H,0,

it is obvious that atom for atom they have the same consti-
tution, but the one corntains potassium, the other sodium.
This exchange of an atom: of one element for an atom of
another is in this case effected without producing any altera-
tion in the crystalline structure of the resulting salt, and
when bodics thus agree in chemical constitution, and in
crystalline form, they are said to be isomorphous.

Similar relations are exhibited in the following groups
of salts, from which it will be seen that elements which
resemble one another in chemical characters are frequently
capable of mutual replacement without effect on the crystal-
line form of the compounds into which they enter.



Magnesium Group of Sulbhates and Selenates.

MgS0,.7H,0 !
ZpSO4.7Ht)O
FeSO,.7H,0
NiSO,.7H,0
CoS0,.7H,0
MgSeO,.7H,0, &c.

Minerals Isomorphous with Calcite.

CaCO;,, Calcite.,
MgCOj;, Magnesite
I'eCQ;, Chalybite.
MnCO;, Diallogite.
ZnCOy;, Smithsonite.

Lhosphates and Arsenates.

{ Na,HPO,.12H,0
NH.QHASOJ- 12H QO
MgNH,PO,.6H.O
{ MgNH,As0O,.6H.O
Ca,(P0,),C), Apatite.
Pb,(PO,);Cl, Pyromorphite.
1Pb5,(AsO4)3CI, Mimetine.

From these and many other instances of the same kind
chemists have been led to infer that when two bodies, com-
posed of the same or similar elements, crystallise in forms
belongin® to the same crystallographic system, they generally
contain the samc number of atoms united together in a
similar manner.

This statement must be considered to include cascs in
which groups of atoms (compound radicles) take the place
and perform the part of single elementary atoms. The
compounds of ammonia with acids, for example, arc
isomorphot® with the corresponding salts of potassium, and



a constitution is therefore attributed to the ammoniacal salts
similar to that of the potassic salts, the symbols NH, bging
the representative of the metal in these compounds. Thus
in the following pairs of compounds there is the most
complete concordance in chemical characters .as well as in
crystalline form, '

A.m = NH4 '
Cubical. "
AmCl KCl1
. Four or Six-sided Prisms (Trimetric).
Am,SO, K,SO,

Octahedral (Regular).
AmAI(SO,), 120H,  KAI(SO,), 120H,
Am,PtCl; K,PtCl,

Although some of the relations between external crys-
talline form and chemical constitution are still involved in
obscurity, the existence of a great number of well-marked
cases of isomorphism is a fact which is familiar to every
chemist, and occasionally the application of this principle
has led to the settlement of questions relating to atomic
weights, regarding which there had been previously more or
less of uncertainty.

For instance, alumina, the only known oxide of alum-
inium, is believed to have the same constitution as ferric
oxide, because not only do the oxides themselves agree in
crystalline form, but they are capable of replacing each
other in their compounds without disturbing the crystalline
structure of these bodies. Now, since ferric oxiu¢ is uni-
versally regarded as a sesquioxide, that is, containing in
cach molecule two atoms of thc metal to three atoms of
oxygen, alumina is belicved to be formed upon the same
type, and if the formula Fe,O; be employed to represent
ferric oxide, Al,0,; must be admitted as the formula for
alumina. If these considerations have to be applied to the
determination of the atomic weight of the metal, we have



only to refer to the analysis of alumina to find that 100 parts
confain .
52'94 parts of aluminium,
and 4706 , ,,  oxygen.

And since, ac'cording to the formula, we havg 3 x 16 or 48
parts of oxygen united with 2x parts of metal, we can easily
calculate the value of x (= 27), which is the atomic weight.

The folldwing is another interesting example :—

It is well known that the crystalline forms of sodium
nitrate and calc-spar are nearly identical, and “a crystal. of
calc-spar immersed in a saturated solution of the nitrate will
grow by uniform deposition of that salt all over its surface.
Arragonite (another forni of calcium carbonate) is also
found in prisms of the same form as common potassium
nitrate. These facts tend to prove that calcium carbonate
probably contains the same number of atoms as the nitrates
of potassium and sodium, and that its formula should be

CaCO;,
if the others are KNO,
and NaNOj respectively.

But this formula cannot be used unless we assume that
the atomic weight of calcium is 4o, a numbcr which agrees
with the value deduced from other considerations.

IV. Chemical Evidence. — But independently of the
existence of vaporisable compounds and of any application
of Avogadro’s hypothesis, the atomic weight may in some
cases be determined by appeal to purely chemical consi-
derations. Take the case of oxygen again. We know by
analysis that 100 parts of water contain 88-88 parts of
oxygen to 11°11 parts of hydrogen. These proportions
might be expressed by the formula HO (if O =38), or by
H,;0 (if O=16), or by HyO (if O=124). To decide
between thiese several values we note the results of decom-
posing wateY by chemical agents. Potassium acting upon



water produces caustic potash, which contains all the oxygen
together with /Za/f the hydiogen of the water.

In this decomposition, then, the hydrogen is dtsplaced
in two equal portions, and no reaction is known in which
the hydrogen of water is divisible into more than two parts.
The oxygen, »n the other hand, may be displaced by
chlorine, but no such division occurs in this case, énd no
compound is known in which the whole of the hydrogen
in water is associated with half the oxygen and a quantity
of chlorine equivalent to the other half. There is no com-
pound intermediate between hydrogen chloride and water.

These facts are expressed in the formula H O, where
the atomic weight of oxygen is assumed to be 16 (approxi-
mately), and the atomic weight of hydrogen is 1. The same
value for the atomic weight of oxygen must be admitted in
the formula for cther and for the anhydrides of monobasic
acids, like acetic acid. According to views prevailing up to
about 1860, alcohol was hydrated oxide of ethyl,! EtO.HO,
and acetic acid was hydrated oxide of acetyl,? AcO.HO
(O being = 8). But the conversion of alcohol into ether,
and acetic acid into its anhydride, cannot be effected by
withdrawing the elements of water. In the operations by
which these transformations are effected an intermediate
compound is always formed, which represents a second
molecule of the alcohol or acid. Thus, ether may be pro-
duced from alcohol by first displacing from it an atom of
hydrogen by potassium, as in the case of water, producing
the compound EtOKO, and this is converted into ether by
making it rcact with the chloride or iodide of ethy, EtCl or
Etl. So that the resulting ether is EtOEtO.

The series of compounds thus produced is best repre-
sented as parallel with the series formed from water, adopt-
ing in both cases and for similar reasons the assumption .

' Et
2 Ac

C,H,, if Cis 6.
C,H,0,, if Cis 6, and O is 8.



that each molecule contains one atom and not two atoms of
. 1 ] .

oxygen. .

Water, HHO. . Alcohol, EtHO.
Potassithn hydroxide, KHO.  Potassium ethoxide, KEtO.
«Bgtassium oxlde, K;0. Ethyl oxide, Et,0.

Again, acetic acid can be deprived of the elements of
water only with the greatest difficulty, even by the action of
so powerful a dehydrating agent as phosphorus pentoxide ;
but the anhydride, formerly called anhydrous acetic acid, is
instantly produced when acetyl cMloride is mixed with
acetic acid or a dry acetate. So that the constitution of these
compounds is similar to that of the cthyl series just described,
thus :—

Acetyl chloride, AcCL
Acetic acid, AcHO.
Potassium acctate, KAcO.
Acetic anhydride, Ac;0O.

In all these cases the value for the atomic weight of oxygen
is necessarily 16 (approx.).

The valuation of the atomic weight of carbon may be
effected in a somewhat similar manner. Marsh gas is the
simplest compound of carbon and hydrogen known. It
contains 3 parts by weight of carbon to 1 part of hydrogen,
and assuming the value 3 for the symbol C, this composition
could be expressed by the formula CH. By the same
hypothesis Me formula of carbon perchloride is CCl. But
when chlorine acts upon marsh gas it forms three inter-
mediate products; hence the hydrogen in marsh gas is
divisible into four equal parts, and the hydrogen must
be present in the form of four atoms, and the formula
becomes C,H,. If there are four atoms of carbon in a
molecule of marsh gas, we must believe that these four
we united together to form a group which remains intact

‘ G



throughout all the vast array of compounds derived from
marsh gas, and it would Be difficult to assign a reason for
the three intermediate stages in the chlorination of marsh
gas. So that, since there is no evidence of the d1v151bllxty
of the carbon in the two oxides of carbon, in marsh gas, in
chloroform, ai1d other allied substances, one molecule' Jt*
each of these compounds is represented as containing one
atom of carbon, to which the proportional value 12 is given.

It is evident, therefore, that the valuation of atomic
weights by chemical methods also involves the determina-
tion of the relative molecular weights of a number of
compounds. A more direct consideration of this part of
the subject is contained in the next chapter.

CHAPTER VI

MOLECULAR WEIGHTS AND FORMULA.

WHEN a compound has been analysed, it is usual in the
first instance to represent its composition by the percent-
ages of the several elements of which it is made up. Acetic
acid, for example, contains—

Carbon . . . . 400
Hydrogen . . . . 64
Oxygen . . . . 534

in 100 parts. The next step is to endeavour to write a
formula which, while expressing the same facls more com-
pactly, gives, at the same time, the number of atoms of the
constituent elements, and fixes the relative wught of the;

molecule, 5



If the atomic weights of the elements were all equal, the
formula would be a mere répetition of the pgreentages ; but
since they are different, the number of atoms of the several
elementg contained in qual weights must be inversely as
their atomic weights.

* The simplest rule for deducing the formwula of a com-
pound *from its percentage composition is, therefore, to
divide the rgspective quantities by the atomic weights of
the elements.

Thus, if we divide the percentages of carbop, hydrogen,
and oxygen in acetic acid by the atomic wcights of
carbon, hydrogen, and oxygen respectlvely, we arrive at these
results.!

40 e

1z =373
66 . . =066
I

534 —a
.0 =33

So that cvider;tly there are as many atoms of oxygen
present as there are of carbon, and there are twice as many
hydrogen atoms. The simplest formula, then, that can be
written for acetic acid is CH,0 ; but whether this is to be
taken as representing a molecule of acetic acid or whether
the true formula is some multiple of this, such as C;H,0,
or C;yH,;O,, remains to be decided by considerations which
now require to bc examined.
»
VAPOUR DENSITY AND MOLECULAR WEIGHT.

According to the law of Avogadro, equal volumes of
all true gases, irrespective of chemical composition, con-
tain under the same conditions of temperature and pressure
the same number of molecules. It follows from this that

R .
! Sec also Examples and Exercises, No. go.
G2



the weights of equal volumes must be proportional to the
weights of the molecules of which the gases are composgd.

This is the principle of the only dJireer method for
ascertaining the relative weights of these molecules,,

Comparing together, for example, equale measures of
hydrogen and hydrogen chloride gases, we find their Ye-
spective weights represented by the numbers 1 and 18°25.
But the weight of hydrogen contained in hydrogen chloride
is exactly half the weight of the same element contained
in an equal ;mecasure of hydrogen, and if we assume that
there is one atom of kydrogen in a molecule of hydrogen
chloride (and by the theory there cannot be less than
one atom), we atrive at thce copclusion that the molecule
of hydrogen consists of at least two atoms. But, further,
we have every reason to believe that while the molecule
of hydrogen chloride contains at least onc atom of
hydrogen, it does not contain more than one atom.
When metals act upon hydrogen chloride the hydrogen
is expelled all at once, and not in several portions, as
in the casc of water and ammonia. So that, assuming
the atomic weight of hydrogen as t unit of weight, the
molecule of hydrogen chloride must weigh 36°5 units.
The weight of hydrogen equal in bulk to this, that is to
say, one molecule of hydrogen or two unit volumes, must
accordingly be 2.1

! The student will now perceive why 2 volumes and not 1 volume
or 3 or 4 volumes is regarded as the standard volume of molecules.
One volume would be inconvenient, because we find that the molecule
of hydrogen can be divided into two equal parts, and this would
necessitate the use of fractions. Three volumes would be incorrect,
because the hydrogen molecule is divisible into two and not into three
atoms. Four volumes would also be inadmissible, because the same
bulk, that is one molecule of hydrogen chloride, would then be repre-
sented as containing two atoms of hydrogen and two atoms of
chlorine, II,Cl,, Whercas it is a matter of fact that ncither the
hydrogen nor the chlorine in hydrogen chloride is divisible into
separate parts.
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The same conclusions may bg established by a slightly
different form of the same argument. Egual volumes of
hydtogen and chlorine, react to form hydrogen chloride
equal ir* volume to the mixturc, or twice the volume of
e hydrogen®r of the chlorine alone. So that whatever is
the nurgber of molecules in the hydrogen.gas employed,
the matter composing them is distributed into twice
the number ®f molecules of hydrochloric acid. And as
there is every reason for supposing that the hydrogen
chloride molecules are all exactly alike, each ofe the original
hydrogen molecules is broken up® into two equal and
similar portions. ,

Again, two volumes of hydrogen mixed with one volume
of oxygen, at any temperaturc above the boiling-point
of water, make three volumes of the mixed gas. If a
spark be now passed into the mixture the gascs ignite,
and on cooling to the original temperature leave two
volumes of steam—that is, a quantity double the bulk
of the oxygen used. Here again the matter composing
the oxygen mdlecules is distributed into twice as many
molecules of steam, and hence each of the oxygen mole-
cules must have been divisible into two equal and similar
parts.

Regarding the diatomic character of hydrogen and
oxygen molecules, other evidence, independent of any
hypothesis concerning the physical constitution of gascs, is
supplied by the following facts.

Metallic gopper is capable of expelling hydrogen from
hydrochloric acid only very slowly, even when boiled with
it. But by adding hypophosphorous acid to a warm solu-
tion of sulphate of copper, a brown precipitate of cuprous
hydride is thrown down, and this compound, in contact
with hydrochloric acid, evolves hydrogen freely and forms
cuprous chloride. This reaction can®only be explained
upon the asswanption that it is ke attraction of the hydrogen
in the copper hydride for the kydrogen in the acid, superadded
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to that of the copper for the chlorme, w!nch determines the

metathesis : . b
J/H H a _
C“2>H + ‘H_a =,
“ Cl H—-H .
Cucs * H-H <

L}

A great many rcactions of a similar character are
known, chiefly among compounds containintg a relatively
large proportion of oxygen, part of which escapes in the
gaseous form. Thus, when silver oxide is placed in contact
with peroxide of hydrogen, the silver is reduced to the
metallic state, water is formed, and oxygen gas evolved.

Ag20+1{202=Ag2 +H20+02

In like manner, permanganic and chromic acids are
decomposed by peroxide of hydrogen with evolution of
oxygen gas ; and in these and similar reactions it has been
proved experimentally that half the oxygen comes from the
peroxide, half from the acid or other body with which
it is in contact. - The conclusion seems inevitable that
these two halves of the oxygen had an attraction for each
other which was sufficient to upset the equilibrium of the
unstable compounds of which they previously formed a
part.

It is also well known that substances in the nascent
state—that is, at the instant of their libcration from com-
pounds—are capable of acting far more energetically than
when they are employed in the bodily form. Hydrogen gas,
for example, is generally incapable of combmm&, with other
bodies unless heated or under pressure ; but when materials
such as zinc and dilute sulphuric acid, which are capable
of yielding hydrogen, are employed, many decompositions
and combinations may be brought about which would be
otherwise impossible. Solution of sulphur dioxide may in
this way be converted into hydrogen sulphide and water
by the action of zinc and diluted hydrochloric acid, the
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nascent hydrogen attacking and combining with both the
sulphur and the oxygen. An instructive e:spcriment, illus-
trating the power of both nascent oxygen and hydrogen,
consistss in electrolysiﬁg a solution of hydrochloric acid
coloured witR indigo. The liquid in the neighbourhood of
both poles is bleached ; at the negativd, because the
hydrogen there liberated combines’ with the indigo and
forms a colpurless compound; at the positive, because
the chlorine, acting on the water, disengages oxygen, which,
while still nascent, combines with the elempents of the
indigo, producing a pale yellow substance. Neither oxygen
nor hydrogen in the ordinary gaseous form is capable of
producing these effects, which are usually supposed to be
duc to the superior activity of the atoms while still in the
free state and before they have partly expended their
cnergies by coupling in pairs ; but it must be pointed out that
other explanations have been given of the so-called nascent
state, which, however, cannot be discussed in this place.

In order, therefore, to cxpress the molecular weights of
gases, we must double the numbers. representing their
relative densities ; and this rule is applied to all gaseous
and volatile bodies, with the few exceptions referred to in
a later chapter.

The application of this principle to those of the
elements that are volatile leads to the conclusion that
many of them, like hydrogen and oxygen, consist of mole-
cules having a duplex structure, though examples are
not wanting of a more complex as well as of a simpler
constitution. We come, in fact, to the following classi-

uLativLs Molecular
Relative ——
Density Weight  Formula
Monatomic Molecules :—
Mercury . . . 100 . 200 . Hg
Cadmium . - . 56 + 112 . Cd
Zinc .o - . . 32°5 . 65 . Zn

Iodine (above 1600°) . 635 . 127 . 1



' Molecular
. Relative o

. . Density * Weight Formulg
Diatomic Moledules :—

Hydrogen . . . ) S 2 . H

Oxygen . . . 16 . 32¢ - Oy

Nitrogen  ¢. . . 14 . 28 . N, ¢

Chlorine . . . 355 . 71 . Cl,

Bromine . . 80 . 160 . Br,

Iodine (below 500 ) .o127 . 2540 .

Potassium . . 39 . 78 . K,

Sulphur (at goo ) ., - 32 . 63 . S
Triatomic Motecule :

Ozone . . . . 24 . 48 . Oy
Tetratomic Molecules :—

Phosphorus . . . 62 . 124 . P,

Arsenic . . . 150 . 300 . As,
Hexatomic Molecule - —

Sulphur (at 500°) . . 96 . 192 . S;

It may be noticed in the table just given that several
clements arc capable of exnstmg in the gaseous statc in
the form of molecules of various degrees of complexity.
Thus, while vapour of sulphur at temperatures not much
above the boiling point of the liquid- consists of hexatomic
molecules, at higher temperatures these are broken up
into groups each containing only two atoms. Many com-
pounds undergo a corresponding simplification when heated,
and generally it may be stated that even in the gaseous
state the number of atoms which remain uni¢ed to form
a molecule is less at high than at low temperatares. This
will be referred to in greater detail in the chapter on
¢ Dissociation.’

PROPERTIES OF SOLUTIONS IN RELATION TO MOLECULAR
WEIGHT.

When a substance is dissolved in a liquidy the freezing

point of the solution is lower than that of the pure solvent,



while the boiling point is usually higher. And it has been
shqwn that the effect produced by a given substance is
directly proportional to the weight of subdance dissolved
in a cogstant quantity bf the solvent. Further, it has been
found, chiefly through the researches of Raoult, that using
the same solvent the freezing point is ddpressed to the
same extent by diffcrent substances when used in the pro-
portion of their molecular weights. A corresponding rule
applies to the vapour pressure. Upon these facts are based
two methods for the estimation of molecular weights, chiefly
among organic substances, which have come into extensive
use within the last few years on account of their applica-
bility to those cases in which the vapour density method
cannot be employed (see Chap. on ¢ Solution’),

METHOD L. based on vbservation of the freesing point
of a solution.

A solution of the compound is prepared containing a
known quantity of the substance in 100 grams of the
liquid, and the strength is so adjusted that the freezing
point of the latter shall not be reduced more than about
1°to 2°. Let P be the weight in grams of substance in
roo grams of solvent, and C the dcpression observed,

thenC, would be the reduction of freezing point produced

1
by 1 gram, and Ng‘- the reduction produced by an
>
amount of substance proportional to the molecular weight
M, taken in grams.  Call this T, then the cquation
TP
T= P or M=. G

affords the greans of estimating the molecular weight if T
be previously known for the solvent employed. TFor organic



compounds the following va.lues of T have been determined

as constant :— N
Water . . . . ‘ 19
Aceticacid . . . ! . . 3¢
Benzene . P % 4y -

Attempts have ‘oeen madc to apply the principle q’? this
method to the determination of the molecular weights of
metals by observation of their effects on the solidifying
point of sodium, tin, and some other metals.

For many acids, bases, and inorganic salts the effect on
the freezing point of water is about twice as great as theory
would appear to indicate. This effect is believed to be
due to ionic dissociation (see Chap. XIX.).

‘MeTHOD L1, dased on obscrvation of the boiling point or
vapour pressure of a solution.

It has already been stated that the vapour pressure
of a volatile liquid is diminished to the same extent
by the addition of molecular proportions of different sub-
stances soluble in the liquid. This is made. the basis of
another method of estimating molecular weights, which may
take one of two forms. One process consists in determin-
ing accurately the boiling point of the pure liquid in a
special apparatus, then adding successive weighed portions
of the substance and observing the rise of boiling point
after each addition. The calculation is made by means
of a formula obtained in the same way as for the freezing
point. Using the same letters, C now stands for elevation
of boiling point, and T for the molecular constau, thus :

CII)V[ =T or M= ’IQ:P
The following are values of T for a few liquids :—
Ethyl ether . . . . .21
Benzene . . . . . 267
Carbon dxsulphxdg B ¥

Alcohol . . .o . . 1IIg



The other process is based on a comparison of the
vapour pressures of the ‘solution and the pure solvent
by noting the vaporisation of both in @ current of air
at theesame temperdture. The process is carried out
by passing sthe same current of dry air first through

ulbs'- . Containing the solution of knowng strength, then
through a second set of bulbs containing the solvent,
the whole g being immersed in a bath of constant
temperature The loss of weight of the bulbs containing
the solution being proportional to the vapour pressure of
the solution, and the loss of weight of the pure solvent being
proportional to the difference between the vapour pressures
of the solution and the pure solvent, then if the strength
of the solution is known tHe data for estimating the
molecular weight are obtaincd. ILet m be thc molecular
weight of the solvent, p the number of grams of dissolved
substance in 100 grams of the solvent, s’ the loss of weight
of the bulbs containing the solution, s the loss of weight
of the solvent, {’ the vapour pressure of the solution, f the
vapour pressure of the pure liquid, and M the molecular
weight of the substance :—

‘o1 f/

M = mp T

) f/ _ s’

Also f = s
Therefore :—

. ’

M = mp. L8

S

SYNTHESIS AND ANALYSIS OF COMPOUNDS.

There arc several other sources of information which
will help in the solution of the problem of the molecular
weights and formula of compounds.. One very important
kind of argument is deduced from a knowledge of the
mode or modes in which the compound may be formed,



and of the products of its decomposition under the influence
of reagents. ) ' .

For examplé, oxalate of sodium is formed when carbon
dioxide gas is passed over heated sodium. The -change
might be represented by either of the following équations :—_

Na + CO, =  NaCO, .
or, Na2 + 2C02 = NHQCQO{
But the doubt, if there were any, would be' resolved in
favour of the latter alternative, by the observation that when
sodium oxalate is heated it yields carbonic oxide gas, leaving
a residue of carbonate.
. CO
Na,C,0, = {Na2003

The most direct and rational explanation of this is, that
a molecule of the salt contains two atoms of carbon, as
represented by the formula.

Again, succinic acid may be built up from its clements
by a succession of processes, which arc briefly represented
in the following series of equations ; and from them we lcarn,
even if no other evidence were forthcoming, that succinic
acid contains at least four atoms of carbon in a molccule,
and hence must have the formule here assigned to it.

Carbon poles ignited by the electric current in hydrogen
gas give rise to acetylene »

C-z + H:_) = C2H2.

Acetylene can be made to combine with hydrogen,
yiclding cthylene, the known density of which g1s renders
impossible any doubt as to its molecular weight :

C,H, + H, = C,H,.
Ethylene combines with bromine thus :
C,H, + Br, = C,H,Br,.
This dibromide may be converted into a cyanide :
C’H4Br2 + 21{(:N = C2H4C2N2 -+ éKBr.



Lastly, this cyanide, under the influence of boiling alkali,
assimilates the elements of watet, and yields up its nitrogen
in the form of ammonia. *

CyarMe of ethylene. Potassium succinate,

. Ne < |CO,K
‘(,,H4.{8N + 2KHO + 21,0 = CH, |gQ’¢ + 2NH;

From thjs salt the acid may be procured by the action
of sulphuric acid.

. JK O H .
C,H, {88; R + T3} 50, = CoH,(COH); + KsSO,
Potassium Sulphuric Succinic Potassium

suceinate. acid. acid. sulphate.
" L]

Evidence is also derivable from a study of products of
decomposition. Analysis of glucose, for example, gives
proportions of carbon, hydrogen, and oxygen, which may be
expressed by (CH,0),, a formula identical with that of
acetic acid, a totally different substance. The problem is
to determinc the value of ». When glucose is gently
oxidised it ytelds saccharic acid, a well-established dibasic
acid, the two potassium salts of which are respectively re-
presented by the formule KCH,O; and K,C¢H,O,.
Ammonium saccharate when heated splits up according to
the following cquation :—

_(NH])gCﬁHHOg = ClH,',N + 2C02 + NH3 + 4H20.

Ammonium saccharate.  Pyrroline.

Further @midation of saccharic acid yields oxalic acid,
H,C,0,, and oxalic acid in turn yiclds carbonic acid.

Hence the molecule of saccharic acid contains C, and
consequently the molccule of glucose from which it is
formed very probably contains at least CoH ,,Og, inasmuch
as products of oxidation almost always contain either the
sane number of carbon atoms as the compounds from which
they were derived, or a smaller number.
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This rule, however, though a very useful guide, is not
without exceptions. Thus‘—
‘ aldehyd, » C;H,O
Alcohol, C;H,0 . yields{ and 9
acetic acid, C$H,0, P
propionic aldehyd, GH,O
{ and
propionic acid, C3H0,
(acetone, C;HO
or acetic acid, C;H,0,
land formic acid, CI1,0,
Toluene, C;H; . . ,  benzoic acid, C,H,0,

jto]uic acid, CiH,0,

a propyl alcohol, C;H,O

3 propylic alcohol, CyH O ,,

Xylene, C,H,, . e or
‘phthalic acid, C,H,0,
&e. &ec.
But—
Benzene, C4H; . »  benzoic acid, C;H,0,
Phenol, C;HO . . » lirst phenoquinone,
ClﬁHlbO'l

In such cases the condensation results from several
molecules being simultaneously attacked.

The compound last named, phenoquinone, is known to
possess the formula ascribed to it because it is otherwise
produced by the union of one molecule of quinone,
CgH,0,, with two molecules of phenol, CgHgQ, no other
product being formed at the same time.

SATURATING POWER OF ACIDS AND BASES.

In the examination of acids and bases, and other com-
pounds which are capable of entering into combination
readily, or of suffering the replacement of some of their
clements by simple reactions which do not invoive destruc-



tion of the molecule, the proéess for determining the mole-
cular weight is generally easy. Suppose, for instance, it is
required to determine the molecular weight of sulphuric
acid, it_is only necessary to add to it various quantities
of potash orgsoda to discover that there are two, and two
"bnly, distinct and definite sulphates of gpotassium and
sodiurd, and that even double salts are possible, in which
the two metals figure side by side, in place of the hydrogen
of the acid” So that sulphuric acid and its salts are
representable by such formula as the following :—
¢
jso.  flso.  glso, |
SO
. Na 4
Y]so.  Na]so,

Tartaric acid is a case of similar kind. Its molecular
formula cannot be less than C,H O, on account of the
existence of the double tartrates, which prove that the acid
contains two :eplaceable basic hydrogen atoms. Thus:

Cream of tartar . . KHC,H,0;
Rochelle salt . . . KNaC,H,0; + 4H,0
Emetic tartar . . . K(SbO)C,H,0:+H,0

Basic derivatives of ammonia are dealt with in a similar
way. If we assume that the molecule of hydrogen chloride
is represented by the symbols HCl (= 36°5), the problem
15 to find what weight of base will enter into combination
with 36°5 ®mrts of hydrochloric acid so as to produce a
neutral compound. In the case of ammoma itself the
compound formed with hydrochloric acid is represented by
the formula NH;HC], in which NH;, stands for 17 parts
by weight of ammonia. In some cases it 15 practcally
more convenient to prepare the double salts which the
hydrochloride of ammonia and all similarly constituted
compounds form with platinic chloride. Ammonio-chloride



of platinum has the formula z(NH;.HCI).PtCl,, and that
quantity of the basic body which, in this compound, is
capable of taking the place of ammonia, NHd, is generally
taken to be its molecular weight.

This principle is applied especially in the gase of those
natural alkaloids which contain oxygen and are not vaporis-
able without decomposition. Quinine, from cinchona bark,
is an example of the kind. The formula may be either
C1oH,2NO or CooH,,N,0,. The latter is chosen chicfly
because quinine forms two classes of salts, namely, ncutral
compounds, th which C,,HyN,0; represents the NHj in
ammonia salts, and acid compounds, containing half the
proportion of base or twice the proportion of acid, as in the
following formule :—

jCQ()HQJNQOQHCI + 2H20
(CQQI{Q‘NzOQHCl)gPtCh + 3H20
[(C20H24N.0,),1,S0, + SH,0

C90H2.1N202 + ZHCI
Acid . ]CyHyN,0,2HCLPC, -+ H,0
C20H24N202H2504 + ISHgo.

Neutral .

It appears, therefore, that the number of atoms of nitro-
gen in the molecule does not determine the saturating power
of the base. This is further illustrated by urca, CH,N,O,
which forms monoacid sults by union with HCI, with
1INO,, or with 3H,SO,, &c.; also by such bases as
rosaniline, C,yH (N, which combines either with HCI,
forming the well-known magenta dye, or with 3iTCl, forming
a brown crystalline salt.

SUBSTITUTION COMPOUNDS.

In other cases, especially when the compound under
examination is neutral, and incapable of enteripg into com-
bination with other bodies of known molccular weight, the



results of ‘substitution’ afford information in the direction
required. To take an instance, the hydrocarbon benzene
is a neutral liquid, neither acid nor basic, vhich forms no
compougds whose constitution throws any light on the
question of ks molecular weight. It is volatile, and its
vapour, density would tell all that we reduire to know,
namely, that to represent a molecule of it we must use the
formula C Hg; but even if we had not this evidence to
appeal to, the same result would be indicated by the com-
- position of the products which are formed from, it under the
agency of chlorine. Acted upon in this way, benzene yields
first a product in which one atom of chlorine is combined
with six atoms of carbon and five atoms of hydrogen. Now,
since this can be shown to consist of one homogeneous
chemical compound, and not a mixture, the carbon it con-
tains must be derived from one molecule of benzene, the
formula of which therefore becomes C;Hg. This is con-
firmed by the succeeding products, the entire series running
as follows :—

CGH{,CI
C¢H,Cl,
C H,Cl,
C.H,Cl,
CHCI,
CeClg

This rcmweal of hydrogen, and its replacement atom for
atom by chlorine or by bromine or iodine, is one of the
most remarkable facts in chemistry. For notwithstanding
the strong electro-chemical opposition of hydrogen and the
halogens, they may be usually exchanged for one another
in carbon compounds without altering fundamentally
the character of the compound. Acetic, acid affords a
good instanc€ of this. It yields three chloracetic acids,
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which like itsell are crystallisable, volatile, monobasic
acids.

l Name. l Formula. Melungl”omt Loxhng Point.
Acetxc acid " HC,H,0, I 17“’ 119°
MonochloracetiE acid | HCHLIO, | 62° ,186°

l Dichloracetic acid .1 HCH l(,l O, — 4° 190°

| Trichloracetic acid . . { 11CCL0, 53° 195°

| . - - - N .-

One other fact often serves as a useful guide in selecting,
for carbon compounds especially, a mmimumm formula.
Among the vaporisable compounds in which carbon is
united with hydrogen alone, or with hydrogen and oxygen,
no example is known in which two volumes of the vapour
contain an uneven number of atoms of hydrogen. Conse-
quently if the simplest formula deduced from analysis
includes such a number it cannot represent the molecular
weight, and must be at least doubled. Thus the composi-
tion of phthalic acid is expressed exactly by the symbols
C,H;0,. But according to the present state of knowledge,
a molecule of this kind cannot exist ; the molecular formula
cannot be less than CgHgzO,  Whether this correctly
represents the molecule can only be, settled by other
inquiries, the general nature of which has already been
indicated.

But, notwithstanding the multiplicity of rules which
serve to guide chemists in the selection of formule whereby
to represent molecules, there still remain a large number of
bodies which cannot be dealt with by any mc#gbd at present
known. Hence many of the formulae commonly accepted
and cmployed in chemical works are at best capressions of
mere guesses enjoying various degrees of probability. Many
difficulties occur, for example, among metallic compounds.
The formula CrQj is generally used for chromic anhydride,
not on account of any direct evidence in favour of it, but
because of the existence of a volatile oxychlonde, CrO,Cl,,
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and the analogy of these two cpmpounds with sulphuric
anhydride, SO;, and the corresponding oxycl}loride, SO,.Cl,,
also on account of the isomorphism of the chromates and
sulphates. Again, silicon dioxide is often represented as
the analogue®f carbon dioxide, but while the latter is
undoultedly represented correctly by the simple formula
CO,, the insolubility, non-volatility, and difficult fusibility
of the formen render it very probable that the molecular
formula is much more complex, perhaps SigO;s. As, how-
ever, no direct evidence cxists the expression nSiO; or
Si, 03, 1s preferable. So also doubt® exist as to the correct
mode of representing salts like ferrous and stannous
chlorides, there being great probability that the usual
formule, ¥eCl; and SnCl;, should be doubled in order
to represent the reacting units or molecules of these
compounds.

CHAPTER VIL
VALENCY.

WHEN hydrogen chloride, water, and ammonia are brought
into contact, under suitable conditions, with a metal such
as sodium, hydrogen is evolved and a compound is formed
in which the metal takes the place of the expelled hydrogen.
But while in such a process the hydrogen of hydrogen
chloride is ®mpletely replaced at one operation, the
hydrogen of water is divided into two equal parts, and that
of ammonia is divided into three. Similarly the hydrogen
contained in marsh gas, though incapable of being ex-
changed for a metal, is divisible into four equal parts by
the action of chlorine. On the other hand, the chlorine
in hydrogen cljloride, the oxygen in water, the nitrogen in
ammonia, and the carbon in marsh gas agree in being
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indivisible, so that any chemical change which involves
removal of any portion of these elements from the four
compounds respectively results in the removal of the whole
and no intermediate compound can be produced ‘These
facts are summed up in the formule universully employed
for.the four c{)mpounds referred to, namely, CIH. OH,,
NH;, CH,. It is worthy of note that such formulz may be
used as a simple record of these and other facts without
reference to theory of any kind.

But as in other cases hypothesis suitable for ‘the ex-
planation of facts is nacurally sought for by .he mind, and
the Atomic Theory supplies what is needed. The formule
may be taken to mean that one 2tom of chlorine combines
with one atom of hydrogen ; one atom of oxygen with two
of hydrogen ; one atom of nitrogen with three of hydrogen ;
and one atom of carbon with four of hydrogen, and no
compound is known in which one atom of either of these
elements —chlorine, oxygen, nitrogen, carbon—is united
with a larger quantity of hydrogen than is represented by
the formule. The student may be again reminded that
whereas the atom of chlorine is incapable of retaining more
than one atom of hydrogen, the atom of oxygen can hold
at the same time two atoms of hydrogen or one atom of
hydrogen and one atom of another element, such as
potassium.

This difference of combining capacity is recognised in a
similar way in other elements, and the following formulxe
represent the compounds which some of the more important
elements form with hydrogen, and serve to indicate the
habitual combining capacity of those elements.

HC) H,0 H,N H,C
HBr H,S H,P H,Si
HI H,Se H,As
HF H,Te  H,Sb

The number which expresses the capacity or habit of com-



bination of a given atom is called its ‘valency.” Thus
while chlorine and the other halogens are represented as
having a valency equal to one unit, the valéhcy of oxygen
is usuallx said to be two, that of nitrogen and phosphorus
three, and thaf of carbon and silicon four in the compounds
represented by the formule given. To exbress this in a
differert way it is convenient to incorporate the Latin
numeral and to speak of warvalent, bivalent, trivalent,
guadrivalent, Quinquivalent, sexvalent, or septivalent atoms.
Or the elements may be referred to as monad, diad, triad,
tetrad, pentad, hexad, or keptad. The word * atomicity’ was
formerly used to indicate the greatest number of atoms of
one kind or another with which a given atom is ever found
to be united. This term, however, has fallen out of use,
and if employed at all is usually applied in reference to the
number of atoms presumably constituting the molecule of
the element or what might be called its ‘atomic density.’
Many facts seem to point to the conclusion that there
is no absolute measure of valency. The capacity of
saturation of a given atom depends upon the nature
of the elements with which it is associated and upon
the physical conditions which prevail, especially as tov
temperature and pressure. An atom of sulphur can take
up no more than two atoms of hydrogen, but it is
capable of forming a compound with four atoms of chlorine,
or with three atoms of oxygen. In like manner, phosphorus
form$ the compounds PCl; and PCl;, but its affinity for
hydrogen extends only to three atoms, PHj, though a
fourth may % taken up if accompanied by an atom of
iodine—PH,I. Ithasalsobeen observed that the chlorides
corresponding with the highest oxides of many of the metals
have not yet been produced, and seem to be incapable of
existing. Thus there are the oxides CrO., UO,, As,O;,
Ni,0;, but the chlorides Cr;Cl;, UCl;, *AsCl., and NiCl,
indicate the limits of the capacity of these metals for
chlorine. It if interesting to notice that in some cases in



which the chloride is missing, the corresponding fluoride is
known. For example, the fluorides CrFy and AsF,, the
representatives of the unknown chlorides CrCl; and AsCl,,
have been described.

Combining capacity or valency is also toea large extent
dependent upbn temperature, increasing to an unknown
maximum with fall of temperature, diminishing with rise of
temperature to a minimum which is reached only when the
substance becomes a perfect gas. For example, HCl and
NH, are both gases which, at 500° have no apparent action
upon each other. Onrcooling they gradually unite to form
solid sal-ammoniac. But even then the affinities of one or
more of the clements present ar¢ not exhausted, for ammo-
nium chloride unites with other chlorides, forming such
compounds as the following :—

2NH,CLZnCl,
2NH,C1.SnCl,
2NH,ClL.PtCl, &ec.

These compounds and sal-ammoniac itself can only exist
in the solid state, or perhaps to a limited extent in a state of
solution. When heated they yield ammonia and hydrogen
chloride gases and other products. The formation of*many
compounds of this kind leads to the suspicion that the
valency of chlorine probably forms the link which binds the
other atoms together, and that in the solid state its valency
15 greater than in its gaseous compounds. The other
halogens behave in a similar manner.

Oxygen, again, is apparently diad or bivalent in water
and nearly all other vaporisable compounds containing this
element. But in many solid compounds, especially in salts
containing water of crystallisation, the facts can best be
explained on the hypothesis of a greater combining capacity,
probably amounting to four units or more. This question
will be discussed in a later chapter,



The variation of valency under varying conditions is
analogous to the variation in the number and disposition
of the faces of crystals. While every crystalljsable substance
exhibits a primary or simple form, made up of a minimum
number®of faces and solid angles, it is usual to find that the
form is modificd when the conditions in wiich the crystals
are preduced are changed. Thus common salt habitually
crystallises from water in cubes (6 faces), but from a
solution contining urea it yiclds octahedrons (8 faces).
Alum usually forms simple regular octahedrons, but often
produces dodecahedrons (12 faces), or form¢ intermediate
between cube or octahedron and dodecahedron. Again,
many substances, called on this account dimorphous,
are capable of assuming®two distinct crystalline forms be-
longing to different crystallographic systems, these different
forms being produced most commonly by crystallisation at
different temperatures. For example, nitre usually crystal-
lises in six-sided prisms of the trimetric system, but when
deposited from a hot solution it often forms rhombohedrons
of the hexagopal system. In all cases of this kind the one
form is more stable than the other, and there is a constant
tendency for the less stable to pass into the more stable form.

Such differences are analogous to the differcnces in
valency manifested in such cases as the ferrous and ferric,
stannous and stannic compounds. Valency is now
accounted for by certain assumptions regarding the con-
figuration of atoms. Carbon is one of the few elements
which has an apparently constant valency, and it was in
reference to, e element carbon that the idea arose that it
might be possible to conceive and to represent the structure
of a compound in 1clation to space of three dimensions.
According to this hypothesis the atom of carbon is supposed
to consist of a mass, of unknown shape, which is capable
of being acted upon or approached by other atoms only
in four directions. These are all similar and form with
one another the same angles, and thus may be represented



by the lines which join the centre with the solid angles
of a regular tetrahedron, 'as shown in the accompanying
. figure. The lines joining the centre of

the figure with the centre of each face give

the same result. Hence it is sofetimes

¢ represented that the hypothesis supposes

the atom to have the form of a tegular

A tetrahedron. This is, however, neither
necessary nor justifiable. From observa-

tions made quite recently it seems probable that a similar
hypothesis is applicable to the cases of lead, tin, and sul-
phur. With regard to nitrogen, concerning which a similar
idea has been adopted, the figure required is somewhat
different, for nitrogen has a valency always represented by
an odd number, which may be 3 or 5. A hexhedron with
equilatera! triangle for base, and the remaining two solid
angles on opposite sides of the base at a distance either
greater or less than the distance from the centre to one of
the angles of the base, would provide the requisite con-
ditions. A molecule of a compound of quinquivalent
nitrogen would then be formed by attachment of the atoms
surrounding the nitrogen in directions indicated by the lines
drawn from the centre to the solid angles of the figure ; thus :

ad

e
In compounds which are electrolytes, that is, are
dec{pmposed into positive and negative components by the



electric current, the valency of 'an atom is measured by the
number of units of electricity With which it is supposed
to be charged. This point will be referregl to in a later
chapter.

The .capagity of combination habitually shown by the
commoner elements in their more familian compounds is
shown‘in the following table : —

VRLENCY OF THE PRINCIPAL ELEMENTS.

r Non-Metals. R
Monads. Diads. Triads. Tet:ad.s. Pentads. Hexads.
F (o] B C N S
Cl S N Si p
Br P S
I

Metals and Mctalloids.

Monads. Diads. ‘ Triads: _'I:e.t-r;ds. Pentads. Hexads.
Ag Hg Al It As
Na Cu Cr Sh Cr
K Co Mn Mn Sn Bi Mn
Ni Fe Fe Fe
Cd Ba As Pb
Zn Sr Sb
Mg Ca Bi
rv

up LAW OF EVEN NUMBERS.

When several compounds are formed by the union of
two elements in different proportions, it is very commonly
noticed that the change of valency or combining capacity
of the central atom to which the rest may be supposed to
be attached takes place by pairs of units.

Phosphorus, for example, forrhs two chlorides ; nitrogen
combines with three atoms of hydrogen in ammonia, and



with four atoms of hydrogen and an atom of chlorine in
chloride of ammonium. gulphur also yields compounds, in
which one ator of that element is combined with two atoms
of hydrogen, with two atoms of oxygen, and with two atoms
of oxygen and two atoms of chlorine. Tht formule of
these compounlls are represented as follows :—

PO, NH, SH,
pCl, NH,Cl . SO,
(0,
S1¢i,

It will be observed that the difference in the first case
amounts to two atoms of chlorine, which represent two
atoms of hydrogen, the unit of 'valency. In the second
case, one atom of hydrogen and one atom of chlorine have
been added. In the third, the oxide SO, may be taken
to represent a hypothetical hydride SH,, whilst the oxy-
chloride corresponds with the unknown compound SH,.
In each series, the advance in combining power 1s equivalent
to the assumption of two atoms of hydrogen. ,

It has alrcady been pointed out that compounds of
carbon with hydrogen alone, or with hydrogen and oxygen,
always contain an even number of atoms of hydrogen, and
that an uneven number of atoms of hydrogen can never
exist in the molecule of a carbon compound unless it
includes at the same time chlorinc, nitrogen, or some other
element of uneven valency. )

It scems, thereforc, that, as a general rule, the index of
valency of any given atom 1s cither an evs.s or an odd
number ; or, as it has becn expressed, elements are uniformly
cither ‘artiad’ or ¢ perissad.’! And consequently the sum
of the indices of valency of all the atoms present is an even
number.

But there are not wanting exceptions to these statements ;
as shown in the following examples :

! gprios, even, and wepioads, odd,



Nitric Oxide.—This most remarkable compound is a
colourless gas, difficult to liquefy", almost insoluble in water,
and unchanged by heat. It exhibits all the &haracteristics of
an unsgturated compound. Thus it unites with oxygen, with
chlorine, with sulphur trioxide, and with many metallic salts.

It,is composed of 14 parts of nitroger? with 16 parts of
oxygen ; itsrclative density is 15 (H=1), and consequently
its moleculag weight is 30. It therefore contains one atom
of nitrogen (perissad& combined with one atom of oxygen
(artiad), and thus it breaks the law of even numbers. This
difficulty might be avoided by employing the double formula,
N,0,, but that its low density and difticult condensability
point conclusively to the simpler expression NO as the
symbol of its molecule.

Nitric Peroxide.—This compound is described in the
Chapter on Dissociation. At 150°~200° the density of the gas
is 23 times that of hydrogen at the same tempcrature. Whence
the molecular weight is 46, and the formula NO, represents
a molecule. Even at much lower temperatures this com-
pound cxistsmixed with the tetroxide, N,0O,. In this case
also it is obvious that so long as nitrogen is supposed to be
nerissad while oxygen is artiad, free or unemployed valency
of either the nitrogen or the oxygen must bo assumed.

Tungsten and Molybdenum Pentachlorides, 1VCl, and
MoCl,.—These compounds afford very remarkable instances
of, the association of an artiad atom with an uneven number
of perissad atoms, and consequent infraction of the law
under discussion. Hexchlorides of both these elements
correspondiftg with their trioxides, exist ; but these chlorides
when heated are split up into pentachloridesand free chlorine.
The pentachlorides are volatile without decomposition, and
the vapours exhibit normal densities.

COMPOUND RADICLES.

Any pqgtion of a molecule which is capable of being
detached and transferred to some other molecule is called a



‘radicle,” whether it consists of a single atom or of a group
of atoms. The term ¢ compound radicle’ is, however, not
usually applied t)> a group unless it makes its appearance in
several different bodies. Compound radicles present differ-
ent degrees of valency, just as do the atoms of which they
are built up, so'that they are capable of linking together
various proportions of other elementary or compound
radicles. This fact may be experimentally verified by such
reactions as the following :— '

Ordinary disodic phosphate is alkaline to test-paper ;
silver nitrate 1s neutral. When these two salts are mixed
together in equivalent proportions a yellow precipitate of
phosphate of silver is thrown down, whilst the liquid be-
comes strongly acid. The reason of this is apparent when
we express the metathesis in the form of an equation.

AgNO, ,

.~,_____.( — _ e
Nal i+ AgNO, ‘ = | A ‘| + ! NaNO
Na | PO, o Ag PO, |
H | AgNO, | Ag | | NaNoO,

One moh—:—c—lﬂe. Three molecules. One molecule th.)-mc.)iecules of

of silver phosphate.  sodium nitrate.
+ { HNO,

One molecule
of nitric acid.

The group PO, is trivalent, and so it holds together the
two atoms of sodium and one atom of hydr®gen in one
molecule. But when the interchange occurs, these become
respectively united with three (NO,) groups, each of which
is univalent, and incapable of connecting itself with more
than one atom at a time. Three new molecules result, one
of which is nitric acid, the presence of which can be recog-
nised by test-papers. .

Although nearly all unsaturated compounds are capable



of entering into combination, and many of them perform
the part of well-defined radicles,” it does not follow that all
radicles should be capable of isolation, angl the definition
ofa radlcle by no means involves this idea. On the con-
trary, we hayg already examined phenomena (pp. 85 to 87)
which indicate that when atoms such aseH, Cl, O, or N
are liferated from combination, they combine in pairs, and
thus satisfy each other’s attractions, unless they find them-
selves in the®presenc of other radicles with which they can
immediately unite. Compound radicles resemble elementary
atoms in this respect. None of the followihg groups, for
example, are known in the free state, the formulaz ' repre-
senting semimolecules, or what may be termed chemical
atoms of these radicles.

Hydroxyl (OH)’ contained in acids, alcohols, and metallic
hydroxides.

Potassoxyl (OK)’ contained in potassium oxysalts.

Cyanogen (CN)’ contained in cyanides.

Ammonium (NH,,) contained in the salts of ammonia.

CH,

Arsendlmethyl (AsC ) in kakodyl and its compounds.

Methyl (CH;)’ in methylic alcohol and derivatives.
Amidogen (NH,)' in primary amines and amides.
Methenyl (CH)"” in chloroform and similar bodies.

_ When displaced from any of their compounds they do
not remain isolated, but unite in pairs, producing molecules
which in some cases are stable enough to maintain an inde-
pendent exience.

We have, for example—

Radicle Name. Corporate Name.

Hydroxyl . Hydrogen Dioxide (OH), or O,H,
Potassoxyl . Potassium Dioxide (OK), or 0,K,
Cyanogen . Cyanogen Gas ; (CN); or C;N,

' The dashes serve to indicate the usual valency of each grou%



Radicle Name. Corporate Name.

Arsendimethyl Kakodyl (As%i?) or Asy(CHj),
3/2
Methyl . Ethane (CH,); or C,H,

; Diamidoge ‘
Amidogen {or‘a;‘{“y‘drﬁ;‘e (NH,), or N,H,

Methenyl *. Acetylene (CH); or C,H,,

The only free monad radicles known are the two bodies
alrcady described, namely, nitrosyl, or nitric oxide, NO,
and nitryl, or nitric peroxide, NO,. Instances of free diad
radicles are, however, mcre numerous. Thus we have

Mercury . . . . Hg"”
Zinc . . . . . Zn”
Cadmium . . . . Ca”
Carbonic oxide (carbonyl) ; (COY”
Sulphur dioxide (thionyl). . (SO,)"
LEthylene . . . . . (Co )"
Ammonia . . . . (NH.)”

Molecules of this kind are of the same order as those
referred to at the beginning of the chapter; but why in so
many cases the number of unemployed units of valency
should be an even number has not yet been satisfactorily
explained.

Accepting the definition of a ‘radicle’ given on p. 107,
it is obvious that there are a great many commonly te-
cognised radicles which can hardly be expected ever to
assume a bodily existence apart from the cgmpounds in
which they occur associated with clements of a different
chemical character.

In all the carbonates, for example, a group consisting of
one atom of carbon and three atoms of oxygen occurs, and
this group is capable of being exchanged for Cl, or (OH),
or O by double decBmposition. 1t is, therefore, entitled
to be spoken of as a compound radicle, althougn, by reason



of the large proportion of oxygen it contains, its condition
would be that of unstable equilibrium, even if it could
assume temporarily an isolated existence. ¢

Similar remarks apply to such radicles as NO, (of
mtrates), ClQ; (of chlorates), SO, (of sulphates), PO, (of
phosphates), and the rest, which, under bossible experi-
menta! conditions, have never yet been isolated.

Further ‘dlscussmn of this question is reserved for
the chapter relatmg fo the properties of acids, bases and
salts. .

The student may be reminded shat our system of nota-
tion is to be understood and cmployed only in a unitary
sense. Every molecule must be regarded as one entire and
undivided unit, whosc actions and reactions proceed from
the resultant of all the different forces exerted by its several
constituent parts. A chemical compound may be compared
to a musical chord, constituted, doubtless, of many and
complex elcments, but communicating to the ear the im-
pression of singleness and harmony. And though there are
many cases iro which one constituent may have a predomi-
nating influence in virtue of its mass or special store of
unexhausted energy, it never acts as though it were alone,
its behaviour being always modified by the presence of the
other elements with which it is associated.

The following memoranda will serve to assist the student
in writing the formulee of many common salts. In order to
construct any required formula it is only necessary to place
a symbol or group of symbols, taken from under the positive
sign, side by #de with a symbol or group taken from under
the negative sign, and to adjust the quantity of each so as
to comply with their respective habits of combination.

Thus let
R’ represent a univalent mdicle,
R” " » bivalent radicle,

*R” ,  ,, trivalent radicle, &c.



Then 1t 1s only necessary to remember that
' R’ combines with R’,
2 TV ” ” Ru!
or R” ” ” R”’
3 R’ ” » R, ¢
3k” w2 R, &c.

In this way the student will readily learn to~compose the
unitary formula of all the most cominonly olcurring com-
pounds, without risk of falling into any serious error.

-

VALENCY OF COMMON SALT RADICLES.

— S JR— ——
Univalent. Buivalent. l Trivalent Quadriva]ent. ‘Sexvalent.
- + | - + +
F H |0 Ba | PO (ortho) As| Si0), (ortho) Sa (ic) |
cl K |§ Sr | AsO, Sbl P.O, (pyro) Pt i Cr, (ic)
Br Na | SO, Ca | AsO, b i Fe,(1c) |
1 NH,, S0, Mg 1 BO, Au Mn, (ic)
CN Ag | S0, Zn | Al
HO co, Cd |

! NO, C,O. Hg (i) |
NO, C.H Cu (ic)

Clo SlO (mua)Pb
Clo, CrOA Fe (ous) | N
ClQ, MnO, Mn (ous)
ClO, Sn (ous).
PO, (meta) Hg Eum)
.H,0, Cu uu~)i

CHAPTER VIIL
CONSTITUTION.

From the explanation given in the preceding chapter it
appears that different atoms have different capacities for
combination, and that the atoms of many elements have
the power of uniting with several others which may be all
of the same kind or may be of different kinds. Thusan
atgm of oxygen may combine with two atoms “of hydrogen,



or it may unite into one molecule an atom of hydrogen and
an atom of potassium. In order to express clearly the
manner in which the valency of each atom i a molecule is
supposed to be occupied, a system of formule has been
devised Whicl; will be easily intelligible from the following
examples. In the notation here introduc®d, it must be
understood that the symbol placed on the left of a formiula
represents an atom to which all on the same line are directly
united. Thu®CH, infplies that four atoms of hydrogen arc
combined with one atom of carbon, though they are not
directly united with one another. « Those also which are
connected by a bracket are united together. Thus,

CH,
means that there are two atoms of tetrad carbon united by
one-fourth of their combining power, while each retains

three atoms of hydrogen. The same relations are expressed
more clearly in this figure, or ‘graphic formula’:

H H
|
H—C—C—H

|
H H.

Such compounds are conventionally spoken of as
‘satarated’ when the valency of each atom present is
satisfied. It frequently happens, however, that the valency
of one or moregatoms in the molecule is not compensated
by a sufficient number of associated atoms, and then the
compound is spoken of as ‘unsaturated’” In such cases
the compound usually enters into combination very readily.
Thus ammonia NH; must be supposed to contain un-
saturated nitrogen. Or if from the {drmula C,H; two
atoms of hydrogen be abstracted, the formula of ethylene,
C,H,, results,” and this hydrocarbon combines instanv

A



with chlorine or bromine. The carbon is unsaturated, and:
this is usually cxpressed by placing two lines or points’
between the symbols of carbon, thus :—

*

CH, or CH,:CH,
S
CH,

Onc defect of this formula is that it seems to imply that
the two atoms of carbon are united ‘by a stronger tie than
that which holds them together in the saturated compound
where they are joined Ly the exercise of one unit of valency
of ecach. As a matter of fact the reverse is the case, the
place of the double bond being invariably a point of weak-
ness in the molecule where separation of the united atoms
most easily takes place. The custom is to repiesent the
spare valency in the manner shown in the formula, but
opinion is divided as to the exact physical meaning to be
attached to the expression. Free or unoccupied valencies
must be admitted in some cases, as, for example, in nitric
oxide, in which whatever valency is attributed to the
nitrogen and the oxygen respectively, at least one unit
remains unsaturated, thus : —

~N=0O or N=0-—
=N=0 or —N_E__O

Of course the lines connecting the symbols aré not
designed in any casc 1o represent a substantive bond or
link, but each represents one unit of valen~y exercised by
the atoms supposed to be united. It often happens that
more than one arrangement of symbols would be possible
in such a formula. In that case evidence which will help
in the choice of a formula may usually be obtained by a
careful study of the formation or decomposition of the
compound.

; Sulphuric acid furnishes a good exampie of the kind



’«ﬁﬁ»‘faet and argument upon which rational formulz are
ﬁsed In this case mere analysis tells us only that the
compound contains an atom of sulphury two atoms of
hydrogen, and four atoms of oxygen, or SH,0,. But on
examindtion of its salts we find that both the atoms of
hydrogen are replaceable by metals; and%o indicate this
basic Tunction of the hydrogen it is the custom to write it at
the beginning of the formula thus :—

H,SO,.

When sulphuric acid is distilled yith phosphoric chloride
it takes an atom of chlorine from the chloride in exchange
for an atom of oxygen and an atom of hydrogen. The
resulting compound has the composition expressed by the
formula :—

HSO,CL

If this compound is heated strongly, two molecules of it
interact so as to reproduce a molecule of sulphuric acid and
.a compound having the formula :—

. SO,Cl,.

Both of the new compounds reproduce sulphuric acid when
dissolved in water, thus :

HSO,Cl + H,0 = H,S0, + HCl
SO_C]Z + 2H20 = HgSO4 -+ ZHCL

It seems, thercfore, that sulphuric acid is capable of
breaking up mta the groups SO, and 2HO. This is con-
firmed by the fact of the production of sulphates by the
union of sulphur dioxide with peroxides, as in these
instances :—

and

PbO, + SO, Pb0,S0O,

Lead peroxide. Sulphur dioxide. « Lead sulphate.
Hydrus.m %ulphur Hydrogen sulphate,

peroxid® dioxide. or sulphuric acnd

12



Such reactions as these and many others are recalled
when we write the formula :—

S0,(HO), or SO, {8}*{1

In the present state of knowledge the distection of the
formula cannot be carried with certainty any further, for
the manner in which the oxygen is attached to the sulphur
is doubtful. The formula may be expanded ipto the follow-
ing graphic expressions, but it is not possible to decide
which, ifany. is the correct expression. If sulphur is assumed
to be, like oxygen, bivalent the formula becomes

H~0-0-S—0—-0—H.

If sulphur is considered to be quadrivalent the formula
may be written

o. ,0—H
Ne/
5/ No—n

And, lastly, assuming that sulphur is sexvalent the
formula is written '

o. ,O—H
Na/
07 NO—H

This last expression is most commonly adopted.

The best exaniples of this kind of investigation are
dfforded by compounds of carbon. By way of illustration
the case of succinic acid, referred to on pp. 92, 93, may be
reproduced in the expanded form, a dot being sometimes
used instead of a line in accordance with ‘Custom and in
order to save space :—

CH
Il

CH
0
CH, -

Acetylene

Ethylene . .



’ CHgBr
Ethylene dibromide |
CH gBr.
» CH..CN
Ethylene dicyanide |
CH,.CR

CH,.CO.0OH

Sucggnic acid |
CH,.CO.OH
or
0

I
CH,.C.OH

|
CH-_,.ﬁ.OH
0

Formule of this kind become indispensable in the study
of the phenomena of #somerism,! a term of very compre-
hensive significance, but which is usually employed in
reference to compounds which, though having the same
composition, exhibit different properties. An example will
serve to make the matter clear. The nature of the phe-
nomenon will be understood by comparing together several
such compounds as the following, all of which are repre-
sented by the same molecular formula, C3HgO, :—

1. Propionic acid is a crystallisable acid, which, after
melting, boils at 140° It is monobasic, forming one
salt only witlf® each of the metals sodium, potassium,
and silver. Its rational formula may therefore be written
thus : HC,H;0,.

2. Ethyl formate is a colourless aromatic liquid, which
boils at 56°. When heated with caustic potash it is resolved
into ethyl alcohol and potassium formate. This mode of

°
! From loos, equal, and uépos, part.



decomposition is recorded when we write the formula thus:
C.H;.CHO,.

3. Methyl dzetate is a colourless, volatile liquid, which
also boils at 56°, but when decomposed by angalkali it
yields wood spirit (methyl alcohol) and aneacetate. So
its formula must be CH,.C,H;0,. "

If now these formule arec expanded so as to display
fully the valencies of all the constitpent atgms, the order
will be seen to be very different in each.

or CH,.CH,.CO.0H
or C,H,.CO.0H

Ethyl Formate.
H H O
H-C—b-0-t_n
B
or CH,;.CH,.0.CO.H
or C,H,;0.CO.H

Methyl Acetate.

or/ CH,0.CO.CH,



These three compounds, which have the same composi-
tion and molecular weight, but differ in the nature of the
products they yield, when decomposed orgacted upon by
chemical agents, arc said to be mefameric with one another.

Many casgs similar to the last two may easily be found
among.esters (compound ethers), ketones, afld other bodies,
the molecules of which consist of two compound radicles
united together By oxygen or a bivalent group. Pairs of
such bodies nty be cflled reciprocal metamerides, because
the excess of carbon and hydrogen in one of the radicles is
made up for by a corresponding deficiency in the other.
General formule for such pairs of isomerides among the
esters might be written thys :—

CnHﬂn—lol CpHE —1()
Sy 1 O and }0

In many cases an extraordinary rescmblance in physical
properties may be observed in comparing together two com-
pounds of this kind.

Another instructive example of metameric relations is
presented by the two classes of alcoholic cyanides.

1. Cyanides—By distilling ammonium acetate with
phosphoric oxide (a substance which has an extraordinary
attraction for water) the ammonium salt is converted into a
volatile compound, long known as acetonitrile, and boiling
at 77°

NH,C,H;0, — 20H, = NC,H,.

L 4
When acted upon by boiling alkali it yields up its nitrogen
in the form of ammonia, and re-generates an acetate

NC,H, + OKH + OH, = NH, + C,H4(OK)O.

This reaction is explained by supposing that in aceto-
nitrile or methyl cyanide the two atoms of carbon are.in



direct union with each other, as represented by thls
diagram :—

N::C"‘ CH3

or NC.CH,.

. 2. Jsocyanid s or Carbamines.—These compounds under-
go a different transformation when acted upon by hylrating
agents. Notwithstanding that they have the same compo-
sition as the cyanides, they are scarcely affected by alkalis,
though when boiled with diluted acids they arc readily
converted intv formic acid and bases, in which the nitrogen
is associated with part of the carbon. For example, methyl
isocyanide treated in this manner yields methylamine and
formic acid.

NC,H, + 2H,0= N[CH + CHO.OH

Methyl 1socyanide. ‘Water. Mclhylnmme Formic Acid.

In these compounds, then, the nitrogen probably forms
the link between the two atoms of carbon, in the manner
shown by the following graphic formula :—

C=N—-CH,
or CNCH3

The transformation of ammonium cyanate into urea,
the first recorded instance of the production of an ‘organic’
compound from inorganic materials, is a good example of

isomeric change. Amronium cyanate, NH,CNO, must be
represented constitutionally as follows :—

HIWN-—-N=C=0
or NH,.N : CO

Urea is the amide corresponding to carbonic acid, and
is represented by the following formula :—

HNN _
H,N/C=0
or CO(NH,).



Another good illustration of i lsomenc change is provided
by methylaniline :—

(Cotty =N 2

which by profracted heating to a high tenfberature is con-
verted into toluidine, another base in which the methyl
group, CHj, is no longer attached to the nitrogen, but has
migrated to 2 different position within the molecule, and
has become attached to carbon, as shown in the following
formula :—

(CH;) - (ol — N

Other examples of isomerism consequent upon internal
rearrangement will be explained in a later chapter, but
sufficient has now been said to indicate the method of
using constitutional formulze based upon conventional ideas
of valency.

From what has gone before it is evident that the pro-
perties of bodies are not dependent solely on the nature of
the elements of which they are composed. The order of
arrangement of the atoms within the molecule determines
in all cases the character of the compound, though it must
be remembered that some elements, when present in suffi-
cient quantity, are capable of impressing or developing
certain features in the compound. Oxygen and other
electro-negative elements, for example, tend to generate
acid propertiqs; in compounds which contain them. The
relation of properties to the atomic weights of the elements
will be discussed in the section devoted to Classification,
while the dependence of properties on molecular weight
and constitution will be illustrated in the next chapter, and
more particularly in the account to be given later of homo-
logaus carbon compounds.



CHAPTER IX.
[SOMERISM AND ALLOTROPY.

Surstancrs of the same composition but of different pro-
perties are said to be zsemeric with one another. Several
examples hayg already been given in the preceding chapter,
but various circumstances connected with the phenomena
of isomerism and the several classes of isomerides have now
to be considered.

The several cases which present themselves may be dis-
cussed under the following heads:

1. Substances having the same composition, the same
molccular weight and chemical functions, but different
physical propertics.

2. Substances having the same composition, the same
molecular weight, but different chemical properties and
reactions. )

3. Substances having the same percentage composition,
but different molecular weights.

v

Crass 1.

When two bodies chemically alike exhibit slight differ-
ences of physical characters-~such as solubility, crystalline
form, relative density, or action upon light, they may be
regarded as one and the same substance, tFough more or
less disguised, and such bodies may be distinguished as
physically isomeric. To this class belong some of the modi-
fications of elemental substances commonly spoken of as
their a/lotropic forms or allotropes.

Sulphur, for example, when crystallised from carbon
disulphide, yields rhombic octahedrons, the relative density
of which is 2'07 ; whereas, if melted and allowed to cool, it
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crystallises in oblique rhombic prisms, having the relative
density 1'98. The prismatic variety soon changes spon-
taneously into the octahedral, which is the‘ stable form, at
the same time evolving heat.

Many othgr examples might be cited of the same sub-
stancg assuming different crystalline formd? the change of
structure being almost invariably attended by differences of
density and solubility. One form is generally less stable
than the oth®r, and %ooner or later, especially under the
influence of change of temperature, is converted into the
permanent variety. . .

Substances which crystallise in two forms are said to be
dimorphous.  Calc-spar, one form of native calcium car-
bonate, crystallises in rhombohedrons and other forms
belonging to the hexagonal system of crystals, with a
density about 2°6.  Arragonite, which is also composed of
calcium carbonate, forms rhombic prisms of a different
system and having a much higher density. Mercuric
iodide again is dimorphous, and in this case the two forms
differ not only in crystalline form and density but also in
colour, the permanent variety being scarlet, while the
unstable variety produced by heating the former is bright
yellow. .

The difference in all these cases probably arises not
from any difference in chémical constitution, but from the
varjous modes in which the molecules of the bodies are
associated together ; such modification being connected
with some peculiarity in the circumstances attending their
formation. ®

That a change of molecular structure is accompanied by
a corresponding change of physical characters is proved by
the well-known fact, that when a piece of, glass is strongly
compressed or when sibject to stress by cooling quickly
from a high temperature it acquires the power of polarising
light, this prgperty being lost when the strain is relieved.

' The most remarkable phenomena, however, are observ-



able in such compounds as lactic, malic, and tartaric acids,
the sugars and the hydrocarbons called terpenes. These
substances in the liquid state, and, when vaporisable as in
the case of common turpentine, also in the state of vapour,
possess the power of turning the plane of polarisation of a
ray of polarised Yight to the right or to the left. All the
substances mentioned above, except common sugar, existin
two forms, which so far as concerns all ordinary chemical
characters are indistinguishable from each other, but the
one rotates the plane of polarisation to the right, the other
to the left. When such substances are crystallisable, like
tartaric acid, for example, they exhibit the further peculiarity
of producing two varieties of crystals, the faces of which are
so situated that the two forms stand towards each other as
an object and its image in a mirror. In all such com-
pounds, the constitution of which is known, the molecule
contains at least one atom of carbon, having its four units
of valency occupied in four different ways. Thus malic
acid contains

CO,H—~CH(OH)—CH,—CO,H.

In this formula we see one of the carbon atoms (printed in
heavy type) combined with CO.OH, with H, with OH, and
with CH,. This atom of carbon is said to be asymmetric.

Similarly the dextro- and levo-rotating tartaric acids
haye the same constitution and no difference between them
can be exhibited by the usual formula written on a flat
surface

CO,H - (CH.OH)—(CH.OH)-CG3H
which contains two asymmetric carbon atoms.

In order to explain the facts it is necessary to appeal
to the idea that the relative positions of atoms can be re-
presented in space of three dimensions. The hypethesis
originated by Van t'Hoff is now universally adopted, and
the name geometrical isomerism or stereoisomerism has been



given to the phenomena explained by it. According to
this hypothesis the four radiclesunited to each asymmetric
atom are placed at the angles of a regular tetrahedron, the
atom of carbon occupying the centre. TWwo arrangements
of the ﬁttengant radicles are then jpossible, the one being
a reflection Of the other, but not superpdsible upon it, as
showh in the following diagram :—

R,

Ry

When a compound, the formula of which contains one
or more asymmetric carbon atoms, is found to be inactive
to the polarised ray, it is usually resolvable into equivalent
quantities of two active isomerides, the one rotating to the
right, the other to the left. Thus racemic acid is made up
of dextro- and laevo-tartaric acids, which may be dis-
tinguished thus :— ‘

H OH CO,H H CO,H OH
AN i / AN

Herc each of the atoms of carbon is provided with the
same attendawat radicles, but in no position is it possible to
place the one formula upon the other so that the satne
radicles come together. (

A fourth acid, called mesotartaric acid, which has long
been known, is optically inactive, but not resolvable like
racemic acid. In dextro- and in lzevo-tartaric acids the two
asymmetric carbon atoms present carrytheir attached radicles
in the same® order, but in mesotartaric acid the dextro-



rotatory effect of one-half of the molecule is neutralised by
the levo-rotatory influerice of the other. Hence meso-
tartaric acid may be represented thus :—- ‘

1
H OH CO,H H CO;HOH

\\i// \ -7
C. C

g
e
-

Quite recently it has been shown thatglements other
than carbon form compounds of the quadrivalent type
which are capable of existing in two forms exhibiting
optical activity of the same kind as that shown by carbon
compounds. The atoms of such elements—sulphur, tin,
lead, and probably others-—arc therefore capable of forming,
like carbon, asymmetric combinations the structure of
which is probably also built up on a tetrahedral model.
The methyl-ethyl-propyl tin iodide

is an example, but it is at present known only in the dextro-
rotatory form.

Nitrogen is also capable of producing asymmetric opti-
cally active compounds, and by analogy phosphorus,
arsenic, antimony, and other quinquivalent elements, may
be expected to yield, when the proper conditions are dis-
covered, -combinations having similar properties and con-
stitution.

Crass 11

Compounds having the same composition and molecular
weight, but different chemical properties, and yielding, when
decomposed entirely, different products, have been already
referred to in the preceding chaptcr under the name of
metameric compounds.  Such things as propionic acid and
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ethyl formate are, however, entirely distinct substances, the
identity of ultimate composition being merely a matter of
accident, and having very little significance. What may be
regarded as true isomerides in this class areéd however, to be
found among many orders of carbon compounds. For
example, noPmal butane C,H,, is r¢pisented by the

formulia
CH,.CH,.CH,.CH,

while isobutar?e, also ELH“,, is
CH, .
NCH—CH,.
CH,/

These two compounds ar.e very similar in properties.
Similarly the two propylic alcohols C;HzO and C;H,HO
may be represented by the following formule :—

CH, CH, CH,
CH, CH
EHg 5H
bu

Interesting cases are presented by the ¢position’
isomerides formed by benzene and other compounds, some
of which will be described in Section II.

Crass II1.—POLYMERIC SUBSTANCES.
»

Bodies containing the same elements united in the same
proportion, but having different molecular weights, belong
to this class of isomerides. The following are some
examples :— .

Sulphur boils at 440° and is eonverted into an orange-
coloured vapour, the density of whith, when taken at about
590° is three“times as great as it should be theoretically.



The figures which result from actual experiments are as

follows :— *
Temperature Density (H=1)

468° 114
502° 101
606° 68

At 800° to 1000° it is only 32 times as great as that of
hydrogen at the same temperature and pressure, thus con-
forming with the ordinary rule. Thére seerff, therefore, to
be two varieties of the gaseous sulphur molecule, one of
which is polymeric with the other. They may be repre-

sented by the formula:
Sg and 5:5.

Ozone, the molecule of which has been shown by various
facts and arguments to have the formula Oj, or 30,, may
also be regarded as polymeric with ordinary oxygen, O.,.

The two varieties of nitric peroxide, NO, and N,0,,
have already been described (p. 107). The latter is polymeric
with the former.

Of carbon compounds exhibiting similai relations, the
hydrocarbons of the C,H,, or olefine series, afford a
prominent instance. The formule of these bodies are all
multiples of the first, methylene, CH,, which, however, is
not known in the free state. Being at once polymeric and
homologous with one another, they form similar chemical
¢compounds and exhibit a regular gradation in their boiling
points and densities, as shown in the following table.

Formula.

; Name 2 : Boiling Point |
1
‘ hc.ne or cl‘xylenc | C.H, ] Gas,
t ! | liquefiable only under
! | great pressure
' Propene or propylene . o CHg | 178
. Tetrene or butylene I CH, 3°
, Pentenc or amylene . I CH, 35
i Hexene or hexylene . R O § 68-—70
&e. &e. | ¢« &c.




Further illustrations are supplied by the two chlorides
of cyanogen, CNCl and C;N;Cl, { by cyanic acid, CNOH,
and cyanuric acid, C;N,03H; ; also by the modifications of
aldehyd, C,H,0, paraldehyd (C,H,0); or C¥H,,0;, metal-
dehyd, (02H49)m and many others.

L]
- ALLOTROPY.!

Many of thg clemepts are known to exist in the form
of two or more modifications, which are very different in
physical properties and to some extent also.in chemical
behaviour. One or two examples‘ have been already re-
ferred to under thc heads of physical isomerism and
polymerism. It is probable that a closer examination of
the different cases of allotropy known among the elements
would enable us to range them all in one or other of these
classes. At present, however, our knowledge will not allow
us to adopt with any degrec of confidence a final decision
upon this point.

In the earlier part of this chapter prismatic sulphur is
described as a’ physical or mechanical modification of the
octahedral form of the element, and this is probably correct.
But these two are not the only varieties of which this element
is susceptible. By heating melted sulphur to a temperature
of 240° to 250° it becomes extremely viscid, and if cooled
suddenly while in this condition the viscid consistency is
retained, and the product is a tough elastic solid quité
different in aspect from ordinary sulphur. In this state it
is insoluble in garbon bisulphide, a liquid which takes up
octahedral sulphur very freely. After keeping a few hours
it becomes brittle and crystalline, and recovers its solubility
in the usual solvents. The same change may be brought
about in a few minutes by plunging it into hot water.

In these transformations, and in the insoluble character
of this plastic sulphur, we may trace a close resemblance

®
! From ¥AAos, another, and 7porh, from 7péww, to turn or change.
'



to the modifications to which certain carbon compounds,
such as aldehyd, cyanic acid, and other bodies, are subject,
and which are known to be the effect of polymeric changes.
It seems not unreasonable to consider that the production
of plastic sulphur may be brought about in the sime way.

Phosphorus presents us with an example of a somewhat
cimilar kind. This element in its ordinary state is at
common temperatures a solid of waxy consistence, which
becomes brittle at low temperatures. Its réfative density is
1-82. It melts easily, dissolves in carbon disulphide, and
by sublimation or solution it may be obtained in brilliant
crystals in the form of regular octahedrons and dodecahe-
drons. When this body is heated to a temperature ap-
proaching 250° it is slowly transformed into a dull red
powder or mass, of relative density 2-14, which is no longer
soluble in carbon disulphide. It shows itself also in many
ways less inclined to enter into chemical combination than
common phosphorus, being far less easily imflammable and
oxidisable, and unaffected by hot alkaline solutions.

The explanation of this appears, at least_very probably,
to be that the molecules of the ordinary phosphorus combine
together into more complex groupings to form the allotropic
molecules, and so expend part of their chemical energy.

Carbon is another element which assumes several distinct
forms, the relations of which are of great interest. We may
divide these various modifications into two distinct groups,
the crystalline and amorphous.

Crystalline carbon is dimorphous. In one form it con-
stitutes the diamond, which crystallises in \ctahedral forms
of the regular system, and has a relative density on the aver-
age of 3°3. The other is graphite, or, as it is frequently
called, plumbago or black-lead, the crystalline form of
which, hexagonal plates, is quite incompatible with the form
of the diamond. The average density of graphite is 2-2.
If now we review the results which have begn obtained by
burning the different forms of crystalline carbon, we find
‘ !
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that, allowing for slight experimegntal errors, the amount
of heat evolved by the combustion of equal weights of
diamond and graphite are practically the same. Twelve
grams of each substance burnt in excess oi‘ oxygen disen-
, gage enough Reat to raise the temperature ¢f about 93,300
grams of water one degree, or, as it is usually expressed
93,300 units of heat are evolved. The exact numbers in
each case are as follows :—
»

Diamond . = . . . 93,240
Natural graphite . . » 93,560}'mean
Graphite from iron . . 93,140) 93,350.

The smallness of the difference observed would lead
one to the belief that graphite and diamond possess the
same atomic structure, and that they owe their peculiarities
to different arrangement of their molecules—that, in short,
they belong to the class of physical isomerides, were it not
for some remarkable facts in connection with their behaviour
under the influence of chemical reagents. A mixture of
nitric acid and potassium chlorate has no action on the
diamond, even in a state of the finest dust, but under the
influence of this powerful oxidising mixture graphite is
converted into a yellow crystalline substance, called by
Brodie, who discovered it, graphic acid. This compound
contains C,H,0; (Brodie), and when heated it decomposes
violently, leaving a black graphitic residue, which still. re-
tains oxygen and hydrogen.

Amorphous ‘®arbon may be obtained by a great variety
of processes, and in each case the product exhibits more or
less distinctly marked peculiarities.

These varieties of carbon when oxidised yield, beside
black soluble substances of indefinite composition, a consi-
derable quantity of an acid called mellitic acid, Cz(CO,H)s,
which is a deriyative of benzene. Twelve grams of wood
charcoal give out 96,960 units of heat when burnt so as tca

K2



form carbonic anhydride, and other kinds of charcoal, when
deprived as completely as possible of hydrogen and oxygen,
give numbers closely agreeing with this. Taking the average
heat of combustion of crystalline carbon as 93,300 units, it
is obvious that- there is too great a differepce here to be,
fairly accounted for by the hypothesis of experimenta! error,
and consequently that there is some essential difference in
the constitution of crystalline and amorphous carbon. The
question whether this difference is sufficierit to indicate a
polymeric relation between these bodies remains to be
answered. Silicon and boron form allotropes, which are
analogous to those of carbon, and concerning which the
same questions may be propounded.

The study of these and many other cases has led to the
discovery that the formation of any two isomeric bodies
always involves the consumption of different amounts of
heat. Also, that when these bodies are burnt, or otherwise
similarly decomposed, the disruption of their molecules is
attended by the evolution of different amounts of heat.

This is nearly equivalent to saying that in order to
produce equal weights of two isomerides different amounts
of work must be expended in the two processes, and that
different amounts of energy are stored up in the products.

How is this energy disposed of? Adopting the mole-
cular theory, we may reply that the energy is employed in
tommunicating to some atom or atoms within the molecule
a new kind of motion or a change of position, whereby it
acquires new chemical functions, and this change of func-
tion we endeavour to represent by altering-ihe arrangement
of the symbols which go to make up the formula of the
body.
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EXERCISES ON SECTION L
Corvections of Gas-volumes for Changes of Pressurcbnd Temperature.

I 100 &c. ot; air when bar. = 750 mm. Findythe volume when
*bar. = 790 mm. . }

2. 250 c.c. of air when bar. = 765 mm. Find the voldme when
bar. = 745 mm.

3. What presgire in agnospheres would be required to make the
density of hydrogen (sp. gr. ‘0693) equal to that of air?

4. Calculate the atmospheric pressure pcr square centimetre when
the barometer stands at 760 mm.

Weighit of 1 c.c. of mercury, 13°596 grams.

5. Find the atmospheric pressure per square decimetre when the
barometer stands at 750 mm.

6. What change of atmospheric pressure will be dcenoted by a
change of 12 mm. iir the barometric column?

7. The weight of one litre of hydrogen at o® and 760 mm. is
0896 gramror I crith. Caleulate the weight of one litre of hydrogen
measured off under a pressurc of 1400 mm.

8. Find the weight of 1 litre of nitrogen (sp. gr. 14) ; of 10 litres
of carbon dioxide (sp. gr. 22) ; of 250 c.c. of oxygen (sp. gr. 16).

9. A mass of kir at 0° measures 100° c.c. What volume will it
occupy at 20°; at 15°:5; at 100°?

10. A certain quantity of air is measured at 75° What volume
will it have at 0°?

11. 1000 c.c. of gas at 12°:5,  What volume at 75°?2

12, 500 c.c. of a gas at 10°. What volume at 40°?

13. 300c.c. of a gas at 25°.  'What will its volume be at — 1097 |

14~ 75 c.c. of nitrogen measured at 50°. What volume at — 35°?

15. 1500 c.c. of hydrogen measured at 20°. At what temperature
will it measure 1000 c.c. ?

16. Five degreuw centigrade correspond with nine degrees on the
Fahrenheit scale.  Find the coefficient of expansion of gases for 1° F.

17. 150 c.c. of nitrogen are measured at 10° and under a pressure
of 500 mm. of mercury. What will the volume become at 16°-4 when
the pressure is 540 mm. ?

18. A quantity of nitrogen confined in a tube standing over mercury
in a mercurial trough measures 75°5 c.c. ; temp. 15°; bar. 742 mm.
surface of mercury inside the tube above surface of mercury in lhe
trough 122 mm. Find the volume which the gas would occupy at
nornal temperature and pressure.
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19. 1000 cubic feet of gas,are put into a balloon of 1250 cubic feet
capacity ; temp. 18°; bar. 765 mm. After ascending a certain height
it is found to be fully distended. 'What is the atmospheric pressure,
temperature being 8°?

20. A certain balloon is just capable of holding 10 grams >f hydrogen
under st:ndard conditions: what is its capacity? ZJow much larger
must it 1 e made if it is required o sustain a diminished atm spheric
pressure equal to 650 mm. bar?

Diffusion of Gases.

21. The specific gravity of chlorine is 35°5 (H = 1). Compare its
velocity of diffusion with thrt of hydrogen.

22. Specific gravity of ozone, 24 ; of carbon dioxide, 22.
Compare their velocities of diffusion with each other and with that of
II (sp. gr. 1).

23. The rate of diffusion of a gas is observed to be *81 when that of
air is 1. Find its density.

24. Oxygen and hydrogen are separated by a porous plate, and 3-83
cubic centimetres of hydrogen pass through the plate in a second.
What volume of oxygen passes during the same time in the opposite
direction ?

25. In the last question suppose the original volume of the oxygen
to have been 20 c.c. ; what will be the composition of the mixture
formed in its place after three scconds, assuming the apparatus so
arranged that no change of pressure occurs ?

Laws of Combination. Symbols and Formula.

26. Two clements, A and B, unite together in the following pro-
Jportions by weight : show that they satisfy the law of multiple
proportions : —

A B
I 96°28 372
II. 9283 7°17
IIL 89°62 10°30
IV. 8662 13°38

27. 100 volumes of each of the following gases contain respectively
the amounts of nitrogen and oxygen given: illustrate the law of
multiple proportions by means of these numbers :—

Nitrogen  Oxygen
Nitrous oxide . . . . 100 50
Nitric oxide . . . . 50 50
Nitric peroxide . . . . 100 200
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28. Give the names of the elements represented by the following
symbols : Al, Sb, Fe, Mg, Hg, Mn, C3, C,CL I, N, P, K, S, Ag,
Na, Br, Cu, F, H, Pb, O, Si, Zn.

29. Write down the symbols and atomic weights pf

Bgrium, boron, bromine ;

Calciumg carbon, copper ;

Magnesium, manganese, mercury, silver 3
Phosphorus, potassium, lead ;

Sulphur, sodium, silicon ;

Iron, iodine, chlorine, oxygen, nitrogen.

30. Read these symbols and formulae thus :—

N, represents une molecule of nitrogeny consisting of two atoms ;

o, o, Oll, 20H,, HQl, 1, Cl, Nii,, 11,PO,, H,SO,, FeSO,,
2FeS0,, Al,(SQ,),, 12011, 12A1,(SO,),, CO,, 3CO,.

31. Write down the formulee and molecular weights of water,
ammonia, hydrogen chloride, carbon dioxide, sulphuric acid, ferrous
sulphate, aluminic sulphate, phosphoric acid.

32. Write down the whole weight represented by each of the
following cxpressions: 2HgO, 100H,, 3FeS, 3FcS,, 2CS,
KCH,0,, K,CHJO, 5CIH,N, 12CH, KAKSO,), + 120H,,
3[INILCr(SO,), + 12011,).

33- Name the fullowing compounds: BaO, CaO, MgO, ZnS,
KCl, NaBr, AgF, I1,S, HI, KCN, SSe¢, BN, H,P.

34. BaO, BaO,; Hg,O, 1IgO; FeS, FeS,; MnO, Mn,0,
MnO,; FeO, FeQ, Fc0O,; NO, N,O, N0, N, O, NO,;
P.S;, P.,S;; SnCl, SnCl;; FeBr, FeBrg; Cu,Cl, CuCl;
CrCl,, Cr,Cly, CrFg; Sbb,, SbBr,.

35. KNO,, KNO, (—ate); K,50,, K,SO, (—ate); KCl, KCIO,
KClO,, KClO, (—ate), KClO,; KI, KIO; (—ate), KIO,,
NaliSO,, Na,SO;; Na,JPO,, Nal’0,, Nall,ro,; H,PO,,
11,PO,, H,PO, (—ic) ; 11Cl, HCIO, HBrO, HCIO,, HCIO,, 1110,
HCIO,, HBrO,.

36. Write out (¥ following cquations according to the scheme on
P- 54 :—

(a) MnO, + 411C1

() 2KI + Cl,

(¢) SO, + 20H, + Cl,

(d) NaNO, + H,S0,

(¢) 2MnO, + 211,80,

(/) 2K.Cr,0, e+ 8II,SO,

MnCl, + C, + 2H,0.

2KCl  + L.

H,S0, + 2lICL

NaHSO, + HNO,

z2MnSO, + 2110 + O,

2K,50, + 2Cr,(S0,); + 8H,0
+ 30,‘

[ T T
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37. Write out the followigg equations nccording to the scheme on
p. 55—

(a) 20H, o+ 2Cl, = 4HCl + O,
%) CO, "+ C (solid) = 2CO.

(¢) 2CO nt O, = 2CO0,.

(<) 2plH, = N, + 3H,
(¢) 2l5H, +  3Cl, = N, + 6HCL

(f) NII,NO, (solid) N,O + 2ILO.

38. Write out in symbolic equations :—- !

(2) Ammonium chloride and calcium lLydroxide give ammonia,
calcium chloride, and water.

(7 Ammonium nitrite (Heated) yields nitrogen and water.

() Common salt and sulphuric acid yicld sodium hydrogen sulphate,
and hydrogen chloride.

(d) Copper and nitric acid yield copper nitrate, nitric oxide, and
water.

(¢) Mercury and sulphuric acid yield mercuric sulphate, sulphur
dioxide, and water.

(/) Antimonious sulphide and hydrochloric acid yield antimonious
chloride and sulphurctted hydrogen.

39. How many grams of oxygen are required to burn 24 grams of
carbon and 32 grams of sulphur ? ,

40. How many pounds of zinc are there in 350 pounds of the sul-
phate ZnSO,? .

41. Iow much sulphur will give 100 kilograms of sulphuric acid,
H,50,?

42. llow many pounds of black oxide of manganese are required to
yield, Ly the action of hydrochloric acid, 112 pounds of chlorine ?
¢ 43. How many pounds of chalk containing 96 per cent. of calcium
carbonate, CaCO,, will neutralise 250 pounds of sulphuric acid ?

(In the following examples the gases are suppused to be at normal
temperature and pressure. )

44. Find the weight of 20 litres of oxygen, of 50 litres of chlorine,
of 250 litres of ammonia.

45. How many litres of oxygen are required to combine with

a. 12 criths of carbon ? B. 2 grams of sulphur?
7. 10 grams of carbon ?

46. How many litres of chlorine arc required to decompose 12 litres
of hydrogen iodide? \

. 2HI + Cl, = 2HClI + I,
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47. How many litres of chlorine arg required for the complete de-
composition of 1o litres of olefiant gas?

CH, + 2C, = C, + 4lCL

48. H8w many litres of hydrogen are ohtai‘\ed by dissolving
' 10 grams of maghesium in an acid ?

49™ What weight of potassium chlorate is required to y;ld 35,000
cubic centimetres of oxygen?

50. What materials and what quantities would you employ in
order to obtain 50 litres of each of the oxides of carbon ?

51. How much mercuric cyanide, Hg(CN),, must be used to furnish
50 c.c. of cyanogen, C,N,, assuming thay 60 per cent.«f the cyanogen
is obtained in the gaseous form ?

52. Red oxide of copper contains 88-8 parts of copper and 11°2
parls of oxygen by weight ; black oxide of copper contains 7987 of
copper and 20°13 of oxygen. If the formula of the “black oxide is Cu0,
how should the red oxide be 1epresented 2

53. Water contains 88'8 of oxygen, 11T of hydrogen. If its
formula is OII,, find the formula for peroxide of hydrogen, which
contains 94°12 O and 5-88 I1.

54. Two hydrocarbons have the following composition :—

L II.
Carbon® . . 85711 _ 923
Hydrogen . . 14729 f C.H, 7°7

Find the formula for II.

55. Show that the composition of the oxides of nitrogen, of man-
ganesc, and of chromium are in accordance with the law of multiple
proportion.

56 Examine the following equations, attach the name (o each
formula, and C]‘lbalfy the reactions according to Chapter IIL., p. 57,
giving reasons in doubtful cases :—

(@) Na, + w20H,

20Nall + H,

(b) Fe + H,SO.H,0 = FeSO.H,O + H,
(¢) (electrolysis) 2HC1 = H, + ClL

(@) SO, + 1L0, = H,S0,

(¢) (heat) <+ 3MnO, = MnO, + O,
(f) OKH + [HCl = KCl , + OBH,
(g) O, + Og (ozone) = OH, + 20,
(£) SO, 4 1,0 = H,S0,

() PH, + HI = PHI

(/) N0, + H,0 = 2HNQ,
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(£) PO, + 30,0 . = 2lI,PO,
() 2KI + Cl = 2KCl + I,
(m) C,H, + Br, « = .C,H,Br,
Ethylene.
(#) NaNO; + i"IESO‘ = HNO; + NaHSO,
(o) (heat), {KCIO, = KQCl + ,KClO, + O,
(#) MnO,’ + SO, = MnSO, e
() Moot 4 250, = MnS,0,
(n CH,O, + 3CL = CICLO, + 3HCI
(9 KS + CS, = KJCS,
(©) CJILHO + IINO, = C,U,NOJHO + 11,0
Phenol.

(#) C1L,0, +  PCl, C.ILOCI + POCl, + HCI

Acetyl chloride.

C,H,,Cl

2H,0 + NOC1 + Cl,
2H,AsO, + (NO + NO,)
NaPO, + NIl + H0
Na,P,0, + H,0

57. How many cubic centimetres of ammonia (measured at 15° and
under 740 mm.) would bLe obtained from 533 grams of ammonium
chloride ?

58. IHow mauny cubic centimetres of sulphur dioxide (measured at
20° and 740 mm.) can be obtained by the action of copper on 20 grams
of sulphuric acid ?

[}

(# C,H, + ICl

() 3HCI + HNO,;

(r) As;0, + 2HNO,+2H,0
() (heat) NaNH,HPO,

(s) (heat) 2Na,HPO,

[ TR T 1

Atomic and Molecular Weights.

59. One atom of antimony is said to be equivalent to three, and one
atom of zinc to two, atoms of sodium. Explain this statement.

60. Distinguish between atomic, equivalent, and molecular weights.

Give the atomic and equivalent weights of inercury, zine, chlorine,
iodine, sulphur, iron, and copper.

Also write down the molecular weights of BS, rClL, AsH,,
1,80,

61. What weight of sulphuric acid can be precipitated by one gram
of barium chloride ?

62. What is the weight and volume (at normal temperature and
pressure) of the hydrogen contained in 10 grams of microcosmic salt,
NaNILIIPO,. 41,0 ?

63. Enumerate very briefly the various methods by which atomic
weights may be determined ; and indicate in the case of each of the
fol(luwing elements the method or methods which would be applicable :
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oxygen, chlorine, potassium, mercury,,carbon, sulphur, lead, silver,
arsenic, silicon, barium, copper, manganese.
64. The specific heat of iron is 1138, 3State approximately its
atomic weight.
65. Tlee specific heat of cadmium is ‘0567, an‘; its equivalent 56.
» Give its atomic weight.

60® The equivalent of platinum is 4875, and its perc}loride has
the formula PtCl,. Find ils specific heat.

67. The formula of water was formerly written thus, HO, and
subsequently, fo® some ylars, H,0, (assuming O=8). Discuss both
these formule, pointing 8ut any inconsistencies you may detect in them.

68. Complete the e¢quation . .

Ag,0 10,=

Quote analogous reactions, and explain the theorefical significance
of these facts.

69. The volume of the molecule of a compound body in the gascous
state is double the volume of the atom of hydrogen. Examine the
truth of this statement ; give the experimental facts upon which it is
based, and discuss any cxceptions to it with which you are acquainted.

70. Acetic acid contains C g0, I1 6°6, and O 534 per cent. ; and
chloracetic acid contains 37°5 per cent. of chlorine. Calculate the
molecular weight of acetic acid.

71. Explain “the signification of the several formula: for potassic

sulphate,
K,0.50,; KO . re
20-50; Ko}so._,, K,SO,
O O0-K

and /\\S/
O/\ 0O-K

72. With the help of the table on p. 112 write down the formule
of the following smlts : sodium fluoride, silver sulphate, mercuric
cyanide, mercurous phosphate, barium chlorate, bismuth chloride, fer-
rous orthosilicate, cupric acetate, ferric nitrate, chromic oxalate, stannic
phosphate, calcium hypochlorite, &e. &c.

73. Write the formulic of nitric oxide, carbonic oxide, white arsenic,
acetic acid, benzoic acid, oxalic acid, aluminium chloride, ferric
chloride, orthophosphoric acid, and describe bricfly the method or
mecthods by which the molecular weight of each has been determined.

74. If the specific heat of a metal is 03, state approximately its
atomic weight. Calculate the exact value of the atomic weight, the
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composition of the chloride being, metal 2:915 parts to 1 part of
chlorine by weight.

75. The atomic weight of silver being 108, and its specific heat ‘057,
another metal M, ¢f which 70 parts unite with 35°5 parts of chlorine,
is found to have th. specific heat '0306. What is the atomirz weight of
this metaljand theormula of its chloride ? .

76. Fym the following observations determine the mefecular
weights of .he dissolved substances : —

Freezing point of water used, 0°000°. Weight of substance,
12616 grams. Weight of water, 92-25 grams. Freezing point of
solution, —1:450°. ”

77- Weight of substance, 13-052 grams  Weight of water, 91°98
grams.  Freezing point of solution, —0-825°.

78. Freezing point of water used, + 0'025°. Weight of substance,
4-9818 grams. Weight of water, 96'94 grams. Ficezing point of
solution, —o0°270°.

79. Freezing point of acetic acid, 3:120°. Weight of substance,
08579 gram. Weight of acetic acid, 103°62 grams. Freezing point
of solution, 2-970°.

8o. Freezing point of benzene, 1-560°. Weight of substance,
0'7815 grams. Weight of benzene, 8561 grams.  Freezing point of
solution, 1-350°.

Substance dissolved in 100 grams of ether and ~bserved rise of
boiling point : —

81. Benzoic acid, weight of substance, 1-846 ; rise of boiling point,
0-325°.

82. Camphor, weight of substance, 1:76; rise of boiling point,
0°240°.

83. Phenol, weight of substance, 4'641; rise of boiling point,
1-010°

84. Weight of alcoho! taken, 54°70 grams. Weight of substance
dissolved, 0'7222 grams. Boiling point of alcohol, 78:3°. Boiling
point of solution, 78:545°. .

85. Weight of alcohol taken, 49-82 grams. Weight of substance
dissolved, 1°5157 grams.  Elevation of boiling point, 0-288°.

86. Weight of water taken, 41°73 grams. Weight of sugar dis-
solved, 20271 grams.  Elevation of boiling point, 0°069°. Molecular
elevation for 100 grams water =5-2.

87. Alcohol, ether, and acetic ether have the following rational
formula: :

C,I C, I 1,1
w0 . Qo ciio )@



What arguments could you draw from the existence of such bodies in
favour of the number 16 as the atomic weight of oxygen? Why is it
probably neither 8 nor 327

88. The formula of the molecule or chemical unit of ammonia is
NH,. What is the meaning of this formula, and what are the reasons
for using ¥ ?

Formula Calculated from Results of Ana{ysis.J
wing com.

81; A compound is found by analysis to have the fol
position :— .
Carbon, . . - . . . . 5218
Hydrogen. . . . . . . 13°04
Oxygen . . . . . . - 3478

100700
To find its simplest formula.
9o. The analysis of a compound leads to these numbers :—

Carbon . . . . . . - 37720
Hydrogen . . . . . . . 790
Chlorine . . . . . . . 54'0%

100°0§

It is not often that the formula can be calculated so easily as in the
example given in the text and in the last exercise. It must be borne in
mind that in actual practice a slight loss isincurred in the estimation of
many elements. s The number for hydrogen, however, often comes
out a trifle too high.  Oxygen is always estimated by taking the differ-
ence between the total weight of the body analysed and the sum of
the weights of the constituents which have been actually weighed.

In the present cxample we proceed in the following manner :—

Divide the percentages by the atomic weights in the usual way :

33—: = 3°I atoms of carbon.
7_;9. = 79 , , hydrogen.
5499 _ . 54 atom of chlorine.
355
Divide the three quotients by the last, which is the least.
3T = 2-01 atoms of carbon.
I'54
175_3 = §12, , hydrogen.
I'm

? 1 atom of chlorine.
1°54



Now, recollecting that the percentages found by analysis are not
exactly true, but only close approximations to the correct numbets, and
remembering that the hydrogen is generally in slight excess, we may
safely reject the u?(n small fractions which occur in the above numbers,
and the formula tI 2n reads

b C,H,CL .

To prgve that this represents correctly the composition of the body,
it is well\to recalculate the percentages on the basis of this formula.
This caleulation is performed in the following manner :—

t

C, = 12 x 2 = w4 u
I; = 1 x 5 = 4
. a = 35°S
64'§

Then 2‘-%:-.;—09 = 37'20

§ x 100

64_'-5 - = 775
355 % 100 _ g
e 5503

And these theoretical numbers are seen to be very close to those
obtained by experiment.

Theory. Experiment.

> 37°20. . . . . . . 37°20

H 7v9s. . . . . . . 7°9Q

Cl 55°05. . . . . . . 546§

91. What is the simplest formula you would assign to a substance
containing—

Carbon . . . . . . . 54°S
Hydrogen . . . . . . . 92

c Oxygen . . . . . . . 363

in 100 parts ?
92. Also to the following body :—

Carbon . . . . . . ¥ . 8820
Hydrogen . . . . . . 1180
100°00

93. And again to an organic base containing —
Carbon . . . . . . . 6378
Hydrogen. . . . . . . 576
Nitrogen . . . . . . . 332
Oxygen . . . . . . . 27°14
100°00



94. From the following percentages calculate formule for the
several compounds :— >

L
Iron . . . . . . . 6o's }
Sulphur . . . . L . " 39'5
°
5 IL.
Iron . . . . . . 70 .
Oxygen . . . . . . . 30J%
, 2 IIL.
Hydrogen . . . . 588 }
Oxygen . . . . . . 94712
1v.
Sodium . . . . . . . 3279
Aluminium . . . . . . 1302
Fluorine . . . . . . . 54’19
V.
Carbon . . . . . . . 39°313
Hydrogen . . . . . .o {
Oxygen . . . . . . . 52'98J
VL
Carbon . . . . . . . 6867
Hydrogen . . . . . . 495
Oxygen . . . . . . . 2638
VIL.
Carbon . . . . . . - 49°05)
Hydrogen . . . . . . 514
Nitrogen. . . . . . . 2861
Oxygen . . . . . . . 17'20J
VIII
Carbon « . . . . . 42700
Hydrogen . . . . . . 646 }
Oxygen . . . . . . . 5154
IX.
Carbon . . . . e L4

Hydrogen . . . . . . 238
N'urogean . . . . . + 33733
Oxygen . . . . . . . 2858



95. Find the formula. of mtrosopmcne from these numbers :

Carbon . . . . . . 72'87
Hydrogen . . . . . 8-97 }in 100 parts.
Nitrogen . . . . . . 874

and for nitrosopin'ne hydrochloride from the following per-entages :

ilarbon . o . . . . 59'58
‘Jydrogen . . . . . . 807
Nitrogen . . . . . . . 7720
Chlorine . . . . . 17°45

(Y

96. The silver salt of an organic acid was found by analysis to yield
47°1 per cent. of metallic silver. Determine its molecular weight.

In the formation of the silver salt from the acid, 108 parts of silver
take the place of 1 part of hydrogen. Therefore,

Molec. wt. of acid — 1 = molec. wt. of salt — 108
or Molec. wt. of acid = molec. wt. of salt — 108 + I.

In the example given 47'1 parts of silver are contained in 100
parts of the salt. So that 108 parts of silver are contained in
fgg_i’f 100 = 229'3 parts of the salt. This is, therefore, a number

4
identical with, or very near to, its molecular weight. The answer is,

therefore,
Molec. wt. required = 2293 — 108 + 1 ~ 122°3.

Or, since the atomic weights of carbon, hydrogen, oxygen, and
nitrogen are all integers, the fraction must be discarded, and the
munber becomes 122.

This corresponds with the formula of henzoic acxd s verify it

97. Aniline contains—

Carbon . . . . . . .78
Hydrogen . . . . . .7 5} per cent.
Nitrogen . Cn . . . . 15
and its platino-chloride contains 329 per cent. ofplatinum : to find its
molecular weight and formula.
As explained in Chapter VL. p. 95, the platinum salts of nitro-

genous bases arc constituted on the same type as that of ammonia. *
Hence we may represent the formula of platino-chloride of aniline

thus— iy
2(Aniline + HCl) + PiCl,

or Aniline + HCl + DCL
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The first question, then, is, what weight of platinum salt is repre-
sented by this formula? This is answered as follows :—
329 parts of platinum makes 100 parts of platinum salt ;
therefgre %5 parts or one atom of platinum *\ake 1oo 3:9 195

“parts, or 592. °® ’

We have now to subtract from this the platinum perchjoride and
hydrogen chloride ; half the remainder is the molecular weight of the
aniline.

®  sgF-337-73=182
and —l—:—z =91

Now, taking the percentage composition of aniline, we have to
calculate the proportions of the three elements contained in 91 parts ot
the base,

. 100:91: :974:.x
x = 70°4 carbon.
100:01: 75 y

» = 68 hydrogen,

100:91: [150:%

. 5 = 13°6 nitrogen.

Hence the fommula is obtained by dividing these numbers by the
respective atomic weights.

704 _ 586 atoms of carbon.

12
6I§ = 68 atoms of hydrogen.
1342 = *97 atom of nitrogen. .

Hence, allowing for experimental error, which in this case is very
small, the moleculargprmula required is

Cs8 67 N7 & CH,N.
97 ‘97 ‘97
98. -1442 gram of anthraflavic acid gave ‘3712 gram of CO, and
*0448 gram of water. Calculate a formula. .

99. A sulphide of tellurium and arsenic was analysed. -6347 gram
of the mineral gave ‘2584 gram of tellurium, *3978 gram of ammonio-
magnesium arsenave (MgNH,AsQ .H.0O), and 1'6453 gram of barium
sulphate. Calculate a formula.

L L
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100. The analysis of trichloracetyl urea gave the following
results :—

(a) *3210 gram gave *2060 gram of CO, and ‘0453 gram of H,0;

(6) 0823 gral‘x gave ‘0109 gram of nitrogen ;

1

{¢) 1204 gral: gave -2510 gram of AgCl.
Calculate [he formula of the compound.

101, A}nlysis of uranium pentachloride :—

Weight of substance taken . .. 89055 gram
s 2 UgOq found . . oL thO38
3 i3] ARCI IE) . . . B ]'4997 »
Calculate the formula,

102. *3807 gram of henzoic acid gave 9575 gram of CO, and 1698
gram of water. And 4287 gram of benzoate of silver gave 2020 of
silver. Calculate the rational formula of benzoic acid.

103. *5828 gram of platino-chloride of caffeine left after ignition ‘143
gram of platinum. What are the molecular weight and formula of
caffeine, which contains

Carbon . . . .. . 4905
Hydrogen . . . 514
Nitrogen . . . . . . 2861 [PEr cent.?

Oxygen . . .. . . 17°20

104. The platinum salt of a volatile organic base was found by
analysis to have the following percentage composition :~-Carbon, 9°5;
hydrogen, 3°2; nitrogen, 573 chlorine, 4205 and platinum, 39-0.
The vapour density of the base was found to be 159 (air = 1).
Calculate from these data its molecular formula.

105. The silver salt of an organic acid contained 62°44 per cent. of
metallic silver. It atso contains 17°34 per cent. of carbon and 173
per cent. of hydrogen. From these data endeavow to find a formula
for the acid.

106. Write graphic constitutional formule for all possible isomeric
forms of the hydrocarbon hexane C,H,,. ot

107. Write graphic constitutional formul for the possible isomeric
forms of amyl alcohol C,II,(OHY, the oxygen being in all cases in
the form of hydroxyl as indicated.

108. Write graphic formulee for methyl acetate and ethyl formate,
and for methyl cyanide and acetonitrile.



SECTION 11

CILLASSIFICATION.

CHAPTER X.
CLASSIFICATION OF ELEMENTS.

A cLass is an order or number of things which have
common characters or which answer to the same descrip-
tion, and classification is the process of arranging things in
classes. The extent of each class and the number of things
included in.it will depend upon the features or properties
which are to be considered as belonging exclusively to the
class, and distinguishing it from all other classes. In
chemistry we have to consider the composition of matter
and all its properties, but especially those which seem to be
connected with chemical action. The first division of
materials as sef from the chemical point of view is into
the two great classes, Elements and Compounds. A suffi-
cient definition of an element in the modern chemical sense
has alrcady been given (p. 30), and the methods and
characters by which pure chemical compounds can be dis-
tinguished from mechanical mixtures have been given at
some length (pp. 36 to 41).

We may now proceed to consider the rules by which 2

L2
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classification of both elements and compounds may be most
usefully effected.

Elements might be divided into solids, liquids, and
gases, but suchf an arrangement, being based only upon
accidental physical conditions, would obviously be useless
for all scientific purposes. To secure a classification which
not only Yerves the purpose of assisting the memory but
also brings to view analogies or relationships which would
otherwise remain unnoticed, it is necessary t§ adopt such a
system that the members of each class agree not only in
one character, as in being solid or lustrous or heavy, but in
as many characters as possible. The student must, how-
ever, be warned that whatever system is adopted it is
impossible, in attempting the classification of the things of
nature, so to define a class as to separate cvery individual
in the class from cvery other individual which is not
included in it. The natural families or groups into which
the elements are divisible provide many cxamples of sub-
stances which in some minor particulars present exceptlonal
characters.

The earliest recognised class among the elements is that
which has so long been known as the Metals. 'The division
of the known elements into metals and non-metals is, how-
ever, in some respects unsatisfactory, and has become in-
sufficient since the discovery of the elements of the Argon
gfoup. We may now arrange the known elements in two
divisions as follows : —

Division I.—INacTivE ELEMENTS.

All exist in the free state, and are not known to torm
any chemical combination either among themselves or with
any of the remaining clements.

All at present known are colourless gases having dif-
ferent densities, and, it is believed, monatomic molecules.
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Their names, approximate densitjes, and molecular weights
are as follows :—

Name. Density. ﬁiolecnlar Weight,

s —
Helium . . 2 } 3
Negn . . . 10 20
Argon . . . 20 ?/’)
Krypton . . . 41 2
Xenon . . . 64 128

e L]

DivisioNn IL—AcTivE ELEMENJS.

.

This division includes all the ordinary components of
the earth’s crust and atmosphere. They are distinguished
from the elements in Division I. by entering into a great
variety of combinations. They admit of being arranged in
three classes as follows :— .

Class I.—Non-metallic, or Electro-negative Elements.

Class 11.—AMetalloids, or Imperfect Metals, generally
electropositive.

Class I11.=—Afetals. Electropositive.
Crass I.—NoN-METALLIC ELEMENTS.
Gascous at common temperatures :
Oxygen, nitrogen, fluorine, chlorine.
Liguid at common temperatures :
Bromine. Density, 2°96.

Sorflls
Sulphur (octahedral), Dexusity, 2 07
Phosphorus (red) ” 22
Silicon (graphitic) » 2°49
Boron (crystalline) » 2'6
Carbon (diamond) » 3'5

Selenion (crystalline) 4’5
Iodine " 4'95



These elements, as a class, are characterised by no com-
munity of physical properties. &t common temperatures
and pressures four are gases—fluorine, chlorine, oxygen,
nitrogen ; one, Lromme, is a liquid ; the rest are brittle
solids, the density of which is in no case very high. Of
these, iodine, sulphur, selenion, and phosphorus are fur:ble
and vaporisable ; the remaining three are distinguished by
difficult fusibility and volatxllty, by abnormal specxﬁc heats
(p- 74), and by affording, in the cases ,of griphitic carbon
and silicon, the only notable examplcs among the non-
metals of electric conductlvity.

In their chemical characteristics, however, there is toler-
able uniformity. They all combine with hydrogen, forming
gaseous or very volatile hydrides ; they also combine with
metals, often in several proportions ; their oxides are either
neutral and indifferent bodies, like carbonic oxide, or, the
great majority, anhydrides, which by uniting with water form
acids. In the electrolysis of their compounds the non-
metals are invariably liberated at the anode, and they are
usually spoken of as negative elements. There are several
among them, however (carbon, silicon, and boron certainly,
and probably nitrogen), which have not been observed as
primary products of elcctro-chemical decomposition, and in
such cases it is only possible to infer from analogy that, like
the rest of the ncn-metals, they are probably capable of
forming negative ions.

NON-METALS.—GROUP I : THE HALOGENS.

¢
Symbols. dtomic Weights.
Fluorine . F =19
Chlorine . Cl = 3545
Bromine . Br = 79.96'9,4',_1 = 8r1'15
Iodine . 1 =126'85[ 2

These elements are characterised by a remerkable family
likeness. The last three especially are constantly associated



together in nature in the haloid ! salts of potassium, sodium,
&c., and in the ores of whercury, silver, and other heavy
metals. They also agree very closely with one another in
their general physical characters and chemigal deportment.

At oMinary temperatures chlorine is gIsleous,'bromine
Tquid, iodine sohid ; but bromine and iodine are volatile,
and yield heavy, coloured vapours, which, whql largely
diluted with air, have nearly the same odour as chlorine.
Each forms with hydrdgen a strongly acid compound, which
under ordinary conditions is a colourless, fuming, very
scluble gas, consisting of equal velumes of Mydrogen and
the vapour of the halogen, united without contraction,
The chlorides, bromides, and iodides of the alkali metals
crystallise in the same form, and the isomorphus replace-
ment of the one halogen by another is observed in a great
many other cases. ’

The following table exhibits the formule of all the
known oxides and acids of chlorine, bromine, and ioc}ine,
from which it will be seen that although there are many
gaps to be fillgd up, perhaps by future research, the corre-
spondence, so far as it goes, is almost complete :—

Halogen Oxides and Corresponding Acids.

CL,0 ClO,
HCl HCIO HCIO, HCIO,,}HC]O.J HCIO,
HCIO,; )’
No oxide of bromine known.
HBr HBrO HBrO,
1205
HI  HIO (¢®) HIO; (?) HIO, (?)

or H,I,0, or H;10,

The diffcrences exhibited by chlorine, bromine, and
iodine are strictly gradational ; chlorine, ‘with the smallest

atomic weight, is most active, bromine stands next, and
L]

1 §As = sea-salt = common salt.



iodine is the least energetjc of the three. These differertefs
are manifested by their relative activity towards the metals
and hydrogen, chlorine displacing bromine, and bromine
displacing iodipe from such combinations.

Indigations'of the same differences are afforded by the
superior activity of chlorine as a bleachmg agent, ant' by
the energy with which it replaces hydrogen in carbon com-
pounds. In this case chemical activity diminishes in pro-
portion to increase of atomic weight, and'rise of boiling-
point and density.

The replacement of vne or more atoms of hydrogen in
a hydrocarbon by an equivalent quantity of one of the halo-
gens produces a neutral substitution compound ; but if a
similar replacement is effected in the molecule of a body
which contains oxygen, the product not unfrequently pre-
sents well-marked acid properties. This interesting fact
can be illustrated by reference to the derivatives of phenol,
CsH,OH. This substance, vulgarly known as carbolic acid,
though capable of exchanging an atom of hydrogen for
certain metals is not an acid in the strict sense of the term,
and when pure it does not redden litmus. But when
treated with chlorine or bromine it yields a succession of
compounds in which the acid character is gradually deve-
loped in proportion as more of the halogen is exchanged
for chlorine. The formule of these compounds is repre-
sented below :—

CsH,CL.OH C.H,Br.OH

C.H,C1,.0H C¢H,Br,,OH
+H,Cl,.OH C¢H,Br,. OH

C,Cl,.OH C,;Br;.OH.

«q
They behave as monobasic acids, exchanging one atom of
hydrogen for metals.
This oxygenic' tendency of the halogens is also indicated

' Oxygenic =acid producing.



b?!’wthe destruction of basic character in the amines or com-
pound ammonias by the substitution of chlorine, bromine,
or iodine for their hydrogen, as is well shown by the chlo-
rinated derivatives of aniline.

Aﬁiline.CGILN, a powerful base.

™~ Chloraniline, CHCIN, less basic than aniline.
Dichloraniline, C;H,CI,N, feeble base.
Trichlorgniline,,CsH,CI;N, neutral.

Jodine.—Iodine presents one or two peculiarities which
deserve special notice, as they serye to remove it to some
slight extent from immediate association with the kindred
elements, bromine and chlorine. In the first place; its
affinity for hydrogen is decidedly less energetic than that
of either of the other two clements. This is indicated first
by the fact that iodine does not usually bleach vegetable
colours ; secondly, that, acting alone, it is incapable of
producing substitution derivatives from carbon compounds.!
Whenever substitution of chlorine, bromine, or iodine
occurs, the hydrogen which is necessarily eliminated goes to
form the corfesponding hydracid. Now, in the case of
iodo-substitution compounds, it has been shown that they
arc all decomposed by the action of- hydriodic acid, with
reproduction of the original body and free iodine. Hence
iodo-substitution compounds cannot be formed by the
action of iodine, unless precautions are taken to remove or
to destroy the hydrogen iodide that may be produced. This
is effected in various ways, usually by the action of mercuric
oxide or iodic acig. The difficulty may also be got over in
some instances by substituting iodine monochloride for
iodine. Thus, orcinol acted upon by a solution of iodine

wchloride gives tri-iodorcinol and hydrogen chloride—

C7H302 + SIC] = C7H51302 '*'.3I'IC1.
Another distinguishing characteristic of iodine is the

! See also Chapter XVIIL., Heat of Combination of Iodinc with
Hydrogen.



intense colour exhibited by the vapour of the element itself,
by its solutions in certain liquids, notably in carbon disul-
phide, by its compound with starch, and by many iodides,
the corresponding chlorides or bromides being eltht.r colour-
less or very paléd.

In some cases the colour is only observable wher Lie
compounyl is in the solid state. Scarlet mercuric iodide,
for example, gives a colourless solution in ether, and yellow
lead iodide forms a colourless solution in water. It is pro-
bable, therefore, that the colour is due to some peculiarity
of crystalline structure irf these cases.

Again, chlorine and bromine are more soluble in water
than iodine, and are even capable of forming at low tempera-
turcs crystalline hydrates, having the formule Cl,.10H,0
and Br,.10H,0, no such compound being formed by iodine.
On the other hand, the solubility of chlorine and bromine
is not increased by the addition of a chloride or brommde to
the water in which they are to be dissolved. The solubility
of chlorine in aqueous solutions of chlorides is usually less
than its solubility in pure water  Todine, however, is freely
soluble in iodide of potassium, and, indeed, produces in
this way a black liquid which contains an unstable tri-iodide
of potassium, KI,. This compound forms dark blue
deliquescent prisms.  The corresponding ammonium salt,
NH,I;, resembles it closely, and analogous periodides arc
fcrmed by the ammonium Dlases, some of which form
crystals of great beauty, containing two, four, six, or even
eight atoms of iodine in addition to the elcments of the
normal iodide ; as, for example, the folllwing compounds
derived from tetramethyl-ammonium iodide :—

N(CH,),I, N(CHj),Ly, N(CHy),I; N(CHy) I,

The iodates exhibit some anomalies for which there is
no parallel among the chlorates. Thus, in addition to the
normal potassic iodate, K10;, or K,I,0,, there are two
?ther wcll-crystallised salts for which it is difhcult to find -



analogues. Their composition may be expressed alterna-
tively as follows : —

KHI, Oy or KIO ;. HIO,

KH21309 or liIOa.ZHIO;;. i

A s
riodic acid is still more anomalous, for it yiefds salts
such as Na,H;IOg, which show that the hydrogen in the
molecule is divisible into five parts ; hence the fofmula of
the acid is not signply HIQ,, corresponding to chloric acid,
HCIO,, but must incl®de the elements of water

HIO4 + 2H20 = H;—,IOG. *
These may be regarded as orthoperiodates and from

them, by removal of the clements of water or metallic oxide,
other classes of periodates may be obtained

H';IO(; —H20 =H3I()(,
Orthoperiodate. Mesoperiodate.
—-2H,0 =HIO,
Metaperiodate.
ZH)IOG —3Ht_:() =H41209

Diperiodates.

Fluorine.—This element has been at last isolated (1386)
by the electrolysis of a mixture of hydrogen and potassium
fluorides. It is a pale yellow gas which decomposes water,
forming hydrogen fluoride and ozone. The liquid element
boils at about —187°.  Silicon and boron burn in the gas,
forming fluorides. Fluorine is separated from the othew
halogens, partly by its extraordinary attraction for silicon,
partly by the non-existence of any oxide or oxyacid of
fluorine.  In spite;Mso, of their general resemblance to the
chlorides, bromides, and iodides, individual fluorides differ
in many cases from the corresponding chlorides. Thus,

uoride of calcium is insoluble, chloride of calcium very
soluble and deliquescent ; fluoride of silver is soluble in
water, chloride of silver totally insoluble; fluoride of
potassium solublg in water, but, unlike the neutral stable
chlorid, it yields an alkaline solution which probably con-



tains caustic potash anq the double hydrogen and potassium
fluoride.
2KF + OH, = KOH 4+ KF.HF.

The tenddncy to produce double salts of th¥s kind has,
indeed, led to the idea that fluorine may b€ really a bjxiZat
element, like oxygen, with the atomic weight 38. The
formuld of the double fluorides would then be comparable

with those of oxygen compounds. * s
Fluorides Oxides
H,F analogous to H,0
KHF » KHO
KBF, ' KBO,
K,SiF, ” K,SiO,
K,SnF; " K,Sn0;
&ec. &ec.

There cannot, however, be any doubt that the molecule
of gaseous hydrogen fluoride is constituted similarly to
gaseous hydrogen chloride, and must be represented by the
formula HF, notwithstanding its disposition to associate
into more complex molecules H F, (where n is greater
than 1) at temperaturcs from the boiling point 19°*4, up to
near 88° when the density becomes normal and constant.

The double fluorides moreover are not more numerous

or prominent than are the double chlorides, bromides, and
<odides, and it seems not unreasonable to explain. their
existence by a similar hypothesis. The atom F (= 19) is
probably trivalent. If so, the constitution of fluoride of
potassium and hydrogen may be represthted as

KF = FH,

and that of the other fluorides, single and double, in a
similar manner.

Valency of the Halogens.—An atom of a halogen never
replaces, in a direct manner, more than one atom of hydro-
gen. In the haloid salts of thesc elements, 35°45 parts of



15/

chlorine and equivalent quantities of bromine, iodine, and
fluorine are almost always combined with the metallic
representative of one part by weight of hydrogen. The
halogens arc therefore generally univalent. Nevertheless,
many compounds are known, the existence of which can
scaraly be accolinted for except upon the hypothesis that
they are occasionally trivalent. ¢

Thus, in addition to the normal iodides and iodo-sub-
stitution compoutds, _ ¢

HI, K'I, Hg'l,, C:H,l'O, ,
iodine forms the following compoun.ds:
I'"Cly, TI"(CyH30,);, KAgl”,
which may be written as follows :
Cl CIN\ / 0—C,H,0

/ NN\
12-C1 or I—Cl T—0—-C,H,0 K—I=I-Ag

\Cl c1/// \\o—chxo

In some of their oxygenated compounds, chlorine,
bromine, and iodine present also a resemblance to nitrogen,
which is most usually a trind. Thus we have agreement in
the empirical formule of hypochlorous and hyponitrous
acids, chlorous and nitrous acids, chloric and nitric acids.

HCIO HCIO, HCIO, HCIO,
HNO HNO, HNO,

The nitrogen a®alogue of perchloric acid is at present
unknown.

A further correspondence is observable in their oxides :
C1,0 ClO, . LO,
N, O N,0; NO; and N;0, N0,

Now, if we admit that nitrogen is trivalent in these com-
pounds, the presumption that chlorine and its congeners



are also trivalent is, at least, worthy of discussion. The
following graphic formulw express the constitution of chloric
and nitric acids upon this hypothesis : —
. (0]
H—0-CI | H—O—N/?: -
\0 \O o~
Chloric acid. Nitric acid.

A further comparison between iodine and nitrogen may
be traced in the formation by the former clement, though
not by chlorine or bromine, of compounds which corre-
spond in composmon and to some extent also in properties
with the nitroso- and nitro- derivatives of many carbon
compounds. Iodosobenzene C4H 10, for example, is com-
parable with nitrosobenzene C;H;NO, and iodoxybenzenc
CsH,10, with nitrobenzene C;H;NO,. Further, iodine
is even capable of simulating the character of nitrogen in
producing compounds of a basic character similar to that of
the compound ammonium bascs.

Diphenyliodonium hydroxide (C;H;),I.OH, for in-
stance, is a strongly alkaline substance which absorbs
carbon dioxide, and forms crystalline salts by exchanging
hydroxyl, OH, for acid radicles, ¢g the chloride
(C,H,),I.CL

In making such a comparison, however, it is important
to avoid the crrors that may be involved in the use of
¢he simplest or non-molecular formule.  Thus hyponitrous
acid, or hydrogen hyponitrite, is not known, but therc is
strong evidence, derived from the properties of some of its
salts and from certain modes of its fortfation, that the truc
molecular formula would be HyN.O; and not simply HNO.
With regard to the constitution of the oxyacids of chlorigg
it must be remembered that perchloric acid, although it
contains more oxygen than chloric acid, is far more stable.
Hence probably these two compounds are differently con-
stituted, and while chloric acid and the<two lower acids

~may be assumed to possess one typc of structure, perchloric



acid almost certainly presents another. Supposing chlorine
uniformly monad the three lower acids must be represented
by the following formulae :—

H. iCl H.0.0.Cl H.0.0.'O.C.I
g, Hypochlorousgy Chlorous, Chloric.

If. .chlorinc be assumed to be trivalent thc formule for
chlorous and chloric acids might be '

q
H.O.Cl = O and H.0.0.Cl = O,

while perchloric acid on the same @ssumption may be repre-
sented by a formula in which the oxygen atoms are united
so as to form a closed ring, thus,

o

N
H.0.CI O/o

For such an expression there is only indirect evidence
based on the observation that among carbon compounds
superior stability is commonly attributed to the formation of
a somewhat similar ring. There is, howcver, no method at
present known by which the constitution of such com-
pounds as perchloric acid can be investigated.

Chlorine is sometimes supposcd to be septivalent or
heptad, but the discussion of this hypothesis must be
reserved for the present (sec MANGANESE). -

As contributing evidence that all the halogens have a
reserve of combinix}'g capacity over and above that which is
manifested in the simplest compounds HCl, KBr, CH,1, &c.,
we might also point to the large number of permanent

~amd definite double compounds which the chlorides, bro-
mides, and iodides are capable of forming. We have, for
cxample, the well-known chloro-platinates of the alkali
metals—

2NaCl.PtCl,

2KC1L.Pi[Cly, &c.,



besides the innumerable compounds of the alkali-metal
chlorides with the chlorides of magnesium, iron, aluminium,
mercury, copper, and other metals. Although a few of
these compounds are decomposed by water, the majority of
them are stable enough, and give no signs of alteration
by such treatment. Their constitution is ‘Most reaso@DBly
represenjed upon the assumption of the trivalence of the
halogen The compound KI. H;,Iq, for example, may be
written in this manner :

-

K- Hg

N/
I

Some chemists regard these compounds as formed by
the union of entire molecules of the constituent salts, com-
bined together by some kind of adhesion differing from
ordinary chemical affinity. Thus the potassio-mercuric
iodide represented above is considered to contain both
iodide of potassium and iodide of mercury, Hgl, + KL
This salt, however, is colourless, soluble in water, and totally
unlike the scarlet insoluble mercuric iodide, the elements of
which it contains, and, so far as physical characters are
concerned, there is nothing to distinguish such cases from
examples of ordinary atomic combination.

I
. /I\
N

¢ NON-METALS.—GROUP 2.
Symbols. Atomic Weights.
Oxygen . . O =16 .
b‘ulph.ur .o S = 3206 ¢ + Te
Selenion . . Se = 7910 -=79'53.
Tellurium. . Te= 127

These elements are associated together principally by
reason of the correspondence in composition and general
properties among their compounds with hydrogen—

OH, SH, SeH, TeH,.



For although, taking any two adjagent terms of the series,
many points of resemblance may be traced out, yet there is
a very wide interval between the colourless gas oxygen and
the silvery, metallic, crystalline solid tellurium.

Oxygerf stanéiing apart from the rest in virtue of many
extiffordinary qualities, deserves to be noticed first. This
element constitutes nearly one-half the total weight of the
eagtf’s crust. Indeed, it seems to be the preponderating
clement of the®globg ~ Leaving out of account the in-
significant quantities of metals and metalljc sulphides
embedded in the earth, it may lfe said that the entire
constituents of the earth’s crust, including the water of the
ocean, consist of compounds saturated with oxygen ; and
ceven supposing all organic bodies to be completely burnt
up, the atmosphcre would still contain a considerable
quantity of unemployed oxygen.

Oxygen is entirely unmatched among the rest of the
elements, both as regards the number and varied character
of its compounds, and the important part which it plays in
relation to combustion and life.

Water, hydrogen protoxide, also exhibits propertics which
are in every way remarkable as specially fitting it for the
part it has to play in the economy of nature—the very
type of a neutral body, yet capable, under special circum-
stances, of acting either as a feeble base or a feeble acid ;
an almost universal solvent of saline bodies ; exhibiting the
anomaly of attaining maximum density at a temperature (4°)
above its solidifying point ; standing alone amongst liquids
by reason of its gréht capacity for heat; having a vapour-
density little more than half that of its gaseous sulphur
aaalogue (SH,), and yet liquefying and solidifying readily.

The higher oxide of hydrogen, O,;H.,, with its bleaching
and oxidising powers, resembles in no slight measure the
clement chlorine.

The name owxygen, ‘acid producer, from é&£Js and
yewvdw, was given by Lavoisier under the mistaken impres-



sion that this element contained a principle common to all
acids. This we know was an error. Nevertheless, the
name was not ill-chosen, and for the following reasons :—

1. The rmajority of known acids contain oxygen. The
chief execptions to this statement are as follows : —

(a) The so-called hydracids, HF, HCI, HBr, HI, HEN,
and their compounds, such as fluoboric acid, HF.BF; or
HBV,, fluosilicic acid, 2HF.SiT, or H,Sil, chlorauric and
chloroplatinic acids, HCLAuCly or HAuCly, 2zHCLPtCl, or
H,PtCl;, &c.

(#) Thio-acids, whicl: may be regarded as oxygen acids,
a part or the whole of the oxygen of which is replaced by
sulphur, ¢.¢. —

Thiosulphuric acid . . . H,80,8
Thiocarbonic acid . . . H.,CS,
Thiacetic acid . . . HC,H,0S

2. In proportion as the quantity of oxygen increases in
a series of acids containing the same elements, so the
acidity as well as the stability of the compound is almost
alwaysincrcased. A detailed examination of such examples
as the following would, if space permitted, confirm this
statement :

HCIO HNO, H.S0, H,PO,
HCIO, HNO, H,$0, H,PO,
HCIO, « . H,PO,
HCIO, ,

Glycolic acid, C,H,0;,
Oxalic acid, C,H,0,
N L)
3. The addition of oxygen to (ncutral) aldehyds converts
them into acids. Zx. gr.—

Acetic,

Aldehyd . . . . CH,0
Acid . . CH,0,
Benzoic.

Aldehyd . . . C.H,0
Acid . 'C7H002



4. In homologous series of acids, the lowest terms which
are richest in oxygen show a far stronger development of
the acid character than the higher terms of the same series,
which are comparatively poor in oxygen. Compare, for

example——’ . .
Pormxc acid, CH,0,, containing 69's per cent. of oxygen,
Acetic acid, C,H,0, » 53'3 » ”

withe ’
Valeric acid, C;H,00, ,, 33 o "
and o .
Palmitic acid, C,;H3,0, ,, 12°4 ” »

5. Many oxidgs of metals are basic, that is, saturate
acids with production of water and salt, but a few examples
will be sufficient to show that it is only those which contain
a comparatively small quantity of oxygen that possess this
power. As the quantity of oxygen increases in a given
scries, the basic character gradually disappears, and gives
place to a more or less decided acid-forming tendehcy.

ExamrrLis or MeraLLic OXIDES.

Basic 'ng KO | BaO | PbO | MnO ' Cro !
' gO | ' Mn Oy ((cebly) 'cr, O,(feebl))[
Inter- K,0, B.xo,i PO, ! MnO, * .
mediate K,0,

. Acidic | [ ano lcro, |
! ! » | an 7 ' |

Allotropic oxygen or ozone is a body which has attracted
considerable attention. - The experiments of Brodie finally
decided the question of its constitution it favour of the
hypothesis long ago put forward by Odling. Ozone is now
proved to be allojropic oxygen, free from hydrogen, and to
have the formula O;. It may thus be regarded as formed
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on the type of hydrogen peroxide, with which body it agrees
in many of its reactions.

Hydrogen peroaide. O:zone.
oo 10 ol e
. H-O O -~

Sulphur, Selenion.—These two elements resemble each
other closcly. Sulphur is a yellow selenéon a red solid,
exhibiting several modifications, somé of which are crystal-
line and soltible in carkon disulphide, others amorphous
and insoluble.

Principal Allotropes of Sulphur.
Rel. Dens.  In carbon disulphide.

1. Octahedral (pative) . 207 soluble.

2. Prismatic (monoclinic) . 198 transformed into 1.
3. Plastic . . . . 195 insoluble.

4. Amorphous . . 1'95 insoluble.

(DPrecipitated from sulphur Lh]orlde or from thiosulphates.)

Principal Allotropes of Selenion.

1. Monoclinic (native) . 44  soluble.

2. Crystalline (form ?) . 48 insoluble.
3. Vitreous . . . 4'3 insoluble,
4. Amorphous . . . ?  insoluble.

(Precipitated iromn selenious acid.)

The following is a comparison of the most important
compounds of sulphur and selenion :—

H,S SO, SO, H,S0,  H,SO,
Gas. Gas. Solid. Crystallisable as  Dense crystallisable
hydrate at low liquid.
temperatuzes.
HgSC SCOg Se03 28303 HgseO4
Gas. Solid. Unknown, rystalline solid. Dense g:ry;.cllallisal
iguid.

.
The selenates are isomorphous with the sulphates.



The relations of sulphur to oxygen are shown in the
following synopsis of some of their compounds :—

SULPHUR. OXYGEN.
- S T
| SH, gas, feeblygacid | oH, )
! S,H, oily liqui . O, oily Hquid
. CS colourless gas? ' CO colourless gas
' C8, volatile lxqmd} , CO,gas .. ]
| COS gas . j
i . i
: B - .
l
! AcIps. .
i CJ1,0.SI1 thiacetic. B.P. 93°, C,I i 0.0H acetic. B.P. 120°
SO, OH.SH thiosulphuric i S0, OH.OH sulphuric |
Basic.
; Sulphides. | Oxides.
SKH { OKII .
| SK, i OK,
i SCa i OCa
I CS(NIL,), thiocarbamide + CO(NH,), carbamide or urea
i |
| R e - - R
: SALTs.
! M’,CS, thiocarbonate . M',CO, carbonate
-+ M’,AsS, thioarsenate 1 M',AsO, arsenate
i M'CNS thiocyanate l M’CNO cyanate
1
ALconoLs.
{ S{}CfI{’ mercaptan. B.P. 36° {(’{H‘ B.P. 78°4 .
» ErneRrs.
S(C,H;).. B.P. 72° . O(C,H,),. B.P. 35°6
|

It is necessary, however, to add that many oxygen com-
pounds are known for which at present thereare no corre-
sponding terms in the sulphur series—the oxides of nitrogen,
for example. Op the other hand, sulphur has a power of
accumulating in a manner which is not cxhibited, at least



to the same extent, by oxygen. Consequently, many poly-
sulphides exist for which there are no corresponding oxides.
Thus we have K,S,, CaS;, FeS,, (C,H;)3S,, and (C, H,),S;,

Valency of Oxygen and Swulper.

Oxygen is generally diad or bivalent, and in its gaseous
or vaporisable compounds, with ene exgeption, it is in-
variably so. Thus each of the formula following represents
the normal two volumes of vapour :—

Cl CH CH e
He 40 0 *O C 0

Carbonic oxide is usually represented as containing un-
saturated carbon® C:O, but, as will be shown, there are
some reasons for believing that oxygen is essentially tetrad,
though in such cases as those referred to above only one
half its valence is actually called into use. .On the hypo-
thesis that oxygen is quadrivalent in carbonic oxide, the
formula may be written C: Q.

The quadrivalent character of oxygen has been partly
based upon the supposed existence of lower oxides of
copper and silver, Cu,O and Ag,O, but the evidence con-
cerning the composition of these substances is unsatisfaetory.
The existence of compounds such as the products of the
union of methyloxide with hydrogen chloride, (CHy),0.HCl
and methyl chloride with water CH;CL.H,O can only be
explained by supposing that the molee :les are united by
the residual valency of the oxygen and chlorine. Thereare
other compounds, the composition of which necessitates the
assumption that the oxygen in them is also quadrivalc%f,
but unfortunately their composition is somewhat complex,
and is unsuitable for discussion in a comparatively elemen-
tary book.

Water of crystallisation is often considered by chemists



to exist as water in the salts in which it ocgurs, the molecules
of the salt and the molecules of the water retaining their in-
dividuality, being united only by some kind of adhesion.
Such water is very easily detached, and constitutes no
essential part of the chemically reacting unit of ythe com-
puund in all tHe most characteristic of its transformations.
Nevertheless, the idea that this water is held to the salt by
the two extra units of combining power of the ox$gen is far
more probabler ()ne cxample of the application of this
hypothesis will sufficé. Zinc sulphate contains ZnSO,.70H,,
or ZnSO,OH..60H,. This may be expfessed in the
following manner : —

0—0-H
/P\/i
.,n‘ L
0, O-H
0
/N

I’Ig=0 O=H2

| |
H,=0 O=H,

| |
H,=0—0=H,

Now it is well known that six out of the scven molecules
of water present in crystals of zinc sulphate are expelled by
heat much more readily than the last molecule, which can
be detached only-awith great difficulty. This fact is recorded
in the second of the two formul® given above, and it also
comes out in the graphic formula in which two atoms of

*fydrogen are represented as occupying a position in the
molecule corresponding with that of the zinc.

Another fact which deserves to be noted is that oxygen
is nearly related to sulphur, as already shown, and though
the capacity for combination is morc fully developed m



the latter element than in oxygen, it is probable that a
part of the valencCy of oxygen, ordinarily latent, may under
certain circumstances be called into play. In addition
to the facts concerning sulphur already mentioned, the
student rnay be reminded that while oxygen has a normal
density 16, approximately, down to very low temperatures,
the density of sulphur vapour, many degrecs above its
boiling peint, shows that the molecules are more complex
than those of oxygen, and it only bdcomessnearly equal to
the atomic weight at a red heat, or from 8o0° to 1,000°.

Withregard to sulphur. the question is somewhat different.
This element forms three well-marked classes of compounds.
In the first of these it is bivalent, and may be regarded as
the strict representative of oxygen. Examples of this type
of compound have been already given, SH,, S,H,, CS,,
COs.

In the second class the sulphur alone is quadrivalent :
ex. gr. in—

5{8 S‘g and S( "
|g{ 10" 10”

Sulphur tetrachloride. Thionyl chloride. Sulphur dioxide.

In the third class of sulphur compounds, represented by
sulphur trioxide, SO,, the central atom seems to be sexi-

‘ O
valent sulphur : .
0=5=0

of this and all the rest of the sulphurtcompounds might
be represented on the hypothesis that sulphur is diad,
0—5—-0

\O / , but the analogy of sulphur with chromium, and

It is true that the constitution

especially the isomorphism of the sulphates and chromates,
seem 1o establish the title of sulphur to be regaided as a
hexad,



The several oxides, hydroxides, and, oxychlorides are
therefore represented in the following manner : —

0" [O” (04 (Q"
vi) O,‘ \'j ) (044 vi 50” vi | Q¥
Slgr 81c1 S'((OH)’ S1(OH)
Cl Cl (OH)'
Sulphur trioxide, Sulphuryl Sulphuryl Sulphuryl dydroxide, or
chlorid* hydroxychloride.  common sulphuric acid.
L ]
(044 (O .
. |ony * lo
${(OH) §{o>Fe
(OHY (OHY’
(OHY (oHy
Glacial or letm_}?’dric sulphuric Ferrous sulphate
acid. (dried at 100%).
OH (0]
(on o>He
vi'OH 0]
$10H S] o>He
OH 0]
(OH 0->1s
Orthosulphuric acid Trimercuric orthosulphate,
(unknown). Turpeth minumr.
(S()Q.OII {S();.Cl
1O 10
(s0,.01 (s0,.c1
Tyrosulphuric or Nordhausen Pyrosulphuryl
sulpharic acid. chloride.

NON-METALS.—GROUP 3 : BORON.

A triad element, but cxhibiting marked analogies with
tetrad silicon. ,The following are their chief points of
agreement :—



“Yro

|
Boron. ! SILICON.
!
Element, (@) amorphous brown ' Element, (¢) amorphous brown
powder or (4) quadratic octa- i powder or (4) hexagonal plates I
+ hedrops. | -

Density 268 | Density about §'5
BH inflammable gas SiH spomaneously inflammable
B(CH.),,%B(C Ha),, &e. SI(C}I,,)” Sl((,ollﬁ)“ &e.

BiCl,,  B.D. SiCl,., B.I. 5
BF, gas SiF, g
BF,.]IF or BIIF, Sit,.2IIF or Sill,F,

known only ¢n solution : salts scarcdy known cxcept in solu-

crystallisable tion ; salts tolerably stable

II,BO, ILSiO,

crystakisable Cxists only in solution
1 BO, i 11,810,
B,Oy (fused, Dens. 183) Si0, (fusad Dens. 2°2)
M'{BO, o1thoborates ! M’,blO orthosilicates
M'BO, metaborates ' M',Si0, metasilicates

Anhydroborates, M'BO, + xB,0, ' Anhydmsxllcales, M',Si0O,
Example, fused borax, 2NaBO, ; +SiO,

+ B0y i Example orthoclase felspar
I\ Si0), +25i0
‘ Al 2(51() ) } 2

Boric acid is a feeble acid and is readily distinguished
from such acids as sulphuric acid by its action on vege-
table colours. It is volatile in the vapour of water and
alcohol, and may be distilled in considerable quantity
with these liquids. On the other hand the trioxide, which
is left when boric acid is dehydrated by heat, is vaporisable
only at a white heat. It is therefore capable of displacing
the elements of the corresponding acidi<’ oxide when fused
with many salts: sulphates, nitrates, carbonates are thus
decomposed with expulsion of sulphur trioxide, nitrogen
pentoxide, and carbon dioxide respectively. It is, however,
worthy of note that boron trioxide is capable of exhibiting a
feebly basic character, as it forms unstable compounds with
sulphuric and phosphoric oxides, and it praduces a tartrate,

‘K(BO)C‘H.,OG, corresponding in composition to tartay



emetic (se¢ Arsenic and Antimony). It also appears to
play in some minerals a part similar to that taken by alumina,

Boron combines directly with nitrogen forming a com-
pound, BN or perhaps B3N;, which can also be produced
by heating together ammonium chloride and anhydrous
borax.

" NOM-METALS.—GROUP 4.

Carbon, C = 12.
Silicon, Si = 28'4.

Allotropes of Carbon.

a. Diamond, octahedral, Dens. 33 to 3°s.
4. Graphite, hexagonal, Dens. about 2-2.
¢. Charcoal, amorphous.

Allotropes of Silicon.

a. Adamantine (?).
4. Graphitic, hexagonal, Dens. about 2°5.
¢. Amorphous.

Carbon is'remarkable as being the essential element of
organic nature, and silicon as being one of the most
abundant constituents of the earth’s solid crust. Regarded
as chemical elements, they present problems of special
interest in the multitudinous array of compounds which
Jhey have furnished to the chemist. The carbon com-
pounds will be specially considered hereafter ; it therefore
only remains to point out in this place a*few of the coin-
cidences of composition so frequently observed between the

compounds of these two elements.
* In comparing carbon and silicon compounds together, it



cannot be said that the similarity so often noticed in their
constitution extends to their properties. In most cases
corresponding carbon and silicon compounds are very
different bodies. A few examples only can be referred
to: -

Carbon Compounds. \ Silicon Compounds.

CO, colourkess inflammable gas. ; Sio, unknown

CO,, colourless gas, soluble to ' SiO,, crystalhm solid, fusible only

some extent in water. * at a “very high temperature,
totally insoluble in water. Ily-
drates slightly soluble.

«©

CII,, permanent gas. Sill,, spontaneously inflammable
.

} gas.
|

CHCI,, heavy liquid, unacted upon | SiHCI,, liquid, decomposed by
by water. water.

Orthosilicic and orthocarbonic acids, H,Si0, and H,CO,,
are unknown, and but very few of their compounds have
been studied. Of orthosilicates we have olivine, Mg”,Si0,,
ferrous orthosilicate, Fe'’,SiQ),, the ethylic ester,(C.H,),Si0,,
and a few others. Orthocarbonates are represented by such
compounds as the ammonium-hydrogen orthocarbonate
(NH),H,CO,, and the ester (C,H;),CO,. Ordinary car-
bonates are dcrived from metacarbonic acid, H,COyj, a body
which has not been isolated, though the corresponding
silicic acid has been obtained as a solid glassy mass. Al
carbonates are decomposed on the addition of even the
weakest acids, whereas the majority of the silicates are
attacked but very slowly by acids. Nevertheless silicates
containing alkaline or carthy oxides are slowly decomposed
cven by carbonic acid, which extracts the alkali, leavigg
hydrated silica, alumina and ferric oxide, &c.

Silicon is capable of forming a number of compounds in
which it appears to simulate the habit of carbon and to
be capable of replacing it, atom for atom, {0 a greater or
less extent. The formule of few of these compounds arg



tabulated below together with those of their carbon proto-
types :

Formic acid. Silicoformic acid.
HCO.OH HSi0.0H
* DPropionic acid. Silicopropionic acid.®
C,H,X0.0H C,H,.Si0.0H
Benzoic acid. Silicobenzoic acid.
C‘,H‘,,.C0.0H' C4H,.Si0.0H
»
Tetraphenylmethaix. Tetraphenylsilicomethane.
C(C.H,), 51(C4.H5)4,
Ethylic orthocarbonate. 'Ethylic orthosilicate.
C(OC,H;), Si(OC.Hy), .

The significance of these facts, however, is perhaps not
so great as appears at first sight, for the properties of the
two classes of compounds are usually very different, and
boron, which is #iwalent, is capable of playing the same part
as the silicon in the compounds referred to. Boron tri-
methide B(CH,;),, a gas, for example, and boron triethide
B(C,H,;);, a very volatile liquid, arc compounds in which
the boron atom links together three carbon atoms in the
same way that an atom of carbon unites four atoms in
tetramethylmethane, C(CHj3), a liquid of boiling point is
about 10°. Both the silicon and the boron compounds in
which these elements are directly combined with carbon,
and which contain no oxygen, are distinguished from the
corresponding compounds in which carbon alone occurs by
the readiness with which they absorb oxygen.

»

Valency of Carbon and Silicon.

' Silicon is always tetrad. Carbon is tetrad in all its known
compounds, except possibly carbonic oxide, CO, and the
isocyanides (see p. 120). The unsaturated character of
carbonic oxide 1s shown by the readiness with which it
enters into combination with chlorine, with oxygen, with



potassium, with caustic potash, and with cuprous or platinous
chloride.

CO + Cl; = COCl,, carbonyl chloride

CO + 0 = CO,, carbon dioxide

6CO + 6K = K4C,04 .

CO + KHO = KCHO,, formate, Gc.

From _the characteristic reactions of the isocyanides
(see p. 120) it appears that in these (compoynds an atom of
carbon is linked to the hydrogen, or ‘other positive radicle
present, by the atom of nitrogen. Now, according as we
regard the nitrogen in these compounds as discharging a
triad or pentad function, we must attribute to the carbon a
replacing value equal to two or four atoms of hydrogen.
Either of these two formule, then, may be adopted :—

i“ Iz / w v

C=N-—R or C=N—R

The one may be regarded as a derivative of ammonia, the
othcr of marsh-gas.

In favour of the former view we may adduce the combi-
nation of such a cyanide as prussic acid with hydrochloric,
hydrobromic, and hydriodic acids, forming crystalline com-
pounds analogous to sal-ammoniac, and with hydrogen
forming methylamine ; also the combination of the iso-
cyanides generally witih oxygen to form isocyanates, and
with sulphur to form isothiocyanatcs. These combinations
may be represented thus :—

(H H)y(H y(H N (H N (H:
Niew ajN{cr Nic=o Nic=s Nica,
Hydrocyanic Carbylamine Cyanic acid. Thiocyanic Methylami

)aud gr h;&rz:ﬁi$ilde. yan lat.’;t.)l, ¢ Vi,
Carbylamine.

If the second hypothesis is adopted, we must imagine
that the union of the carbon to the mtrogen is partly un-
locked before these compounds can be found. Thus the



"change from hydrogen cyanide to cyanate, for example,
would be expressed as follows :—
C:N.H O:C:N.H

Cyanide. Cyanate.
The formation of the hydrochloride seems to require the
assumption tha the carbon becomes dyad as shown in the
formula given above, unless it is supposed that the elements
of hydrogen chloride unite directly with the carbon, which
is less probables® !

NON-METALS.--GROUY §: NITROGEN AND PHMOSPHORUS.

Nitrogen N = 1404
Phosphorus P = 31 'N_"'_V =326z
Vanadium V = gu2 2

Phosphorus P = 31
Vanadium V 512
Arsentc As = 75

|
)
s )

Phosphorus P
Arsenic As

P+Sb_
Antimony  Sb 2

75

120

o

P+ Bi

Antimony  Sb = 120 —, = =11975"

Phosphorus P = 31
Bismutk  Bi = 2085 }

Dtagram of Numerical Relations typical of Chemical
Relations.

Nr1g4 /Vsi1—As7s
.1’31 ——As75—Sbrzo
Vs \Sbiz0—Biz08

In this list of clements there is a change, concurrently
with the increase of atomic weight, from the obviously non-
metallic character, displayed by nitrogen, to a considerable
development of the characteristic features of a metal, as
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secn in bismuth. - Nitrogen and phosphorus are marked off
from the rest chiefly by reason of the peculiar properties of
their principal compounds with hydrogen, ammonia, NH,,
and phosphine PHj, and the bases formed from them by
substltutlbn of hydrocarbon radicles for hydrogen.! Am-
monia is distinctly characterised by its power of uniting,
directly and as a whole, with all acids without exception.
Phosphiné imitates ammonia in combining with the
hydracids HCl, HBr, HI. The corm)ounds thus formed
are, however, dissociated more easily into the base and the
acid than are the corresponding compounds of ammonia,
for while salammoniac is a perfectly stable crystallisable
compound at common air temperatures, phosphonium
chloride, PH,C], can exist at such temperatures only under
pressure. ‘That phosphine is not known to be capable of
uniting with other acids probably arises from the readiness
with which the phosphorus in it seizes upon oxygen, so that
the sulphate which is said to be formed at low temperatures
is decomposed under ordinary conditions, the phosphorus
taking oxygen and liberating sulphur and hydrogen sulphide.
Ammonia and phosphine, however, are not the only com-
pounds which nitrogen and phosphorus form with hydrogen.
The nitrogen scries is particularly interesting as scen below:—

NiTroGEN CoMprOUNDS. P’HosPHORUS COMPOUNDS.2

Diazoimide or

Hydrazoic Acid. (Unknown.)
N,H P,H
Hydravzine.
H, ¥.H,
Volatile liguid Volatile liquid,
strongly basic,
NH, PH,
Gas, very soluble Gas, very slightly
in water, strongly soluble in ws iter,
hasic. feebly basic.

! See Amines, &c., Chapter XV.
2 The orange coloured substance supposed to wonsist of the com-
‘pound P,H or P, H,described in books is probably allotropic phosphorus.



Therelations of nitrogen and hydrogen respectively in these
compounds are very curious. The ptesence of one atom
of hydrogen combined with nitrogen confers on the com-
pound acid properties so long as the other constituents of
the molecule are not decidedly positive in charactér. Thus

HN:N, is-hydrazoic acid
HN:CO is cyanic acid
but 3
HN(CH,), is dimethylamine, a powerful base.

The addition of a second hydrogén atom to the nitrogen
produces a compound with basic properties and tendencies.
Thus

H,N.NH,, H,NCH,, H,NC H,, &c.

are bases, and even (H,N),CO acts as a basc towards
strong acids, although the negative influence of the acidic
group CO is felt (see Amides).

As regards the properties of nitrogen and phosphorus
in the elemental form they present a marked contrast
to each other. Nitrogen is a gas liquefiable only at very
low temperatures and not known in any allotropic form.
Its density agrees with the molecular formula N,.
Although nitrogen at common temperatures and pressures
is incombustible, and is not capable of entering very
readily into combination with oxygen, it is absorbed very
rapidly by several elements, boron, magnesium, and the
alkali metals, at a red heat.

Phosphorus, on®he other hand, is in its ordinary con-
dition a crystalline though easily fusible and volatile solid,
wigl a vapour density which corresponds with the formula
P,. It is also capable of passing into several allotropic
modifications, and is distinguished by the readiness with
which it unites with oxygen, sulphur, chlorine, &c. The
oxides and acids f nitrogen in their volatility and easy de-
coinposability, form a strong contrast to the corresponding
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compounds of phosphorus. The accident of agreement
in their crude or synoptic formule by no means implies
identity of constitution, and it seems probable that the
atomic structure of the nitrogen oxides and acids is, at
least in many cases, different from that of the puosphorus
compounds. .

The following are examples of agreement in the crude or
empirical formule of compounds of nitrogen and of phos-
phorus with oxygen :—

Triovides. Tetroxides Pentoxides. Acdids.
N.O, N0, N0, HNO,

But this apparent concordance is deceptive, for the molecular
weight of the phosphorus compounds must be expressed by
double these formula, namely—

P,0Oq P,0, P4Oi0 H,P,04

The vapour densities of all these compounds, except P,O,,
have been experimentally determined, and there is no
reason for attributing a different structure to this inter-
mediate oxide, which is very similar in general properties
to the other two.

The compounds N,0, NO, HNO,, find no parallels
in the phosphorus series, while H,;PO,, H PO, H;PO,,
H,P,0,, the salts of which, at lcast, are highly stable and
definite, are altogether unrepresented among the nitrogen
compounds. Again, while phosphorus yields two chlorides,
PCl; and PCl;, and an oxychloride, POCly, nitrogen forms
one chloride, NCl;, and an oxychloride, NOC], a yellow
gas. It has been the very general custom to represent ~ll
the compounds of nitrogen by formula framed in the same
manner as those of the phosphoric compounds, without
regard to their dissimilar preperties. But by assuming that
nitrogen is trivalent in these bodies we rerider some account
of these discrepancies. On this view the formule given



above for nitric acid and nitrogen pentoxide may be
expanded in the following manner! :—

Nitrogen pentoxide. Nitric acid.

O ¢ ()
[ SN—O—N{¢ | | SN—O—H'
o/ 7 No o/

It is, however, possible that in these compcunds the
nitrogen may be“pentqdi as it appears to be in ammonium
salts (p. 255). Nitric acid and its anhydride would then be
expressed as follows :— '

Nitrogen pentoxide. Nitric acid.
o 0]
N V4 N\
N—O—N N—O—H
4 N\ 7
@) o (0]

The difference between these compounds and the oxides
and acids of phosphorus in respect to volatility and
perhaps other characters would then be accounted for, at
least partly, by the lower molecular weight and simpler
structure of the nitrogen compounds.

The group of four atoms which constitutes the molecule
of phosphorus is a very stable structure which bears very
high furnace temperatures without showing signs of breaking
up. Supposing this molecule to be constituted in the
manner represented by this formula :—

=p—p=
=p—r=
it is obvious that there are but twelve units of valency

' The formule might also be written O=N-0-0-0-N=0,
and O = N - O — O—4, though for several reasons the form given in
the text is preferable,

N2
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disposable. Hence to account for the addition of ten atoms
of oxygen we must assume either that atoms of oxygen are
inked together or that the union between the atoms of phos-
phorus is brokcn in the highest oxide. The following seem

to be the most probable formulze :— . .
1’40(, P.(Om
¢ O 0
/ /AN
] NN
N AN
O/. O O/ 0] O0000O0
N/ N/ N/ N/
v P F—0—D
N/ N/
(0] O

On the addition of water to phosphoric oxide the mole-
cule is divided into two parts and metaphosphoric acid
1esults.  From this the usual formule for pyrophosphoric
acid and orthophosphoric acid, the successive products of
the addition of water, are easily deduced.

Orthophasphoric

Metaphosphoric. Pyrophosphoric, two maleeules,
-0OH
0=P—OH o=r=ghy 0=P—OH
. /] l —OH

0 0 o

N _L-on __—oH
O=P-OH O=I —OH O=P—-0H
- —OH

The oxides and acids of phosphorus arc entirely diffesent
in properties from those of nitrogen, being far more stable,
and under no circumstances can they be made to give up
oxygen as nitrous and nitric acids do. Orthophosphoric
acid can with difficulty be made to crystallisc by evaporat-
ing its solution in a vacuum over sulphuric acid. On the
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application of heat it loses successive proporlions of water,
thus :—

2H,PO,—~H,0=H,P,0; (pyro)
and
2H,PO, — zH?O)
or * . =H,P;0; (meta)

Though the’dehydrhtion cannot be carried so far as to
produce the pure Pﬁoephonc oxide, m(,taphosphonc acid
loses water at a red heat, and <he residue” contains an
appreciable excess of the anhydride, P,O),. It is some-
what remarkable that, although the oxides of phosphorus
preserve the complex type of the element, the chlorides are
quite simple. The trichloride I’Cl; is a colourless volatile
liquid the vapour density of which agrees with the formula.
It combines in a direct manner with chlorine, with oxygen,
and with sulphur, yielding the pentachloride PCly, the
oxychloride PCl;0, and the thiochloride PClyS, in all of
which the phosphorus appears to be saturated. In contact
with water phosphorus trichloride yields phosphorous acid,
which would appear from this mode of formation to contain
three hydroxyl groups, 3HO. Phosphorous acid is, how-
ever, not tribasic but only dibasic, and it is probable, therc-
fore, that internal or isomeric change occurs at the moment

of its formation. o
/OH /OH
P—OH becoming O=P—0OH
O \\H

arhosphoric chloride is a pentachloride, but on vaporisa-
tion it dissociates into the trichloride and free chlorine.
Evidence of this change is afforded by the colour of the
vapour, which is that of chlorine gas, and by the low value
observed for thesvapour density. This substance is much
used as a reagent for exchanging chlorine for hydroxyl. ,
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When dissolved in water it yields hydrogen chloride and '
orthophosphoric acid. The oxychloride PCl1,0 is a colour-
less volatile liquid which gives a normal vapour density.

Phosphorus forms two compounds with fluorine, namely
a trifluoride PF,, and a pentafluoride PF;, of which the
latter is interesting as it is perfectly stable at high tempera-
tures. Both fluorides are gascous at common atmospheric
temperatdres, but are liquefiable undgr moderate pressure,
and the resulting liquids do not attack dry glass.

Phosphorus forms many other compounds with halogens
and with sulphur of which no analogues are produced by
nitrogen. One compound only of nitrogen with sulphur
is known in the form of an orange-coloured crystalline
compound having the formula N,S,.

R
CHAPTRR XIL

Cr.ass II.—METALLOIDS.

THE name melalloid obviously belongs to bodies which have
the form or appearance of a metal, or which in some way
resemble a metal. Hence the impropriety of applying this
term, as was formerly done, to such eclements as the
halogens, to nitrogen, or phosphorus. The name is in-
tended in this volume to designate a bwdy which, although
resembling a metal in most characteristics, yet lacks some
one or more of the features whicn true metals geneyally
present. It applies to a somewhat miscellaneous set of
bodies. The question of the propriety of including hydro-
gen amongst them will be discussed presently, but, leaving
this one element out of consideration, thestest by which the
sub-metallic character of most of them may be detected is



the formation of more or less definite oxy-salts. Their
oxides are for the most part well-marked anhydric acids, but
each of them is capable of producing at least one oxide
which possesses basic tendencies more or less pronounced.

Still puttjng bydrogen aside, the metalloids are ycompara-
tively imperfeet conductors of heat and electricity, and
generally brittle. Tin is, however, both malleable and
moderately ductile.

METALLOIDS.—I1. HYDROGEN.

Hydrogen is the lightest of known gases, its relative
density being only ‘0693 when the density of aif is taken
as1. In this character it is approached only by the inactive
element helium, the density of which is about twice as great,
but among ordinary chemically active elements nitrogen
stands next with a density fourteen times as great. The
difficulty of liquefying hydrogen and its very shght degree
of solubility in water (coefficient = "0193) are apparently
connected with its low density and small atomic and mole-
cular weights. 1In the liquid state hydrogen is a clear and
colourless liquid which shows no absorption spectrum. It
is remarkable for its extraordinarily low density, the specific
gravity being represented by the number o'o7 or about !, of
the specific gravity of liquid water. The boiling point of
hydrogen is —252°'5 or about 21° absolute as determined_ by
a platinum resistance thermometer. This temperature is
therefore subject to some future correction. It is interest-
ing to notice that #he anticipation that the element in the
liquid statc would exhibit some of the properties of a metal
hgg not been fulfilled. It more nearly resembles a light
paraffin, and may in one sense be considered as the lower
homologue of marsh gas or methane.! Liquid methane
was, previously to the liquefaction of Hydrogen, the lightest

1 See Homologous series, Chapter XVI.



known liquid, its density at the boiling point being o'417.
From the chemical point of view hydrogen differs from the
non-metals in its incapacity to form compounds with all the
metals, and in the characters of the few metallic hydrides
which are known. Of these the most notable {s cuprous
hydride Cu,H,, a brown solid which is decdmposed into its
constituents by heat. Other compounds, to which the
formule Na,H, and K,H; are attributed, are formed by
sodium and potassium respectively, 4nd some other similar
compounds are believed to exist, but in all cases the
hydrides of the metals are solid bodies which are not
vaporisable, and which are usually decomposed by heat.
On the uther hand, hydrogen is, of all the elements, most
ready to lend itself to that peculiar state of mechanical
combination with metals known as ‘occlusion’ (p. 21).
Palladium, for example, absorbs hydrogen largely, and
the charged metal is indistinguishable in appearance from
pure palladium, though its conducting power is slightly
diminished. 'This body was regarded by Graham, who dis-
covered it, as the realisation of the long-cherished idea of
the essentially metallic character of hydrogen. The solu-
bility of hydrogen in molten metals is also a fact of some
interest. Iron, nickel, cobalt, copper, and others when
melted in an atmosphere of the gas take up considerable
quantities without suffering any alteration in appearance.
The gas, however, escapes with effervescence when the
metal is allowed to solidify. The title of hydrogen to
recognition as a metalloid is based more securely, first, upon
the fact that in the electrolysis of water and other com-
pounds it passes along with the metals to the cathode, and is
therefore to be ranked with the electro-positive elements ;
and secondly, upon the resemblance which acids or hydrogen
salts bear to metallic salts. In spite of a considerable
number of gaseous and liquid exceptions, the majority of
known acids are crystallisable bodies, often, combining with
water of crystallisation, and utterly indistinguishable to all



appearance from ordinary saline compounds. Among
common acids, for example, the following are crystallis-
able :—

Sulphygrric acid . H,S0, (below —35°).

Glacial sulphuric acid H,S0; (below g°).

Phosphoric acid . H,P0,.

Boracic acid . H,BO;. ]

Oxalic acid® . * H,C,0,+2H,0.

Formic acid . . HCHO, (below 1°).

Acetic acid . . HC,H,0, (below 17°).
Cartaric acid . H,C,H,0O;

Citric acid . . H,C¢H,0,+H,0.*

Gallic acid . . HC,H,0;+ H,0.

But the resemblance between hydrogen salts and
metallic salts is not limited to external form. They agree in
chemical reactions. When an acid is acted upon by a metal,
and hydrogen is expelled, the metathesis is entirely com-
parable with the exchange of a more positive for a less posi-
tive metal of the ordinary recognised class. For example,
zinc decomposes hydrogen sulphate, just as it decomposes
copper sulphate ; in each case the less positive element 1s
displaced, and a new salt formed.

;H2504 + Zn = Hg + ZnSO‘.
{CuSO,; + Zn = Cu + ZnSO,.

Again, water—that is, hydrogen oxide or hydroxide,
H,® or H(HO)— not unfrequently imitates metallic oxides
or hydroxides in their chemical reactions. In order to pro-
duce exactly the same effect in any given case, it is only
necessary to use the water in larger quantity or at a higher
temperature.



The following are examples of this mode of action :—~
MgCl, + HgO = MgO + HgCl,.
MgCl, + H,0 = MgO + 2HCL
(Fe,Cl; + 6NaHO = Fe,(HO); + 6NaCl
(Fe,Cl; + 6HHO = Fey(HO); + 6HOL

{(C3H5,”’S£31 + 3NaHO = C,H,(HO), + 3NaSt.

Stearine. Glycerol. Sodium stearate
; (] or hard soap.
(C,H,)"Sty + 3HHO = C,H,(HO) + 3HSt.
Stearine. Glycerol. Hydrogen stearate,

or stearic acid.
Water and acids alsb undergo electrolysis in the same
manner as metallic salts ; e.g.

2HHO = H, + (HO),?
2HCI = H,; + Cl,
CuCl, = Cu + Cl,

Lastly, it might be pointed out that the sour taste of
hydrogen salts and their reddening effect upon vegetable
blues are no more to be regarded as indications of peculiar
constitution than is the alkaline reaction of many normal
metallic salts or the neutrality of others. In such a series
as the following we see a gradual transition from strongly
alkaline to strongly acid properties :

Na,PO, Na,HPO, NaH,PO, H,PO,
Very alkaline. Alkaline, Acid. Very acid.

METALLOIDS.—2. TELLURIUM.

Tellurium in many respects closelyeimitates sulphur and
selenion. Thus it forms a gascous telluretted hydrogen,

' St=C, Hu0,.

2 It is a question whether pure water is an electrolyte at all, but
supposing it to be capable of electrolysis this is probably the first phase
in the decomposition, the oxygen which is evolved being due to a
secondary reaction, thus:

2HIO = H, + (HO), = H, + 1,0 + O.



H,Te, the representative of hydrogen sulphide ; also oxides
TeO, and TeO,, and acids H,TeO, and H,TeOQ,, corre-
sponding respectively with sulphur dioxide and trioxide, and
with sulphurous and sulphuric acids. But tellurium is
decidedly etallic in appearance, and forms unstable oxy-
salts, including #sulphaté and nitrate of somewhat uncertain
composition.

The following tabular statement will assist the student
in comparing tdgether *the several members of the group,
and will help to indicate the nature of the change which is
gradually developed along with increase in atothic weight :

Sulphur Selenion : Tellurfum
S= 3206 Se=79"1 ' Te=127
— R |
1 "
Several allotropes; © Several allotropes; . Amorphous (?) and
density not exceeding | density not exceeding crystalline varieties ;
2°07 ; 4°5; density of cryst.
m.p. below 120° m.p. of cryst. ' 6°25;
variety 217° ' m.p. 455°
H,S I1,Se ) 11,Te
gas gas . gas
SO, SeO, { TeO,
gas cryst., volatile, soluble  cryst. melts at red heat,
1 almost insol. in water
SO, SeQy I TeO,
cryst, unknown . yellow cqu! 0y
! insol. in water
H,SO, H,SeO, ' H,TeO,
Hydrate cryst. cryst., sol. in water amorphom
: slightly sol. solid
i
1,50, H,SeO, ! H,TeO,
Dense liquid Dense liquid r’ cryst. fmﬁ: sol. with
20y

M&‘ALLOIDS.-—-—:}. GERMANIUM, TIN, TITANIUM, ZIRCONIUM.

Save for the distinctly metallic chatacter of elemental tin
and germanium, and production by tin, germanium, and
titanium of an imferior diadic class of derivatives, these ele-
ments bear a strong family resemblance to silicon. That the



metallic function is more or less distinctly developed in them,
whilst it is altogether imperceptible in silicon, is also indicated
by the existencc of various oxy-salts, sulphates, phosphates,
&e., of tin, titanium, and zirconium, and probably of germa-
nium, similar compounds of silicon being entirely unknown.

'The most characteristic compounds ot these elements.
are the chlorides, oxides, and acids in which they play the

part of trtra;

ds.

the chief features of the group:

- -

The following table affords a synopsis of

Silicon | Germaniam | Tin I Titanium Zirconium
] Si=284 Ge=72 Sn=118 3 Ti=481 Zr=go'6 |
P e I R
a qmorphum cryst., ' cryst., also cryst., cryst.,
b. crystalline ;.  regular | malleable; | S.G. 487 | S.G. 415
i melts about - nctahedrons | S.G. 7°3 m.p. high m.p. high
i 1,200° pomLp oo’ m.p. 032°
—_ GeQ? SnO TiO? ZrO?
! Black powder | Black powder | Black powder
Si0, | GeO, | SnO, TiO, Zx0,
| eryst. powr]cr \ cryst. cryst. cryst. artificial
. slightly ~ol. dimorphous dimorphous isomorph,
| | a. tmstone | a. anatase and | w. tinstone
: 1 © corr. to rutile ! rutile dimetric | and rutile |
| " &, isomorph. 4. brookite i
o ow. i oukue ; trimetric
— e e
} All these dioxides umte wnh all\alme oxides.
i — — — Tio,? ZrO,
’ yellow solid white pp.
| SiCl, GeCl, | SnCl, | TiCl, | ZrCl,
I liquid, | liquid, liquid, | liquid, | olid
{ b.p. s0° i bp. 82> | bpo1g® | bpozs® volatile
H | - o
i SiF, | GeF, | SoF,  TiF, | ZF,
liquefiable gas | volatile qohd ? } volatile «<olid? . fumxh;, hquld | solid
M',SiF, i M’,GeF;, | M'SaF, M WT1F, M'ZrF, !
© Fluosilicates Fluo- ) Fluosmnuate& l Huoman.\tes | Fluozirconates
germanates ' :
. Corresponding “calts isomurphuus. ;
; 80, | GeO, | SO, | TiO, | ZrO, '
I e ———
| Isomurphous
i in tinstone. n rutile artificial !
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Stannic chloride, stannic methide Sn(CHj), (b.p. 78°)
and stannic ethide Sn(C,H;), (b.p. 181°) are volatile liquids
which have normal vapour densities and afford conclusive
evidence of the tetrad character of thc metalloid in such
compounds.  But as already mentioned, tin forms 4n oxide
Sn,0,, a chlorde Sn,Cl,,, a sulphide Sn,S, and some
other compounds in which it appears to be diad. The
chloride is a solid which melts at abeut 250°eboils at
606° and gives a‘vapqu? which, at temperatures even 100°
above the boiling point, is greater than would be calculated
from the simple formula SnCl,, but does not ﬁpproach the
value required for the double formula Sn,Cl,. Hence it
is uncertain whether the latter is the true moleclilar for-
mula as is sometimes supposed. The corresponding ethide
is decomposed by heat.

For stannous chloride, representing it as a dichloride
there is no counterpart among the compounds of silicon,
nor apparently among the remaining ¢lements of the group,
for although titanium forms two lower chlorides, the
dichloride is wholly different in character from stannous
chloride. The formation of a chloride having such well-
defined saline characters as stannous chloride, and the
existence of various oxysalts of tin, are doubtless connected
with the more distinct metallic character of this element as
shown, for example, by its malleability. This is again
doubtless connected with the relatively high value of i&s
atomic weight. As will be found later, the group may be
divided into two subgroups, to the former of which lead is
distantly rclated. ®

SunGrour A. SuscGrour B.
Si 284.
Ti 4871,
Ge 72.
. Zr go'6.

Sn 1183,
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METALLOIDS.—4. ARSENIC, ANTIMONY, BISMUTH.

(For numerical relations of atomic weights see Non-metals,
Group 5, p. 175).

These elements are all quinquivalent in their most
advanced states of combination, the tendency to assume
this condition being the least prominent in the case of
bismuth, »which is of thé whole class the most decidedly
metallic. . '

The analogies of arsenic, antimony, and bismuth will
be most satisfactorily brought out by tabulating the formule
of their leading compounds. For the sake of comparison
the corresponding compounds of phosphorus are placed
side by side with them.

The vapour densities of phosphorus and arsenic lead to
the molecular formula P, and As, for those elcments ; but
antimony and bismuth, though easily fusible metals, are not
volatile enough to give vapour at any manageable tempera-
ture. Their molecular formule are therefore unknown.

It is worthy of note that, as in the case of phosphorus,
the vapour densities of the lowest oxides of arsenic
and antimony reveal the fact that these compounds
preserve the tetratomic grouping. Thus the vapour density
of arsenious oxide (white arsenic) is 198. Hence its
molecular weight is 396, and its formula is As,Q,. The
vanour density of antimonious oxide also corresponds to
SbyOs. By analogy it may be presumed that the oxide of
bismuth is similarly constituted. As to the higher oxides
of arsenic, antimony, and bismuth, they are all resolved by
heat into oxygen and a lower oxide, but analogy with the
highest oxide of phosphorus, which has been showr to
have the molecular formula P,0,,, leads also to the pre-
sumption that they should be similarly represented.

It is somewhat singular that while combination with
oxygen is not attended by the separation cf the four atoms
of the elemental molecule, combination with a halogen



gives in each case a compound containing a single atom of
phosphorus, arsenic, antimony, or bismuth,

Among the sulphides the compounds of phosphorus
alone have been examined with regard to vapour density
and the formule P,S; and P,S; are deduced direcfly from
the results. If the case of P,S,, the vapour density
actually observed corresponds to half this formula, but
there are good reasons for believing that this is dye to dis-
sociation of the v&pour, into a mixture of the lower sulphide
and su]phur, P,Sq+ S,, at the temperature of the expenment

- — e

Phosphorus ; Arsenic Antimony ! Bismuth
= 31 ] As = 75 ; Sb = 120 i Bi :3?8'5
1lydrides and Ethylides.
PH, | Asl, ’ Sbil, ‘ —
P(C, H.,), I As(C,H,), S(C, ll.v.): Bi(C,H;),
Chlorides.
PCl, I AsCly ShCl, ! BiCl,
PCl, —_ l SbCl, —_
Oxides.
PO, As,0, $b,0, Bi,0, %
P 0. l Sbh,0, 1 Bi,0, l
: 0, As,0y, 51,0, Bi, Oy
\ Acids. )
+ HPH,O, ! —_ | — —
' — l HAsOp2 HSLO, HBiO,
. H,PHO, 11,AsO, — — :
©(Hroy, | (HasOhn | (HSLO,m (HBiO,)n
I H,PO, ! H,AsO, H,SbO2 i
'i ILP,0, | HAsO, H,Sb0, {
Sulphides. i
P,S, — — — |
e AsS, — BiS, |
P, AsiS, Sbs, BiS, |
| PSw AsSy, SbS,3 b l‘
: 1

A few pecuharmes exhibited by pamcular compound:.
occurring in this table demand notice,
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1. The faculty of producing well - defined allotropic+
modifications shown by phosphorus is not exhibited plainly ’
by the other elements except antimony, which wher de-
posited slowly by electrolysis from a solution of the chloride
is prodtcible in the form of a peculiar unstableoamorphous '
modification. M

2. The basic property of combining with acids ex-
hibited in alimited degree by phosphme is not displayed lw'
the hydrides of arsenic and antimony,. Bismuth forms nis
compound with hydrogen. The ethyl and correspondmﬁ
methyl conipounds are characterised not so much by a
power of combining with acids as by a tendency to unite
with O, S, Cly,I, &c.,, whereby the central element is
brought to a state of saturation as in such compounds as
the following :—

Triethyl phosphine oxide P(C,H;),0
Trimethylarsine sulphide As(CHy),S
Trimethylstibine chloride Sb(CH,),Cl,

They also unite with alkyl halogen compounds such as
CH,I, C,H Br &c., and thus produce compounds analogous
{0 ammonium salts, for examples,

Tetramethylarsonium iodide As(CHj), L

. 3- No pentachloride, pentabromide, oxychloride or
oxybromide of arscnic is known. The pentafluoride is
known only in combination with other fluorides.

4. White arsenic occurs in comme.ce in the form of
white masses with conchoidal fracture, often exhibiting a
banded appearance, due to the presence of the isorgeric
vitreous and porcellanous varieties. The former is con-
verted into the latter by pulverisation or by protracted
boiling with water. Either varicty is but slightly soluble
in water, and the solution gives only a feebly acid reaction.
Porcellanous arsenic probably owes its opacity to crystalline
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gshucture. By careful sublimation at regulated temperatures
_white arsenic may be obtained either in the form of trans-

parent regular octahedra or in prismatic crystals of the
trimetric system. It is isodimorphous with antimonious

oxide. R '
, White arseni® is a feebly basic, as well as acidic, oxide.
. ' TIts best known salt is the double tartrate K(AsO)C,H,0O,
«"svhich is analogous to the potassio-tartrates of aptimony,
{(SbO)C,H,O; ttartag €émetic), and boron, K(BO)C,H, Os.
5. Arsenious acid appears to be normally tribasic, the
yellow silver salt containing Ag,AsO,. It therefore differs

; from phosphorous acid, which is dibasic.

Phosphorous acid. Arsenious acid.
OH
/ /
O = P-OH As—OH
N N
H OH

6. The orthophosphates and orthoarsenates correspond
in every respect with each other, and in many cases with the
orthovanadates. In addition to the ordinary salts of the
common phosphate type, M'H,PO,, M';HPO,, and M';PO,,
there is a remarkable series of compounds occurring as
minerals in combination with a chloride or fluoride.

Apatite 3[Cay(PO,),] . CaF, or Ca,(PO,),F

: or 3[Cay(PO,),] . CaCl, or Cay(PO,),Cl
Pyromorphite 3[Pby(PO,),] . PbCl, or Pbs(PO,);Cl
Mimetine 3[Pb3(AsOy),] . PbCl, or Pbs(AsO,),Cl
Vanadite 3[Pb3(VO,),] . PbCl, or Pby(VO,),;CL

Ortlgantlmonates and orthobismuthates are unknown, un-
less we consider the intermediate tetroxides in that light :
antimonious orthoantimgnate, SbhyO, or Sb"/(Sb*0O,), and
bismuthous orthobismuthate, Bi,O, or Bi”’(Bi*O,). Several
m'thothtoannmona;es are, however, known; the sodium
salt, for example, Na,SbS,.9H,0, crystallising readily.

. o
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7. The sulphides of arsenic, antimony, and bismuth act«
as sulphur anhydrides, and in combination with the sul-"
phides of silver, lead, copper, and other metals constitute
several (interesting minerals.

[
METALLOIDS.—5. VANADIUM, NIOBIUM, TANTALUM.

This group is connected with the preceding group in
virtue ef the isomorphism of certain orthovanadates
M',VO, with the corresponding orthophosphates. The
vanadates as a rule are, however, more complex than the
phosphates, and those which contain the vanadit oxide in
excess are usually coloured yellow, orange, or red. Meta-
vanadates M'VQ; and pyrovanadates M’,V,0, also exist,
which correspond with meta- and pyro-phosphates respec-
tively, beside a certain number of anhydro-salts, such as
sodium tetravanadate Na,V,0,, = (NaV0;),.V,;0; and
hexvanadate Na,V,0,; = (NaVO;), 2V,0;, &c.

Vanadium in the elemental form is a grey crystalline
powder, of specific gravity 5'5, and melting at a very high
temperature. Its chief oxide, V,0;, is a red crystalline,
fusible but non-volatile substance, slightly soluble in boiling
water. It forms a few somewhat indefinite oxysalts, but
usually acts as an acidic oxide. Orthovanadic acid, H;VO,,
is not known, but metavanadic acid, HVO;, is a yellow,
crystalline, insoluble powder, sometimes used as a pigment.
Pyrovanadic acid, H,V,0y, is an unstable brown powder.
Vanadium is remarkable for the extensive series of oxides,
chlorides, and oxychlorides to which it gives rise, the
different stages of oxidation of its wissolved compounds
being characterised by a variety of colours, a yellow or red
tint belonging to the higher and a blue or greep tint
especially to the lower oxides, which thus resemble the com-
pounds of chromium, molybdenum, and tungsten. Oxides of
phosphorus, arsenic, antimony, and bismuth, except Bi, O,
are white. . °

The known oxides of vanadium have the empirical
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“formule V,0, V,0,, V,0,, V,0, and V,0, thus running
parallel with the series of nitrogen oxides, which, however,
as regards physical properties, they in no respect resemble.
There are threc chlorides ; VCl, or V,Cl; forming green
crystalline sscales, VCl; forming violet scales, which are
deliquescent and’soluble in water, and VCl, a dark brown
liquid which boils and is partially decomposed at 154°.
The vapour density appears to correspond to thesformula.
Vanadium therefore dges not maintain the usual persistence
of odd or even valency throughout its combinations.

Niobfim and tantalum are pentad elements, and are
characterised by the production of pentachlorides in the
form of yellow crystalline fusible, volatile bodies, the vapour
densities of which accord with the formule NbCl; and
TaCly respectively.

The metals themselves are only known in the condition
of black powders, which resist the attacks of most acids,
except hydrofluoric acid, in which they are slowly soluble
with evolution of hydrogen. Their fluorides unite with
the fluorides of the alkali-metals, forming soluble and crys-
tallisable double salts, 2KF,NbF; and 2KF,TaF,. But
niobium, at least, is also specially characterised by the pro-
duction of oxyfluorides, which, in combination with the
fluorides of the more positive metals, form salts which are
isomorphous with the fluotitanates, fluostannates, fluotung-
states, and fluozirconates. The following pairs of cone
pounds, for example, crystallise in the same form :—

3&F . HF. NbOF,
3KF . HF . SnF,
2NH,F . NbOF,
2NH,F . WO,F,
3NH,F . NbOF,
3NH,F . ZrF,
*2NH,F . CuWO,F,
2NH,F . CuTiFg,.

o2
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It thus appears that groups of elements of different
valencies may occasionally replace one another isomor-
phously, provided the valency of each group as a whole is
the same.  The radicles which are chemically and isomor-
phously equivalent to one another in the foregoing com-
pounds are as follows :—

(NLOF)", (SnF,)”, (WO,)", (ZrF,)"’, and (TiF,)".

Such relations are of precisely the same character as
are those of the group (NH,)', amuionium, to the single
metallic atom K. .

The following synopsis will ecnable the student to perceive
the relations of the three elements of this group to one
another, and to trace a parallel between them and chromium,
molybdenum, and tungsten. This is suggested by a com-
parison of their atomic weights.

V =512 Cr = 5211
Nb = 94 Mo = 96
Ta = 183 W = 184.
Vanadium. Niobium. Tantalum.
Grey cryst. powder Steel-like metal Black powder
S.%. 5°5 S. 706 clement imperfectly
nown
CHLORIDES
- NbLCI, TaCly
VCI, volatile volatile volatile
VCl, NbCl, -
VCl, grey non-vol.
OXIDES
V,0, Nb,0, Ta,0,
red fusible white powder white infusible
indefinite oxysalts no definite salts no definite salts
V.0, Nb,O, Ta,0,
V,0, Black powder brown powder
V.0, Nb,0O, —
VANADATES NIOBATES TANTALATES

ortho-, meta-, pyro-
and others more
complex

M'"(VO,), isomorph.

with M"(PO,),

corresp. wtth meta-
and pyrophosphates ;
usually more complex

corresp. with meta-
phosphates ; usually
¥ more comolex



197
METALLOIDS.—6. MOLYBDENUM, TUNGSTEN, URANIUM.

These clements are heavy metallic substances which
since they have been obtained in a pure state and in larger
quantity by the yse of the electric furnace are known to be
malleable and to be hardened by combination with a small
quantity of carbon, the products resembling steel.

They appear o be hexads, though, of the threef tungsten
alone produces a hemchloride, and that unstable. In the
formation of trioxides and volatile dioxydichlorides (general
formula MO _Cl,) they resemble &hromium, but they differ
from that metal in furnishing neither sesquioxide npr mon-
oxide analogous to Cr,O; and CrO.

The series of chlorides is in each case remarkable as
illustrating the fact that change of valency does not always
occur by pairs of units. This is shown especially in the
case of tungsten, which produces a volatile pentachloride
WCl;, beside the hexchloride WClg.

The trioxides, MoO;, WO;, and UQ;, are generally
acidic. Some of the tungstates of the form M';WO, seem
to be isomorphous with the corresponding chromates and
sulphates, but the majority are extremely complex, and
molybdic and tungstic acids are capable of associating with
phosphoric, arsenic, antimonic, and silicic oxides forming
compound acids, the salts of which present most remarkable
complexity, and the constitution of which is at present %
mystery.

These trioxides also exhibit a feebly basic function,
the oxy-salts of uranium being the most stable. The nitrate,
for example, a yellow crystallisable salt, has the formula
(UCw)"(NOy)..6H,0, and the sulphate and oxalate are
formed upon the same type.

Molybdenum and tungsten agree in forming trisulphides,
MoS; and WS,, which are unrepresented among the ¢com-
pounds of uraniurfi and of chromium.

‘The' following synopsis includes only the most distinc-
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tive of the compounds of the three elements under
consideration :—

Mcﬁrbdenum Tungsten Uranium
=184. . UEz39‘5.
Sp Grav. g Sp. Grav. about 19 | Sp. Grav. about 19
MoOy WO, i U0,
white fusible ellow fusnble ’ i yellow powder
volatile vol. at high temp. non-volatile
Mo,0, i Uy0,=00,2U0,
as a hydrate - | dark green powder
MoO, WO, ; vo,
|

Lrown powder
or orystals

Brown powder

Biown powder

H,MoO, ILLWO, ! 11,U0,
cryst. powder yellow | yellow
almost insol. almost insol. | almost insol.

MoCl, or Mo,Cl, WCL or W,Cl, !

MoCl, or Mo, Cl, | UCl, or UCL,
MoCl, WCl, | ucCt,
MoCl, wCl, | udQi,

'l;lli)) :(;)84 l:: g 3;20 i decomposed by heat

wCl, |
m-p 275 ;
Mo0.Cl P 347 >
MoO-le WOCl, E Uo,Cl,
WOCl, ; known only in combina-
|

tion with chlorides

CHAPTER XIJ,
Crass III.—METALS.

MEeTAaLs are all solids at the temperature of the air, with
the sole exception of mercury, which is ordinarily llql.!ld
but solidifies at —40°. The solid metals differ very much
in their fusibility, the metals of the alkilies melting most
readily (potassium at 62°'5), whilst platinum and its con-



geners require the highest temperature of the oxyhydrogen
flame.

Metals, when in a compact state, combine great opacity
with high reflective power, exhibiting the appearanfe which
is sufficientdy well known as metallic lustre—a property which,
however, is exhibited by many other substances, such as
iodine, graphite, galena, and many sulphides. Gold in very
thin leaves transmlts a greenish light.

That all the Tomrgon metals are heavy is a fact familiar
to every one; but an inspection of a table of densities
will lead to the conclusion that there are many which are
much lighter than the familiar iron, copper, lead, and silver,
while there are several which are cven heavier tBan gold.
As a curious fact, the heaviest solid known is a metal,
osmium (rel. dens. 22°5), and the lightest known soZid is
also a metal, namely, lithium, whose relative density is only
'578.

But it is of much greater importance to observe that in
many cases groups of metals which are associated together
by reason of community of chemical propcrties, have also
densities which nearly approximate to one another, as shown
in the following examples :—

Alkali Metals.

Density
Lithium . . . . . ‘578
Sodium . . . . . 972
Potassium . . . . . ‘865
Rubidiuny,. . . . . 1'52
Caesium . . . . . 188

Alkaline Earth Melals.

Density
Magnesium e ... 174
Calcium . . . . . 158
Strontium . . . . .25

Bariurmn . .
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Iron Family.
Density
Chromium . . : . 69
Iron . . . . 78
5 Manganese . . . LT
Nickel . . . . 89
Cobalt . . . . . 87
. Noble Metals.
Density
Silver . . . . . 10§
Palladium . . . . . I1g
Rhodium . . . . . 120
« Ruthenium . . . . 120
Gold . . . . . 19°2
Platinum . . . . . 2r1%
Iridium . . . . . 216
Osmium . . . . . 227§

Possibly other similar associations might be discovered,
but for the fact that several metals are scarcely known in a
compact form, and in other cases the numbers may be more
or less incorrect in consequence of the presence of impurity
in the specimens operated upon.

With regard to the molecular weights of metals, there is
some conflict of evidence in respect to all except the com-
paratively small number which are vaporisable (see pages
87, 88). From experiments on the lowering of the vapour
pressure and of the freezing point of mercury, produced
by dissolving small quantities of various metals in mercury,
it was thought that the mctal dissolved in the form of
monatomic molecules. Other more recent work, however,
throws considerable doubt on this conclusion.

The following are the chief characteristics of metals as
a class :—

1. Metals are the best conductors of heat. They differ
widely among themselves in this respect, as the following
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rough comparison shows. Silver, as the best conductor, is
placed at the head of the list. The numbers may be taken
to represent the relative lengths of bars of equal diameter
which, by applying a common source of heat to one
extremity, svould become equally heated in the same time.

Silver . . . . . . 1000
Copper . . . . . 736
Gold . . . . . 532
Iron . o . . . . 119
Lead . . . . . . ¢85
Platinum . S 84
Bismuth (an imperfect metal) . 18,

2. Metals are the best conductors of electricity. The
metals given in the foregoing list stand in nearly the same
order as regards electric conductivity.

3. Metals are almost always malleable, though in a few
cases—zinc, for example—this happens only at slightly
elevated temperatures. Frozen mercury is malleable.

4. Many metals are ductile, but, since ductility is so
largely dependent upon tenacity, it by no means follows
that ductility should be manifested by a given metal in the
same degree as malleability. Gold, for example, is by far
the most malleable metal, though in point of ductility it is
surpassed by platinum. Lead and tin, though easily rolled
into sheet, can scarcely be obtained in the form of wise,
owing to their very slight tenacity.

5. Metals are all posizize in their electrochemical rela-
tions toward the re® of the elements, and in the electrolysis
of their compounds appear, as hydrogen does, at the
catyode. The oxides of metals are very generally basic.

The basigenic character belongs exclusively to the metals
and metalloids. But the oxygenic or acidic function is
discharged almost equally well by particular ¢lements in all
three divisions. ‘

The transition from metal to non-metal is, therefore,
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not accomplished by any sudden break, and the student
must be prepared to encounter great, and perhaps insur-
mountable, difficulties in any attempt to establish a line of
demarcation between them.

Thea%ollowing series of oxides will serve to imdicate how
gradually the one character disappears as the other is deve-
loped. The symbols in black type represent basic oxides,
those in roman represent oxides which go to the negative
side of the salts into which they enter.

From Non-metaliic to Metallic,
503 ‘VO;; CrO;, FeO3

S0, WO,
Cr203 Fe203 Ni203
No Salts.
CrO FeO NiO CuO
Extremely
oxidisable.
Cu;0 Ag.0

Salts unstable.

METALS.—I1. THE METALS OF THE ALKALIS. MONADS.
Lithium, Li ‘0 R
Z1tuum, 703 Li+ K .
Sodium, Na 23051 —=2309
Potassium, K 39'15

i

Potassium, K = 39'15
. Rubidium, Rb = 8574 }I_S'_"—C—s=86'o7
Cesium, Cs = 133 2 .

Salt Type, M'CL.

These are soft, white, light, easily fusible, and somewhat
volatile metals. They oxidise rapidly in the air, but &ffer
materially from one another in this respect, their affinity for
oxygen increasing with the atomic weight. This is shown
especially by the spontaneous inflammability of rubidium,
and the impossibility of obtaining ceesium 9y decomposition
of its carbonate with charcoal. They all decompose cold
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water with formation of a soluble hydroxide and evolution
of hydrogen gas. But as a consequence of the inferior
energy of lithium and sodium, the heat devcloped by their
action upon water is not sufficient to cause the ignition of
the escaping hydrogen, whereas the hydrogen disengaged
by potassium inYlames instantly, and continues to burn with
a purple light, due to the accompanying vapour of the metal.

The hydr0x1des of these metals are all fusiblg, scarcely
decomposed Dy ne'lg out voiatilise at high temperatures,
they are very soluble in water, and the solutions are caustic
to the skm, alkaline to litmus, and absorb carbonic acid
from the air. The hydroxides also saponify oils and fats,
and the resulting soaps arc alkaiine and soluble. ©

The chlorides, sulphides, sulphates, phosphates, and
carbonates of the alkali metals are all soluble in water, and
their chlorides and sulphates yield perfectly neutral solutions.
The sulphates combine with the sulphate of aluminium and
the allied metals, generating highly characteristic double
salts, called ‘alums,” which crystallise in octahedrons. A
crystallised lithium-alum has not yet been described, but
this is probably owing to its great solubility.

Thealkali salts all communicate intense and characteristic
colours to the Bunsen flame, and the spectrum of the light
so produced exhibits in each case a comparatively small
number of bright lines.

As indicated by the atomic weights, the alkali metals
may be divided into two sub-groups. In the one we have
potassium, casium, and rubidium, which are distinguished
by greater chemica® activity and inferior solubility of their
salts, notably of the platinochlorides and acid tartrates.

K,PtCl, KHC,H,O0,
Rb,PtCl, RbHC,H,O,
CS)I,tC].(, CSHC;H4OG

Sodium and slithium, though entirely comparable with
potassivm, are yet distinguished from it Ly much feebler ;
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chemical energies, by the solubility of their platinochlorides,
acid tartrates, and alums, and by different minor peculiarities.
Sulphate of sodium, for example, crystallises with ten mole-
cules ofswater, while sulphate of potassium is anhydrous.
The carbonates also differ, that of sodium forning large
cfllorescent crystals containing 10H,0, the carbonate of
potassium occurring in small deliquescent granules, con-
taining usually about one or two malecules of water.

Both sodium and potassium yield unstable peroxides,
Na,0; and K,0,, and potassium is even capable of passing
to a higher stage of oxidation, the product being a tetroxide
K,0,. No salts corresponding with these oxides exist.

METALS.—2. METALS OF THE ALKALINE EARTHS. DIADS.

Calcium, Ca =
Strontium, Sr = 87 6 Ca -:—IE? = 887
Barium, Ba = 1374

Salt Type, M Cl,.

These three metals, originally obtained in an impurc
state by the electrolysis of their fused chlorides, were
described as having a yellowish colour. Calcium alone
appears to have been obtained in a state of purity cither by
heating anhydrou: calcium iodide with sodium, or by elcc-
trolysis of the fused salt. Calcium crystallises in white
hexagonal crystals, which when heated in hydrogen or
nitrogen absorb these gases freely. Thc hydride CaH, is
a white crystalline substance.

These metals are less oxidisable than the metals of the
alkalies, though they are still capable of decomposing gold
water. They also communicate characteristic colours to
flame, and yield spectra which are easily recognisable but
somewhat more complex than those of the alkalis
generally. .

The hydrates of the alkaline earths, that is the




hydroxides of calcium, strontium, and barium, are white
substances which are decomposed by heat into water and
the anhydrous oxides. ‘They are far less soluble in water
than the alkalis, and are proportionately less caustic,
alkaline, and attractive of carbonic acid. They ‘saponify
fats, but the resfliting soaps are generally insoluble in water.

The salts of barium, strontium, and calcium are, as a
rule, perfectly neutral.

The chlorid®s and *sulphides are soluble in water, but
the sulphates, phosphates, and carbonates are insoluble.

Oxide of barium or baryta exposed to a &urrent of air
or oxygen at a heat short of redness absorbs oxygen, and
becomes converted into a peroxide, BaO,. The corre-
sponding peroxides of strontium and calcium are obtained
as white precipitates by adding solution of hydrogen peroxide
to lime or strontia water. All three are resolved by ignition
into oxygen gas and a residue of the protoxide. They are
also soluble in hydrochloric acid, yielding peroxide of hy-
drogen and the chloride of the metal, e.¢.—

BaO; + 2HCl = BaCl, + O,H,.

Hence it is presumable that they have the same constitu-
tion as hydrogen peroxide, the oxygen atoms partly satisfying
cach other’s attractions, according to the following graphic
formule :—
Hydrogen peroxide. Barium peroxide.

— O

' Ball/ '

H—O o
Of the three elenfents, barium, with the highest atomic
weight, is decidedly most basylous. Strontium standing
nexp is, in respect to some characters, more nearly related
to barium than to the third member of the series, calcium.
Thus the nitrates of strontium and barium crystallise in
anhydrous octahedrons, isomorphous with lead nitrate,
Pb(NO;),. The sulphates of these two metals are also
anhydrous, and are practically insoluble in water and acids.



Nitrate of calcium is a deliquescent salt, soluble in
alcohol and crystallising in prisms, which contain
Ca(NQj3)s.4H,0. Its sulphate, in the form of gypsum,
combines with two molecules of water, is perceptibly soluble
in water, and much more freely so ‘in hydrochlogic acid.

On the other hand, strontium agrees witn calcium in the
production of a deliquescent chloride, which is soluble in
alcohol, while the barium chloride is insoluble in alcohol.

The crystallised chlorides have the , following formules—

Chloride of Calcium, CaCl, . 6H,0
’ Strontfum, SrCl, . 6H,0
’ Barium, BaCl, . 2H.O

METALS.—3. ZINC GROUP. DIADS,

Magnesium, Mg = 2436
Zinc, Zn = 0654
Cadmium, Cd = 112

Salt Type, M Cl,.

These elements are rightly associated together in conse-
quence of a very obvious seriation of properties, notwith-
standing that they are less intimately related to onc another
than, for example, the metals of the alkaline-earth family.
Magnesium is 2 white metal, zinc and cadmium faintly
bluish white, and all thrce are volatile. Their volatility
somewhat strangely increases in proportion as the atomic
weight increases, while their basigenic power diminishes.
That zinc is decidedly more positive than cadmium is
shown by its power of precipitating cadmium in the metallic
state from its solutions. That magnesium is more positive
than the other two is shown by its power of decompoﬂﬁing
water when heated with it, or more readily if previously
coated with pulverulent copper.! Also by the precipitation

Mg+ Cd_¢g.18.
2

! Zinc and cadmium, when coated with spongy copper, are also
capable of decomposing water slowly,
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of both zinc and cadmium when metallic magnesium is
introduced into solutions of their salts.

Magnesium, zinc, and cadmium are all easily combustible
in air or oxygen, the combustion being attended by the
emission gf a dazzling ight. Each metal forms one oxide:
MgO, a white %nalterable powder ; ZnO, a white powder,
becoming yellow when heated ; CdO, a ycllowish brown
powder. These oxides are almost insoluble in gater, that
of magnesium 8nly s.howmg a faint alkaline reaction when
placed upon wet test-paper. The oxides and hydroxides
are readily soluble in solutions of ammoniacal salts.

The hydroxides are easily resolved, by being heated, into
water and the oxide, and the carbonates in like manner give
up carbon dioxide, leaving a residue of the oxide.

The chlorides are volatile, dcliquescent solids.

The sulphide of magnesium is an earthy substance
which is decomposed even by water—

MgS + 20H2 = Mg(OH), + SH,

and is therefore not precipitated on the addition of a soluble
sulphide to a magnesian solution.

Zinc sulphide (native = blende) is a white precipitate
easily soluble in diluted mineral acids, and hence only im-
perfectly precipitated by the action of hydrogen sulphide
upon the solution of a zinc salt.

Cadmium sulphide (native = grecnockite) is a yellow
precipitate thrown down by hydrogen sulphide from acidified
solutions of cadmium salts.

The sulphates g¢f these metals are, perhaps, the most
characteristic of their salts. They are soluble in water, and

* Magnesium sulphate MgSO,.7H,0O

Zinc sulphate . . ZnSQu.7H,0
Cadmium sulphate . CdSO,.4H,0

The magnesium and zing salts crystallise in four-sided
prisms, isomorphous with the corresponding nickel sulphate.
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All three combine with potassium sulphate, generating
double salts, which crystallise with six molecules of water :

MgSO; . K80, . 6H,0
ZnSO, . K,SO, . 6H,0
CdSO,, . KgSO4 . 61{20&

Sulphates isomorphous with these are produced by several
oOther metals, such as copper and iron, and will be referred
to in the proper place. )

A general review of its properties indicates that mag-
nesium forms a connectinf link between zinc and calcium.
From the latter it differs in the insolubility of its hydroxide
in water, and in the solubility of the same compound in
ammonium chloride. Sulphate of magnesium is also dis-
tinguished from sulphate of calcium by its ready solubility
in water.

METALS.—4
Mercury Hg = 2003

Mercury is a white metal which is distinguished from
all other metals by its remarkable fusibility and volatility.
When solid (m.p.—38°'8) it crystallises in the regular
system, and ic both ductile and malleable. Mercury is
casily reduced to the metallic state, either by heating its
orides and oxysalts, or by electrolysis of solutions of any of
its salts or by contact with such metals as zinc, iron or even
copper. The vapour density of this metal is the half of its
atomic weight, hence like zinc and caimium its molecule
is monatomic and is represented by symbol Hg. It is
incapable of decomposing steam or hydrogen chloride but
it is slowly oxidised when heated in air or oxygen, and is
converted into sulphate by the action of hot concentrated
sulphuric acid, sulphur dioxide being evolved.

The compounds of mercury are divisible into two
classes, the mercuric and mercurous, corresponding to the
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two chlorides HgCl; and Hg,Cl, or the two oxides HgO
and Hg,O.

The mercuric salts are almost without parallel as regards
properties among metallic salts; their formule generally
correspond, with those of the salts of cadmium and zinc,
but there are thany points of difference noticeable, for
example, in the proportion of water of crystallisation.

The following are the most important mercyric com-
pounds :— e

Oxide, HgO. A red or yellow powder darkening by
heat, and decomposed below redness into Hg ahd O,.

Chloride, HgCl,. White, crystallisable, soluble in
water, alcohol, and ether. Vapour density = *.=* =2 135°5.

Amidochloride, HgNH,Cl. Commonly known as ¢ White
Precipitate.” Representable either as an amidochloride,

{44

/N = Hg
a1

or as chloride of mercuric ammonium,
Hg

IV\I/-—/-H,

N
Cl

The former view is perhaps preferable, considering itg
formation from mercuric chloride by ammonia.

| NH,H .
Hg/c + o — Hg/NHz + HCl
\Cl = NH, Ncl NH;

Jodide, Hgl,. Red or yellow, dimorphous, insoluble in
water, soluble in ether and in solution of potassium iodide.
Suipkide, HgS. A black precipitate er, in the form of
cinnabar, dark red masses of hexagonal prisms. Artificial
vermilion, bright red powder.
Sulphate, HgSO,. Colourless, minute, prismatic crystals,
P

Hg"”
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characteristically decomposed by water with formation of
yellow ¢ turpeth mineral,” Hg,0,50,, which may be regarded
as trimercuric orthosulphate, Hg" 3(SOq) (see p. 169), or as

a basic salt.
Hg — SO, — Hg

| I
O —Hg -0

The wuercurous salts, on the other hand, resemble in
many respects the corresponding comnounds of silver.

Silver oxide, Ag;O, and mercurous oxide, Hg,O, are
both nearly black, insoluble in water, and resolved by heat
into oxygen gas and the metal.

Silver chloride, (AgCl),, and mecrcurous chloride,
Hg,Cl,, arc both obtainable by precipitation as white
powders, which blacken, the silver salt quickly, the mercury
salt slowly, on cxposure to light.

Silver iodide (Agl), and mercurous iodide Hg,I, are
both yellow and insoluble in water and dilute acids.

Silver nitrate AgNO; is soluble in water without
apparent decomposition, and the solution is ncutral.
Mercurous nitrate Hg ,(NOy)3.4H,O crystallises in mono-
clinic prisms which, though soluble in a small quantity
of water without obvious change, are decomposed by a
larger quantity yielding an acid solution with a deposit
of Lasic salt. The chief distinction between silver and mer-
curous compounds, however, lies in the volatility of the latter.

The low vapour density of calomel, 11775 ap-
proximately, has been traced to dissociation into vapours
of mercuric chloride and mercury. *This compound and .
consequently all other mecrcurous compounds may be
supposed to contain diad mercury and the formulg are
usually written as follows :—

Hg Hg — Cl
| >0 | &e.
Hg/ Hg - d
As, however, mercury in the free state in vapour shows
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no signs of association of the atoms it seems improbable
that they should thus combine together in the presence
of a second element.

Possibly these compounds may be represehted as
formed ofediad jmercury united to the second element in
virtue of the extra capacity for combination which they are
known under certain circumstances to be capable of
devcloping ; thys R

H = Cl
g>\o He (f &c.
Hg? Hg= Cl

The following tablc shows that the properties of
mercury are ncarly those which might be anticipated from
its atomic weight and the assumption that it is related,
though distantly, to cadmium.

Approximate.

Ar. Wr. Density . M.P.  B.P. V.D.

Mg 2436 7 800° ? ?

Zn 654 7°0 433> 930°  32'5

Cd 1124 86 320° 746° 56

Hg 2003 (liq)13'6 —39°  357° 100
METALS.—&.

Thallium, Tl=204'1.
Triad. Salt types M'Cl, and M'" Cl,.
Lead, Pb = z06-9.
Tetrad. Swlt types, M' Cly, and MY C,.

THALLIUM was originally discovered and occurs most
abunglantly in certain kinds of copper and iron pyrites. It
is a very soft, nearly white metal, which tarnishes quickly
but superficially in the air. It closely Yesembles lead in
physical properties, except that it is softer and streaks paper
more readily. It melts at 294°, and volatilises at a red heat.
It is capable of burning brilliantly in oxygen.
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Thallium forms two classes of compounds, thosc in
which it is univalent being the more stable.

The following are the most characteristic of #zallous
compoutds :—

Chloride, TICl. A white curdy precipitate, sesembling
silver chloride, but crystallisable from boiling water, and
combining with platinic chloride to form a yellow, slightly
soluble, ctystalline compound, TL,P*Cl,.

Oxide, T1,O, and Hydroxide, TTHO. These compounds
are soluble ‘n water, the solution being strongly alkalin,
and reacting in the same ‘manner as caustic potash. The
hydroxide differs from the alkali hydroxides in losing the
clements of water when cxposed over oil of vitriol in a
vacuum. The residual oxide is almost black, and after fusion
crystalline.

Swulphate, T1,SO,. A soluble colourless salt, isomorphous
with sulphate of potassium. It combines with aluminium
sulphate, forming a true alum, TIAKSO,),.712H,0.

Sulphide, T1,S. A brown precipitate, soluble in acids.

Thallic Compounds.—Chloride, TICl;. A soluble salt,
crystallisable by evaporation of its solution in a vacuum.
It melts and evolves chlorine at high temperatures. It
combines with the monochloride, forming two compounds,
T1,Clg or 3TICLTICl;, and TIClL, or TICLTICl, It
forms similar compounds with the chlorides of potassium
and ammonium.

Oxtide, T1,0,. A dark red powder, insoluble in water,
and reduced by heat to thallous oxide. Thallium is readily
obtained from its salts either by elecfrolysis, by the action
of zinc, or by fusion with cyanide of potassium.

The ordinary spectrum of thallium is the simplest krown.
It consists of a single bright line in the green.

LEAD is a bluish metal, so soft as to streak paper, and
possessing very little tenacity. Its specific gravity is 11°36,
a number very ncar to, and intermediate between, that of
thallium, 11°9, and of silver, 10'53. ‘The latter metal is
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very constantly associated with it, occurring as sulphide in,
probably all, galena. Lead melts at 326°, and at a red
heat volatilises freely. A freshly cut surface tarnishes rapidly
in air, but oxidation, except of the melted metal,ydoes not
proceed tqQ any appreciable extent.

Lead forms%wo oxides of definite composition, namely,
litharge, PbO, and the peroxide, PbO,, besides several
mixed oxides containing the elements of thgse two in
various proporfions. *The red oxide is generally 2PbO,
PbO,, or Pb,0,. When plumbic peroxide is acted upon
by hydrochloric acid, it does not, like barium peroxide, give
rise to hydrogen peroxide, but to a tetrachloride, PbCl,.
In these two compounds, therefore, lead is quidrivalent,
and their formul®e must be written as follows :—

al cl
O=Pb=0 Npb
a’ Na

The tetrachloride is a very unstable compound, but
a crystallised tetracetate I’b(CyH;0,), and tetrapropionate
Pb(C,H;0,), are easily obtained by dissolving red lead in
the corresponding acids. Several double fluorides and
chlorides are also known in which the lead is quadrivalent.
T'hese are appropriately called plumbic salts, while the name
plumbous should be applied to the ordinary salts. The latter
are represented by the following compounds :—

The dickloride, PbCl,, a white, sparingly soluble salt,
crystallisable from boiling water.

The oxide, PbO, is a dull yellow, the hydroxide a white
powder. Both are®slightly soluble in water, the solubility,
like that of lime, being increased by the addition of sugar.
Thep solutions are strongly alkaline, and absorb carbonic
acid from the air.

Sulphate, PbSO,. In the form of lead-vitriol, isomor-
phous with heavy spar, BaSO,.

Carbonate, PoCO,;. As white-lead ore or cerusite,
isomorphous with witherite, BaCO,.
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Nitrate, Pb (NO,),, crystalliscs in octahedrons, isomor-
phous with barium nitrate.

Sulphide, PbS. Black insoluble powder or crystallised
in shining cubes (galena).

Relations of Thallium and Lead. "

The relations of thallium both to potassium and lead
are exceedingly well marked. With potassium it agrees in
the alkaliility of its oxide and the characters of the platino-
chloride, acid tartrate, sulphate, and”alum. But it differs
from potassism and resembles lead in the ready reducibility
of the metal, in its high atomic weight and density, and in
the chararters of the sulphide, monochloride, and other salts.

Lead, in its turn, has strong points of resemblance on
the one hand to thallium, and on the other to barium, as
indicated by the isomorphism of many lead and barium salts.

Lead thercfore is related to the alkaline earth metals in
the same way that thallium is related to the metals of the
alkalis ; thus : —

Atomic Weights. Atomic Weights.
206°9 Pb” TV 204'1
137°4 Ba Cs 133
876 Sr Rb 854
40° Ca K 39°'15
METALS.—6. ALUMINIUM GROUP.
. Aluminium, Al = 27°1
Callium, Ga= 7o
Indium, In=114

Triads or quasi-tetrads.  Sall*ype, MCl,.

These are white metals of comparatively low density,
standing towards one another in a position which iu the
counterpart of that shown by the group magnesium, zinc,
cadmium.

Aluminium is a very abundant constituent of various
silicates. It forms a single oxide and a series of salts which
are closcly related to the corresponding compounds of iron,

as will be shown in the next group. o -



Gallium and indium, on the other hand, are very rare
elements occurring in certain zinc ores. They differ from
aluminium in their lower fusing points, and in the formation
of more stable sulphides. The following tabular s'tatement
will recall their chief characteristics.

Aluminium, Gallium. Indium.
Density 26 59 7°4
Melting point 750°-800° 30° 176°
Chloride AICL (at 760° GaCl, InCl,

, and upwards)
Oxide , Al,0; white Ga,0, white  In,O4 yellow
Alum ﬁ,,,} (S0),121L,0 Octahedrale Octahedral ° Octahedral
Sulphide Decomposed Precip. only  Yellow pre-
by water  in company ¢ cipitate
—clal 2

METALS,—7. IRON GROUP.

Chromium, Cr = 52°7.
Hexad. Salt types, M Cly and (M,)V'Clg.

Manganese, Mn = 55 }
Iron, Fe = 56
Hexad. Salt types M Cly and (M,)V'Clg.

Cobalt, Co =59 )
Nickel, Ni = 587 )
Tetrad. Salt type, 4" Cl,.

These are white or grey metals of very high meltifig
point. Their relative densities follow one another in the
same order as the atomic weights, and are almost dircctly
proportional to them. T hey may be placed in the following
order, which we shall show presently represents very fairly
theiremutual chemical relations :

Atomic Weight. Relative Density,
52°I Cr 68 to 7°3
-~ e
Atc. Wt. Rel.sDens. Atc. Wt. Rel. Dens.
55 Mn 8o (about) 56 Fe 78

59 Co 89 587 Ni 86



Al Cr Fe
FeO
CrCl, FeCl,
{ CrSO,7H,0? FeSO, 7H,0
No Aluminous Com- pale blue epale green
pounds known.
CrSO FeSO
K.S0! } 61,0 K.SO. } 61,0
B . isomorphous with
All Aluminic Com-
pounds Colourkess. | CrO, Fe,0,
ALO, Cr,0, Fe,O,
AICI, Cr,Cl, or CrCl, Fe,Cl, or FeCly
volatile. violet : green :
volatile at red heat. volatile at red heat
AL(S0,), Cr,(S0,) Fe,(SO,),
AIK(S0,), 1211,0 CrK(80)),'1zH,0 | FeK(S0O))..12H,0
modified
—(Fesz)
CrO.Cl, ' —
CrQ, . —_
Cro,K, ! FeO K,
CrO,Ba FeQ,Ba
{CrOK,
1Cr0, -
or
erQ_,.OK
O ta —_
(Cro, 0K
(CrO X
12C10, © -
or
CrO,0K
(o}
CrO, —_
O ~
CrO,0K
o .,C,...&.QJ.(Q_H)Q? Ban



Ni Mn Co
NiO . . MnO CoO
NiCl, MnCl, CoCl,
NiSO,.711,0 MnSO,7H,0 CoSO,.7H,D
bright greeg pale pink bright red
NiSO MnSO CoSO
K.‘so:} 6H,0 K.S0," } 6H,0 .50, } 611,?
-t—:'dnesponding magnesiumgsalts. »
— n,0, Co,0,
Ni,0, Mn,0, . Co,0;
No Salts Mn,Cl, or MnCl, Co,Cl, or GoCl,
decomposed by heat decomposed by heat
- Mn,(SO,),? Co,(SO,),?

cubes or regular octah
—(NiS,)

MnK(SO,),121L,0

edrons.
MnO,

MnOCl,
MnO,

MnO,K,
MnO,Ba

MnO,OH

nnj LY SN oY

———————
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These metals resist atmospheric oxidation to a consider-
able extent, except moisture or carbonic acid be present.
Several of them, especially iron and manganese, are capable
of deccmposing steam at a red heat with evolution of
hydrogen. They all dissolve more or less rapidly in dilute
acids. Iron, cobalt, and nickel are stronfly paramagnetic,
chromium and manganese feebly so.

A synoptical view of the chemical relations of these
metals to one another will be best obtamed since they are
somewhat complex, by tabulating the formulze of their most
characteristic compounds as on the preceding page. The
chief compounds of aluminium have been added by way of
comparison and for the sake of recalling the isomorphism
of alumina and ferric oxide. Few observations upon the
table are necessary. As in all similar groups of intimately
related elements, cach one seems to affect a particular state
of oxidation or combination in which it attains a condition
of chemical repose or equilibrium.  Thus the aluminic salts
are absolutely irreducible to any lower state of oxidation ;
chromic salts reducible with great difficulty ; ferric salts are
casily transformed into ferrous, whilst manganic salts evolve
chlorine or oxygen by mere ebullition. The isomorphous
relations of these metals to one another are of great interest,
and are exhibited not only by the alums and other artificial
salts, but in the constant association of these metals in
nature, as, for example, in the replacement of aluminium by
iron in clays, and in the silicates from which they are
formed, in the replacement of the clements of ferric oxide
by chromic oxide in chrome-iron, Fe®.Cr,O;, and by the
occurrence of metallic nickel in meteoric iron.

Several members of the group exhibit peculiarities which
are well worthy of study, but in this place can receive only
passing notice. Such, for example, are the metameric (?)
modifications of alumina and of chromic salts, indicated
in the latter case by curious changes of colour and solubility ;
also the remarkable influence of a small quantity of carbon

T



in increasing the fusibility and hardness of all the metals
of the group ; also the production of an extensive series of
ammoniacal bases by cobalt, not by nickel.
‘
Valency of the Iron Group.

Manganese f8rms a sexfluoride, MnFg, and a class of
salts, the manganates, which are said to be isomarphous
with the chromates ang sulphates. Hence manganese is
sexivalent, and the foymulee of manganic perfluoride and
potassic manganate may be written as follows : .

F F * KO (0}
N,/ N, 7 .,

F—Mn—F Mn
7\, /7 N\

F F KO (6]

Manganese also forms a dioxide in which it is quadri-

valent,
O = Mn = 0,

and a chloride corresponding with ferrous chloride in which
it may be considered bivalent,

Cl — Mn — CL

It appears that the molecular formula of potassium
permanganate 1s KMnO; and not, as formerly written,
K:Mn,Q,. Consequently manganese must be either triad,
as it appears to be in the manganic chloride, or it may be
heptad.

The isomorphisny of the permanganates and perchlorates
is explainable on the assumption that both chlorine and
manganese are triad or heptad in the formule HCIO4 and
HMnQ,, thus

o O

VN L
H—0—ClI O o H—0—Cl=0

N/ Il

0 0
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By reason of ‘the correspondence between the ferrates
and manganates, iron must also be regarded as hexad ;
although in ferric, and probably also ferrous compounds, it
is oftemassumed to be tetrad.

Thus the vapour density of ferric chloride at moderate
temperatures ! agrees with the half of thd molecular weight
denoted by the formula Fe,Clg, The existence of iron
pyrites, FeS,, the analogue of Sn‘Sz, also supports the
hypothe51s of the quadrivalence of 1ron in these compounds.

' Cct C1 )
Cl-—I*le——}'!'e— Cl S=Fe=S§
& d
Chromium is also tetrad in its ordinary chromic salts, but

hexad in the chromates, as well as in chromium sexfluoride,
trioxide, and oxychloride,

Cl Cl KO (6]
L N Z
Cl—Cr—Cr—Cl Cr
| /N
Cl Cl KO (0]
Chromic chloride. Potassium chromate

The ordinary salts of cobalt and nickel correspond to
the ferrous and zinc salts, but they form unstable pcroxides,
Co,0; and Ni,0,, which lose oxygen at a red heat.

Cobalt forms a still higher oxide which is stated to bc a
dioxide, It forms green very unstable,alkali salts which are
soluble in water.

Among the most remarkable compounds formed by
metals arc the compounds which nickel especially andl iron
form with carbon monoxide. The formula of the nickel
compound, which is confirmed by rcference to its vapour

P At high temperatures decomposition taRes place into ferrous
chloride and chlorine.
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density, is Ni(CO),. Iron forms a pentacarbonyl, Fe(CO)j,
a viscid liquid, which crystallises at low temperatures.
Attempts to produce corresponding compounds with the
closely related metals cobalt and manganese have fdiled.

The comtxtuuon of these compounds is not understood.
The nickel compound may be represented by either of the
followm;, formule—

WO T
u| i M }: il
0. (,—O
Or more probably—-
oc Nco
\Nl/
And the iron carbonyl in a similar manner—
OS—CO
N
OC\ /CO
OC—Fe
MEeTALS.—S8.

Copper, Cu = 636
Silver Ag = 107°93.

Salt-types, (My)"Cly and M"'Cl,.

Correr is distinguished from the members of the series
just considered by i red colour, by its very superior con-
ductivity of hcat and electricity, by its diamagnetic pro-
pertigs, and by the easy reduction of the metal from its
oxide and salts, also by its indifference to diluted sulphuric
or hydrochloric acid. It is further characterised by the fact
that no basic oxide superior to the oxide CuO can be
isolated, by the production of a suboxide, Cu,0, and
_corresponding series of salts, also by the facility with which



many of its compounds unite with ammonia. By the last
two characters a relationship to silver and mercury is
indicated.

Thetfollowing are the most important of the compounds
of copper, together with the formule of compounds with
which they manifest greater or less analogy :—

Zuprous. Mercurous. Argentic.
C1,0 Hz, O . “ Ag,O
or or . or

Cu_ Hg ‘ Ag

|>o | >o ’ |>o
Cu Hyg Ag
Cu—Cl Hg-—Cl Ag—Cl "’

I I
Cu—Cl Hg—Cl Ag—Cl
Cu—H

| No hydride. No hydride.
Cu—H

Cu,S isomorphous with Ag,S and with CuAgS.

Very few cuprous oxysalts are known, for when cuprous
oxide is acted upon by acids it generally splits up and
yields a cupric salt and a residuc of metallic copper.

Cupric. = hon and Manganese.

CuO FeO

CuS0,.5H,0 isomorphous with ¥eSO,.5H,O
and with MnSO,.5H.0O

CuSO, } 6H,0 isomorphous with FeSO, } 6H,C

CuS FeS
FeCuS 9
or Fe,Cu,S, FeS,
Copper pyrites. Iron pyrites.

Considering the very general blue or green colour of the
cupric salts, and their dissolution in excess of ammonia to
form a blue liquid, copper approaches more nearly to nickel



than to any other member of the iron group. And although
a pentahydrated nickel sulphate corresponding with common
blue vitriol has not been described, yet of the isomorphism
of copper and nickel in the form of sulphate there can be no
doubt. For when a mixture of cupric and nickel sulphates
is crystallised, tie crystals which are deposited, though
containing both nickel and copper, have the form of nickel
sulphate, and contain seven molecules of water when the
nickel is in exces. Iff on th& other hand, the cdpric sul-
phate is in excess, the crystals have the form of blue vitriol
and contain five malecul®s of watgr. *

Through the isomorphism of the double potassio-sul-
phates, the iron-copper group of metals is conneeted with
the zinc group previously described.

SILVER is a metal having a familiar white lustre, and is
very malleable and ductile. It may be obtained in leaves
so thin as to transmit light of a bluish-grecn colour, similar
to that which passes through gold leaf and films of copper.
It is worthy also of notice that the light reflected from silver
is not quite white, but assumcs a close resemblance to
the colour of copper after repeated reflection.  Silver melts
at about 950° and it passes off in blue vapour at the
temperature of the oxyhydrogen flame. It is the best con-
ductor of heat and electricity. It is undoubtedly related to
the metals of the alkalies, for its chloride is isomorphous
with sodium chloride, its sulphate is isomorphous with
anhydrous sodium sulphate, and by combination with
aluminium sulphate it yields a true alum which crystallises
in octahedrons. Insalmost every other respect, however,
it differs from them.

Pldre silver has the singular property of dissolving, when
fused 1n the air, a considerable volume of oxygen, which
escapes as the temperature goes down and the metal
solidifies. This phenomenon does not appear to be con-
nected with the production of an oxide. Silver has no
action upon water or steam at any temperature, and is
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quickly reduced from its salts by zinc, iron, or even mercury.
Under certain circumstances some reducing agents throw
down from solutions of silver salts precipitates which when
dry assume various colours. One variety resembles gold.
These substances are supposed to consist of allotropic
modifications of the metal, but they #ways contain a
considcrable quantity of non-metallic matter, and further
investigation is very desirable.

The ordinary oxide of ‘silver, ‘Ag,O! is said to be
sufficiently soluble in water to give a faintly alkaline reaction,
but it differs entirely fram potash or soda in appearance
and in its decomposability by heat. The chloride, iodide,
sulphide; carbonate, and phosphate of silver are all insoluble
in water, and the sulphate very sparingly soluble.

Silver forms a peroxide, Ag,0,, even less stable than the
potassium peroxide. There is also a peroxide, Ag,0,, the
composition of which is, however, not very well established.

The relations of silver to the alkali metals on the one
hand, and to copper on thc other, are about equally
distant.

The position of silver in regard to sodium on the one
hand, and to copper on the other, is not unlike that of
thallium in respect to potassium, rubidium, and casium
and to lead.

METALS.—9Q. PLATINUM GROUP.

Sue-Grour A.—GoOLD.

Tviad. Salt types (M) Clyand MCI,.

Gold is a metal of familiar yellow colour and, high
density. In consideration of its inalterability in the fire or
by the action of acids (save nitro-muriatic acid, hence called
agua regia), gold was regarded by the old chemists as the
type of a ‘noble’ metal. It forms twoeclasses of salts, of
which the aurous are somewhat unstable, readily undergoing



decomposition into an auric compound and metallic gold.

The sodio-aurous thlosulphate A (SQO )1-4H,0 is one of

the most definite.

The trlCthrldL is the most important auric compound
It is a red, crystaﬂme, deliquescent body, which forms yellow
crystallisable compounds with the chlorides of hydrogen and
the alkali-metals, HAuCl,, KAuCl,, NH;AuCl,, &c.

Gold is reduted fr8m its *solutions with the’ greatest
readiness by nitrous adld, sulphurous acid, ferrous salts, and
all reducing agents, incliing many organic substances. Its
oxides and chlorides also yield up the metal when strongly
heated.

Sus-crour B.

The members of this group range themselves very natu-
rally into two divisions, cach of which exhibits a striking
uniformity of atomic weight and density. With onc of
these gold allies itselfy in virtue of its high density and
atomic weight, as well as its resistance to oxidation and
solution in acids; also by the yellow colour of its com-
pounds and the tendency of its highest chloride to form
double salts. With the other, silver is, perhaps, in a similar
manner, remotely connected, though in this case it must be
admitted there is but little in the properties of the metal to
sanction such an arrangement.

|- v R - Tttt 7T

Symb. At. Wt. Dens. Symb. At. Wi, Dens,

Silver Ag - 10793 10°5 | Gold Au - 197 19°3
MMad 7riad

Palladium Pd - 106 11°5 | Platinum Rt - 1948 21°5

Rhodium Ro - 103 12-0?| Iridium Ir - 193 224

Ruthenium Ru - 1017 12°0% Osmium Os - 191 225

Tetrad . Tetrad
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The true platinum metals are white metals which require
for their fusion the highest attainable temperatures of the
oxyhydrogen flame. It is stated, indeed, that osmium has
never been really melted ; hence the numbers by which their
respective densities are denoted can only, be approximately
correct.

They differ somewhat in their behaviour towards re-
agents. ¢ Palladium, for examplesis slQwly dissolved by
nitric acid, while some of the others resist the action even
of agug regia. Ruthenium and ogmium, on the other hand,
although slowly attacked'by agua regia when in the compact
state, undergo oxidation somewhat rapidly when heated in
the air.

They all, with the exception of rhodium, form more or
less stable tetrachlorides, which are generally yellow and
easily reducible by heat, either to lower chlorides or to
the metallic state. These compounds also unite with
hydrogen chloride and with the chlorides of the alkali-
metals, forming crystallisable salts, which in some cases,
as, for example, the platinichlorides of potassium and
ammonium,

+

2KCLPtCl, or K,PtClg
2NH,CLPtCl, or (NH,), PtCl

dre but slightly soluble m water and are highly characteristic.
But beside these tetrachlorides, the platinum metals yield
dichlorides and sesquichlorides, which are in special cases
of greater importance. The dichloride of palladium, for
example, is one of its most important compounds, and far
more stable than the tetrachloride, which is %nown
only in a state of solution,and in its double salts. Rho-
dium, again, forms ouly one chloride, and that the sesqui-
chloride.

‘The following are all the definite chlorides of these
metals which have becn described :—
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Dichlorides. Sesquichlorides. Tetrachloric
PdCl, — PdCl,
PtCl, -— PtC1, )

Ro.Cl, ‘
Ir(,l % Ir,Cl, IrCl A
RuCl Ru,Cl, —
OsCl, Os,Cl, OsCl,
|

Ruthenium and osméum are specialised by the existence
of potassmm salts calleq rutheniate and osmiate, which
contain the elements of potassxum oxide, together with a
trioxide of ruthenium or osmium.

K,0.RuO; or K,RuO,.
K,0.050; or K,0s0,.

The trioxides, or anhydrides, are not known in an
isolated state. But the most remarkable compounds of
these metals are the tetroxides RuQ,, OsO,, which are
highly volatile bodics, soluble in water to form acid solu-
tions, but apparently incapable of gencrating salts. The
constitution of these compounds is not well understood.
They are the only metallic tetroxides known.

CHAPTER XIIL
THE PERIODIC SYSTEM.

THROUGHOUT the preceding chapters, in which the classifi-

cation of the elements and of their compounds has been

discussed, frequent reference has been made to the remark-

able relations which are observable in the numerical value
Q2



of the atomic weights. These relations have from the
first offered to chemists an attractive problem, the im-
portance of which has greatly increased within the last few
years. *

Very early in the history of modern chcmxstry, namely,
in the ycar 1815, the hypothesis was put forward by Dr.
Prout that, taking the atomic wenght of hydrogen as 1, the
atomic, weights of all the rgmainipg clements are multlplus
of this by a whole number. This, hypothcqls, cither in its
original form or modified subsequently by the assumption
of the value 5 or ‘25 for the atomic weight of hydrogen,
has not stood the test of rigorous experimental investigation.
But within the last few years a further modification of
Prout's hypothesis has attracted attention in connection
with speculations relating to the gencsis of the so-called
clements, based upon the fundamental idea that these bodies
were formed in the beginning by the condensation or poly-
merisation of the primordial simple matter which is supposed
to have pervaded all space.

Independently of such considerations, however, the
rclations which have been discovered to subsist between
the atomic weights of the elements and the properties of
these substances and of their compounds have been made
the basis of a system of classification which has been almost
universally adopted by chemists. A short account of some

-of the most interesting of these observations will now be

laid before the student.

A relation which is conspicuous among the atomic
weights of the best known elements has already been fre-
quently adverted to in previous pages. It is this, Many
closely related elements may be ranged in shazt series
of three, in which a gradual modification of properties
is observable in tracing the series through its successive
terms. In such series the atomic weight of the inter-
mediate term is generally very nearly <he half of the sum of
the atomic weights of the extremes.
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Such an agreement is shown, for example, in the case of
the alkali metals, lithium, sodium, and potassium.

Atomic weight of lithium =" 7:03
’ »  sodium = 230§
[ ] .
y» @ s potassium = 39°1§

And 7°03+39'15 = 23'0Q.
N 2 ° Ld *

In a few cases the aomic weights of elements which arc
associated together by réwmgon of their chemical «character-
istics are simple multiples one of another, as in the example
of oxygen, whose atomic weight is 16, whilst that of gulphur
is approximately 32, or they have nearly the same value, as
in the case of iron and manganese, nickel and cobalt.

These considerations have been very ably discussed by
several chemists, but especially by Dumas, who pointed out,
more than half a century ago, that one of the most inter-
esting relations among the atomic weights of the elements
may be expressed somewhat as follows. ‘The numbers
representing the atomic weights of a series of closely allied
elements, when written down in the order of their numerical
value, represent an arithmetical progression which may be
expressed by a common formula,

a+ nd,

in which « is the first term and & the difference in passing
from term to term.  Thus, for example, the series of alkali
metals conforms to thimtype:

a=7 d=106
Atomic weight of lithium =a . =7
” T sodium =a+d = 23
3 2 potassium =a+2d =39

Now it is obvious that this relationshipis just that which



230

obtains in the combining valies of the several members of
a homologous series. The radicles of the series to which
common alcohol belongs, for example, run in the following
order, where a=15 and d=14:

o

Methyl CH; =15=a'
Ethyl CH, =29=a+ 4
. Propyl C;H; = 43=a+2d
Butyl C,Hy =357.=a'+ 34
Amyl C;H,, = ‘1‘= a+ 4d
' &e. &e. &e.  &c.

Such a series also exhibits several of the peculiarities
already pointed out in several families of elements. Thus,
taking three contiguous terms or three terms at equal
intervals in the series, the middle one has a combining
weight equal to half the sum of the combining weights of the
two extreme terms. Thus:

CHy + CyHy_15 + 43 _
2 2 -

Moreover in the higher members of such a series numbers
such as 141 and 281, 127 and 253, 113 and 225 occur, and
it may be argued that if these radicles were elementary or if
their composition were unknown, such numbers mlght fairly
'be considered as really representing a ratio of 1 :

This simple formula, however, is only approxxmately
applicable to a few of the elementyry series, and in many
cases it is necessary to recognise a more complex expression,
which may be written

a+ nd 4+ nd + nd" +

in which a represents the fundamental characteristic of the
series, and 4, 4/, &”, &c., the differences.
An example will render its application easily intelligible.



THE HALOGENS.

General Formula,
First term a
Second ,, a+ 4
*Third , a4 2d4+d
Fourth ,, a-+2d+2d' +4d'
NUMERICAIs VALUES.

First term 19 o =F
Second ,, 19 + 16%g = 8545=0Cl
Third ,, 19 4 32'9 + 2806 = %9796 =DBr

Fourth ,, 19 + 329 + 56'12 + 1883 =12685 =1
Here if @'' = a the fourth term becomes
2a + 2d + 2d' = 127°02.

A similar general formula will be found to apply to the
series N, P, As, Sb, Bi.

It is obvious, however, that the sum of such a series can
only be made to coincide with the exact value of the atomic
weight by adjustment of the differences.

In the year 1866 a remarkable observation was made
by J. Newlands, to the effect that when the elements are
arranged in a continuous scries in the order of their atomic
weights, commencing with hydrogen, there is at equal inter-
vals in the series a recurrence of the same or similar general
characters, both physical and chemical.  This periodic
revival of characteristics occurs, with a few exceptions, at
about every eighth pember of the series, as will presently
be shown. This discovery has been elaborately studied by
Mendeléeff and Lothar Meyer, and that which has long
been %vaguely recognised is now fully established, namely,
that the properties of the elements stand in a definite rela-
tion to their atomic weights. Further, if we write down a
few of the best known elements in the order indicated,
and adq the formule of some of their most characteristig
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compounds, the reader who has carefully studied their pro-
perties will recognise at once the existence of some kind of
periodic relation.

1
s A i Rel A i Chief | Chief Chief
menen. | 87 | Yoty R L | L

Li . .| 703 ' 578 12 Lca | Lo

Be . .| 91 | 14 56 | BeCl, | 2 BeO
| B 1 | =68 " a1 ' BC,. BH, | BO,
| L(Gmphm) 12 1 2z | 54| CC, ' CH, | CO,
' 14°04 ! NCl1, NH, { N,O
;o . ., 16 Liq. 99 16 » OCL ! OH, |
'Fo. 19 | : fFH !
" Na . - 2305 97 23 NaCl ? . Na,0

Mg . .| 24361 17 - 14 MgCl, ? i MgO
PAL . .l 271 i 26 . 10 AlCl, ( ? i ALO,
ISi .. 284 | 249 11 SiCL | Sill, : SiO,
jroo. L1321 14 {j P](?(l}]& ’}Pll, . PO,
| ) ‘ ([SCL& ey | o
! s . . | 32706 | 207 16 11 sé, i} SH, . SO,
PCaro .| 35'45 Liq. 1-38 25 3 i ClHd Cl0,
| K. .1 39151 865 45 KCl ? K, 0
i Ca . . 40 ‘ 18, 22 CaCl, | ? [ CaO

i |

H

The gradual waxing and waning of density and atomic
volume, of valency, of disposition to combine with chlorine
and with hydrogen, and the basylous or acidulous character
of the oxides of these elements may be displayed more
conspicuously by a graphic construction such as the fol-
lowing (p. 234).

Here the curve is traced by the intersection of horizontal
lines, whose length is proportional to, the atomic weights,
and vertical lines, which indicate the atomic volumes. It
is certainly remarkable that the atomic volume should
not increase with the atomic weight in the same or tiearly

' The volume of an atom of an uncombined element in a liquid
or solid state is assumed to be in direct proportion to the atomic
weight, and inversely as the densuy of the ~ubstancex hence atomic
volume is an abbreviated expression meaning the quotient qbtained by
dividing the atomic weight by the density,



the same ratio, but should thus increase and diminish in
value at pretty regular intervals, but the regularity with
which these alternations are followed by the various physical
and chemical characters of the elements is still mdre inte-
resting. The student will recognise without difficulty such
facts as the following by reference to the diagram.,

It will be scen first that, passing from left to right, the
ascending parts of the curve are occupied by elements the
electro-negative charact& of which becomes more And more
pronounced the highet they stand, while on each summit
and the succeeding dedivity are stationed dlements of
electro-positive character which becomes less marked as we
go downwards. The clements which are to be found upon
the elevated portions of the curve, and which therefore
have the largest atomic volume, habitually behave more
energetically as chemical agents than thosc which occupy
the lower portions.  And this general inference is supported
by reference to the heats of formation of the chlorides
or oxides of the elements in question. On the ascending
portions of the curve, including the topmost points, are also
found the volatile and fusible elements, while those which
occur at the lowest parts are substances which are, for the
most part, fusible and vaporisable only with difficulty.
Malleability and ductility and other physical properties arc
also exhibited periodically at successive points upon the
curve. Moreover, it has been found that the propertics of
the corresponding compounds of the elements, so far as
they can be at present traced, exhibit a similar periodic
character. Thus thegnelting points of the normal chlorides
of the elements, when set out graphically in the manner
shown in the case of the atomic volumes, give a curve
which exhibits the samc general characters, consisting of
alternate elevations and depressions which correspond
roughly with those shown in the diagram. The correspond-
ing bromides and iqdides also give similar curves, following
pretty closely the curve of the chlorides,
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The only character of importance which does not exhibit
alternate maxima and minima is specific heat. This, how-
ever, though not periodic with increase of atomic weight, is
somewhat dependent upon atomic volume, for it will be
noticed by reference to the diagram that those elements
which do ‘not dosely conform to the law of Dulong and
Petit have not only a small atomic weight, but small atomic
volume. .

The table glven on p. 236, contains the clehents ar-
ranged in a manner sf'ghtly modified from that proposed by
Mendeléeff. It will be .noticed, that the vertical columns
contain closely related elements in two parallel series, the
members of which alternate in the value of their atomic
weights,  The first six horizontal lines are now nearly com-
plete, but there are many gaps lower down. It is interesting
to notice that the metals gallium, discovered in 1875, and
germanium, in 1886, have been found to fill two places pre-
viously vacant, and that they present nearly all the characters
belonging to the position which, in virtue of their atomic
weights, they hold in the system.

The true places of the rare metals, neodymium, terbium,
thulium, samarium, ytterbium are still unsettled, as well as
those of several other clements which are associated with
the yttrium-cerium groups, but which are at present dis-
tinguishable only by spectroscopic characters,

The table requires a few remarks. The first segies
consists of elements which, though often spoken of as
typical, are entitled to be so regarded only in a limited
sense. While theresis considerable agreement in regard to
properties between lithium and sodium on one side and
betwgen fluorine and chlorine on the other, the element
which stands at the head of cach of the intermediate groups
is followed by one which is very different in all its more
obvious properties. The differences, for example, between
oxygen and sulphur and between nitrogen and phosphorus
are more strongly marked than their resemblances, and there
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is nothing corresponding to the close relationship noticeable
among the members of the several triplets Cl—Br—I,
S—Se—Te, &c., which follow.

The whole of the non-metallic elements are ilcluded in
a region which occupies the upper right-hand corner of the
table, and is marked off by the dotted linc. All to the left
of this are positive, and with the exception of hydrogen
present metallic characters more or less distinctly.

In tracing the groups downwards in the sevetal vertical
columns it will be 1f{:ound that on the negative side the
negative character is grodually reduced as the Atomic weight
increases, and in some cases, as in the P— As—Sb—Bi group,
the negative is gradually exchanged for a positive character.
On the positive side the positive characteristics and chemical
activity increase with risc of atomic weight. This difference
is apparently connected with atomic wo/ume, for by refer-
ence to the curve (p. 234) it will be noticed that while there
is considerable increase in atomic volume in passing from
Ii to Cs, the atomic volumes of Cl, Br, 1 are nearly
equal.

In many cases in passing vertically downwards a ten-
dency will be noticed to the gradual production of a new
type of compounds, the formation of which depends upon a
different, usually a lower, rate of valency. For example,
magnesium forms but one series of salts represented by the
chloride MgCl,, while mercury gives both mercurous and
mercuric compounds HgzCl, and HgCl,.  Aluminium
forms only one series of salts and those typified by the
trichloride AICl, eThallium, however, forms a series of
thallous compounds TICl, &c., which are much more
stale than the thallic compopnds TCl, &c. Similar
remarks apply to other cases, as may he seen by comparing
the relative stability of lead dichloride and lead tetrachloride,
of bismuthous oxide and bismuthic oxide, with the habit of
the group at the extremity of which they stand.

The table as a whole brings out clearly enough the



principle of the dependence of properties on atomic weight
and the generally periodic character of the changes which
follow the gradual increase of atomic weight. It presents,
however,‘many difficulties and anomalies, the existence of
which shows that the true relation between atomic weight
and properties remains to be discovered. One of the
greatest difficulties occurs in assigning to the newly dis-
covered argon group a place ip the system. In the table a
place is given to them provisionally outside the negative
groups and parallel with them. If the table were wrapped
round a cylinider with axis paralleleto the vertical columns
of the table, the argon group would divide the positive side
from the 'aegative, forming a sort of neutral or transition
group. ’

It is also obvious that such relations as are known to
subsist between thallium and the alkali group, and between
lead and barium, are neither accounted #or nor indicated by
their position. The metals manganese, iron, nickel, cobalt,
and copper again are connected by isomorphism with
magnesium and zinc, but a strict application of the periodic
principle allows no place for them near to those metals, and
a similar difficulty occurs in the case of the metals of the
platinum group.

To the student the table will be found uscful as an aid
to the memory, but what is to be inferred from the relations
which have been pointed out as regards the possibility of a
common origin of these undecomposible forms of matter or
as to a common constituent or constituents must be con-
sidered as an open question, which vell probably remain
unanswered for some time to come.
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CHAPTER XIV.

ACIDS, BASES, SALTS.

CHEMICAL comp‘c\)unds are divisible broadly into two great
classes, namely, electrolytes and non-electrolytes. The
former, when dissolved in a suitable liquid, are capable of
conducting an eﬁectrig:,current, and are thereby" resolved
into positive and negative constituents, as already explained
(Chap. X.). - . ¥

Compounds of this class, consisting of a positive ion united
to a negative iqn (see Chap. XIX.), receive the nime acid,
base, or salt, according to the properties they exhibit. A study
of their mode$ of formation, their properties, and character-
istic reactions shows that they all possess fundamentally the
same constitution and may be described as salts. The
application of the term ‘salt’ was formerly restricted to
compounds which resemble in external appearance, crys-
talline character, solubility, and taste, common salt, a sub-
stance originally obtained from sea water. The word is
derived from the Greek @\¢ (fem.), the sea, and hence &@A¢
(masc.), salt derived from the sea, and it appears in nearly
the same form in many languages—e.g. sa/ (Latin), se/
(French), sa/z (German). Liquid and solid, soluble and
insoluble compounds are now alike included under the
term salt, and physical characters alone afford no basis for
a definition.

A salt may now e defined as a substance which in the
liquid state or dissolved in certain liquids, especially water,
behawes as an electrolyte, and is also resolvable by double
interchange with other compounds into a positive and a
negative constituent. It is customary to reserve the name
salt for compounds in which the positive element consists
wholly or partly of a metal or pseudo-metal, while the com-
pounds in which the positive constituent is wholly hydrogen



are called acids, and those in which a metal is combined
with hydroxyl arc often called bases, or better, basic
hydroxides. It will be convenicnt to consider these threc
classes of compounds scparately.

Salts.-~Metallic salts may be formed in a variety of
ways, among which the following are the most important :—

(¢) Union of elements :—
f Hg + Cl, = HgCl,."

(#) Union of metallic and non-rr{etallic oxides :—

a N3202 + 802 = Nagso,‘.

(¢) Action of metal on acid : —
le -+ }{QSO‘ = ZnSO,‘ + an.

(4) Action of metallic oxide or hydroxide on acid :—

7n0 + H,S0, = ZnS0O, + H,0
NaHO + HNO,; = NaNO, + H,O0.

(¢) Double decomposition between two pre-existent

salts —
BaCl, + Na,HPO, = 2NaCl + BaHPO,.

When a salt is dissolved in water two kinds of change
may occur. It will be dissociated into its ions to an
extent which varies in cach case and which is dependent
upon its nature and composition. It may be also partly or
completely resolved by the chemical action of the water
into an acid and a hydroxide, or basic salt. Such a process
is called hydrolysis. Its effects become visible when either
of these products is insoluble, or only slightly soluble, in
the lignid. An example is provided by the action of water
on bismuth nitrate :—

Bi (NO,); + 2H;0 = Bi (NO;) (HO), + zHNO,,



2T

Compounds such as these are often called basic salts.
The following are some additional examples :—

Lead hydroxychloride Pb { ng
Lead hydrdxynitrate Pb gg
3
Fe. —OH
Ferric hydvoxysulphate SO4/ \SO}
* NFe/ —OH
Malachite . . CO,; {83 — 82
Cu — OH
CO,
Azurite . . . J>Cu
(0]
“O\cu—on

In consequence of the hydrolytic effect of water on
many salts, their solutions sometimes exhibit unexpected
characters. For example, common sodium phosphate,
Na,HPO,, is decidedly alkaline to test paper notwithstand-
ing its apparently acid constitution.  This arises from the
action of the water, which resolves it partly into a mixture
of caustic soda with the monosodium salt :—

NagHI)O‘ <+ H2O = Na}IO + NaH2P04- »

Similarly potassium cyanide, a compound which, when
dry, bears fusion witsout suffering decomposition, when
dissolved in water gives a strongly alkalmne liquid, owing
to the fprmation of potassium' hydroxide mixed with prussic
acid, which is a very weak acid. .

In the production of salts the combining capacity of the
materials is usually regarded as exhausted, the affinity of
the sodium in common salt, for example, being satisfied
by the equal and opposite affinity of the chlorine. It is
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evident, however, that in a great many cases, perhaps
in all, there is a reserve of combining power and of
potential energy, for nearly all salts under suitable condi-
tions are capable of entering into combination in definite
proportions with water, alcohol, ammonia, and with other
salts. Water of crystallisation has already been referred to
(p. 167). Double sulphates and double chlorides, &c.,
are probably to be accounted for by an extension of the
same hypothesis (see p. 159). Sodium cnloroplatinate and
chloraurate might, for example, be expressed by the follow-
ing formule :—

_\.41\ /\/l - UllNa bl\
1O Pt I SAu—Cl = CINa.
¢/ \Cl=CINa C”

Acids.—Acids are salts of hydrogen. They are distin-
guished from metallic salts in general by greater chemical
activity, being capable of producing, for example, hydrolytic
effects more readily. They are also characterised by well-
known behaviour with certain dyes, such as litmus. The
sour taste of diluted acids is a common property, but is not
more remarkable than the bitterness of magnesium, the
astringency of iron, and the sweetish taste of lead salts.

It has already been pointed out that many acids are
crystalline, and in all external characters resemble salts of
metals (p. 184) The part played by oxygen in relation to
acidity also has been discussed (p. 162). The modern
hypothesis by which the chemical activity of an acid is
connected with its specific capacity for electrolytic decom-
position will be explained in 2 future chapter. It will be
sufficient to say for the present that hydrogengis the
characteristic element of all acids, and that to the readiness
with which most acids undergo ionisation and the mobility
of the hydrogen ion they probably owe their activity as
chemical agents.

It now remains only at this point to give an account of the
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property of acids known as ‘basicity.” This inquiry amounts
in some cases to a determination of the weight of the
molecule, and reference has already been made to
examples of the kind in the chapter on Molecular Weights
(p- 95)- The question is, however, one of great import-
ance, and deser¥es to be examined a little more in
detail. The basicity of an acid depends upon the number
of atoms of hydrogen gdirectly, exchangeable out of each
molecule for metdllic ajoms; an acid containing 8ne such
atom of hydrogen being called monobasic, one containing
two such atoms is dibasic,%or three tribasic, and $o on. We
may infer the basicity of a given acid from the number of
distinct salts it is capable of yielding with each metal.
Monobasic acids generally give one salt, dibasic acids, as
shown in the case of sulphuric acid, give two, and tribasic
acids give three. Mere inspection of the formula of an acid
does not, however, furnish sufficient information upon which
to form a judgment regarding the basicity of the acid and
the number of salts it is capable of producing ; for it by no
means follows, from the existence of two or three atoms of
hydrogen in the molecule, that it should be dibasic or tribasic.
The basicity depends not upon the total number of hydrogen
atoms present, but upon the total number endowed with
this particular power of exchange.

The three following acids of phosphorus afford an
example of this. Each molecule contains three atoms gf
hydrogen, but the first is monobasic, the second dibasic, the
third tribasic :—

Hypophosphorou® acid . H,PO, or IPH,0,
Phosphorous acid . . H;PO; or H,PHO,
Phosphoric acid . . H,PO,

In this and similar cases it has been generally observed
that increase of basicity, as well as of sourness and general
chemical acidity, accompanies the addition of oxygen.
Hence it has been inferred that those atoms of hydrogen

R2
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which are exchangeable for metals are combined more
intimately with oxygen than others which are not similarly
cxchangeable.  On this hypothesis the formulz of the three
acids referred to above are represented in the following
nanner :—

H. ,H

Hypophosphorous acid . O=P—OH
” ‘ H OH

_ -y

Phosphorous acid . s O=P

‘ NoH
OH
Phosphoric acid . . O=P—-OH
NoH

But acids are capable of undergoing a variety of modifi-
cations under the influence of reagents, and some of these
are available as evidence towards the establishment of their
basicity. It has been found, for example, that acids which
possess only one basic atom of hydrogen, or are monobasic,
yicld only one amide and one chloride. Acetic acid, for
example, gives the following derivatives, the relation of
which to acetic acid is obvious from the formule —

Acetic acid . . HO.C,H,0
Acetyl chloride . . CLC,H,0
Acctamide : . NH,.C,H,O0.

Dibasic acids give two derivativen of the same kind, and
tribasic acids give three.

We may now resume the case of sulphuric acid, alrcady
adverted to (p. 95), as a very instructive example.

"The simplest formula for sulphuric acidis H,SO,. The
problem before us is to prove that this formula, with the
rclative weight 98, is the formula of the molecule, and that
the acid is dibasic.
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1. The fact of the existence of.two classes of sulphates
has been already appealed to. It is clear that the whole
of the hydrogen of the acid is replaceable by metals, and
that it is capable of replacement one half at a time. We
arrive then gt sucll formula as these :—

Na Na K K.
n S0, naso.  glso.  lso,

L
Evidence of tHs kiqc? is almost conclusive, but it*happens
that in the present instance other testimony is abundant.
2. Thus we might show that sulphuric acid i% produced
when sulphur trioxide and water, both bodies of known
molecular weight, unite together—— o

SO, + OH, = SO,H.

3. Also when sulphur dioxide is dissolved in water and
the solution exposed to contact with oxygen—

SO, + OH, + O = S$O,H..

4. It is also formed by the direct union of hydrogen
peroxide and sulphur dioxide —
SOZ + OgHg = SO4H~;.
A sulphate being generated in the following strictly
parallel case of combination —

SO, 4 PbO, += SO,Pb.

[ ]

5. Sulphuric acid ¢s generated by the decomposition of
sulphuryl chloride by water—

80.Cl;, + 2H,0 = SOH,; + 2HCL

According to equations 2, 3, 4, the whole of the acting
materials enter into the composition of the sulphuric acid
which is produced, and therefore there is a strong proba-
bility in favour of the molecular weight of sulphuric acid
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being the sum of their separate molecular weigths. Similar
considerations apply to equation 5. The molecule of sul-
phuric acid is here shown to be built up of the molecules
of the sulphur exychloride and water, minus two atoms of
hydrogen and two atoms of chlorine. ,

6. We now come to some reactions in which various
constituents of the sulphuric acid molecule are replaced.
When the acid is heated with phosphoric chloride, two
successive reactions of the same kind enstie. In the firstan
atom of chlorine is introduced in place of the group (OH)
which is removed.

H,SO, + PCl; = HCISO; + POCl; + HCL

The compound HCISO, then interacts with itself, if the
temperature is sufficiently high, reproducing sulphuric acid
and a new chloride, thus :

2HCISOy = H,S0, + SO,CL.

The rclation of the two new chlorides to sulphuric acid
may be exhibited most satisfactorily by writing the formule
in the following manner :—

HO HO Cl
HO SO: c1 SO: 1 50:
Sulphuric acid or Sulphuryl Sulphuryl
ydroxide. hydroxychloride. chloride.

7. Two ‘amides,’ standing in the same kind of relation-
ship towards sulphuric acid, also exist. Their formule may
be written thus : —

HO HO .~ ° NH,
HO SO: NH, 50: NH, 5O:
Sulphuric acid. Sulphamic acid. Sulphamide. @

The existence of these compounds and the correspond-
ing chlorides supplies evidence similar to that deducible
from a knowledge of the acid and double sulphates (1).
These facts tend to show that the hydrogen contained in a
molecule of sulphuric acid is divisible into two cqual parts,
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and that these two hydrogen atoms are probably more
closely united with two atoms of oxygen than with other
constituents of the molecule.

8. When concentrated sulphuric acid is made to act on
certain hydrocarbons, alcohols, phenols, and other bodies,
compounds are *produced which have the properties of
monobasic acids. These compounds are in some degree
analogous to salts; at_any rage, sulphuric acid could not
produce denvat&es of this kind if it did not dontain at

least two atoms of basylous hydrogen.
L)

C,H,0H + H,S0, = H,0 + C;H;0(S0,H)

Ethylic alcohol.  Sulphuric acid. Water. Ethyl-sulphusic acid.
CGHG + H,SO,, = Hgo + CGH5(S03H)
Benzene. Sulphuric acid. Water. .Benzene-sulphonic acid.

CH,0H + H,S0, = H,0 + C.H,(OH)SO,H)
Phenol. Sulphuric acid. Water, Phenol-sulphonic acid.

In one respect, which has not yet been referred to, there
is a difference between acids which contain oxygen and
those which do not contain that element. Compounds in
which there is no oxygen cannot by any possibility be made
to yield water. Hence there are no anhydrides correspond-
ing to the haloid acids. Oxyacids, however, may, in various
ways, be made to furnish water and an oxide, which is called
an ankydride. Thus sulphurous acid splits up readily in the
following manner :—

HSO;, %~ H,0 + SO,

Sulphurous acid. Water. Sulphurous anhydride.

Dibasic acids give their anhydrides most readily when
simply heated, whereas monobasic acids generally require
to be treated with some dehydrating agent. This is pro-
bably connected with the fact that a dibasic acid always
contains within itself the elements of water, whilst a mono-
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basic acid cannot generate water except by the combined
action of two molecules.

' Dibasit.

H QCO 3 = H 20 + CQ 2
Carbonic acid, ‘* Anhydride,
H2CgH4O4 = H‘_AO + C4H403
Succine acid. . - Anhydride.
Monobasic. '

HNO,;) _
HNOJ = H:0 + N0,
Nitric acid. Anhvdride.

In the case of some monobasic acids, the anhydride can
only be obtained byea succession of operations. In order
to prepare acetic anhydride, for example, the chloride is
first made from the acid, and this compound is then allowed
to rcact upon a salt.

C,H,0C1 + C,H,0.0Na = NaCl + (C,H,0),0
Acetic chloride. Sodium acetate. Sodium Acetic oxide or
chloride. anhydnde.

Bases.—The word base belongs to the obsolete dualistic
theory of salts. According to this theory, every salt was
supposed to be made up of two parts, one of which, con-
sisting of a metallic oxide, formed the base ; whilst the other
pa-t, usually the oxide of a non-metal, or some group con-
sisting of carbon, hydrogen, and oxygen, was regarded as
the acid. Sulphate of soda, for example, was, according to
dualistic phraseology, composed of tue base soda or oxide
of sodium, and sulphuric acid or trioxide of sulphur, and
its formula was written NaOSOj, or, adopting modern «.tomic
_weights, Na,080;.

This idea has been considerably modified, and the
oxides of which the elements are present in such a salt as
sodium sulphate are no longer supposed to exist in the
compound in a semi-independent condition. The primary
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products of electrolysis of ordinary salts are now known to
be hydrogen or a metal at the negative, and a non-metal
alone or associated with oxygen at the positive electrode.
When sodium sulphate or any alkaline salt is electrolysed
the producis whxch appear at the electrodes are respectively
an alkali and af acid, and this fact appeared to Berzelius
and the chemists of his time to support the view of saline
constitution explained ,bove., This alkali and acid are,
however, seconddry products the result of the libtration of
the positive and negative ions of the salt in the presence of
water. .

The hydroxides and the lower oxides of metals agree in
the property of reacting with acids with the prodlction of
salts and water.

It will be noticed that a basic hydroxide and basic oxide
have the same relation to each other as an acid and its an-
hydride. For example—

2HNO : —_ OH 9 = N QO 5
Acid. Water. Acid anhydride.
2KH O - OH 2 = K 20
Bavic hydroxide. Basic oxide or basic
anhydride.
I’I 2804 - OH 2 = 803
Acid. Water. Acid anhydride.
Ca(HO) ) - OH ® = CaO
Basic hydroxide. Water. Basic oxide or basic
anhydride.

The name Jase is still often given to compounds of this
kind, dut in view of the fact that this word is now uni-
versally applied to those compounds of nitrogen which
combine with acids, it will save confusion if the word base
1s reserved for such nitrogenous compounds, while metallic
oxides and hydroxides arc merely qualified as édasz. It
must not be forgotten that when ammonia or a nitrogenous
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base combines with an acid, a salt is alone formed without
any secondary product ; thus:

N H 3 + H N 03 = N H 4 NO:;
Ammonia. Nitic acid. Ammonium nitrate.
NF[QCG}'I_:-, + HC2H302 = NHa(‘GHa(J HaOg
Aniline, Acetic acid. Aniline acetate.

On the other hand, when a basic oxide or hydroxide
interacts with an acid water {s invaréinably formed in addition

to the saft— .
Basic hydroaide. Acid. Salt. Water.

The demonstration of this fact is often neglected, but
the formation of water is readily shown by bringing a stream
of dry hydrogen chloride into a tube loosely filled with
litharge and connected with a collecting tube kept cool.
To represent a change of this kind according to modern
views concerning the constitution of saline solutions, it is
only necessary to write the formule of the acid, the basic
hydroxide, and the salt in such a way as to indicate the
constituent ions of each. Water is a compound which is
but slightly, if at all, dissociated, and consequently the for-
mula of the water produced represents a molecule. In the
following equation

(K+HO) + (H+NO;) = (K+NO;) + H,O
K,and H are the positive ions and HO and NO; are the
negatlve ions of caustic potash and nitric acid respectwely
When they are mixed together the H and HO ions dis-
appear from the field, having united 4>gether to form water
molecules. In such an equation an explanation is provided
of the fact to be mentioned later, that the heat gengrated
by neutralising different acids by the same basic hydroxide
is always about the same in amount. In such a process
the heat produced does not proceed to any appreciable
extent from the formation of the salt, but is due almost
entirely to the formation of water. (See Chapter XIX.)
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CHAPTER XV.
DERIVATIVES OF' AMMONIA.

L]

Ammonium ?‘lteo;y.-—Ammonia is excessively soluble in
water, and the solution has all the properties of a powerful
alkali, Like caustlc potash, i restores the blue colour to
litmus which has beeq reddened by an acid, it aBsorbs car-
bonic acid from the air, it saturates acids, forming a class of
crystallisable neutral salts, which are isomorpHous with the
corresponding salts of potassium. Like potash, also, it pre-
cipitates hydroxides when added to the solutions®of a great
many metallic salts, though in a few cases, e.g. with mercuric
salts, it gives rise to compounds of a different character.
Lastly, solution of ammonia differs from solution of caustic
potash in that when evaporated it leaves no residue. In
consequence of this want of stability, solution of ammonia is
often referred to as the velatile alkali.

Guided by this marked resemblance betwecen the com-
pounds of ammonia and those of potassium, chemists bave
been led to regard both series as constituted in the same
manner. Writing down in parallel columns a list of ammo-
niacal and potash salts, and eliminating from each pair of
formulze the symbols which are common to them both, we
find that the group composed of one atom of nitrggen and
four atoms of hydrogen, NH,, 4s the residue left over in the
one case, while the solitary symbol K remains in the other.
The latter represen® the radicle potassium, which, when
isolated, presents all the characteristics of a metal.

Fhe radicle ammonium, NH,, has never been isolated,
though it seems to be capable of a‘brief existence in the
form of the remarkable substance known as ammonium
amalgam. When a lump of sodium amalgam is placed in a
solution of sal-ammoniac, or when the same salt, dissolved
in water, is submitted to electrolysis, a globule of mercury



being used as the negative clectrode, the mercury swells
enormously, becoming so light as to float in the solution,
and acquires a pasty consistence without losing its metallic
aspect. In a few minutes the spongy mass contracts,
hydrogen and ammonia cscape, and the mercury recovers
its original volumc and lustre,

Compounds of

Ammonium, . P . Potassium.
NH,H.,» or NH,HO or AmHO' | KHO
NH;.HCI or NH,Cl or AmCl | KCl
NH,;HNO; or NH,NO, o- AmNO, | KNO,
NH;H,SO; or NH;HSO; or AmHSO, | KHSO,
(NH,),.H,SO  or (NH,),SO, or Am,SO, | K,S0,

NH,H,PO, or (NH,)H,PO, or AmH,PO, ~KH,PO,
(NH,),H,PO, or (NH,),HPO, or Am,HPO, | K,HPO,
(NH,)sH,PO, or (NH,),PO, or AmPO, | K,PO,

All the compounds of ammonium arc characterised by
the readiness with which they are dissociated into ammonia
and an acid, and in solution of ammonia it appears that the
amount of ammonium hydroxide actually present at any
moment is very small, the greater part of it existing only
potentially in the form of ammonia and water, which
simultaneously act in the production of metallic hydroxides
when the solution is mixed with solutions of metallic salts.
When mixed with ferric chloride, for example, the greater
part of the action is representable not as

FeCl; + 3NH,HO = Fe(HO), + 3NH,C],
but by the following equation :— o
FeCl; + 3NH; + 3H,0 = Fe(HO); + 3NH,CL

Solution of ammonia constantly gives off ammoniZ gas
recognisable by its pungency, which is also noticeable in the
solid carbonate or smelling salts.

Amines.—The hydrogen of ammonia admits of substitu-
tion in three successive stages, and the compounds thus
formed are believed to be constituted in the same manner



as ammonia itself, or, using thc ordinary expression, they
belong to the ammonia type,
(H
Ni H

the replacing radicles being severally combined with the ni-
trogen in the same manner as the hydrogen atoms of the type.

When positiye radieles, consisting of metals or hydro-
carbons, are substituted for the hydrogen in the ammonia
molecule, the resulting compounds retain the alkalinity and
general basic character of*ammonia. Such compounds are
called amines. 'They gencrally combine with acids, but are
unaffected by treatment with alkalies. There are several
classes of amines resulting from the more or less extensive
replacement of the hydrogen or the coalescence of two or
more molecules of ammonia. Their constitution will be
understood after inspection of the following table, in which
the symbol R represents a positive radicle, the valency of
which is indicated by dashes :—

Monamines ; Diamines. ( Triamines. i
| 1
— l |
Primary | Primary. ! Primary.
( l{l i { RY' ¥ ( ]I nr
N-H | N, H, |
Bt { ir; ! .
_ o —_— . L . - . e . '
' !
Secondary. ! Sccondary. | Sccondary.
{RI | 11\’7 ( { L (PI'I ltlrl
v:{R’ | R N, , R, Ny<iR'" N, R, &
I ' (H Slag s
R
i T - e B
Tertiary. Tertiary. § Tertiny.
I{I (RH RH ])’l ]’l’ ’ j ‘ll'l (RHI
N{R' N2 l{"N,,l RUYNL{RL NG RN RN, RYy
R’ l ‘LRH ( Rlz 1

R, LR'” { R R,
: &e.
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Monamines are capable of saturating onity one molecule
of a monobasic acid, but diamines unite with two, and
triamines with three molecules of such acids. The diamines
and triamines also yield intermediate compounds. Repre-
senting the monamines, diamines, and tnammes re-
spectively by the symbols Am, Am? and Am?, the general
formule of the chlorides may be written in the following
manner :

. .
1)

Am.HCI Am2HCI ' Am?HCL
‘ Am?2HCI Am?2HCL
Am3 3HCL

The tertiary amines unite with iodides and other salts
of alcohol radicles in the same manner as with acids, fur-
nishing compounds which may be formulated either as
ammonia compounds or as derived from the hypothetical
ammonium radicle. Thus triethyl-amine combines with
ethyl iodide, forming a crystalline compound, which may
be represented either as N(C,H,),;.C,H,I, or, more con-
sistently and conveniently, as tetrethyl-ammonium iodide
N(C.H;),I. This compound is obviously the analogue of
ammonium iodide. When acted upon by silver oxide and
water, it exchanges iodine for hydroxyl, and gives rise to a
hydroxide of tetrethyl- ammonium, N(C,H;);HO, a com-
pound which may be obtained in the solid state, and which
in ‘its causticity and alkalinity closcly rescmbles potassium
hydroxide. The existence of this compound, and others
of similar nature, furnishes strong evidznce in favour of the
ammonium theory. Like their hypothetical prototype the
substituted ammonium radicles N(C,H;),, &c. arg not
known in the free state.

Another question has at different times been raised
regarding the constitution of ammonium compounds. It s
now generally admitted that they contain pentad nitrogen,
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ammonium chloride being represented graphically by the
formula—

H H
N/
)
° H /c1\H

and other ammonium. compounds in a corresponding
manner. Experiment _has been brought to bea? on the
subject in the following manner :

Methyl-triethyl ammonium chioride may be Yepresented
either as an ammonium compound—

C;H, C.H,
ANV
N

-

21N
C;H,CICH,

or, as formed on the type of salammoniac, regarded as
ammonia hydrochloride, NH,. HCl. If the latter view were
correct, there ought to be two isomeric compounds having
the formulee—

N(C;H),.CH,Cl and N(C,H,),(CH,).C,H,CL.

It is found, however, that the result of bringing together
triethylamine and methyl chloride, is a 'body identical in
every respect with the product obtained by mambining
methyl-diethylamine with ethyl zhloride.

According to the ammonium formula, which these
results support, each %adicle is in the same position with
respect to the nitrogen, and no isomerism is possible so
long s the atoms are represented as lying in the same
plane. Quite recently it has been found that when com-
bined with five different radicles nitrogen is capable of
exhibiting the same kind of isomerism which has been
described in connection with the compounds of carbon, and
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- which is explained by assuming that the arrangement of
the aubstituting radicles in space is such as to give rise to
asymmetry in the compound (sec pp. 104 and 125). The
salts of benzylphenylallylmethylammonium, for example,
have been obtained in two forms, which undoubted]y contain
five radicles combined with the atom of péntad nitrogen—

C,H; C; H5

CH,—N—--C H,
'Br

and which bear towards each other the same kind of relation
which has so long been known in tartaric acid and other
compounds in which the central element is a carbon atom.
These pairs of nitrogen compounds present, the one a
dextrorotatory power, the other a corresponding levo-
rotatory power, and their constitution is believed to be
respectively that of an object and its image in a mirror.

Phosphines, Arsines, Stibines.—By replacing the hydro-
gcn of phosphoretted, arsenetted, and antimonetted hydrogen
by hydrocarbon groups, extensive serics of bases are ob-
tained, which have received the above names, and, save
for their extreme oxidability, an®in many cases incapacity
for comnbination with acids, agrce in general characters with
the compound ammonias.

« Amige—When the hydrogen of ammonia is replaced
by ox1dlsed or other negative radicles, compounds called
amides are formed. These substances are, generally speak-
ing, neutral, though some which contain the radicles of weak
acids are still capable of cntering into combination with
acids, and a few are cven very decidedly basic ; urea or
carbamide, CO (NH,),, for example.

On the other hand, some of the amides derived from
polybasic acids are themselves acid bodies. This has been
alrcady referred to (Acids, p. 246).

The general formulz of amides correspond with those of



amines, and they may be classified into primary, secondary
and tertiary monamides, diamides, and triamides, and, sub-
stituting negative R or R for R in the formule given on
p. 253, they may be tabulated in the same way as the amines.
One slight addition is necessary. Monamines containing
bivalent radicles &e not known, but monamides in which
two atoms of hydrogen are replaced by one bivalent acid
radicle, are known. undey, the name imides.

Cyanic acid or Carbimidg. Succinimide.

N{ (©O) N{ GHO

Tertiary derivatives of ammonia, called nifriles or
cyanides (p. 119), are known in which the thrce atoms of
hydrogen are replaced by trivalent hydrocarbon groups. We
have, for example,

Formonitiile Acetonitrile Benzonitrile
" " 7
N(CH) N(C,H;) N(C;H;)
or Hydrogen cyanide, or Methyl cyanide. or Phenyl cyanide.

N=C-H N=C—CH, N=C-C.H,

These compounds are not basic, and arc decomposed,
like all amides, by boiling with alkalis. Ammonia is evolved,
and a salt formed corresponding with the acid from the
ammonium salt of which they are derived by dehydration.
Notwithstanding, therefore, that the replacing radicle contains
no oxygen, these compounds should be rankedewith the
amides. The isocyanides (p. 12a) are basic, and are there-
fore called carbamines.

The residual hydrogen of primary and secondary amides
may be replaced by positive or hydrocarbon radicles.
Compaosinds intermediate between amines and amides then
result. The following are examples :—

C,H, C.H; C,H,
N{H N{C2H5 N{CQHE
H H C.H;

Ethylamine Diethylamine. Triethylamine,
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C2H30 C2H30 CzHao
N{H N{C;H;,O N{CQH:,O
H H C,H,0
Acetamide. Diacetamide. Triacetamide.
(CQH:‘O CgHaO CQH:}O
N‘ CQH;; N{Cgl{ao N C"IH'Q
(C,H, JH, H
Diethylacetamide. Ethyldiacetamide. Ethylacetamide,

CHAPTER XVI.
CARBON COMPOUNDS.

ComPoUNDs having the same chemical functions, and con-
stituting a series in which, between any two contiguous terms,
there is a constant difference of CH,, are said to be homo-
logous, and the series is a Aomologous series. Rclations of
a like nature have not hitherto been ohserved among the
compounds of any element but carbon.! This peculiarity
seems to be connected with a special faculty with which
carbon atoms appear to be endowed, the power, namely, of
uniting with one another without the intervention of any
other element. Thus a very large number of different com-
puundé ontaining carbon and hydrogen, either alone or
associated with oxygen or ‘nitrogen, have already been pro-
duced, and a still larger number of possible combinations
of carbon is indicated by theory.

By reason of their composition being unknown or their
reactions imperfectly studied, many carbon compounds
remain unclassified, but the number of these has been
greatly reduced by modern researches. The following are
the most important classes of carbon compounds :—

And probably silicon,
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1. HYDROCARBONS AND THEIR HALOID DERIVATIVES,

Some hundreds of compounds consisting only of carbon
and hydrogen have been described, but no such compound
is known of, which two volumes of the vapour contain a
larger quantity of hydrogen than is represented by the
general formula C,Hj,,o The factis explained by the
following hypothggis. # single atom of carbon has four
units of combining capacity, each of which is capable of
being saturated by one atom of hydrogen. We thus arrive
at the formula

H

|
H—C—H
|
H

which represents marsh gas. This compound is absolutely
saturated, and nothing will induce it to take up additional
elements of any kind, except on condition of removing one
or more of its hydrogen atoms. If, now, wec imagine another
atom of carbon similarly loaded with hydrogen presented
to it, the only mode in which they can unite together is by
the severance of an atom of hydrogen from each group, as
represented in the following diagram :—

a0 H
| o
H_IC_H' H:-C—H
or
H H
i

for
e
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The same process may be repeated ad infinitum. The-
number of hydrogen atoms in the first term of the series
being 4, in the second 2 x 4 — 2, in the third 3 x 4 — 4,
in the n'* term the number will be 4n — (2n — 2), or
2n + 2. o

The most important series of hydrocz‘irbons at present
known are represented by the following general formule :—

Puraffins, or Marsh Gas Series, C.Hou,e
Olefines, or Olefiant Gas Series, C,H,,

Aceiylene Series, C.H,,_o
Terpene Series, C.H;,_,
Lenzene Series, C.H,,_6
Naphthalene Series, C.Hy 2
Anthracene Series, C.Hu_ s

From what has already been said as to the manner in
which the carbon atoms in a carbon compound become
linked together, it is obvious that these general formule
admit of development in a variety of ways, so as to give
rise in each series to a considerable number of isomerides.
Thus, if we take the formula for the paraffins, and assign
different values to = we arrive at such results as the
following :—

(-’;H,l n=1

w e Hy—CHj n=2
CH‘;‘—CHQ_CI’I;; n=3
CH3_CH2—CH2_CH3 n=4
&c. - &c.

Now it is obvious that in the first, sccond, and third
terms of such a serics, on the assumption that H is always
monad and C tetrad, there cannot be any other arrangement
of the symbols. In other words, there can only be one
compound of the formula CH,, one C,Hg, and one C;H,.
Isomerism is impossible. But on arrival at the fourth member
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e
~~of the series, C;H ,, we find it possible to arrange the symbols
in a second order as follows :—

CH,—CH

The fifth term'admits of a still larger number of varieties,
which may be expressed in a similar manner.
1. CM;—CH,—CH}-CH,—CH,
. CH,
2. CHa—CHg—CH<
. CH3
/CH,4

3. CH;—C—CH;,
\CH;

As we advance in the series the number of isomeric
hydrocarbons theoretically possible increases very rapidly,
and it has been calculated that at the tenth term, C,,H,.,,
there may be 75 modifications, whilst at the thirteenth,
C,3H 44, there may be no fewer than 799 varieties of formula.
The number of these hydrocarbons actually known is at
present very small.

In the formula for the olefines and for the acetylene
serics we must admit the supposition that the carbon atoms
are linked together by more than one unit of valency.

Ethylene Acetylcne
CH2:CH2 CHEC}{ ‘O“:f” -
L]

The terpenes are liquid hydrocarbons found in turpen-
tine and in various natmral essential oils. They all have the
formula C,,H,; and no homologues have yet been dis-
coveregl. Their constitution is at present unknown.

On reviewing the foregoing formulxe it will at once be
perceived that while the paraffins are sdturated,! and hence

! The paraffins are more completely saturated than any other known
form of matter, for not only do they resist the attack of ordinary

chemical agents but they form no ¢ molecular > combinations, and even
as solvents the liquid members of the series have but limited appljcalion.



are capable of producing only substitution compounds, the
remaining series referred to may enter into direct com-
bination with hydrogen, with the halogens, and other sub-
stances. Thus the following formula represents saturated
compounds :— ¢ .

Olefines C,H,,Br,

Acetylene series C nHan_oBry.

If ncAw we recall the hypothesw already explained (pp. 104
and 124) which is employed to account for optical activity in
carbon cofnpounds, it can easily be shown with the aid of
models, or even carefully drawn diagrams, that when a number
of atom¥ of carbon are joined together the chain which is
produced cannot liein a straight line as apparently indicated
by the usual symbolic formule. A series of three or more
carbon atoms must form a spiral, one turn of which is pro-
duced by a number just over five and less than six such atoms,
A closed ring may therefore be formed most easily by five or
six atoms of carbon, because the fifth atom, or the sixth,
comes very near to the first atom of the chain, and if other
conditions are favourable the spiral will resolve itself into a
series of closed rings. As a matter of fact, it is found that
compounds in which there is reason to believe that five or
six atoms of carbon are thus united together are very stable
and exhibit characteristic reactions, in all of which the
clpster, or: ring remains unbroken. In some cases one or
more of the carbon atoms«in such a ring is replaced by an
atom of nitrogen or of sulphur or of oxygen.

The constitution of benzene, fot cxample, may be re-
presented by one of the following formule :—

AN g
R
H({/ H Hb- ——SH —CH HC—
AN N
EC=C{I Hc{—éﬂ cH _ Hé

/ N
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It is an open question whether the atoms of carbon are’
united together by alternate single and double links or
whether they all influence one another in some unexplained
manner as in the second, usually called the ‘centric,’
formula, or whether the fourth unit of valency is simply un-
occupied as indicated in the third formula.

These formule agree in representing the carbon as
forming a closed‘chair;.and al] agcount for the following
facts. (1) Benzene is the first term of the seris, there
being no hydrocarbon homologous with benzene containing
fewer than six atoms of casbon. (2) Benzene is capable of
combining with six atoms of bromine and no more. (3)
Benzene gives rise to a large number of substitutich deriva-
tives, but of those in which one hydrogen atom is replaced
by one monad atom or group there can be no isomerides,
because all the six atoms of hydrogen are similarly situ-
ated. Of those substitution derivatives in which two atoms
of hydrogen are replaced by two monads there are three
isomeric modifications. T'o explain this we number the
points of the hexagon at which the carbon symbols are
placed, and omitting for the sake of clearness all but the
symbols of the replacing radicles, we sce at once in what
manner these three modifications of the di-derivatives are
related to the original hydrocarbon and to one another.

Bencsene Di-derivatives of Bencene |
1 X . X L alh
O 0. O
®
SN/ 3 \) VN
« X

The symbol X represents Cl, Br, I, NO,, NH,, CH,, or
other monad radicle. In the first of these formule the re-
placing symbols are represented in the positions 1 and 2,
in the second 1 and 3, and in the third 1 and 4. It must,
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however, be observed that the symbols of carbon to which
they are attached are all of the same kind, and it therefore
matters not which of these carbons is used as the starting
point and in which direction the numbering is carried. The
first formula, therefore, mercly indicates that the replacing
radicles are combined with two contiguous atoms of hydro-
gen, whilst the second and third formule represent them
as more widely separateds, - “

In eafh case the same structure if lmphed so long as the
relative distances from each other of the symbols of X are
prescrved upon the chain of carbon.

The modifications of the tri and tetra-substitution de-
rivatives of benzenc are accounted for by the same hypo-
thesis.

The higher homologues of benzene result from the in-
troduction of the methyl group, CHj, in place of onc or
more atoms of hydrogen. Monomethyl benzene, commonly
called toluene, C¢dH,(CHj,), cannot exist in more than one
form, as alrcady cxplained. But the next term of the series,
xylene, may exhibit no fewer than four isomeric modifica-
tions, as follows : —

Ethyl-benzene CyHy; — CH, — CH,4
Three dimethyl-benzenes CgH (CHj),

' Position of methyl

First modification 12
Sccond . tr o3
Third ” B SR

The number of modifications is still greater among the
higher members of the series.

The constitution of the hydrocarbons naphthalenc, C,oH,,
and anthracene, C,;H,,, and their homologues is regarded
as closely related to that of benzene, naphthalene being
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represented as composed of a pair of benzene molecules
possessing two atoms of carbon in common :—

CH CH
/\C/\\ CH

. J’
In anthracenc two molecules of benzene are &nnected
together by a link composc.d of two additional atoms of

carbon, thus:—
CH CH

10 Nc—cH—cf/ \CH
HCl //'c'_cH &L JcH

These formule indicate that the number of isomeric
derivatives of naphthalene and of anthracene must be much
larger than in the case of benzene. Many of these have
alrcady been isolated and their propertics determined. They
include a number of important dye-stuffs.

Hydrocarbons differ very much in their physical pro-
perties, and in the nature of the reactions to which they
lend themselves.  This, of course, depends upon the serics
to which they belong ; but taking any one seipr, @hich as
the paraffins, it is found that A regular gradatlon may be
traced in the physical properties of the several members of
the series, passing frot the lowest to the highest terms.

Thus the first three members of the paraffin series are
gasedlis; the succceding members are liquid, but become
less and less volatile, and at the same time more dense
and viscid, till among the highest members of the series
we come to crystalline solid bodies, which are volatilisable
only at such high temperatures that they cannot be distilled
without extensive decomposition. In proportion as we
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ascend the series the percentage of hydrogen rapidly de-
creases, and this, together with the diminished mobility
of the body, may perhaps account for the comparative
indifference to chemical reagents exhibited by the higher
members.

Paraffins.
. Molcculqr‘ Weight. Boiling Point
Methane CH, . . . 16 ¢ gaseous
Ethane C,Hq . . 3% gaseous
Propane C3Hg . .. 44 gaseous
Tetrane C/H,, . . 58 1°
Pentane C,H,, . . 72 38°
Hexane CgH,, . . 8 70°
Heptane C;H4 . . 100 99°
Octane CygH,4 . . 114 124°
C.Hos..o &c. &c

In this series, for every increase of 14 on the molecular
weight, the boiling point rises by about 30° to 35°.

A corresponding seriation of properties, both physical
and chemical, is observed in other homologous series.

2. ALCONOLS.

These compounds may be regarded as hydroxides of
hyqroggrpen radicles, considering that in their most promi-
nent and characteristic reactions they resemble water and the
hydroxides of the metals. They are either liquids or solids,
and they are obtained in a variety*of processes ; but the
ethylic or common alcohol of fermentation was the first
studied, and is the best known of the class. Taking it as
the representative of alcohols in general, we may record the
following as its characteristic reactions:—

(@) By the action of an alkali metal it loses hydrogen.

C.lH{;HO + K = C,H,KO + H.

Alcohol. Potassium ethylate.
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(%) By the action of acids or acid anhydrides it is con-
verted into salts, called compound ethers, or esters, e.g.

C2H5HO + HCl = C2H5Cl + Hgo.

Alcobol, Ethyl chloride.
C2H5HO' + HQSO,, - C2H5HSO4 + Hgo.
Alcohol. . Irogen
sulph
ZCQH'g,IiO + (chso)-zO =‘2€ZH5C2H302 't H,O.
Alcohol. Acetic antgydride. Ethyl acetate.

(¢) The alcohol is regroduced from thesc salts by the
action of alkalies :

C,H,Cl + KHO = C,H,HO + KCL

Alcohols are divisible into several classes, according to
the number of hydroxyl groups in the molecule. Mono-
hydric alcohols yield one saline derivative or ester, dihydric-
alcohols give two, trihydric alcohols give three such com-
pounds, and so on.

The following formule, which represent three typical
alcohols and the chlorides derivable from them, will serve to
illustrate this statement,

Conunon alcohol, Glycol. Glycerol.
Monohydric., Dihydric. Trnhydric.
C.H,HO ca HO e fHo

241y 2 "lHO 3445 LH‘C“
HO

HO Cl
CzH“{Cl HO

c,H,la

(Cl

Ci

cna enff  om{g

But alcohols are also divisible into several other groups,



which are characterised by their behaviour when submitted
to oxidation.

Primary alcohols, when oxidised, lose hydrogen, and
yield compounds which are called aldehyds ; thus common
alcohol loses two atoms of hydrogen :

C,HiO + O = C,H,O + OHq
Alcohol. Aldehyd.

Secondary alcohols, uad.r the influence of similar re-
agents, yitld ketones ; for example: .

C:HO + O = C;HO + OH..
Isoprop) tic alcohol. Acétone.

Zertiqry alcohols, when oxidised, break up into a mixture
of acids, each containing a smaller number of carbon atoms
than the alcohol.

These differences are accounted for by the following
hypothesis. The generating hydrocarbon is supposed to
be marsh-gas or methane, and by the replacement of one of
its hydrogen atoms by hydroxyl, an alcohol called methylic
alcohol is formed.

Methane. Methyl hydroxide or methyl alcohol.
(H (H
H H

Cim Cin
H O1l

By replacing another atom of hydrogen by a hydrocarbon
groyngone of the higher homologues of methyl alcohol is
produced. ‘ Now, so long a6 the replacement is effected in
such a manner as to le.ave two of the hydrogen atoms of the
marsh-gas type undisturbed, the produtt is a primary alcohol,
which by the substitution of an atom of oxygen for these two
atoms of hydrogen is capable of giving risc to an aldekyd.

Primary alcohols. Aldehyds. «
GHs (GCHOH: CH, (C(CHpH,
C & C{O c o &ec.
H H H H
OH OH

Ethylic. Propylic. Acetic. Propionic,
[)



If, however, the second step in the process of replace-
ment affects one of these typical hydrogen atoms, then a
secondary alcohol is produced, and this compound cannot
take in oxygen in the same manner as the primary alcohols,
but it may lose two atoms of hydrogen, as represented by
the following forfhula:

Secondary alcohol. Ketone.
gg& ’ v ICHa
C % C /CH;
q lo”
OH
Propylic. ' Acetone or dimethyl k&one.

Lastly, the tertiary alcohols are gencrated ingthe same
manner by the replacement of the last atom of hydrogen
originally belonging to the type, thus:

Tertiary alcohols.

CH; C(CH,)H,
CH H. .
C ey’ clen? &
OH OH
Butylic. Amylic,

It is obvious from this that, although a primary alcohol
may contain one or two atoms of carbon, no secondary
alcohol containing less than three atoms, and no tertiary
alcohol containing less than four atoms of carbon in the
molecule can cxist.

Another class of alcohols, called phenols, is also known.
These agree to some extent with secondary alﬁohol?‘mas-
much as they yield no aldehyd by oxidation, but furnish
compounds containing the same number of carbon atoms as
themselves. These substances, however, are not ketones.
Theyare called quinones.

.No phenol is known to contain fewer than six carbon
atoms in the molecule. They are regarded as derived from
benzene or some analogous hydrocarbon. The best known
phenol is the compound which usually goes by that name
among chemists, or, in common parlance, carbolic acid,



C;H;OH. Inaccordance with the formula, it might also be
called phenyl hydroxide, or phenyl alcohol. It differs from
ordinary alcohols in yielding a grcat number of substitution
derivatives, most of which exhibit well-marked acid pro-
perties. Thus the trinitrophenol is commonly called picric,
or trinitrophenic acid. The following are the formule of its
chloro- and nitro derivatives :

Monochloropheﬁol" . C4HCLOH
Dichlorophenol . CGH3C12 OH
Trichlorophenol .« CzH,Cl;.OH
Pentachlorophenol . C:Cl;.,OH
“Mononitrophenol . C¢H,(NO,).OH
Dinitrophenol . C¢H;3(NO,),.OH
Trinitrophenol . C:Hy(NO,);.OH

Several isomeric modifications of the mono- and di-deriva-
tives are known.

3. ETHERS.

These compounds have the same relation to alcohols as
the metallic oxides to their hydroxides. ‘T'hey are, however,
not easily converted into alcohols by the direct action of
water, neither are they obtained from alcohols so readily as
the metallic oxides from hydrates. The oxides correspond-
ing With the dihydric alcohols seem to undergo this trans-
formation more readily than those belonging to the mono-
hydric alcohols. The following ax; some examples of
simple and mixed ethers :

CHa CH3 C2H5
G} © GHI0 o
Methyl oxide or ether. Methyl-ethyl Ethyl oxide Scommon
oxide or ether. ether).
(C,H,)"O (C;H;),""0Oy

Ethylene oxide or ether. Glyceryl oxide or ether.



The known ethers are volatile liquids of aromatic
odour.

4. ALDEHYDS AND KETONES.

These two cfhsses of compounds are closely related,
both as regards their mode of formation, and properties and
composition.

Aldehyds are f?)rmed by the ox1dauon of primarysalcohols,
ketones by the oxidation of secondary alcohols. Thus
common aldehyd results from the removal of two atoms of

hydrogen from common (ethyl) alcohol : —
‘ L]

CQHGO - H2 = C2H4O.

Acetone, the best known of the ketones, stands in the
same relation towards isopropylic alcohol :—

CaHﬁO b Hg = (:3H60‘

It has already been shdwn that no secondary alcohol can
contain less than three atoms of carbon, and consequently
there can be no ketone, properly so called, containing less
carbon than acetone, C;HO.

The formation of this compound by the action of zinc
methyl (see organo-metallic compounds) on mrbonyl chlggide
shows that it contains two methyl groups united with the
carbonyl radicle :—

cl CH, _ ., CH,
colfl + zfgg = mC. + co{CHs
Carbonyl chloride. Zinc methyl. Zinc chloride., Acetone.

It thus appears that the aldehyds of the monocarbon and
dicarhon series may be considered to be homologous with the
higher aldehyds on the one hand, and with the ketones on



the other. The following formule indicate the relation”
ship :— B

.

Formic aldehyd ’ H
or ketone. co H (gasedus)
Acetic aldehyd ~ H ,
or ketone. co CH, «(B.P: 22°)
Aldehyds. .. Kctones.
Proplouic Dlmelﬁyl (Acetone)..,
o. H.
Co{ H, (BP-48%5) co{(éH* (B.P. 56°)
Butyric. . Methyl-ethyl.
i o CH o
co{“C3H7 (B.P. 75°) co{C . (BP.8)
Valeric, Diethyl.

}H ] IH.S ()
(e (C,H, (B.P. 102°) CO{ (B P. 100°)
M(e:tﬁl prop)l
LA oy
co{ C.H, (BP. 101)
Methyl-isopropyl.
co {‘5“3 (B.P. 93°)
CH(CHa)e
From the existence of such intimate relations between
these two classes of compounds it is not extraordinary that
in many of their properties there should be considerable
resemblance between them.
=% By, the action of nascent hydrogen, generated by
the action of sodium amalgam in the presence of water,

aldehyds and ketones are converted into the corresponding
alcohols, e.g. :—

C;HO + H, = CHO

" Metameric.

Acetic aldehyd, Ethyl alcohol.
CsHGO + H 2 = . C 3H 30
Acctone. Isopropy | alcohol.

() All aldehyds and many ketones combine with the
acid sulphite of sodium, forming crystallisable compounds,



"Shich yield up the aldehyd or ketone again by treatment
with.an acid or an alkaline carbonate._ i
(¢) By boiling with hydrocyanic acid and hydrochloric
acid, aldehyds and ketones arc converted into acids con-
taining in the molecule ong more atom of carbon than
themselves:* For® cxample, common aldehyd is converted
iwto one form of lactic acid:

ol *+ Hon {'.mo0 + HO

Aldehyd. Hydrocyanic acid.
° L]
CH; on -
= {CH< + NH,C .
CO.CH
Ethylidene lactic acid. Ammonium chloride.

Acetone is converted by a 51mllar process into a homo-
logue of lactic acid :

colgi! + HON + 2H,0 + HC

Acetone, Hydrocyanic
acid. N
CH;,
CH3 :
C ¢OH + NH/CI
CO.0H
Acetonic or Ammonium
oxybutyric acid. chloride.

(d) Aldehyds and ketones in aqueous solution interact
readily with hydroxylanjine, giving risc to compounds which
contain the residue = N.OH in place of oxygen. These
were ongmally called hydroximides, but are now generally
known®as oximes, and are divisible into the two classes of
aldoximes and ketoximes according to fheir constitution.
Their formation may be illustrated by one example :

(CH,),CO + NH,0H = (CH,)C: NOH + H,0

Acetone. Hydroxylamine, Acetoxime,



The oximes are usually decomposed by boiling with acids,
hydroxylamine and the aldehyd or ketone being regenerated.

(¢) Aldehyds and ketones also interact in a somewhat
similar manner with phenylhydrazine, CgH,NH.NH,, water
being eliminated. The products are called hydrazones.
The reaction occurs even when the molecifle of the aldehyd
or ketone has been partly altered, provided the carbonyl
group CO remains. Thus, pyruvic, acid, CH,;.CO.COOH,
may be ‘egarded as acetone in which one methyl group
has been oxidised. It reacts with phenylhydrazine in the
normal mauner thus :—

* CH,.CO.COOH + CsH,NH.NH, =

Pyruvic acid. Phenylhydrazine.

CHs.'C.COOH
N.NHCH, + H,0

Pyruvic hydrazone,

So that hydroxylamine and phenylhydrazine are reagents
which are usefully employed for recognising the presence of
the characteristic ketonic group in such compounds, and
determining the number of such groups if more than one
are present. Compounds called osazones are formed by
the action of excess of phenylhydrazine in the presence of
air gr oxidising agents upon the more complex aldehyds
and ketones. -

Notwithstanding these various points of resemblance,
ketones are sharply distinguished ‘rom aldehyds by the
action of agents of oxidation.

An aldehyd is always converted by oxidation iato an
acid containing the same number of atoms of carbon.

A ketone, on the contrary, is much more difficult to
oxidise, and is then broken up into a mixture of acids, each
containing a smaller number of carbon atoms. This oxida-
tion proceeds according to a definite law.



5. ACIDS.

Every carbon acid may be considered to have been
derived from an alcohol by the substitution of an atom of
oxygen for two atoms of hydrogen.

Monohydric 4lcohols yicld monobasic acids. For ex-
.ample, ethylic alcohol yields acetic acid :

\JQH OH g - ﬁz + . o = CQH;,O.DH

Ethyl alcohol. Acetic adid.

Dihydric alcohols may yield either monobasie or dibasic
acids. Ethylene alcohol or glycol, for example, may be con-
verted into monobasic glycolic or dibasic oxalic adid, thus :

C,H(OH), — H, + O = C,H,0(0H),

Ethylene alcohol. Glycolic acid.
C2H4(OH)2 - 2H2 -+ Og = CgOQ(HO)g
Ethylene alcohol, Oxalic acid.

Trihydric alcohols may yield theoretically either mono-
basic, dibasic, or tribasic acids. Very few of these deriva-
tives, however, are actually known. Glycerol, a trihydric
alcoho), yields, upon oxidation, monobasic glyceric acid and
dibasic tartronic acid :

(fH2.OH CH,;.0H (ll0.0H
CH.OH (EH.OH CH.OH __,
) [
CH,.OH CO.OH CO.OH
Glycerol. 3 Glyceric acid. Tartronic acid.

A large number of acids are known, the alcohols corre-
spondmg to which have not yet been discovered.

Acids, however, may be generated by an entirely different
process from alcohols containing one atom less carbon.
This process is interesting, because it serves to indicate the
general constitution of carbon acids.

Starting from methyl alcohol, CH,.OH, for examp.lc, we



may convert it into the corresponding cyanide, CH,.CN.
When boiled with caustic potash this compound undergocs
decomposition, ammonia is evolved, and the potassium salt
of acetic acid is generated :

CH,;.CN + KHO + H;0 = CH,.CQ(OK} + NH,

Methyl cyanide. Potash. Water. Potassium acetate. Ammonia,

Or, leaving the potassium out of sq,ht the reaction may
be represented as follows :

CH,CN + 2H,0 = CH,, CO(OH) + NH,

From thxs it appears that the acid is generated by the
substitut‘on of Q'+ (OH) for the N’ of the cyanide.
Acetic acid, then, consists of a methyl group, CHj;, com-
bined with a cardoxy/ group, CO.OH. Now methyl
alcohol is monohydric, and therefore is capable of yielding
one cyanide and no morc. Consequently, from methyl
alcohol only one derivative containing the carboxyl group
can be formed, and that derivative is a monobasic acid. In
a similar manner it is found that, by decomposing the
cyanide of a bivalent alcohol radicle by boiling alkali, a
bibasic acid is produced, whilst the cyanide of a trivalent
radicle yields by the same process a tribasic acid. Setting
down examples of compounds generated in this way, we
find that they all contain the group CO.OH, once, twice, or
three times in the molecule, according to the saturating
po®®r of the acid.

Monobasic Dibasic Tribasic

acetic acid. succinic acid.? tricarballylic acid.
G CO(OR)
CH,.CO(OH) c2H4{5828§; caﬂa{ggéggg

This carboxyl group, then, is contained in a very large
number of carbon acids, and its presence scems to be
intimately connected with the development of the acid

! See Molecular Weight, Chap. VI. p. 92
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character in these compounds. We have seen (Phenols,
p. 269) that the halogens and the nitroxyl group (NO,),
when substituted for hydrogen in certain oxidised bodies,
also constitute acidifying agents, but the presence of these
radicles in varying quantities does not affect the basicity of
the resulting acid’; whercas it seems to have been estab-
.lished that an acid which contains the carboxyl, CO(OH),
group # times is z basice ..

Carbon acids, when, submitted to the action of ‘the halo-
gens, yield a great many substitution derivatives, such as

the following chlorinated® compounds, which are obtained
from acetic acid :—

Monochloracetic acid CH,CL.COOH
Dichloracetic acid CHCl,.COOH
Trichloracetic acid CCL,,COOH

But here the process of substitution stops, the hydrogen
of the carboxyl being replaceable only by metallic or posi-
tive radicles, and not by negative bodies.

The metallic salts, amides, anhydrides, and chlorides
derived from a carbon acid, correspond in number, mode of
formation, and gencral properties with the same derivatives
of mineral acids (pp. 242 to 248).

6. BASIC DERIVATIVI%S OF AMMONIA.

The constitution and general properties of these com-
pounds have alrcady been discussed (Amines, p. 252).

7. COMPOUND ETHERS OR ESTERS.

The most general method for the formation of these
compounds consists in heating togethér an acid and an
alcohol. A double decomposition ensues ; water is formed,
together with the ester; so that the reaction is cgactly



parallel with the change which occurs when an ordinary acid
and basic oxide are brought into contact. The following
equations, for example, are strictly comparable :—

Basic oxide. Acid. Salt. ¢ Water®
C2H5-HO + HCszoz = CgI‘la.CgHaOg + HQO
Alcohol. Acid. ] Ethereal salt. Water.
! .

Esters also imitate metallic salts in thcir general re-
actions. Thus they arc decomposed by acids, by alkalies,
and by water in precisely the same 1nanner, though usually
more slqwly. They differ from metallic salts, however, in
many physical characters, being for the most part volatile
liquids of aromatic odour, and very slightly soluble in water,
though generally miscible with alcohol in all proportions.
Comparatively few are crystallisable. Among the most
interesting examples of crystallisable ethercal salts are the
constituents of the natural fats:—

Palmitin CisHy COON
: : Ll,Hg, C0.0—(C;3H,)
or glyceric palmitate CirHoCO.0/
and
Stenr C;H;35.CO.0N\
Stearin 7 ,
or glyceric stearatc C::g-% C08 (CsHy)"

The decomposition of these and similar compounds by
alkalies constitutes the process of sagonification.
<

8. ORGANO-METALLIC COMPOUNDS. e

These are compounds of metals or metalloids with
hydrocarbon radicles. They are volatile, very oxidisable,
and generally heavy liquids. The zinc-ethyl compound was
first obtained. It is a colourless liquid, boiling at 118°, and
spontt'meously inflammable when thrown into the air. It is



instantly decomposed by water, and when submitted to the
action of successive small quantities of oxygen it yields two
oxidised compounds, thus :—

Zinc ethide, Zinc ethyl ethylate. Zinc ethylate.
QH“ CQH OC2H5
Z“{}ész zn{GE s, Zn{oCiH"
Todine removgs from? it halfsand then the whole of the
ethyl, according to these equations :— *
Zn(C,Hg); + I, = Zn(C;H;)I + €,H,I
Zinc ethiodide. Ethyl iodide.
Zn(CHy)l + I, =  Znl, + CoH,I
Zinc iodide. Ethyl iodide. ®

The existence of these compounds furnishes conclusive
testimony to the diadic character of the zinc atom, and in
other cases similar evidence, of great value in settling ques-
tions relating to valency and atomic weight, has been
obtained by the study of these compounds.

The following are the formulz of some of the most
intcresting organo-metallic compounds. It will be noticed
that they are constituted in the same way as the chlorides
and oxides of the same hydrocarbon radicles, the special
peculiarities of the organo-metallic compounds being due
to the unoxidised condition of the metals they contain.

The vapour densities of all these compoundeare normal,
so that each formula represents two volumes of vapour.

Ethyl chloride .

or chlorine ethide Cl—C,H,
Ethyl oxide . o CiHs

or oxygen ethide C;Hj;

Boron ethide . C,H,



- . v|C,H
Silicon ethide . . . Si{CH,
C,H;
Trimethyl arsine . . ";J gg3
or arsenious trimethide {CH'-:
Diarsenious tetran.ethide . R .Z\lé(CHs)z
' (kakodyl) o 1
As(CHy):
Trimethyl stibine .« (CHs
thyl stibine . $b{CH,
or antimonious trimethide . CH
3
Tricthyl bismuthine . B %25 5
or bismuthous triethide ’ZH';
Zincethide . . Zn{@yp
Mercuric cthide . . Hg {gzg:
Stannous ethide . . Sn {C:g;
C,H;
. . iv |C,H
Stannic ethide . . . Sn C;I—Iz
! ) Hj
C,H;
. ) ’ wv 1Cy,H;
Plumbic cthide .. Pbi ((JZ;Hi
C.H; .




EXERCISES ON SECTION IIL

1. What experiments and reasoning would lead you to regard
chlorine as a rponad glement ?

. 2. In what respects does iodinc resemble and differ from bromine ?

3. Discuss the title of hydrogen to be considered («) a non-metal ;
() 2 metalloid. 0 . .

4. Classify the soifd clements according to their relative glensities.

5. What are the propertfes which distinguish chlorine, and the ele-
ments most like chlorine, from Potassium, and the elemepts which are
most like potassium ?

6. Compare and contrast the elements phosphorus and arsenic, both
in their physical and chemical properties. *

7. What are the special characteristics of carbon which distinguish
it from other elements ?

8. Describe as many as you can of the modified forms of carbon,
sulphur, and phosphorus.

9. What acids are known consisting of hydrogen, oxygen, and phos-
phorus?  Give their graphic constitutional formulx;, and point out the
basicity of each.

10. What resemblances and differences are observable between the
corresponding compounds of potassium and sodium ?

11. To what elements does mercury present the greatest resem-
blance? Point out instances of analogy in properties.

12, Show by a comparison of their compounds in what respects the
elements carbon, silicon, tin, and lcad may be said to constitute a
natural group.

13. Give the formule, simple and constitutional, of the following
compounds : common salt, caustic potash, sulphuric ®acid, baryta,
barium peroxide, lead peroxide, iron peroxide, silver phosphate, silver
arsenatc, silver arsenite, kakodyl, and tartar-emetic.

14. Give a full account of the two vxides of nitrogen known as nitric
oxide and nitric peroxide respectively.

15. ®ive instances of compounds which do not comply with the law
of even numbers. .

16. What arc the chief points of resemblance and difference between
the corresponding calcium and magnesium compounds ?

17. Assign a place among the elements to cach of the following
bodies : copper, nitrogen, boron, thallium, vanadium, gold. Give
full reasons in each case.



18. The constitution of phosphorus compounds has been explained
on the assumption of the trivalence of the phosphorus atom. Discuss
this view. )

19. By what arguments would you support the number 32 against
the number 16 as the atomic weight of sulphur?

20. Tabulate ihe physical and chemical properties of tin and lcad
50 as to explain their association in the periodic stheme,

21. What is an alum? At the temperature of 180° common alum
loses 24 of its water. Ilow may this fact be brought to bear upon the
construction of its formula? « ¢ o ¢

22. Clissify some of the better known elements according to their
valency, mentioning and explaining, so far as possible, doubtful cases.

23. Wrile the formule of orthosulphuric acid and some of its salts.
An ortho-acid may be defined as one in which the characteristic ele-
ment (sulphur in this case) is saturated with hydroxyl.

24. One gram of phosphorus yields 2:2903 grams of phosphoric
anhydride. Will this enable you to determine the atomic weight of
the clement ? and, if not, what further data are necessary ?

25. How much phosphorus is contained in 120 1bs, of bone-ash,
consisting of Cay(PO,), 885 parts and CaCOy 115 parts in 1007

26. What weight of phosphorus is contained in 10 litres of phos-
phorus vapour at 1040°? Pressure normal.

27. What weight of phosphorus is contained in 10 litres of phosphine
at 12°? Pressure normal.

28. Write the formule of a few * molecular ’ compounds and con-
sider in cach case whether the compound can be reasonably represented
by a single unitary formula.

29. Calculate tic percentage composition of cryolite, Na,AlF,.

30. How many kilograms of litharge can be obtainced from 40°5 kilos.
of lead, and what volume of oxygen measured at 20° and under 765 mm.
is absorbed iy the process ?

31. Write down the formule of all the possible silver salts of the
following acids :—-

HCIO,, 1CIO, H,S0, H,PO, IS0, HS0, HPO,
32. Write down the formule for all the chlorides and amides gheoreti-
cally derivable from the following acids :—
HNO,, 1,80, H,P,0,, HCH,0, (benzoic acid, monobasic).
33. Write the constitutional formula of Nordhausen sulphuric acid,

H,S,0,, and of chroniic acid, H,CrO,, assuming sulphur and chromium
hexad.



34. Write down the formule for the poqsiblc anhydrides derived
from orthosulphuric acid, S(OH),, by successive stages of dehydration.

35. Give the formuls for the anhydrides corresponding with sul-
phuric acid, H,SO,, phosphoric acid, H,PO,, pyrophosphoric acid,
H,P,0,, nitric acid, HNO,, nitrous acid, HNO,, hyponitrous acid,
H,N,O,, the}osulph“nc acid, H,S,0,, chloric acid, HCIO,, perchloric
acid, HCIO,, and acetic acid, 11C,l{;0,, pointing out those which are
. actually known.

36. Give concise definitjons of the terms acid, base, salt, with
examples of their clhracteristic propertles drawn from your own ex-
perience. ’

37. How would you exp]am the termsacid, and neutral salt? Give
examples.

38. A number of salts having the general formula M'HSO, were
called by the discoverer hydrosulphites.  What name should they bear
according to the rules laid down in Chap. IV.? Write the graphic
formulee for thesc bodies, and mention compounds which are similarly
constituted.

39. Complete the following equations, adding the name to each
formula : —

HNO,+PbO = Ca(110),—11,0=
HNO, + N1I, = CaCl, + Na,CO, =
H,S0,+KHO = CaCO, + 2NII,Cl =
H,S0, + PCl = NII, + C,IT,I =

(NIL,1.S0,—2H,0 = NILC,H, +C,H,I =

(NH)1SO, ~ 110 =
(NH,),CO,— 1,0 =
(NH,),CO,— 21,0 =

NH(C.H,),+ C,IT,I =
N(C,11), + C,H I =
N(C.H).I + AglIO =

C,H,0Cl + Ol1, =

40. Give reasons in favour of each of these formulx for sal-

ammoniac :—
NHHC€I

NH,Cl

*

41. To which class of'compmmds would you refer the following
substances ?

Camtic potash, KHO ; lime, CaO ; nitrous oxide, N,O ; nitrogen
trioxide, N,O, ; ferric oxide, Fe,Oy; chromivm trioxide, CrOy; wood
spirit, CI1,,OH ; glycerine, C;H,(OH) ; urea, CO(NIL,),.

42. Accepting the formula HCI for hydrochloric acid, what facts
determine the choice of the formula IH,C,0, for oxalic acid ?

43. How far do the following compounds agree with definitions of
the terms acid, base, salt? Give sufticicnt reasons in each case.



Chlorides of hydrogen, potassium, aluminium, phosphorus, sulphur ;
oxides of hydrogen, potassium, carbon ; hydioxides of potassium, alu-
minium, arsenic, silicon.

44. Define the terms hydrate and hydroxide.  Classify the following
compounds :—

Cl.1011,0, KIIO, IAIO, C,iLOIL:

45. Write the constitutional formula of urea, and of the compound
with which it is isomeric.

46. Ilow many litres of marsh-gas would be ‘equal in weight to 25
litres of c¢thylene?

47. Benzoau. of silver has the formula C,I1,AgO,. Calculate its
percentage compusition, also the weight of silver contained in *5736
gram of this salt.

48. ¥From the formula I1Br, ILS, CCl,, NII,Cl, 1L.SO,, state the
valence of the symbols Br, S, C, N, and S, giving your reasons in
cach case.

49. Name and classify the following compounds :-—

cii,, CHCL,, cli,
cile.Gblo Gl
CH, | o CH, 1y cH, °
TR €, © c.Ho |

50. Assign a furmula to a body containing C26-6, I12°2, and O71°1
per cent.

51. Ilow would you prove that the formula of marsh-gas is CII,?
Also, how could you show that ethylene contains twice as much
carbon ?

52. Give recasons for representing oxalic acid as C,H,0,, not CHO, ;
acetic acid as C,H,0,, not CI1,Q,; cthylene as C,H,, not CI,.

53. By what experiments could you prove that the molecule of ben-
zene is correctly represented by the formula CiHy, not C 11,2

54. A body having the composition C;H,,O isan alcohol. Express
by equations the probable action upon it of acetic acid, oxalic acxd and
oxidising agents.

55. The compound C,I1,0 is either an aldchyd or a ketone : how
would you recognise its true character? Write out the constitutional
formula of the aldehyd and ketone of this composition, and indicate
the constitution of any metameric modification that may exist.

§6. Dissect the crude formula C,H,,0,, showing the nature of the
several metameric compounds which it may represent.



57. In respect of what properties may you regard alcohols as water
molccules in which hydrogen has been replaced by hydrocarbon radi-
cles? Illustrate by reference to common alcohol, C,H,OH.

58. The ethylic series of monohydric alcohols are represented by the

general formula—
C, ., 0m.

Write out the formule for the corresponding aldehyds, acids, and acetic
* derivatives (acetates).
59. Ilow many agids ceudd Le desived from the alcohol—

* [CIL.OH
L CH,.OH,

®
and what would be their formulze?

60. Carbolic acid is sometimes called phenylic alcohol In what
respects do its alcoholic properties differ from those of the alcohols of
the ethylic series, C,H,,,,0?

61. Complete these equations :—

CIL, CO(OII) + PCl, = CIL, OH + CH,0\ g =
Cl,.OH + HCl= HO 50:=
CH ~ CIL,.CO(OCIL,) + NalIO =
¢, Qrz2lC= C{{?"CO}O+11]‘O—
2CH,.CO(O11) + Ag,0 = CH,.CO 0=

62. In what respect does prussic acid resemble and how does it
difier from hydrochloric and hydrobromic acids?

63. -3339 gram of a compound gave -7896 gram of CO, and 2924
gram IL,O. The vapour densily (air=1) was found to be 6-59.
Calculate a rational formula.

64. ‘1483 gram of cthylated acetone gave 3799 gram of CO, and
1575 gram of water.  Its vapour density (air=1) was 2'951. Calcu-
late the formula of the compound. »

65. The analysis of barium diacetotartrate gave the following
results :— .

1. 2065 gram of substance gave ‘1297 gram of BaSO,.

1L *1377 gram of substance gave ‘1307 of CO, and ‘0300 of H,O.
Calculfte the formula of the salt and of the corresponding acid.

66. The following results were obtained in ¢he analysis of the copper
salt of ethyl-benzoic acid : *2218 gram gave 4827 gram of CO,, ‘1004
gram of water, and 0489 gram of CuO. Calculate the formula of the
acid.



SECTION IPL

CHEMICA‘L KINETICS.

CHAPTER XVIIL
CONDITIONS OF CHEMICAL CHANGE.

IN considering the general conditions under which chemical
changes are brought about, it is necessary to distinguish
between those which, on the one hand, are essential to the
act of combination between two or more substances pre-
sented to each other, or to the occurrence of other kinds of
change, and those which, on the other hand, affect the 7at
at which a given change proceeds, or the exzen of its action.

I. Under the first division there are two principal condi-
tions which must in all cases be fulfilled. Bodies act upon
each other chemically only when, according to the usual
phrase, they are in absolutescontact ; that is to say, when
they are so near to each other that the distance between
them is too small to be observed. What this distance is
depends probably upon the nature @f the substances con-
cerned, but its measure is probably of the same order of
magnitude as the dimensions of a molecule, or when g solid
is concerned, the limited distance through which the mole-
cules on the surface are able to move.

In this respect chemical attraction differs from the attrac-
tion of gravitation, and of electrical and magnetic induction,
all of which are capable of operating through distances



which are appreciable by our senses and measurable by our
instruments. On the other hand, it agrees thus far with
cohesion, in virtue of which the molecules of bodics are held
together in masses, and with ad/kesion, which causes surfaces
of various kinds after being closely approximated to remain
united.

Some cases of action in which it appears at first sight
that this condmon of, contact, is not fulfilled are only
apparent. Solid phospborus and solid iodine laid near to
cach other, but not actually touching, do combine ; Lut this
is due to the fact that at eommon temperatures both emit
vapour, and, the vapours meeting, unite. That this is the
explanation is shown by the fact that these two substances
may be left even in contact with each other for some time,
if they are both cooled to a temperature of about —z0°.
This brings us to the consideration of the second condition
which is essential to chemical action, namely, the observ-
ance of a certain range of temperature, above or below
which no action will take place.

Moderate elevation of temperature generally favotits
chemical combination, and is very often indispensable.
Thus it is a familiar fact that ordinary combustibles—wood,
coal, gas, and even sulphur and phosphorus—do not begin
to burn unless the temperature of some part of the mass is
raised sufficiently. Iron and sulphur have no action on each
other at common temperatures ; copper has no action on
sulphuric acid unless heated to about 130° ana'so in many
other cases. By cooling the materials, chemical changes
that would otherwise occur may be delayed or prevented
altogether. At the temperature of liquid air or liquid
oxyge®, about —182° all chemical combinations between
substances usually highly reactive are suspended. Phos-
phorus and bright sodium are alike unaffected by contact
with the liquid or with chlorine or bromine which at that
temperature are in the solid state. Cooling, however, does
not in any case cause decomposition, and many chemical



compounds can only be formed and continue to exist at
moderately low temperatures Thus many salts unite with
water and with ammonia to form definite chemical com.-
pounds which are readily destroyed by heat. Phosphine
PH; and hydrogen chloride when under atmospheric
pressure will combine to form phosphonium chloride only
when cooled considerably below atmospheric temperature,
In such cases the tendency of one or other of the com-
ponents to assume the gaseous state is, of course, an
1mportant factor in the change.

On the other hand, while.in most cases a moderate
elevation of temperature is necessary to initiate chemical
action, :f the temperature is high cnough combination is
prevented. Thus, while mercury is indifferent to oxygen at
all temperatures up to about 300°, combination then ensues,
but the oxide is broken up at a low red heat, and mercury
vapour and oxygen at temperatures of about 700° and
upwards are without action on each other. The tempera-
tures at which various elements cease to act on onc another
are very different, but usually very high, and do not admit
of exact measurement. It is probable that hydrogen and
oxygen cease to combine at about 3000° C.

There is a third condition which is by some chemists
regarded as cssential to the establishment of chemical
action between two bodies, and that is the presence, it
may be in minute quantity, of a third substance. This
hypothesis: is based on the obscrvation of many striking
examples, but its establishment as a general proposition will
require much more knowledge of the facts than we at present
possess. It has long been known that chlorine is with-
out action pn sodium or on copper when both the gas and
the metal are_perfectly clean and dry. More recent experi-
ments have shown that many other substances, which under
ordinary circumstances interact, have no action upon one.
another in the absence of moisture. For example, dr-
hydrogen chloride and dry ammonia do not form ammo



nium chloride ; and, on the other hand, dry ammonium
chloride does not split up as usual when heated to 350°
Dried ammonium chloride may be sublimed from a mixture
of the salt with dried lime without the evolution of
ammonia. And even phosphorus and charcoal can scarcely
be made to burn in dried oxygen. A mixture of dry
carbonic oxide and oxygen does not explode when an
electric spark is passed through it, but the addition of a
minute trace of water vapour makes the mixture explosive,
and the rapidity of the explosion increases with the quantity
of steam introduced. The- presence of a minwte quantity
of various gases which contain hydrogen, such as hydrogen
sulphide and chloride, ethcer vapour, or pentan¢, has a
similar effect; but the addition of dry nitrous oxide or
carbon disulphide was not found to render the mixture
inflammable.

Why steam and hydrogen compounds, which by inter-
action with oxygen produce stcam, should be necessary for
the propagation of the flame through the gas has not been
fully explained. Probably at the temperature of the spark
the water molecule is less stable than the oxygen molecule,
and the decomposition cxpressed by equation I occurs.

The second phase may be an example of the effect of
two attractions acting concurrently, the hydrogen and car-
bonic oxide in equation II dividing a molecul¢ of oxygen
between them, and the H,O then reacting with another
molecule of CO, and sasalternately.

1L {é{dig} =H29+C02

. Other substances, however, have long been known to
play a part, which is usually spoken of as ¢ catalytic,’ similar
that of water in the cases just cited. One of the most
miliar of these is the rapid decomposition of potassium



chlorate by hecat in the presence of a small quantity of
manganese dioxide, ferric oxide, or cupric oxide, and the
somewhat similar evolution of oxygen from bleaching
powder by the action of a little oxide of cobalt.

Deacon’s process for making chlorine—viz. by passing a
mixture of air and hydrogen chloride ovér a heated copper
salt—is another example of the same kind of effect. So
also is the action of a smgll quantjty of acid in promoting
the hydelysis of such compounds as canle sugar—

Ci:H2:0,, + H,0 = C¢H,,0; + C¢H,905;
Dextrose. Lavulose.
and the climination of the nitrogen of cyanides and iso-
cyanides —
HCN + 2H,0 = CH,;,0, + NH,
Formic acid. Ammonia.

Another example is afforded by the application of
aluminium chloride in promoting union of "hydrocarbon
radicles ; as, for instance, when added to a mixture of
benzene and ethyl chloride, which otherwise have no action
on cach other :—

CGHG + CgH'_r,Cl = HCl + C(,Hb.C2H5
Ethyl benzene.

In all these cases there is strong probability in favoui
of the hypothesis that the action proceeds through a cycle,
an unstable compound being formed in small quantities at
a time and subsequently decomposed the ‘catalyst,” as the
active substance may be called, retnrning finally to the same
state of combination as at first.

I1. Turning now to those agencies which, though not
always indispensable to chemical combination or interaction,
arc found to increase the rate and affect the extent of
chemical action. The first and most familiar is elevation of
temperature, but it is not always possible to explain the
great increase in the rate of action which is observed on



raising the temperature a few degrees. Hydrochloric acid,
for example, acts very slowly upon metallic tin at the
tempgratur'e of the air, but when heated to near boiling
point the action is fairly rapid. In such a case part of the
effect may be due to increased molecular motion in the
liquid ; pastly td convection currents which bring fresh
_portions of acid rapidly into contact with the metal ; partly,
also probably, to incregsgd ionic action (see Chap. XIX.),
though in the cas® of a strong amd like hydrochleric acid,
this contributes only a Small part of the total effect.

Another influence which frequently operates when
metals are concerned is the electrical condition of the
surface in contact with the reagent. In the case of tin and
hydrochloric acid, for example, the dissolution of the tin is
greatly promoted if a few pieces of platinum foil are mixed
with the metal, for then the conditions of a voltaic circuit
are established, the platinam being the negative surface and
the tin the positive, electrolysis of the acid proceeding
much more quickly than in the absence of the platinum.
The same principle is acted upon in many laboratory opera-
tions, as, for example, in the ¢ copper-zinc couple ’ which is
used in the presence of water as a reducing agent, and the
addition of platinic chloride to the acid used in the genera-
tion of hydrogen by means of pure zinc, whereby a minute
quantity of platinum is distributed over the surface of the
metal. The electrochemical effect of permitting such
metals as iron or zinc to remain i contact with fess positive
metals, such as tin, or even with the oxides of the metals
themselves, is often negdected, with the result that the decay
of such metals when exposed to air and water is greatly
promotegd.

The mechanical condition of bodies also has an im-
portant influence. Though in a few cases solids may be
made to combine together by subjecting them to powerful
pressure, or by continued trituration, union occurs only at
their surfaces of contact, and cannot be completed upless

vz



one of the bodies, at least, is in the liquid or in the gaseous
state. That is to say, the several parts of the acting
masses must be free to move so that the mutual inter-
penetration required for chemical combination may be
perfect.

The nature of the solvent or medium in which two
bodies are presented to each other often influences their
mutual action ; and the physical character of the products
as to fusibility or volatility frequently determines whether,
and in what manner, chemical action may occur. Thus,
when calcium chloride and ammonium carbonate are dis-
solved in separate portions of water, and the solutions then
mixed together, a precipitate of calcium carbonate is thrown
down and ammonium chloride remains in the liquid. But
if the liquid is boiled for some time the greater part of the
calcium carbonate passes again into solution, while am-
monium carbonate escapes in vapour. The same change
occurs completely if the two salts, calcium carbonate and
ammonium chloride, are mixed together in the dry stateand
are heated. The interaction is one which is usually spoken
of as reversible, and to indicate its reversibility under change
of conditions the equation may be written in the following
manner :—

CaCl,+(NH,),CO; 2 CaCO,+2NH,CL

-«

Again, if acetic acid is poured into an aqueous solution
of potassium carbonate, effervescence ensues from the
escape of carbon dioxide and a solution of potassium
acetate is formed. But if potassnL"n acetate is dissolved in
strong spirit of wine, a liquid in which potassium car-
bonate is insoluble, a stream of carbon dioxide transmitted
through the solution is capable of throwing down a pre-
cipitate of potassium carbonate, leaving acetic' atid “in
solution.

We may accept it as very generally true, that when we
mix together two soluble salts, which by double decomposi-
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tion are capable of giving rise to an insoluble compound,
that insoluble compound will be precipitated until complete
decomposition of one or both the generating salts has taken
place. If, for example, we take the two salts, barium
chloride and sogium sulphate, knowing beforchand that
barium sulfhate is insoluble in water, we may safely assert
.that a precipitate will be formed when the aqueous solutions
of these two salts are mixed together.

Such changes, hogever, are merely special®cases of
the general rule concerning all acids, bases, and salts,
which are included under the general term’ electrolyte
(see Chap. X1V.). Barium salts in solution yield, Ba ions
abundantly, and sulphates in solutions yield SO, ions.
Neither are completely dissociated, but each solution con-
tains a small amount of undivided molecules. Barium sul-
phate, though nearly insoluble in water, is not absolutely
so ; its solution therefore contains Ba and SO, ions with
some BaSQ,. By increasing the number of Ba and SO, ions
in the liquid, the excess of BaSO, beyond its solubility limit
leads to the precipitation of all the excess in the form of
solid barium sulphate.

Similar observations hold good with regard to mixtures
of compounds which, amongst them, contain the clements
of a gas or substance volatile at the temperature of the
cxperiment.  In many cases this volatile substance is
formed. Conversely, if we submit to pressure or to a very
low temperature a mixturc of* substances which, under
ordinary atmospheric conditions, evolves a gas, the chemical
action is retarded, or s@metimes prevented altogether.

When several bodies capable of acting on one another
are mi%ed together, but the quantity of one of them largely
preponderates over the rest, some curious results are fre-
quently brought about. When, for example, a solution of
bismuth or antimony chloride in ordinary aqueous hydro-
chloric acid is mixed with a little water, no change in per-
ceptible to the eye, but the addition of a larger quantjty of
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watgrghrows down a white precipitate of the oxychloride,
Bi(XCl or SbOCl. These decompositions take place accord-
ing to the following equations :—

BiCl; + OH, = BiOCl + 2HCI
SbCi; + OH; = SbOClI 4+ LHCI

That is to say, one molecule.or 18 parts by weight of
water degpmpose one molecule or 314°% parts of bismuth
chloride, or 2265 parts by weight of antimony chloride ;
and yet, if these proportions of.the materials are brought
into contact, only a partial decomposition takes place, and
the reaction is completed only when a much larger quantity
of water is added. In such a change as this we must
remember that therc are two antagonistic agents at work,
namely, the water tending to decompose the chloride
according to the cquations given above, and the hydrogen
chloride which is generated by that decomposition tending
to reproduce the chloride. We may, therefore, consider
that there are four compounds in presence of one another,
and surrounded by water moleculcs.

Taking one case,

We have BiCl;, OH,, BiOCl, and HCL

We may safely assume that when the number of water
molecules present is augmented, the number of molecules of
chloride decomposed by ‘water in a given interval will
increase, whilst the number of oxychloride molecules decom-
posed by the hydrochloric acid ptesent will pari passie
diminish, until the whole of the chloride is destroyed and
prec:pxtanon is complete.

i If now to the liquid holding the precipitate in suspension
we add hydrochloric acid in excess the action is reversed,
and the precipitate disappears again.

- In such operations the change proceeds continuously as
the quantity of the acting body is increased, any alteration
in the proportions, however small, being followed bv



’ corresponding alteration in the extent of the interaction.
This is only another way of expressing the law of -
action, which states that the rate and the amount of change
!between any two bodies in a solution or in the gaseous state
'is proportional to the product of the active masses and of a
.constant which is the measure of affinity and varies with the
- materials concerned. By active mass is generally meant
ithe number of mo}eculesof each rgagent in unit volume.

Similar actions and geactions ensue when sa]ts i solution
are mixed together, or when acids are mixed with salts,
with alcohols, or with ethrers, and generally when several
substances meet together, the final condition of equilibrium
being attained after a lapse of time, which in some’cases is
long enough to be measurable.

In the early attempts to apply the law of Avogadro to
the determination of molecular weights, many cases of
‘abnormal vapour density’ presented themselves and gave
rise to much controversy. Thus sulphuric acid is entirely
vaporisable at a moderate temperature, but the relative
density of the vapour of this compound is only about one-
fourth, and not one-half, of the molecular weight as repre-
sented by the formula H,SO,, which accords with the
bibasic character of sulphuric acid. In other words, vapour
of su]phurlc acid instead of being, in accordance with the
general rule, forty-nine times as heavy as an cqual volume

of hydrogen‘taken at the same temperature, is oply 429 =24}
1]

times as heavy or thereabouts.

Ammonium chlorige, phosphorus pentachloride, and
calomel afford instances of the same kind.! These anomalies
are exphained by the hypothesis that when these compounds
are volatilised they are at the same time resolved into two
distinct preducts ; sulphuric acid into sulphur trioxide and
water, ammonium chloride into ammonia and hydrogen
chloride, phosphorus pentachloride into phosphorus trichlo-

' Ammonium chloride and calomel, and probably also phosphoru: pentachlonde.
when completely dried give normal vapour densities.



ride and chlorine, calomel into mercuric chloride and mer-
cury. And in these particular cases direct experimental
evidence can be adduced that these products exist in the
several vapours.

In the case of sulphuric acid and of ammonium chloride
advantage has been taken of the differefice inf the diffusi-
bility of the products of decomposition. Thus the vapour
of sulphur trioxide is much heavier and consequently less
diffusible, than vapour of water, so that when sulphuric acid
is heated for several hours in a vessel with a capillary orifice,
the water vapour escapes morc rapidly than the sulphur
trioxide, and the latter gradually accumulates in the residue.
Pentachlbride of phosphorus has also been resolved into
free chlorine and phosphorus trichloride, which may be to
some extent separated by diffusion.

In the case of sublimed calomel we can appeal to the
fact, well known to manufacturers, that it invariably contains
small quantities of corrosive sublimate, and of metallic mer-
cury, which have escaped recombination during the cooling
down of the vapour.

Decompositions of this kind are, likc others alrcady
referred to, reversible by changing the conditions, and they
afford examples of dissoczation, or, as it is sometimes morc
preciscly termed, thermolysis.

Direct proof that dissociation has occurred is not possible
in all cases, though there is usually some collateral evidence
available it support of the natural inference from the
vapour density. An interesting case is presented by the
halogens, especially iodine. The wapour density of this
clement at temperatures up to about 700° is 88 (air =1) ;
above 700° the density diminishes rapidly, being reduced at
1500° (the pressure being *3 atmosphere) to nearly half
this, or 4'6. The conclusion seems to be inevitable that at -
the lower temperature molecules of iodine consist of two
atoms I, whilst at the higher they dissociate into separate
atoms.



In accordance with the doctrine of atomic and molecular
motion already explained, the phenomena of dissociation
result from. two opposite and reciprocal actions—the one of
decomposition, the other of recombination proceeding
simultaneously. At low temperatures, when the com-
position oftydrofen sulphate, for example, is represgnted by

.the formula H,SO, or H,0,S0,, the number of molecules
decomposed, into H,Q and SO, is exactly counterbalanced
by the number of'molgcules which are reconstitufed in the
same period by the reunion of these two substances. As
the temperature rises and.the agitation of the wolecules in
the mass becomes more vigorous, the number of molecules
which undergo decomposition progressively increases, whilst
the recombination pars passu continually decreases, till at
length a point is yeached in which the SO; molecules and
the OH, molecules become indifferent to each other, and
recombination no longer takes place. When the tempera-
ture is allowed to fall these processes are reversed, and for
every degree of temperaturc a certain definite relation sub-
sists between the decomposition and recomposition, so that
cquilibrium is maintained. The compensating process being
at high temperatures annulled, decomposition is complete ;
the vapour consists throughout of a uniform mixture of two
different kinds of molecules, and consequently, by the law
of Avogadro, it occupies twice the volume it would otherwisc
fill if dissociation did not take place.

The cases just considered and others which might be
quoted, such as the phenomena exhibited by nitric peroxide
NO, or N,0,, invowe only one physical condition or
phase in the substances concerned. But in many cases the
procese of dissociation results in the production of a vapour
with a residue of solid. Thus when calcium carbonate is:
heated strongly it suffers decompositioh into lime, which,
remains behind together with calcium carbonate, while]
carbon dioxide gas is given off. This change proceeds until
the evolved gas acquires a certain density or pressure, and?

»



it then ceases till the temperature or the pressure is changed.
Similarly salts which contain water of crystallisation, when
heated evolve water vapour, leaving a residue of salt more
or less dehydrated.

The same kind of decomposition takes place in many
cases at the temperature of the air, and under or{linary con-
ditions. Salts, which thus readily part with their water of
crystallisation and fall away o powder, are said to be ¢ffores-
cent. Sulphate, carbonate, and phosphate of sodium afford
examples of this kind of dissociation, which, however, pre-
sents nothing remarkable beyond the fact of occurring at
comparatively low temperatures. 1n this respect, however,
these phénomena are surpassed by those exhibited by salts,
which, under ordinary circumstances, are deposited from
solution void of watcr of crystallisation. Such compounds
combine with water when crystallised at temperatures below
zero. The explanation of the existence of anhydrous crystals
is simply that dissociation of the salt from the water occurs
at or below the temperature at which the crystals are de-
posited. And even those salts which usually combine with
water of crystallisation may be obtained in a lower state
of hydration, or altogether destitute of water, by causing
them to crystallise at more or less elevated temperatures.
Sodium sulphate furnishes a case in point. The crystals of
this salt formed at ordinary temperatures contain ten mole-
cules of water of crystallisation combined with one of the salt
(Na_SO,.10CH,) ; when formed at 18° they contain seven
molecules of water (N2,50,.70H,), whilst a solution heated
to 34° yieldscrystals which contain no «ater at all. In these, as
in all other cases, the dissociation may be rcgulated not only
by change of temperature but by altering the concentration
of any product of the decomposition. Thus the decom-
position of calcium carbonate by heat may be completely

. prevented by increasing the pressure of the carbon dioxide,
and practically in the working of a limekiln it is found that
the lix{xcstone may be heated, even till it melts, without being



converted into lime, unless the kiln is well ventilated and
the carbon dioxide carried off by a current of air as fast as
it is produced. Similarly efflorescent salts will preserve their
water of crystallisation in an atmosphere saturated with,
water vapour, and if phosphorus pentachloride is mixed
with a suffictent quantity of the trichloride PCl,, it glves a
. vapour the density of which is very nearly normal, that is, it
corresponds with the fopmula PCl;.,

An excellent examp]e of the influence Qf prgssure is
afforded by the behaviour of the phosphonium salts. At
ordinary atmospheric temperatures and pressure® the iodide
PH,I is alone capable of retaining the solid state ; the
bromide, though obtainable temporarily in cubes, efaporates
away very rapidly ; the chloride is only producible by com-
pressing a mixture of equal volumes of PHy and HCI at
about twenty atmospheres or by cooling at atmospheric
pressure to —25°. Crystals of the last compound
instantly disappear into a mixture of the two gases on
rclease. of the pressure when the temperature is that of
the air.

The rate and extent of dissociation in a given case there-
fore, independently of the chemical character of the substance
concerned, depend upon three conditions ; namely, (1)
temperature, (2) pressure, and (3) the proportion of the
products of dissociation to the undecomposed substance.
A parallel may be traced between the phenomena of dis-
sociation and of evaporation, or, tn other words,®between the
separation of molecules and atoms of different kinds and
the separation of moletules of the same kind in passing
under the influence of heat or diminished pressure from the
solid of liquid to the gaseous state. The vaporisation of
water from a crystallised salt, for example, seems to be a
phenomenon of the same order as the escape of water vapour
from ice. In all such cases the rate of vaporisation is
governed by temperature and pressure, and is attended by
abscrption of the energy of heat, while reversal of the con-



ditions leads to a restoration of the substance to
state.

its original

11, ¥, vapour at 20° . . H¥F + HF
[NH,C1], solid . . . { NH;+HCI .
N1I,Br], solid . . .| NHg+1IBr .
NH,I],solid . . . | NH,+ HI
PH,I], solid . . .| PHy+HI .
(C,H,),NI], solid . . | (C, lI,),N +C,ILI \apour

(tetrethylammonium iodide) {(“:2:1!33“““" + ethyl-

Solid compounds of salts
with ammonia, e.g. [AgCL }| Salt + #NH,
3NIL], .

Salts united with water of
crystallisation, . }

| Anhydrous salt + #H,0

Molecule of substance before Products of complete £° approxi-
dissociation. dissociation atrt, T:;:l:' atf:::

—— £, ﬁ -
1, vapour below 700° . o I+ . . | 1500°
Br, vapour . . . | Br+Br . | r500°
Cl, ga . . + | ,Cl+Clo , . . . labove 1600°
S, vapour at 482° . S,+S,+S, . ©. 940°
N, ,0, vafour below o° . | NO,+NO, . . 160°
[N,O‘] , liquid . . . | NO,+NO vapour. all temps.
PCl, b.p. h60°-165° . . PCL+Cl, . 300"
QhCl . . . | ShCl,+Cl, . .

IIg,Cl i solid . . . | HgCl, + Hg vapour 950°
[ALCL], solid . . . | AICI, + AICl, vapour 800°
'ICl,],, solid . . . | IC1+Cl, vapour . all temps.

(<]

. 1350°to 940°
. l440°to 772°i
- |440°to772°

NI1,HS], solid .+ | NH,+HS . . 57°
[11,50,), liquid. . . | 1IL,O+80, . . . 416°
C,11,,Cl},, liquid . - | Gl + HCI . 300°
(isoamyl chloride) . . ' (amylene)
[SCL,], liquid at - 22° | SCL+Cl, . . . | 8
[C,HC1,0,], solid, boils 95“ C,1iCl, 0+ H 0. 100°
(chloral hydrate) . (chloral)
|CHL,(C,1I,)CLO, ) solid . ; C,HCL,0+C,11,0 116°
(chloral-alcoholate) . . (chloral + 1]ruhul) .
[CILO,+ CLO,| =4 vois. LC11,0,+ CIL,0, + C11,0, | 220°
(fomuc acid \apour at b. p ! tformic acid
101°) . i . j| (formic acid)
[CALO, 4 CILO -4 vols. | { CALOCH O+ 1,0
28442

(alc:e;)c) a‘fld vapour at bL.p. } (acetic acid) .

all temps.




CHAPTER XVIIL
THERMAL EFFECTS OF CHEMICAL ACTION.

Every chemical ahange, whether it occurs in one substance
alone or as a result of the contact of two or more substances,
is attended by a redistribution of the total energy of the
system. This is most tommonly manifested in the form of
absorption or evolutiorfof heat. There is, howeves, nothing
in this to distinguish chemical change from physical or
mechanical changes, such as fusion, vaporisation, or altera-
tion of density. .

Suppose a mass of ice at o° to be so gradually heated
that it melts, but the resulting water remains at the same
temperature. ‘The amount of energy in the form of heat
thus supplied would raise the temperature of the same mass
of water from o° to 8c° If the mass of ice is a gram we
say that 8o thermal units, or 8o units of heat, or 8o calories,
are required for its fusion.! In similar terms 100 units are
required to raise the temperature of a gram of water from
o° to the boiling-point under a pressure of one atmosphere,
and 537 units more to change it into steam. At a much
higher, unknown, temperature the disruption of one gram
of water gas into a mixture of hydrogen and oxygen would
require at least 3,780 units, and probably much more. All"
these changes are reversible, and when reversed the same
quantities of heat arc successively given out.

The more obvioule chemical changes which have been
studied in relation to the thermal changes which attend
them gay be ranged under the following heads :—

1. Combinations and decompositions at ordinary tem-
peratures. 2. Combinations at high témperatures (com-
bustion). 3. Dissolution in liquids. 4. Allotropic and

! Sometimes the unit of mass referred to is a kilogram. The
corresponding thermal unit may be called a large calorie.



isomeric changes. In the present chapter the first two will
be chiefly considered. The others are referred to elsewhere.

A substance in a chemically free or unsaturated condition
may be compared to a body which has been raised to a
height. In order to get it into such a position, energy in
some form must be expended, but the whole ofsthat energy
is recoverable in the form of heat or mechanical effect by
the descent of the body to its former level. So, when a
chemical compound i§ resolved into° its constituents,
mechanifal work, or rather its equnvalent in the form of the
kinetic energy of heat or electricity, is transformed into the
potential energy of chemical separation; but when the
clements come together again in their original order and
proportion the same amount of energy is again available,
chiefly in the form of heat.

Whenever much heat is evolved, it is tolerably safe to
conclude that the resulting compound is a very stable one.
Thus when 1 gram of hydrogen combines with 351 grams
of chlorine the result is not only the production of 36}
grams of hydrogen chloride gas, but a certain amount of
kinetic energy which becomes manifest in the form of heat.
The amount of heat is represented by 22,000 units. In
order to reverse this effect, and bring about the decomposi-
tion of the compound gas into its constituents, and restore
them to their original physical condition, precisely the same
amount of energy must be supplied.

All chemical changes which result in the production of
more stable from less stable forms of matter, whether by
way of combination or of so-called decomposition, are
attended by the evolution of heat.

From the following examples it will be seen tha:, with
the thermal values as data, we can predict what will happen
if one of the metals is placed in a solution of the chloride
of one of the others, which of the oxides is most easily
reducible by the action of carbon or other agent, why chlorine
decomposes bromides and iodides, and so on.



Heat evolved in the Formation of One Formula-weight in

. Grams.

Chlarides in Watery Solution. Hydrated Oxides, Solid.
MgCl, . . 186,930 MgO,H,O0 . 148,960
ZnCly; . 4 . %12,840 ZnO,H,O0 , 82,680
‘CdCl, . . 96,250 CdO,H,0 . 65,680
HgCl; . . 59,860 — —

v ° L
FeCl, . . 99,050 FeO,H,0 . 18,280
CuCl, . . 62,710, CuOH;O0 ., 37,520
2AuCl, . 18,174 — —
Chlorides. Bromides. l Iodi.des.

VaCl . 96510 NaBr . 85,580 | Nal . 70,300
CaCl, . 93,820 3CaBr,. 82,889 | 4Cal, . 67,670
iCl . 39,320 | HBr . 28,38 ' HI . 13,170

<Cl . 161,17 iKBr . 90,230 | KI . 75,020

Suppose, for example, we consider the action of metallic
iron on a solution of cupric chloride. The formation of
ferrous chloride from iron and chlorine in the presence of
water is attended by the evolution of 99,950 calories, while the
formation of cupric chloride gives out only 62,710 calories
under the same conditions. Hence when iron is introduced
into a solution of cupric chloride the one metal will be
replaced by the other, while 99,950 —62 7ro, or 37,240,
calories of heat will be given outs

In general, then, products of chemical combination
contain less energy thaa the materials from which they are
formed the difference being disposed of in the form of heat
Such cﬁanges are said to be exothermic. But in some few
cases the reverse is true ; that is, the compound contains
more energy than its constituents in the state in which
they are usually known. Thus the formation of hydrogen
iodide, of nitric oxide, of ozone, and probably of acetylene
and carbon bisulphide, is attended by absorption of heat,



which is given out if these substances are decomposed.
These are said to be endotkermic compounds.

Comparing together the thermal effects of causing one
.gram of hydrogen to combine with equivalent quantitics of
chlorine, bromine, and iodine in presence of water, heat is
in each case evolved. n

H + Cl 4 400 H;O gives 39,320 calories
H + Br + 400H:O |, ‘ 2§38
H+ I 4+ 400H,O0 , = 13170

A large'part of the effect is, However, due to the solution
of the resultmg hydracids in the water, and if the valuc of
this is subtracted we get a different result.

Heat of formation Heat of forma-
in presence of water. Heat of solution. tion of gas.
HCI . . 39320 — 17,320 = 22,000
HBr . . 28380 — 19,090 = 8,440
HI . . . 13170 — 19,210 = — 6,040

The negative sign means that in production of hydrogen
iodide from hydrogen and iodine gases absorption of 6,040
units occurs for every unit of hydrogen which combines.
The decomposition of hydrogen iodide gas is attended by
evolution of heat. We know how prone this compound is
to decomposition, and that even a solution of it, provided it
is strong, forms a powerful reducing agent, iodine heing set
free. In veiy dilute solutions, however, its reducing powers
are much less, as may be inferred from the thermal value of
its formation in presence of much water.

But in such cases as hydriodic acid, after all due allow-
ances have been made for the heat which becomes I§tent in
consequence of the change from solid to liquid, or gas, the
actual absorption of heat which is observed must be attri-
buted to the fact that energy is used up in the decomposition
of the elementary molecules which precedes, or is simulta-
neous with, the formation of the molecules of the com-
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pound. Thus, when hydrogen combines with iodine, the

change is not simply ‘
H+I=HI

but is, strictly spe.aking, a double decomposition ; thus—
* H I H H
HIER S b+ |
s o

Now, if the heat reguired to effect the separatjpn of H
from H, and I from I, is greater than the amount of heat
generated when 2H combines with 21, then thee result will
be negative ; no heat will be given out, but a certain amount
must be supphed from external sources. From fthis con-
sideration it.is apparent that even in thosc cases of chemical
action in which an evolution of heat is actually observed,
this heat represents only the surplus energy remaining over
after the breaking up of the molecules of the original
substances employed in the expcriment.

The estimation of the heat evolved during the neutralisa-
tion of an acid by a basic hydroxide is perhaps one of the
least difficult of performance, and most intelligible among
thermo-chemical measurements. When solution of hydro-
chloric acid, for example, is mixed with solution of soda
sufficient to neutralise it heat is evolved, the amount given
out, however, varying to an appreciable extent according
to circumstances, whereof the most important are (1) the
proportion of water present, ands(z) the tempefhture of the
solutions when mixed.

It is obvious, therefore, that the heat produced results
from a number of changes, part of which may be physical
or mechanical, and part chemical, though in these cases, at
any rate, there is no means of distinguishing them. After
all, however, the practical object is to compare together the
action of substances of the same kind under circumstances
as nearly alike as possible.

Thomsen obtained the following values for the heat of

X



neutralisation of the common acids. This expression
means the number of calaries evolved when one molecule
of a monobasic acid, or an"equivalent quantity of polybasic
.acid, is mixed with one molegule of sodium hydroxide, both
being previously dissolved in 100 molecules of water and
at the temperature of 16° to 18° C. oy

Heat of M'u/ra/z.vatmn af Aculs ﬁv Soda.

. " Calories.

HCI . . . . . 13,740
HBr . . < . 13,748
) HI . . . . . . 13,721
HF. . . . . . 16,272
HNO, . . . . . 13,617
H,PO, . . . . . 15,160
HPO, . . . . . 14,510
.3HLS0, . . . , . 15,6090
$H, PO, . . . . . 14,228
AH, PO, . . . . . 11,343
HCHO, . . . . . 13,450
HC,H,0, . . . . 13,400
HC,H,CIO, . . . . 14,280
HCzI’IClQOZ . . - . 14,830
HC,CLO, . . . 13,920
1H,C,0, . . . . 13,820
1H,C{H,O, . . . . 12,400

It will be noticed that the heat evolved during the
neutralisation of these acids doesunot vary so much as
might be expected in view of their diverse composition and
character, some, like hydrochloric acid, being reputed strong
acids, while some, like acetic acid, are weak acids. So long
as the heat of a reaction was supposed to be a measure of
the affinities of the substances concerned, such results were
difficult to interpret. This idea is, however, now necessarily
abapdoned, and a clue to the apparent anomaly of a strong
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[acid and a weak acid producing nearly the same amount of
heat in thg rcaction has been provided by the theory of
jionic dissociation. (See Chap. XIX.)

Combustion.— ‘The burning of wood, coal, charcoal, and.
other matters commonly employed as fuel is a process with
which everygne is familiar. Chemists know that the produc-

. tion of fire in the usual way is attended not merely by the
consumption or al}erati.pn of the, fugl, but by changes in the
surrounding atmospherg, and that the presence, of agufficient
supply of air is an indispensable condition in the operation.
They explain the phenomena by stating that the process of
burning consists essentially in the combination of the ele-
ments of the combustible body with the oxygen it the air,
so much heat being developed that more or less of the solid
combustible and of the products of combustion are raised
to such a temperature that they emit light. Notwithstand-
ing, then, that in ordinary fires the coals disappear and seem
to be destroyed, they do in reality only evaporate away in
the form of carbon dioxide and water ; and if these products
could be collected and weighed, their weight would be

- found to be made up of the united weight of the carbon
and hydrogen of the coal, and the oxygen which is taken
from the air.

The phenomena of combustion may be observed equally
well when other materials are employed. Thus copper
burns in vapour of sulphur, hydrogen burns when ignited in
chlorine, while phosphorus and several metals betome ignited
spontaneously when introduced in the proper condition into
the same gas. In everpsuch case the resulting product con-
sists of a compound of the body which is burned with one
or other of the constituents of the gaseous atmosphere which
surrounds it. From this itis evident that the terms ‘com-
bustible ’ and ¢supporter of combustion,’ as generally em-
ployed, involve an error if they are taken to imply any
difference of function ; for that which in one experiment
occupies the position of combustible may be madg the

X2
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supporter of combustion or atmosphere in another. It is
easy to show, for example, that not only will a jet of hydro-
gen burn in oxygen gas, but that a jet of oxygen burns
.equally well when surrounded by hydrogen.

Previously to the discovery of oxygen by Priestley, and
the establishment of the modern theory of corabustion by
Lavoisier at the close of the last century, a remarkable
theory had been for upwards of ffty vears adopted by
chemists This was the celebrated theory of phlogiston,!
proposed by Stahl? This phlogiston was supposed to be
a substance of great tenuity, which, by combining with
incombustible bodies, rendcred them combustible.  When
such bodies are burnt, it was imagined that the escape of
the phlogiston in a peculiar condition of vibratory motion
gave rise to the phenomena of fire. At the time the idea
was originally introduced little was known of the part which
the air plays in all ordinary burning. When accumulated
facts proved conclusively that bodies by burning increase in
weight, some attempts were made to prop up the theory by
assuming that the presence of phlogiston gave bodies light-
ness instead of weight. The merit of the idea, however,
lay not so much in providing an explanation of certain
special cases of combustion, as in referring all cases of burn-
ing to a common cause, and in showing that the property of
combustibility is capable of being transferred from one body
to another. Oxides of the metals, for example, were re-
garded as asnes, or ‘calces;’ of the metal left after the escape
of their phlogiston, which could be restored to them by
contact with heated charcoal, a body'which was supposed to
be specially rich in the hypothetical inflammatory principle.

While we believe that the presence of no substarfce such
as phlogiston is necessary for the production of fire, and
that during the manifestation of the phenomena of com-
bustion no loss of material occurs, yet it has been very

+ $royiords, anything sef on fire. 2 Died at Berlin, 1734
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"justly pointed out that bodies, when they burn, do in truth
part with something, and that is the potential energy or
power of doing work which belongs to a state of chemical
isolation.

In order that combustion may commence in air the
temperatureg of c8mbustible bodies must in gcneral be
raised. The temperatures required in different cases are
very diverse. Thus phpsphorus, which liquefies at 44°, can
scarcely be melted”in the air without inflammation., Carbon
disulphide vapour mixed with air takes fire if a glass rod
heated to about 150° ise brought into contaet with it
Sulphur begins to burn at about 250°—far below its boiling-
point ; while carbon and many hydrocarbons require a red
heat. .

The temperature produced when the process of burning
is once established is in general higher than that which is
requisite for the commencement of combination. This
difference is illustrated by the action of platinum upon a
mixture of hydrogen or coal gas and air. If a warm slip of
clean platinum foil or a coil of platinum wire is held in a
current of such mixed gases, the temperature of the metal
rises rapidly, in consequence of combination taking place
between those portions of the gases which are in immediate
contact with it, combination extending to the surrounding
mass only when the temperature reaches a certain point, and
the platinum is nearly white-hot. Similar phenomena may
be observed in other cases whan the heat evelved in the
early stages of the process is allowed to accumulate. The
spontaneous ignition @f phosphorus, of finely pulverulent
iron or lead (pyrophori), and of heaps of oily rags, may be
referred to this cause.

The exact temperature of flame is difficult to determine,
and is liable to vary. The temperature of a hydrogen flame,
burning in air, has been estimated at about 2080° C., but
when the flame is fed with pure oxygen its temperature rises
to upwards of 4000° C. This is easily explained by thg fact
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that in atmospheric air the oxygen is mixed with four times
its bulk of nitrogen, which contributes nothing to the
chemical action, and which, being raised to the same tem-
perature as the other gases present, consumes a great deal
of heat. A temperature still higher is _produced when a
mixture of hydrogen and oxygen in due propogiions is fired
in a closed vessel, so that the heated gases are not allowed
to expand. This expansion against.atmospheric pressure is
work the performance of which invo}ves the consumption of
heat. The temperature produced by the explosion of oxygen
and hydrogen in a closed vesselhas been estimated at about
5250° C.

But 4lthough the temperatures producible by the same
combustible under various circumstances are different, the
actual amount of heat evolved in the combustion of the
same weight of a given substance is always the same. This
_statement can of course be accepted only on condition of

uniformity in the circumstances attending the experiment.
Thus it will appear from the table given below that, as in
the case of carbon, the different allotropic modifications of
the same substance may give rise to appreciably different
amounts of heat.

L. Units of Heat developed by Combustion of Equal
Weights of Elements in Oxygen.

« ¢ Grams of water heated
Substance burned. Product. 1°C. by burning 1 gram
. or each substance.
—— - R N —_——e e e e
Hydrogen . . . Water 34,0
Carbon— 3:
a. Diamond . . . Dioxide 7,770
4. Natural graphite . . » 7,797
¢. Wood charcoal . . . 8,080
Sulphur (native) . . - 2,220
Phosphorus (common) . . Pentoxide 5,747
Zinc .-, . . . Oxide 1,330
Iron . .. . . . Peroxide 1,582




I1. Units of Heat evolved by Combustion of Atomic Weights.

i Grams of

Weight in by}
Name of element. grgms.‘ Product. | I'L?i;cl A og..

bustion.
Hydrogen . ‘! 1 Water (liquid) . . 34,034
» . ‘ I Hygrogf.n{:)hlon‘cile(gas) zg,ooo
» . . I  Hydrogenbromide(gas 1,440

Carbon— v e ¢ gg ges)

a. Diamond . ] [ Dioxide (gas) . s 93,240
4. Graphite . - 12 ’ [P 93,560
¢. Charcoal . - 12 96,960
Sulphur (native) | 32 Dloxlde (gas) 71,042
I’hosphorus(common) , 31 Pentoxide (qohd) 178,187
”» . . 31 Pentachloride (solid) » 107,740
Tin. . e . 118  Dioxide (solid). . 135,360
o . . . 118  Tetrachloride (liquid) 122,880

The quantity of heat absolutely evolved also depends
partly upon the physical condition of the products of com-
bustion. Thus the number 34,034, which expresses the heat
evolved in the combination of one part by weight of hydrogen
with eight parts of oxygen, represents not only the heat of
chemical action, but the heat (amounting at the tempera-
ture of the experiment to about 5,500 units) which is pro-
duced by the liquefaction of the resulting nine parts of
steam.

This relation of the amount of heat cvolved to the
physical state of the resulting cgmpounds is fugther indicated
by the results exhibited in the following table :—

— R - — - — ., - - - B -

Substance burned. l bw“::ﬁ%‘ Product. l Units of heat evolved.
.
Tin . .| Sn =118 | SnO, 135, 360
Stannous Oxxde . 18500 =134 | SnO, 69,584 x2=1 39,168
Copper . . Cu = 635 CuO 38,304
Cuprouq Oxide . 31Cu,O= 71°5 CuO ! 58,304 x 2= 36,608
Graggite . +|C =121 CO, I . 93,560
Carbonic Oxide . {CO = 28 l CO, ‘ 67,284 x 2=134,568




Here we find that when solid tin or copper is converted
into its highest oxide, the amount of heat developed is
practically speaking, twice as great as the amount of heat
devcloped in the conversion of the lower into the higher
oxide. In other words, the two successive stages of oxida-
tion, both of which result in the formation®of solid products,
are marked by the evolution of equal quantities of
heat. .

The case of carbon is different. * In %he first stage of
oxidation’ the' process involves thé conversion of solid
carbon into gaseous carbonic oxide, whilst in the second
stage the carbonic oxide which is burnt, and the carbon
dioxide which is formed, are both gaseous. There is no
change of state. Hence the quantity of heat which is de-
veloped in the latter operation is nearly two-thirds, instead
of only one-half, the total quantity evolved in the forma-
tion of the same weight of carbon dioxide from solid,
carbon. ‘

In order, therefore, to calculate the actual amount of
heat obtainable by burning a given combustible it is neces-
sary to take these and other circumstances into consideration.
The following examples, which are unencumbered by small
corrections, and in which it is assumed that no heat is lost
by radiation or cenduction, will serve to indicate the general
nature of such calculations.

The combustion of 1 part by weight of wood charcoal
evolves 8,080 units of hcat., That is to say, 1 kilogram of
charcoal would heat 8,080 kilos. of water from o° to 1° or
1 kilo. of water from o° to 8080°. 1g kilograms of charcoal
produce 44 kilos. of carbon dioxide, or 1 kilo. produces
3°67 kilos. ; and if the heat produced by the combus¥on is
communicated to this quantity of carbon dioxide, and
8.989, or 2202°% if
367
the specific heat of carbon dioxide were the same as that
of water. But the specific heat of carbon dioxide is only

not to water, the temperature would be



FLME L ety L UIRUBI ELUN. 313

2164 when that of water is 1. Hence the temperature of

the carbon «dioxide is 2202 x 116 , or 10175° when the
2167

carbon is burnt in oxygen. N

Now if the combustlon is performed in atmospheric air,
which contams 77 per cent. of nitrogen, much heat is con-
. sumed in raising the temperature of this nitrogen.

The 267 parts ¢ of ogygen required for the combustion of
one part of carbon are agcompamed'by 893 parys of pitrogen,
the specific heat of which is ‘2438. Therefore, when the

. combustion of carbon takes place in air, the temperature of
the resulting mixture of gases cannot be higher than
»

, 8080
(367 x "2164) + (893 x "2438)

In practice the temperature is not so high as this, partly
because some heat is lost by radiation, some by conduction
through the solid unburnt charcoal, partly because an excess
of atmospheric air over and above that actually required
mingles with the products of combustion, and partly also
because the specific heats of the materials employed and of
the products formed by their combination are not constant,
but increase as the temperature is higher.

A limit is also set upon the temperature produced by
any given act ol combustion, or generally of chemical com-
bination, by reason of the fact that all high temperature
changes are reversible, and sooner or later a poifit is reached
at which the product of union is decomposed. Hydrogen
and oxygen, for exampde, combine to produce water at a
red heat, but at the temperature of the electric spark steam
is resolved into hydrogen and oxygen, and probably at the
latter temperature hydrogen would not burn in oxygen. A
spark causes ignition in the mixed gases, because a suitable
temperature is provided somewhere in its immediate neigh-
bourhood.

= 2720°C



314

CHAPTER XIX.
ELECTRO-CHEMICAL DECOMPOSITION.

WHEN a plate of zinc is immersed in a solution of hydro-
chloric acid, hydrogen gas escapes, and the chéorine unites
with the zinc, forming a solution of zinc chloride. If nowa
plate of platinum, which, ise not acted ugon by the acid, is
immersed in the same liquid and is mnade to touch the zinc,
or is connected with it by a wire, it will be seen that the
hydrogen is no longer disengaged from the zinc plate, but,
appears on the surface of the platinum in the form of
bubbles which rise to the surface of the liquid, while the
zinc continues to dissolve as zinc chloride. Buch a com-
bination of two metallic plates immersed in a liquid, the
action of which on one of them is greater than on the other,
constitutes a voltaic cell. A number of these cells joined
together forms a battery. A wire connecting the extreme
plates of such a series exhibits three chief phenomena.
Held lengthwise over a suspended magnetic needle it
causes it to be deflected so as to tend to set at right
angles to the wire according to a rule which need not be
further considered in this place. If the wire is cut in two,
that part which proceeds from the zinc can be shown, by a
gold-leaf electroscope, to be charged with negative elec-
tricity, whilst the wire from the platinum is positive. If
these wires are then dipptd into a solution of some salt,
such as copper sulphate, the elements of the salt are
separated, the metal going to thé negative electrode or
terminal connected with the zinc of the battery, sulphuric
acid and oxygen making their appearance at the &lectrode
belonging to the platinum plate ! of the battery, that is at

! The elements which make their appearance at the negative pole
are often referred to as electro-positive, whilst those which collect at
the positive pole are electro-negative. The metals are generally electro-
positive, the non-metals electro negative.
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the positive pole. This process of decomposition by the
voltaic current is called ‘electrolysis.” It must be remem-
bered that electric currents may be produced by other
means in which chemical action is not concerned, as in the,
dynamo-machine and thermo-electric couples, and hence
that chemigal and mechanical work are mutually con-
vertible.

Two importan{ quantitative,lays relating to electrolysis
discovered by Faraday may be expressed as,follgws : The
first states that tke amount of an element, or other substance,
liberated is divectly proportional to the quantity ®f electricity
fowing through the circuit. To separate a univalent atom,
such as chlorine, from a compound requires 1 certain
fundamental unit of electricity the value of which has been
approximately determined. To separate a bivalent atom,
such as oxygen, requires twice as much, while a trivalent
atom requires three times as much, and so on, multiples of
the unit charge being always employed, but never fractions
of it.

The second law states that zie elements, or other sub-
stances, liberated during electrolysis are set free in the propor-
Lion of thesr chemical equivalents, and provided disturbing or
secondary actions are avoided, these quantities are also
chemically equivalent to the materials consumed in each
cell of the battery when a voltaic current is used. It will
be obvious from the properties of many of the known
clements that in certain cases tBe primary prdtucts of the
electrolytic process cannot always be collected. This is
especially the case wifn aqueous solutions are used, for
such metals as potassium and sodium cannot exist in con-
tact with water, and chlorine under certain circumstances
decomposes water, liberating oxygen. 1If, for example, a
solution of potassium chloride is electrolysed, the products
actually observed are not potassium and chlorine, but
potassium hydroxide and hydrogen at the negative elec-
trode, and hydrogen chloride and oxygen, accompaniegl by
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more or less chlorine, according to the concentration of
the solution and strength of the current, at the positive
electrode. The quantities of such secondary products are,
Jowever, equivalent to the quantities of the primary con-
stituents of the salts employed, and so Faraday’s law still
holds good. P

If, for example, in each cell of a battery 32°5 grams of
jzinc are dissolved, and the current therefrom passes simul-
‘taneously, through solutions of potasgium iodide, potassium
ibromide, copper sulphate, silver nitrate, and acidulated
swater arranged in continuous circuit, the products actually
formed in the successive decomposing cells would be as
follows :*

"

|

At the negative or cathode. At the positive or anode.
1st. H=1 gram I=127 grams. .
KHO =56 grams
2nd H=1 gram. Br =80 grams,
KHO =56 grams.
3rd. 1 Cu=31'75 grams. 50 8 grams.
%H SO‘—49 grams.
| 4th. Ag= 108 grams. %O 8 grams.
| INO‘_ 63 grams.
i s5th. He=1 gram. ‘ 10 8 grams.
'} e ——— .- —

The constituents of salts which are separated from each
other in the process of electrolysis Were called, by Faraday,
“ions,’! those which go toward the anode or positixe plate
being called anions, while those which travel in the opposite
direction toward the cathode or negative plate are called
cathions.

It is important to distinguish clearly between the ions in

From iov (Gr.) a wanderer.



a compound and the elements when in a free or isolated
state. The former are identical with the proximate react-
ing constituents, which are commonly called the ‘ radicles

of a salt, and are in general coupled together in pairs, of
otherwise, when set free from combination. The cathion of
an acid, for‘example, is hydrogen, but this element in the
ionic state is not to be confounded with hydrogen gas,
which has very djffergnts prope,rtxeis The anions of many
salts, such as the sulghates and nitrates, are,not known in
any separate form. The anion of a sulphate is SO,, which
when separated by electrolysis is at once resolved into SO,
and O, which appears as oxygen gas.

During the process of electrolytic decomposition the
electrolyte is always resolved into its two ions, which make
their appearance in the form of the corresponding element
or of products of decomposition at the anode and cathode
&espectively, but observations on the accumulation of these
products round the electrodes have led to the discovery
that the ions move through the liquid at different rates.

{ "Thus in the electrolysis of a solution of hydrogen chloride
the hydrogen ion moves towards the cathode more than
five times as fast as the chlorine ion towards the anode.
. This is remarkable if the usual hypothesis is accepted that
the passage of a current of electricity is essentially due to
the travelhng of opposite and equal charges to meet each
; other, for in such case it would appear at first sight as if
i there would be inequality of discharge at the Surface of the
: two electrodes and a part of the slower ion left in the liquid.
1This can only be esplained by reference to the views
which are now held as to the physical nature of the process
“of eled¥rolysis.
Before proceeding to give an account of these theories,

no signs of electrical charges such’ as may be recognised on
the electrodes, The ions appear only at the electrodes, and



no transit of matter can be detected at any point in the liquid
intervening between them,

A hypothesis relating to the mechanism of electrolysis
.was devised by Grotthus in 1805, and for many years
was very generally accepted. In a ljquid, such as a
solution of hydrochloric acid, each molecule s>f the elec-
trolyte is supposed to be made up of two parts—one having
a charge of positive, the nther of meggtive clectricity, in
virtue of which these constituents. are united together.
According to this hypothesis, then, chemical affinity is
nothing but the attraction of oppositely electrified particles.
When a current is sent through such a liquid, the first effect
is the establishment of a great number of chains of mole-
cules in which the positive elements all face in one direction,
the negative elements in the other. Then the metal plates
at different potentials which form the electrodes attract the
atoms of opposite electric name from the two ends of thé
polar chains, and detach them from the state of chemical
combination in which they previously existed.

The following diagrams serve to illustrate the successive
conditions supposed to prevail in the liquid. 1In the first
the molecules of the electrolyte are moving about in the
liquid mass in every direction. Then these molecules
arrange themselves into chains in the order shown in II,
and in III the disruption of the end molecules occurs,
and is followed by a change of partners throughout the
length of the-chain. Thus-the disengagement of hydrogen
at the negative electrode, and of an equivalent quantity of
chlorine at the positive, without any apparent change in
the intervening mass of liquid, is accounted for.

This hypothesis is now generally regarded as insufficient.
It has long been known that the very smallest electro-
motive force is sufficient to make a current of electricity
pass through a saline solution, from which it appears that
the two ions of a salt are not held together by any force,
and that they are probably separate before the current is

=
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applied. The fact is also recognised that, in general,

electrolytes are the only compounds which enter readily

into the chemical process of double decomposition, which

is the characteristic of the class of compounds called sa/s.,

As already explamed (p. 19 and elsewhere), there are

xgond reasons for” believing that the molecules of liquids
and gases subsist unceasingly in a state of motion. Their
agitation is mcreased hy beat, djminished by cold. In the
course of this dance ip which thédy are engaged,,and the

numerous encounters which must occur amomg them, it is
conceivable that some of the molecules get broken up into
atoms or atomic groups, which for a while wander about
until they encounter some other atom or atomic group with
which tey can unite. If the original body was homogeneous,
the molecules which are thus reproduced are of the same
kind as the original molecules. So long as this work of
reproduction goes on at the same rate as the destruction—
that is, so long as, in a given interval, the number of mole-
cules decomposed and the number of molecules recompgsed



is the same—no change occurs 'in the properties of the body,
because the average composition of the mass remains the
same. In a mass of hydrogen chloride gas, for example, it
, is conceived that if it were possible to submit it to such a
scrutiny, the ‘greater part of the mass t?.ken at any instant
would be found to consist of molecules, each. made up of
an atom of hydrogen and an atom of chlorine ; but that
with these there would be assoeiated g.certain number of
free atoms of hydrogeﬁ and chlorjne interspersed among
them. In the next instant many of these free atoms would
be seen yoked together again, whilst their places would be.
supplied by the disruption of fresh molecules. This hypo-
thesis was introduced by Williamson about fifty years ago.

A similar condition is supposed to prevafl in a liquid,
and the action of the current is merely to direct the already
separated atoms to the opposite electrodes. Thus an atom
of hydrogen being within a certain distance of the positive
electrode may be supposed to receive a charge of positiye
electricity, the possession of which causes it to be attracted
to the surface of the negative electrode,. where it arrives in
company with other atoms similarly charged. On reaching
the electrode the atoms give up their charges to it, and then
pair off to form molecules. ‘

Within the last few years this hypothesis, which we owe
to Clausius, bas undergone an important modification at the
hands of Professor Arrhenius. It is now believed that liquid
electrolytes ‘are in a state ®f dissociation more or less com-
plete before they are acted upon by the current, and that the
current passes through the liquid wholly by means of the
free ions which transport specific quantities of electricity
corresponding to their valencies. The substances ¥hich are
most easily decomposed by the current are the substances
known as acids, bases, and salts, and their chemical activity
seems to depend upon the extent to which the ions have
‘been dissociated. It has been shown by direct experiment
that, solutions of various acids stand in the same order in



regard to electric conductivity and in regard to their power
of effecting chemical changes, such as hydrolysis of sugar
or other substances. A ‘strong acid is therefore now
understood to be one which is more completely dissociated
into its ions than a ‘weak ’ acid.
It will be notic®d that the terms ‘dissociate’ and ¢ dis-
_sociation’ ard used in a sense different from their application
to the phenomena produged by heat. Water is said to
dissociate at high tBmperatures int® hydrogen and Oxygen,
and these two elements’in the gaseous form may actually
be separated by the process of diffusion. No appreciable
<,. . .
diffusion of ions, however, has been observed, and no means
are yet known whereby one ion can be removed frdm near
association with its opposite partner.
The following diagram will assist in the conception of this
idea, and may be compared with the previous diagram which
was employed to illustrate the hypothesis of Grotthus :—

Herp there are but few complete molecules in a-liquid
such as dilute sulphuric or hydrochloric acid or any other
good conductor, while the ions are represented as more or
less independent of one another. The extent of their free-
dom and the part played by the liquid in which they move
are, however, matters upon which considerable diﬁ'crenc§ of

4



opinion still exists. According to this hypothesis the nega-

tive ions all move with their charges in one direction; while

the positive ions go with their charges in the opposite direc-

tion, and the complicated rearrangemcnts required by the
" Grotthus theory are not called for.

It will be easy now to explain how it comes about that
notwithstanding the fact that the number of® positive and
negative units discharged is always the same, the concentra-
tion of the liquid round the two electrodes gradually changes
owing {0 thé difference in the rates‘of movement of the ions
through the solution. By making use of a cell divided by
a porous partition to prevent mechanical intermixture of the
liquids«round the electrodes, the difference of concentration
after electrolysis has proceeded some time ¢an be easily
measured. 1n the following diagram I. may be supposed

to represent the condition of either II. or II1. previously to
electrolysis, On each side of the central division there are
materials of six molecules. Each + and — without a
partner represents an ion discharged. After the passage of



the current in II., which stands for potassium chloride, the

number of molecules of chloride on each side will be
reduced from six to five, but the concentration, though
lessened on both sides, remains equal, because the K ion

moves at nearly the same rate as the Cl ion. The case®
represented by ITR is that of hydrogen chloride. Here the
H: ion movéd about five times as fast as the Cl ion, and
consequently of the six molecules which remain undecom-
posed the material® of five’are folind on the left, while there
is only one on the fght of the partition, %ix foms of
hydrogen and six atoms of chlorine having been gliminated.

The clectrolytic conduct1v1ty of a given liquid depends}
partly upon the number of ions available for the passage of {
the current and partly on the rate at which they move.
There are, however, many phenomena connected with
electrolysis which are still very obscure. Liquid carbon
dioxide, cyanogen, carbon bisulphide, hydrogen chloride,
and stannic chloride, when perfectly free from water, do
not conduct and are not decomposed, and the conductivity
of water itself is so small that its determination has been a
matter of special difficulty.

On the other hand, certain salts, such as the chlorides
and iodides of lithium, calcium, barium, lead, and silver,
when melted, conduct readily and are easily electrolysed.
It is not easy to see in what respect melted silver chloride,
for. example,® differs from hydrogen chloride or stannic
chloride, which are liquid at common tempergtures. Yet
we must suppose that silver chloride and the rest are
partially ionised by thg process of fusion, although the
temperature, in the case of silver chloride at any rate, is far
below aged heat.

Although anhydrous hydrogen chloride and tin chloride
are non-electrolytes the case is different if water is added.
Such solutions are electrolysed very readily, and the pro-
ducts which result primarily consist of the ions of the dis-
solved substance. No other liquid is known which possesses

¥
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in the same degree as water the power of setting up the
state of ionic dissociation in a dissolved salt.

It has been found by experiment that the molecular
conductivity of an acid or a salt is increased by dilution.
In the case of good conductors a limit is soon reached, but
in bad conductors the molecular conductivity goes on in-
creasing indefinitely till the liquid is too dilute for measure-
ment, and the influence of slight mlpuntles in the solution
becomes appreciable. ¢ )

The' following table shows the'relative molecular con-
ductivities, of equivalent solutions of a few acids, bases, and,
salts, at the temperature of 18°, from the results of experi-
ments by Kohlrausch. The unit employed is the resist-
ance of the mercury unit of Siemens, that is, a column of
mercury one mctre long and one square m.m. in section.
The reciprocals of the numbers obtained represent the con-

ductivities. .
1 gram molecules in HC] HNO, $H>50, HC,HO
1 litre 278 277 189 12
10 litres 324 323 208 4'3
100 ,, 342 340 286 132
1000 346 343 332 380
KHO NaHO NH,HO
1 litre 172 149 ° o84
10 litres 99 170 31
100 ,, 212 187 92
1000 ,, 214 o 183 260
KCl NaCl 4BaCl, 3IMESO,
1 litre 92 70 66 27
10 litres 105 87 86 47
100 115 96 101 72
1000 ,, 119 10I 109 94

10000 ,, 121 103 113 103
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From these examples it will be scen that the conduc-
tivity of each substance increases with the addition of water
to the solution, but that the increase of conductivity is less
as the dilution proceeds, and it tends towards a limit, that is, .
it reaches a value yhich is not increased by further dilution.
The substanqes of weak conductivity are affected proportion-

+ ally much more than substances which are good conductors.
For example, whileythe 'cohductmty‘of hydrogen chloride is
increased by dilution fnom 1 litre to 1,000 litres in she ratio
of 1 to 1°24, the conductivity of sulphuric acid is raised in

wthe proportion of 1 to 1'%, while that of acetic acid is
increased from 1 to 31. It will also bc noticed that the
conductivities of potassium chloride and sodium chlonde,
each of which consists of two univalent ions, are increased
to a small extent as compared with magnesium sulphate,
which is composed of two bivalent ions. Molecular con-
ductivity appears to depend, as already stated, upon the}
number of ions present, that is on the extent of dissociation
of the compound together with the velocities of the dis-
socxated ions. The differecnce then between a strong acxd‘
and a weak acid is accounted for by the hypothesis that the
strong acids and other relatively active substances owe their
chemical characters as well as their conductivity to the
greater extent of their dissociation, so that dilution has a
relatively small effect on them, while it causes a rapid increase
in the state of dissociation in weak acids and other com-
pounds which are comparatively feeble as reagents.

™ AAs the molecular conductivity of a solution by successive
dilution increases up t¢ a limit, this value may be regarded
as equalato the conductivity at infinite dilution.

Every solution of an electrolyte must therefore be
thought of as a mixture of the solvent with molecules of
the dissolved substance, and with the ions into which a
certain number of the molecules are resolved. According
to the hypothesis the extent of ionisation determines the
conductivity and the chemical activity of the substahce.
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When the dissociation is complete, as it may be supposed
to be in a solution infinitely diluted, the conductivity
reaches 4 maximum, but in all other less dilute solutions
- the conductivity per molecule is less. The question how
many of the total number of molgeules present are
dissociated into ions is not answered by direct appeal to
he conductivity, but is determined by the ratio between
).h(, conductivity of the solation to the fonductivity of the
same when dnfinitely diluted. It is usually expressed as
follows, denoting by Iz the conductivity of the solution
when @ is the volume in litres ‘containing one gram-mole -
cule of the substance, and pce the conductivity when o is
infinitely great, then s, the dissociation, is found by the
equation
m=Hr,
Foc

As m represents the proportion of the dissolved sub-
stance which exists in the form of ions, 1—m is the pro-
portion which exists in the form of molecules. It has been

shown by Ostwald that (i ”-z:n)v is a constant. This is
usually indicated by 4, and is called the dissociation con-
stant. Its valuec is dependent on the nature of the
dissolved substance, and is the same for all dilutions.

A few examples may now be given of the application
of the dissociation hypothesis to some familiar chemical
changes. Since a solution of an acid is supposed to con-
tain the ions of the acid associated’with positive and nega-
tive charges of clectricity respecuvely, and the solutlon of
a salt sxmllarly contains the ions of the salt, the diSsolution
of a metal in an acid with evolution of hydrogen gas
involves the change .of ionic hydrogen into molecular
hydrogen, and of molecular metal into ionic metal. The
solution of zinc, for example, in diluted hydrochloric acid
is Cue to the transfer of two positive changes from the



hydrogen ions to the zinc. The equation then might be
writteh

Zn+H +H + Cl +Cl=Zn +Cl + Ci + H,

On comparingstogether the behaviour of different metals
in regard tosvater and acids under different conditions, it
becomes obvious that the various effects may be attributed
partly to certain irkereht beculiaritjcs of each metal, which
in the present state *of knowledge cannot bes further
explained, and partly to the conditions which favour con-

® tact betwcen the mctals anll the ions assumed to' be present
in the liquid. Water is believed to contain very few ions,
and the violence with which the liquid is attacked by sodium
;must be due to some peculiarity of the metallic atom in
this case, in consequence of which it takes up the charge
from the hydrogcn very rcadily. On the other hand,
Copper, tin, or zinc is incapable of being ionised by liquid
water, and even by hydrogen chloride copper and tin are,
under ordinary circumstances, ionised very slowly. A stream
of the ions 1n such liquid, produced either by contact with
a less active metal, such as platinum under the surface of
the liquid, or by means of a current of electricity directed
.through the metal and the liquid, causes rapid ionisation of
the metal.

This_recalls the fact that the valency of many elements

{ is capabl(, of being changed, and if the ionic doctrine is
iaccept‘..d this must be duc to 2’ change in the number of
; unit charges of clectricity which the atom is madeé 8 carry.
{ The conversion of a fdrrous into a ferric salt is thus due to

a change of the ferrous ion {f‘:a into the ferric ion ¥e. The
process known as ‘oxidation’ implies, hot necessarily the
employment of oxygen, but the use of some agent whereby
equal positive and negative charges are produced. In an
aqueous solution of ferrous chloride mixed with hydrogen

chloride it is probable that the greater part of these com-



pounds is dissociated. The addition of chlorine, which is
electrically neutral, gives rise to additional chloriné ions
each with a negative charge, which arouses a corresponding
positive charge on the metallic ion. The equation would

‘be expressed as follows : —
.

44 - - 44t — —
2[Fe + Cl 4+ CI] + CI, = 2[Fe + C1 + Cl + CI].
v e

On the other hand, ferric compoq.nds are converted into
ferrous by the action of a variety of rcagents, and the pro-
cess is known as ‘reduction.”  Ferric chloride, for example,
is converted into ferrous chloride by the action of sul-
phurous‘acid. In this case we must suppose that the con-
version of the sulphurous ion into sulphuric is accomplished
with the aid of oxygen dcrived from water, the hydrogen
of which becomes ionised at the same time. The change
would probably be represcnted by the following equation,
supposing that all the substances present except water are

completely dissociated :—

2ltf‘é+(_jl+(fl+él]+H20+2I:I+S-(33=
2[Fé +Cl+ Q]+ 2H + 2Cl +2H + SO,

On the hypothesis that electrolytes are dissociated into
‘their ions more or less completely when dissolved in water,
it is obvious that solutions gontaining the same ion in equal
quantities ought to exhibit uniform properties provided the
associated ion does not interfere. For example, solutions of
copper nitrate, sulphate, chloride, and acetate contain the
copper ion, and accordingly they exhibit the same blue
colour when sufficiently diluted. Similarly, the soluble salts
of lead, of mercury, of silver are colourless unless the metal
is associated with a ncgative ion, such as that of the
chromates, which possesses a colour of its own. It will be
n_oti(igd that it is only when the salt is in solution and in a



state of dissociation that this is true. Such a salt as lead
iodidt, which is yellow when in the solid form, is no excep-
tion, for the solution of this compound in water is perfectly
colourless. Mercuric iodide, again, has a scarlet or yellow
colour when solid, but though it is not soluble in water it
dissolves in confnon ether or in solution of potassium
iodide, and Yhe solutions are perfectly colourless.

In some cases marked, changes of colour are produced
by altering the con€entration of a solution of a coloured salt.
For example, a strong solution of cupric bromid¢ is deep
brown, but on adding water it becomes blue; cobaltous
chloride in the solid state and in concentrated solution is
deep blue, but in dilute solutions it is red. Sucl? changes
of colour have hitherto been explained by assuming the
existence of several hydrates containing the elements of the
salt associated with different proportions of water of crystal-
Lsation. The ionic hypothesis supposes that concentrated
solutions contain a certain number of molecules of the
salt undissociated, and these molecules may exhibit different
colours and other properties. When sufficiently diluted it is
assumed that in each case the ions are more or less com-
pletely separated, and each produces its effect independently.
\We know that in dilute solutions the influence of electro-
dytes upon the freezing point, the boiling point, and the
Eosmotic pressure, is approximately twice as great as that of
inon-electrolytes. In the case of cobalt chloride the salt is
‘known in the form of blue ashydrous crys:als, and also
combined with 2H,0 or 6H,0, forming crystals which are
red and nearly of the same tint as the solution. So that
even in the solid state it would appear that a certain degree
of ionisation may exist. In solution the extent of dis-
sociation may be reduced, as in the case of thermal
dissociation, by increasing the proportion of one of the pro-
ducts of dissociation. If a soluble chloride, such as hydro-
gen chloride or sodium chloride, is added in sufficient
quantity to a red solution of cobalt chloride, the cqlour



tends to blue in consequence of the reproduction of mole-
cules of cobalt chloride and disappearance of part of the
cobalt from the ionic form. ‘

The process of neutralising an acid by a basic hydroxide
has been already partly explamed It was pointed out
(p 306) that when an acid is neutralised fne heat generatul
in the process varies much less than might be ‘expected in
view of the diverse characters of the, acnds From the list
given we may select those which give vcry nearly the same
amount of heat when neutralised hy soda, and we see that
they are the strong acids which. by direct experiment are
shown to be the hest conductors and are probably most
completely dissociated.

HC1 13740
HBr 13748
H1 13721
HNO, 13617
1H,C,0, 13840

The explanation of higher or lower values is derived from
two considerations. The weaker acids are believed to be
dissociated to a smaller extent than the stronger acids, that
is to say, an appreciable portion exists in the solution in the
molecular state. Consequently less heat is evolved because
the heat produced by the formation of the water is dimin-
ished by the hcat necessary to break up the ‘acid into its
ions. The dz=composing qr hydrolytic action of water on
the salt produced is another cause of irregularity, the amount
of heat being thereby reduced, becayse a smaller number of
the hydrogen and hydroxyl ions unite to form water.

The chemical differences between the fixed alkadis and
solution of ammonia are also accounted for in an interesting
way by the ionic hypothesis. A solution of ammonia
contains the greater part of the ammonia in the molecular
form of NH,. This substance by itself accounts for the
production of . amides on the addition of solution of
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ammpnia to various salts, such as thosc of mercury or
such esters as cthyl oxalate, also the formation of a great
varicty of addition compounds like those produced by
copper salts.  But it probably takes no direct part in the
reactions which gesult in the precipitation of metallic
hydroxides., These changes must be attributed to the
small quantity of ammonium hydroxide NH,HO which
must be assumed 40 exist in thg solution, and of that only
to the portion which is ioniscd’ How very- small an
amount of dissociated substance is present is suggested by
comparison of the molecalar conductivity of solutions of
ammonia with that of solution of potash or soda (p. 324),
and how comparatively feeble is the alkaline chdracter of
aqueous am'monia is shown in a variety of ways. Added to
solution of calcium chloride, for example, it produces no
precipitate, although calcium hydroxide is but slightly
Soluble, and although a precipitate is produced in a
magnesium solution, the hydroxide is not thrown down if a
small quantity of ammonium chloride is previously added.
The number of ammonium ions being increased by the
presence of the ammonium salt, the dissociation of the
ammonium hydroxide is so diminished that it is incapable
_of reacting with magnesium compounds in solution.

CHAPTER XX.
SOLUTION.

Berorg proceeding to theoretical matters a brief review of
the pri?lcipal phenomena connected with the act of dissolu-
tion of a solid in a liquid and the properties of the resulting
solution will be useful. .

1. Considering any solid chosen as an example, we find
that it is not soluble in all liquids. For example, common
salt is readily and abundantly soluble in water, to a smaller
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extent in alcohol, and not at all in oils. On the other hand
no liquid is capable of taking up every kind of salid. Water
dissolves sugar, common salt, nitre, and saline substances
generally, but it has no appreciable solvent action upon
many common metals and minerals, such as iron or copper,
limestone or quartz, neither does it dissolve fat, oil, or
hydrocarbons generally.

Again, alcohol dissolves,many-carbogaceous substances,
such as psins phenols, icids, which,are almost unaffected
by water. Ether and benzene dissolve freely fats and solid
hydrocarboas. Carbon bisulphide, which dissolves no salts,
takes up many carbonaceous substances, and is the best
solvent for common sulphur. Phosphorus trichloride and
tribromide dissolve phosphorus. Fluid mercury dissolves
many metals, but no other kind of substance.

There seems to be little doubt, in fact, that solublhty
is often dependent in some degree upon the existence of 4
similarity in composition between a solvent and the solid
it dissolves. Similia similibus solpuntur. This is furiher
illustrated as follows :—

Salts which contain water of crystallisation are, with
comparatively few exceptions, easily soluble in water. Such
compounds may be regarded as closely resembling water
itself. A molecule such as MgSO, 7H,0 may, in fact, be
considered as a congeries of eight water molecrles, in which
onc molecule of water is replaced by the elements of the
salt. Again, the lower terms of the various series of alcohols
and carbon acids show considerable similarity to water in
their general behaviour, the higher ierms much less. The
lower terms of a series like the ethylic series of alcohols
may be regarded as consisting of the elements of' water,
having one atom of hydrogen replaced by a hydrocarbon
group, thus— "

Hlo. Clo . Giplo Siflo
Thesz are miscible with water in all proportions, But when



the hydrocarbon radicle becdmes larger and more compli-
cated, the resemblance to water and the miscibility with water
is less. Thus—

C,H C;H C,H
41_19}0 5Hn}o lea}O

are compounds of the same series as the foregoing, but they
are not capdble of mixing with water save in limited quan-
tity On reaching the highest known terms of the same
series, we find wa)%r sohds which aze insoluble in water, but
dissolve easily in ether’or in hydrocarbon liquids, and them-
selves bear a strong resemblance to solid parpffin. The
alcohol, C,,H33HO, may be regarded as formed of the
elements of the hydrocarbon, C,4H,, in whith H is
replaced by HO, the latter, however, forming a very small
proportion of the entirc molecule. In the following serics
of compounds it will be noticed that the solubility in water
increases as the amount of water residue, HO, present in the
molecule increases.

Name and Formula, Solubility in Water.
Benzene CHg . . . insoluble,
Phenol C4H,(HO) . . slightly soluble.
Catechol
Quinol }C‘,H +(HO) . . easily soluble.
Resorcinol
Pyrogallol CgHy(HO),; . . still more soluble,

The soliibility of the majority of substances in any
given liquid is usually limited, 3nd varies witks the tempera-
ture. A few examples will be given further on (3).

2. The fusibility of a substance has much to do with its
solubility. Thus, in comparing together three such very
similamsalts as chloride, bromide, and iodide of potassium,
it is found that at all observed temperatures the most fusible,
namely, the iodide, m.p. 634° is more soluble in water
than the bromide, m.p. 6¢9°, and this again is more soluble
than the chloride, m.p. 734°. However, it by no means
follows that fusibility alone confers the property of solupility,



for while sodium chloride dilsolves abundantly in water,
silver chloride, though much more easily fusible, is insoluble.
The effect of fusibility is best observed when pairs of sub-
stances which are both soluble to some extent in a given
thenstruum are compared together at various temperatures.

3. This leads to another relation very generally observed,
namely, that the solubility of solids usually inreases with
rise of temperature ; in other words, a hot liquid dissolves
a given solid more frecly, thiin the'same %hen cold.  Thus

100 parts®of water dissolve— ¢
of KNO, KCl , KCIO, Na(l
At o° 133 29°2 33 357
At 10d” 2470 505 565 398

These relations arc best exhibited graphically in the
following manner.




Here the divisions on fhe horizontal line represent
temperatures, wilst those on the vertical express parts
of salt dissolved at the several temperatures in 1oo parts
of water.

It will be noticed that the solubility of the easily fusible’
chlorate (m.p. 359”) increases rapidly with rise of tempera-
ture, whilst, on the other hand, the potassium chloride (m.p.
734°) and sodium chloride (m.p. 772°), which melt at
higher temperaturéy, exhibit only asslight mcrcase of solu-
bility under the same &ircumstances.

"To the rule that solubility increases with rise of tempera-
"turc there arc many apparent exceptions. Thus lime, cal-
cium sulphate, and sodium sulphate are partly preeipitated
when a solugion of each, saturated in the cold, is heated to
boiling. In every case of this kind, however, there is no
real anomaly, for the substance deposited always differs in
composition from the substance dissolved : thus the crystals
which fall when a saturated solution of sodium sulphate is
heated are anhydrous, whereas the crystals deposited at
temperatures below 33° contain 10H,0.

4. When a solid dissolves in a liquid there is always a
risc or a fall of temperature in the mass. Morcover, when
the solution thus formed is mixed with more water there is
-again evolution or absorption of heat. The fall of tempera-
ture observed when such solids as common salt or nitre are
dissolved in“water is merely due to the change from the
solid to the liquid state. Many,frcezing mixtures, as of salt
and snow, or sodium sulphate and strong hydrochloric acid,
act by liquefying. On, the other hand, when dry calcium
chloride or sodium sulphate, or sodium carbonate dissolves
in wate., heat is produced, some of which, at least, is due
to the chemical combination of the salt with a portion of the
water.

In the following dlagram is rc'presented the thermal
cffect of adding successive doses of water in molecular pro-
portions to sulphur trioxide. The calorie is an amgunt



of heat sufficient to raise thi: temperature of one part of
water one degree, The divisions of the horizontal- lines
represent the number of water molecules added, and those
on the vertical show the amount of heat evolved at any one
‘stage, or in the entirc process.

It will be seen that the thermal change becomes less
and less as the liquid is diluted, tending comtinually
towards the limit which is represented by the horizontal
line.

5. In the act of slution of solids, and especially of
anhydrous salts in water, the volume of the solution is
always less than the sum of the volumes of the,solid and
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it§ solvent, with the exception of some ammonium salts, in

which case it is greater.

a solution is followed by contraction.
e diagram already given exhibits the amount of cons
traction observed in the case of sulphuric acid and water,
and the following fable shows the observed and calculated
molecular volumes by which the amountof contraction is

indicated :

‘ 'P Molecular Volumes of SO,+#H,0.
T . Mol. Wt.
! Density. Mol. Vol. = “Density

o I 940 (Sohd ) ) 41°23

I 1-842 | 5320

2, 1 74 . 6539

3‘ 052 . 8111

« 4 ! ‘547 9825

5 | 1475 115°25

0 | 1280 202°18

Similarly, the addition of water to

Contraction = Differ-

ence between caleu-

lated and observed
MoleVol.

« 603"
i1-84
1412
14°98
15°98
19-05

. The ceontraction conscquent on the first addition is
greater than the second, and for cach succeeding molccule
is a diminishing quantity, becoming rather less than 1 after
dddition of 3H,0.

A similar result ensues if we calculate the contraction
following upon the dilution of hqmd H,S0, wnth successive
~ quantities of water.

The explanation of this contractlon is unknown ; the
-change of temperature always observed is partly duc to

the contraction.

In both cases the effect is produced, not

iper saltum, but continuously, though in_gradually decreasing
amount as the water is added.
6. When a solid is dissolved in a volatile liquid the

' evaporation of the liquid is impeded, the pressure of
! the escaping vapour is reduced, and the boiling point of
the liquid is raised.



The table which follows'shows the effect of addmg
common salt to water,

N Pressures of vapour evolved from pure water, and reduction of pressure on '
adding # molecules of NaCl to 100 H,0 at temperamrcﬁ 2, i

= 70° ] 75° [ 8° | 8 | o g 0 .

mm. ( mm, ! emm. o ] ‘I mm l mm.

Water 2333 | 288-§ | 3549 333¢ | 52575 | 6337 |
n=2 | ‘5 . 108 | 13°7 | 016 4 1 204 ‘ 246 !
n=4 180 | 225 280 | 338 | 409 | 302 |
n=5 |®22:6 | 285 ! 352 | 430 . 525 | 633
e e [ _— . - <

[ ]

A saturated solution of common salt under the pressure
of one atmosphere hoils at 108-4°. .

1t is now known that so long as the solutions used are
not very strong the effect producéd in lowering the vapour
pressure, or in raising the boiling point, is directly pre-
portional to the amount of substance dissolved, and
different substances which by solution undergo no chemical
change produce the same effect when used in the pro-
portion of their molecular weights,

"This is the basis of a method for detcrmining molecular
weights already described (p. go).

7. It has long been known that salt water does not
freeze so easily as fresh water, and in gencral the addition
of any substance to a liquid in which it can dissolve lowers
the freezing Yoint of the Jiquid. A solution of 1 part of
sodium chloride, for example, in 100 parts of water frcezes
at about o'6° below the freezing point of pure water, and
a strong brine will remain liquid at about 20° below the
ordinary freezing point. When such a solution issmade to
frecze the crystals which separate at first consist of the pure
solvent. After a certain concentration is reached mixtures
are deposited from which neither salt nor ice can be
separated, and which melt and solidify like a homogeneous
mass. Such mixtures are called cryohydrates.



The following are some dkamples :—

" Cryohydrat, Temperacure of
ZnSO, + 20H,0 approx. . . .o=°
MgSO, + 24H,0 » . . . —6°
KNO, + 44%1,0 ” . . o= 2
K,Cr,0; + 292H,0 ,, . . .o—=1°

Similar facts aYe absérved'in sconnection wijh alloys.
When one metal is dissolved in another in a liquid state,
« and the whole is allowed slowly to cool, the first deposited
solid consists of crystals of the metal which is in greatest
amount and which may be regarded as the sol¥ent, the
other remaiming in the mother liquid till a certain degree
of concentration is reached, and the whole then solidifies
at a definite temperature. On this principle is based the
well-known process for the concentration of silver in
argentiferous lead.

In many other cascs a mixture of two or more
substances melts at a lower temperature than either of the
ingredients. Mixtures of the fatty and other acids melt at
lower temperatures than the pure acids ; the carbonates of
potassium and sodium melt more easily when mixed than
when alone ; an alloy of potassium and sodium is liquid at
the ordinary temperature ; and an alloy of cadmium, tin,
lead, and bismuth melts in hot water,

The diagram on the next page represenes the melting
points of lead and tin and various mixtures of the same. It
will be noticed that whije the melting point of tin is 228°, the
temperature of liquefaction is lowered to 187° by mixing
four at@ms of tin with one atom of lead, although the
melting point of the latter is considerably above that of tin
—namely, at 326°. And upon trial it 1s found that if lead
and tin are mixed together in the pportions of very nearly
2 parts of tin to 1 part of lead, or 3°3 atoms of tin to 1 atom
of lead, the melting point is reduced to 18¢° and no glloy

22
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containing the same metals ir‘n any other proportion melts
at a lower temperature. This sort of mixture of minimum
melting point has been called a eutectic mixture, and the
phenomenon has been called ¢ eutexia.’

Blagden, in 1788, found that the depression of the
freezmg point is propomonal to the amount of dissolved
LSUbStaDCL, and Raoult, in 1883, established the law that
in dilute solutions molecular proportions of ‘different
substances of the same chemical character lower the
freezing point to the same extent. This has already been
referred to as the basis of a method of determining
molecular weight (sce p. 39).

8. Anaqueous solution of sugar or of salt is heavier than
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water, and may be readily ploured through a funnel with a

long stem into a glass of water in such a way as to form a

separate stratum at the bottom. If the solution is coloured

it will soon be noticed that the colour gradually extends

upwards through ghe liquid, until after a few hours or a few
’ days, accordjng to circumstances, the whole liquid is tinged.
¢ But it is not necessary that the liquid should be coloured.
! The taste, specific gravity; refrattive power, or the applica-
i tion of chemical tests will soon give indicdtion® that the
solution from below is mixing with the liquid above. This
process of spontaneous intermixture or diffusion results
from the proper motion of the molecules of the liquid.

The power of interdiffusion is by no means universal
among liquids, some liquids being, like mercury, oil, and
water, quite incapable of mixing together under any circum-
stances ; while others, such as water and solution of hydro-
dhloric acid, mingle rapidly. We are indebted for nearly
all the information we possess on this subject to the late
Professor Graham. His experiments were conducted very
nearly in the manner just described. The glass vessel in
which diffusion was allowed to go on was graduated into
cqual divisions, from the bottom upwards; and after the
introduction of the two liquids the whole was left in a room,
‘the temperaturc of which was kept as unifo'm as possible.
After a timqy the liquid occupying successive divisions
of the vessel was removed by a small syphgn or pipette
and analysed, in order to ascert#in the extent to which dif-
fusion had taken place. In this way a number of conclu-
sions were arrived at, #mong which the following are the
most important :—

a. Bodies are divisible, as regards their diffusive power,
into two classes. Those which diffuse most readily through
a given liquid menstruum are, for thg most part, crystallis-
able substances, and were termed by Graham erysialloids
while the least diffusible bodies are uncrystallisable, with,
in most cases, high molecular weight, and are denominfted

3
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colloids,' from their resemblance to glue, which may be taken
as the typc of this class. The following list supplies the
Zimes of equal diffusion by the substances there named ; and
ft Will be seen that albumen and caramei, both of whlch are
uncrystallisable substances of somewhat gindefinite compo-
sition, arc far behind the rest :— °

Hydrogen chloride ®. + o .

Sadiuth chloride™ . .o . . 233
Sugar . . . . . .7
Magm.sxum sulphate Ot . .7
Adbumen . . . . . . 49
Caramel . . . . . . 98

Thus hydrogen chloride diffuses more than twice as rapidly
as sodium chloride, seven times®as rapidly as sugar or
magnesium sulphate, forty-ninz times as rapidly as albumen,
and nearly onc hundred times as rapidly as caramel.
Hydrogen chloride is one of the most diffusive substances
known.

4. Equal rates of diffusion are exhibited in many cases
by the members of isomorphous groups. Thus hydrochloric,
hydrobromic, and hydriodic acids have nearly the same
diffusion rate; so also have the chlorides, bromides, and
iodides of the alkali metal; the nitrates, of barium,
strontium, and calcium, and the sulphates of magnesium
and zinc. ‘ ‘

¢. The rate of diffusion increases with the temperature,
and when the solution is not too eoncentrated is propor-
tional to the strength of the solution.

By tuking advantage of this difference in diffusibility
mixed salts may be separated from one another to a certain
extent, and crystalloids may be isolated pretty perfectly
from admixture with cGlloids. In the practical application
of this process it has been found convenient to separate the

! kUAAa, glue.
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liquids undergoing diffusion ‘y some membrane or partition
composed of colloid material, and this mode of diffusion,
through a septum, is called d;a{yszc The process is a very
simple one. The liquid holding in solution a mixture jof
crystalloids and colloids is placed in a bag or tray of parch®
ment paper, whicl is suspended in a dish of pure water,
which after®a time can be renewed if necessary. Under
these circumstancgs the crystglloids pass out by diffusion
through the membrang (which mugt be perfgetly .frce from
holes), and Ly evaporating the liquid down may be obtained
in a condition of tolcrables purity. .

The application of this method led to the discovery of
the soluble colloidal forms of fcrric hydroxide, sificic acid,
alumina, which had been previously known only in the
insoluble gelatinoid condition. If, for example, we take a
solution of silicate of sodium, and add to it a slight cxcess
of hydrochloric acid, we obtain a perfectly clear liquid,
which contains the very substance referred to above as
colloid silicic acid ; but in this liquid it is mixed with the
acid used and the common salt formed by the decomposi-
tion. The process of dialysis furnishes the means of
scparating these latter substances without causing the pre-
cipitation of the silicic acid, which is left in the dialyser in

" the form of a colourless limpid solution. This solution is,

however, very unstable, especially when concentrated, and
the addition of even very minute quantitics of warious salts
causes the whole of the silica tg separate ous in the form of
a translucent jelly, which cannot be re-dissolved, except by
the addition of a fresh, quantity of alkali.

Liquid stannic, titanic, tungstic, and molybdic acids
have L®n prepared by a similar process.

If in such experiments as those just described, the solu-
tion of a salt or of sugar is placed, not in an open dialyscr
but in a bladder, inclosed in a pordus vesscl which prevents
the bladder from stretching, and a glass tube attached to
the neck of the bladder, it will be scen on immersing the



whole in water that the liquidfrises in the tube above the
level of the liquid outside. Thisrise indicates the existence
ofa pressure in the solution which has been cafled osmotic
pressure. A slight modification of this experiment will
Permit of the exact measurement of the amount of this
pressure in solutions of different substancts and of different
strengths. The water is capable of passing fitely through
the membranc, but the disjolved substance diffuses out-
wards only vgry slowly, Hence water " passes inwards till
the prt.ssure of the watcr on both sides of the membrane is
the same, and inside there is the additional pressure, the
osmotic pressure, of the dissolved substance.

9. Alt the foregoing facts are explained by the hypothesis
that substances in solution consist of very small moving
particles, which behave as though they were in the gaseous
state. It is in fact found that the laws which regulate
osmotic pressure .have the same form as the laws of
Boyle, of Gay-Lussac, and of Avogadro which relate to
gases.

Thus temperature being kept constant, osmotic pressure
is proportional to the strength of the solution, and by the
strength of the solution is meant the amount of substance in
unit volume of the liquid. This corresponds to gas pressure,
which is proportional to the mass of gas in unit volume of
space.

A solution of sugar has been shown to give the follow-
ing pressures, mhu.h, allowing for c¢xperimental crror, are
obviously proportional to the matter dissolved :-—

Strength of solution. [ Piessure.
1 per cent. . . . . 535 c.m. of mercury
2 » . . . . Tor6 ”
274 5 . . . . 1518 »
4 » . . . . 2082 »
6w . .5 .. 3075 "

Ip like mhnner osmotic pressure is rclated to tempera-



ture, being proportional to t‘e absolute temperature if the
volurhe is kcpt constant. This is the law of Gay-l.ussac
and Charles applied to. solutxohs, and changes of pressure
for given changes of terpperaturc may be calculated by usmg
the same coefficient, namely ,}, or 00366 as in the case of
gases. One exarfiple will suffice. A solution containing
T per cent.®of cane sugar was found to give at 36°C. a
pressure equal to 567 centirgetres of mercury, and the
same solution at ° gave a prgssure of 521 gm. The
pressure calculated for this difference of tempcrature is
. 52°9 c.m., which is near enough to the expcrimental result
to show that the formula holds good for weak solutions.

A solid or liquid dissolved in a liquid then b&haves as
though it existed as a gas in a space equal to that occupied
by the solution. When different solutions are compared it
is found that the osmotic pressure is generally the same
when the solutions contain in equal volumes quantities of
dissolved substances proportional to their molecular weights.
This is cquivalent to the statement that the law of Avogadro
holds good for solutions. Some important exceptions to
this generalisation are noticeable among salts, but these
exceptions are accounted for by the hypothesis of ionic dis-
sociation, which accounts for the greater effect produced

"by the assumption that the number of active mole-
cules in unit volume is doubled in completely dis-
sociated substances. The apalogy between a gas and the
state of a dissolved substance ignow universally rccognised.
Osmotic pressure is the cause of liquid diffusion and the
dialytic scparation of gissolved substances, but, as already
cxplained, these processes are very slow.

The act of dissolution and the state of saturation may
be explained as follows: A solid immersed in a liquid
receives upon its surface the moving molecules of the
liquid, and as a result some of fhe molecules from its
surface may become detached and carried off into the
liquid. If the encounters of the liquid molecules with ghosc



of the solid are incompctent f> remove’ any of them, the
substance is insoluble. Once in the liquid the moeleciles of
the dissolved substance may be supposed to move about
after the manner of liquid molecules, either singly or in
groups, or in company with some of the molecules of the
solvent. According to this, the proces$ of dissolution is
analogous to the process of evaporation, and just as in the
casc of evaporation we concgive that molecules which arc
near to the liquid surfaee may get entfnglc.d there and re-
turn to the liquid state again, so we must believe that, so
long as a pertion of the solid remains undissolved in the
liquid, therc is an interchange taking place between the
liquid and solid molecules near its surface. If temperature
is raised the process of dissolution is usually psomoted, for
the molecules of both liquid and solid are more strongly
agitated, and the cohesion betweern the particles of the solid
is diminished.  But for every given temperature there is e
limit to the amount of solid dissolved (in all ordinar ;- cases),
when the number of molecules of solid passing off into the
liquid no longer cxcceds the number of molecules which
return from the liquid to the solid surface and arc retained
there.

Naturally connccted with the production of solutions is
the process of crystallisation, as it is in the gradual passage
from the liquid to the solid state that we find the most
generally useful method for the formation of crystals.

The crystalisation of a ¢rystallisable solid from its solu
tions occurs when the percentage of solid present in the
liquid exceeds a certain limit dependgnt on the nature both
of the solid and the liquid in which it is dissolved. This
condition may be brought about either by allowingpart of
the solvent to cvaporate, or by altering, in general by lower-
ing, the temperature. Crystals are then formed, and these
crystals frequently contain not ‘only the elements of the
dissolved substance, but a portion of the solvent united to
it ins definite molecular proportions. This is particularly



noticeable in the case of aq’leous solutions, and the water
thus combined is spoken of as water of crystallisation.
Alcohol and benzene, and probably other liquids, unite
with salts and other erystallisable bodies in the samg
manner. It is nqfeworthy that the proportion of water of
crystallisatiog is principally dcpendent upon the temperature
at which the process of crystallisation takes place. Thus,
sulphate of sodiumgcrystailises sfrom water at temperatures
above 34° in the anhydrous stat® But at theeordinary
temperature of the air, the solution dcposits crystals

@ which contain ten molecules of water with ofe molecule
of the salt. o

Certain solutions refusc to crystallise when cooled down
below the femperature at which, under ordinary circum-
stances, they yicld cryst.als. Such liquids are said to be
supersaturated. In order to prepare a supersaturated solu-
tion it is only nccessary to warm some water gently in a
test-tube or flask and add to it crystals of sodium sulphate
or of alum, or sodium carbonate, so long as they are dis-
solved. If the solution is then filtered clear, covered to
protect it from dust, and allowed to cool, it will generally
remain liquid. If now a small particle of the samec salt be
.dropped into the liquid, crystallisation at once commences,
and proceeds so rapidly that in a few minutes the whole
sets into a solid mass. In most cases crystallisation is not
started by shaking the liquid, nor by the introduction of a
crystal of a different salt, unless it Le strictfy isomorphous
with the dissolved substance.

Absorption of Gase®—All gascs dissolveto agreater or less
extent jp water, but, unlike solids, thcir solubility diminishes
as the temperature riscs, so that in most cases ! the dissolved
gas may be completely expelled from ‘a liquid by boiling,
while the amount taken up may pc greatly increascd by
cooling the liquid.

! Exceptions vceur in the cases of hydrogen chloride and sonme other
£asCs. L4
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Increase of pressure also aiigments the solubility of gases
in a direct ratio. It is therefore necessary in jmaking any
statement as to the solubility of a gas to observe the condi-
tiens of temperature and pressure utider which that solubility
was estimated. The following examples will serve to show
how greatly gases differ in the extent to which they dissolve
in water.

At 0° C. and under a pressure of 7> mm, barom.
‘1 volume of water will-dissolve

Hydrogen. K . ‘0193
Nitrogen . . . . . ‘02035
Oxygen . . . . . ‘04714
Nitrous oxide . . . . 1°3952
Carbon dioxide . . 17967
Hydrogen sulphide . o . 43706
Sulphur dioxide . . . 79789
Ammonia . . . . . 11488

The numbers given above represent volumes of the
several gases measured at o° and 760 mm.,, and constitute
the coefficients of absorption of these gases at that particular
temperature and pressure.

The general statement that the weight of a gas dissolved
by a liquid is directly proportionate to the pressure is often
known as the Jaw of Henry and Dalton. It cdmits of an-
other expression ; for since, according to the law of Boyle,
the volume oi a gas diminishes as the pressure upon it
increases, it is obvious that the volume of gas thus held in
solution must always be the same, whatcver the pressure,

These rules no longer hold good when the gas and the
liquid exert a chemical action upon each other, and excep-
tions must also be recognised in the case of the more
soluble gases, such as hydrogen chloride and ammonia.

The determination of the absorption of gases by liquids
may be applied in certain cases to the elucidation of some
impurtant theoretical and practical questions. Atmospheric



air furnishes an example whic‘l will be worth the considera-
tion of the student.

When a mixture of gases is exposed to the action of a
solvent, the quantity of gach of the constituents dissolved
by the liquid will depend first upon its coefficient of
solubility, and seaondly upon the proportion in which it
exists in thee mixture. This proportion determines the

" pressure which each gas present exerts upon the surface
of the liquid, and cbns%qu'ently'regulates the amount of it
which is dissolved. The total préssure producea by the
mixture is therefore the sup of those partial prassures due
%eparately to the individual constituents. ‘T'o make this
more clear : ¢

Suppose g very large vessel, containing a very little water,
and filled with oxygen, under a pressurc of one atmosphere.
1t is plain that if four-fifths of the gas were removed the
prgssure would be reduced to one-fifth of an atmosphere,
and the quantity of oxygen dissolved would be only one-
fifth the quantity taken up under the previous conditions,
provided, of course, that the temperature remain constant.
An exactly similar vessel can be conceived filled with
nitrogen under one atmosphere, and containing a little
water: If one-fifth of the nitrogen were removed, the
pressure of the remainder would be only four-fifths of an
atmosphere, and the quantity dissolved would be reduced
to four-fifths." Lastly; a similar vessel, filled with atmo-
spheric air, contains a gas in which the conditions of the two
previously supposed experiments arc¢ combined.

Air is composed very nearly of four volumes of nitrogen
to one volume of oxygen, and by reason of the greater
solubility of oxygen the proportion of the two gases one to
the other is found to be disturbed when air is shaken up
with water, the dissolved gas being richer in oxygen, the
residual air richer in nitrogen, than the original.

No stronger evidence could be adduced in favour of the
view generally held, that in atmospheric air the two mgin



components are not united c‘emlcal]y, but are in a state of
intimate mechanical mixture.

Note—The following is an example of the kind of problem
that might occur in connection w1th.1hls subject :

Calculate the percentage composition of the gas which would
be dissolved by water exposed in a room full of air cont"unmU
79 N, 20'6 O, and *4 of CO, in 100 volumes (temp o° and har,
760 mm.).

Coeff. of sol. for oxygen « . , w.c . ‘04
, " » g mitrogen . . 02
» » carbon dloxﬂle . 1'79

The préssures are proporlionai to the volumes of the gases
present. Therefore the relative quantities dissolved would be:
L)

Nitrogen 79 x 02 - 138

Oxyyen 206 04 = 824

Carbon dioxide 4 x 179 = 716
The total quantity . - 3120

The percentage composition of the dissolved gas would
therefore be :

Nitrogen . . . . . . 500
Oxygen . . . . . . 201y
Carbonic dioxide . . . . . 229

CHAPTER XXI.

GENERAL SUMMARY.

I~ this concluding chapter it will bé uscful to the student,
who is in danger of being confused by the large. array of
facts and the multiplicity of hypotheses necessarily involved
in the study of chemistry, to review in somewhat general
terms the fundamental principles which may be regarded as
fully established, and the theories which are now accepted
by 4he great majority of chemists.



In the first place we mfy consider that chemistry has
contnbuted more than any other branch of science to the
establishment of the two great principles which underly all
physical science, namely, the conservation of matfer and ghe
conservation of energy. Various attempts have been made
to prove that in Rertain cases of chemical combination a
diminution ®f mass occurs, but all that has really been
shown is that a very slight logs of weight is supposed to
have been observed,, which, in ghe absence of further
evidence, may safely be put down to errors of experiment.
The work of thousands ef analysts daily testefies, at any
rate, their belief, that when chemical combination or decom-
position takes place no gain or loss of material is*incurred,
and that the sum of the masses engaged in any chemical
change is constant throughout that change.

The laws of definite, multiple, and reciprocal propor-
tions by weight (pp. 35, 44, 45) are accounted for com-
pletely by the idea of the aZomic structure of matter intro-
duced by Dalton in 1808, and the methods by which are
estimated atomic and molecular weights, that is the re/ative
masses of atoms and of molecules, which are made up of
atoms, now form the basis of the most familiar of laboratory
operations.

In the carly days of chemical development, nearly a
century ago, it was believed that the properties of bodics
depended solely upon the nature of the clements of which
they were composed.  But the discovery ofsthe phenomena
of isomerism about 1830 led to the recognition of the fact
that not only the natyre but the number and arrangement
of the atoms in a compound defermine its character. In
other -Words, the properties of compounds depend upon
their chemical structure, which is displayed, though doubt-
less imperfectly, in the formule now familiar to every
student. A very important generdlisation in regard to the
clements themselves has gradually been recognised and
embodied in the statement usually known as the Pegjodic



Law, from which we learn that's%e properties of the elements
are, in general, periodic functions of thetr atomic y/ezg}ztj‘.

And further, chemists are not only familiar with the
notion that all matter is composed of minute indivisible
particles, but it is universally believed that the arrangement
of atoms in space can be determined with some degrec of
assurance. ‘The fundamental ideas and methdds of stereo-
chemistry have mow been egtended to the compounds of
nitrogen, sulphur, and several metals, so “that it is no longer
necessary to suppose that the phenomena which have been
specially studied during the last-thirty years arc limited to
the compounds of onc element carbon.

The belief that chemical combination takes place
between atoms of matter, and that in the compounds thus
formed the individual atoms retain in some degree their
independence, is gencrally adopted by chemists.  But why
they combine at all, why a given atom possesscs the powe,
of selecting other atoms from a group presented to it, and
why an atom habitually associates with one, two, three,
or more atoms of another kind (valency), are questions
which in the prescent state of knowledge cannot be answered.

Two principal theorics have been proposed to account
for the acts of chemical combination and decomposition.
The earlier of these, introduced by Davy, modified by -
Berzelius, and supported by Faraday, represents the act of
union between two atoms as the result of the attraction
caused by opyositc charges of electricity resident upon
them. The other view, introduced by Williamson in
1850, regards chemical change as (lue to the continual
movement of the molecules concerned, and their frequent
temporary disruption into parts which, during a lotiger or
shorter period, according to circumstances, are supposed to
be entirely independent, but when an opportunity occurs
enter again into uniof. According to this hypothesis
chemical combination is probably due to a harmony or
simitarity of movement in the atoms which become joined



together. These ideas havy already been explained in
Chaptér XIX. In order to examine further the ground for
these hypotheses it will be useful to recall briefly the chief
conditions which affect the exercise of that form of ener,
which gives rise to chemical combination, or what is st?ﬁ-
commonly called ‘ dhemical affinity,’ ! and to state concisely
its correlationswith other forms of energy.

1. It acts only aé mapnrecxablc distances, smaller than
any which can at prdsent be measurgd. Atoms chgmically
united arc probably not' in actual contact with each other,
but are separated by a distance which is at lemst several
Timces their own diameters.  If this is true, the attraction
which they exert upon each other must be belitved to
involve some action in the medium which fills the space
between them, as in the case of other attractions at a dis-
tance, such as that due to electrical or magnctic induction.

» 2. It is selective, that is, it is not excrcised indifferently
between any two or morc substances brought togcther, but
is usually manifested most actively between elements which
are at the opposite extremities of the electro-chernical scries.
The halogens and oxygen, for example, unite most vigorously
with the alkali metals and form compounds with them more
stable than with any other element.

3. Chemical change, whether combination or decom-
position, is attended by a concentration or dissipation of
cnergy, indicited usually by absorption or evolution of
heat. . -

4. Chemical affinity differs from gravitation not only in
not operating at all distances, but in the fact that two or
more atoms, having combined togcther, lose more or less
completedy the power of attracting other atoms.  Gravitation
acts not only between a given body and one other, but

' The word aflinity seems to have arisgn from a notion current
among the carly chemists, that when two bodies are capable of combin-
ing there must be some resemblance or affinity Letween them, or that
they contain some principle common to them both. £
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between that body and all oters, so far as we know, in the
universe.

5. Chemical compounds are broken up by heat. A
large number of facts have already been set forth in the

“chaptcr on Thermal Dissociation. Considering the action
of rise of temperature on any substance, it appears probable
that the first effect is to cause expansion, thc.t is, the mole-
cules separate to a greater, dlstance from one another, then’
the atoms bgcome rearranged into new combinations, more
stable, and usually more simple in Structure, till ultimately,
when the “emperature is high enough, the atoms are them-
selves separated and chemical combination is at an end.

6. it was formerly supposed that the elements were
separable from chemical compounds by an electric current.
The hypothesis now generally adopted assumes that the act
of separation of ions, which may be elemental or not, is
accomplished when the substance is rendered liquid. or
gaseous, by solution, by fusion, or by vaporisation according
to circumstances. By the same hypothesis the liberation of
the ions is due to opposite electrical charges which are
developed on the ions when they separate, so that the cur-
rent does no more than drive them to the electrodes,
where they are discharged and become electrically neutral.

7. Chemical combination is not in all cases distinguish-
able from what is called adhesion. Adhesion, like chemical
affinity, is elective, as shown by such facts as that glass is
wetted by water though not by mercury, which sticks only
to metals with which it can combine. Again, if a drop of
a solution containing a mixture of cadmium and mercuric
chlorides is placed upon filter papcr, and allowed to spread,
the cadmium extends further into the paper ‘than the
mercury, as may be shown by exposing the stain to
sulphurctted hydrogen, when a yellow ring of cadmium
sulphide is formed ou.side the dark mercuric sulphide.

Again, chemical compounds may be decomposed not
only by the operations usually considered to bé exclusively

. R
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chemical, but also by agenty commonly regarded as non-
chemical or mechanical. Thus lead acetate and lead
nitrate, tartar emetic, and ammonio-sulphate of copper, may
be completely deprived of their respective metals if a soly.
tion of each salt i 1s shaken up with pure carbon from bone
charcoal

- It might be supposed that the relatively greater stability
" of chemical union ould pe a gufficient guide if such facts
as the copious absgrpglon of hydrpgen by palladgum and
the condensation of bromine vapour, ammonia, and other
ases by porous bodies, especially hard charcaal, did not
show that so-called adhesion may be equally persistent.

Relative stability evidently fails as a distinctive charac-
teristic of chemical combination when we consider the
properties of such a serics of compounds as the follow-
ing :— .

"SCl,, PH,Br, NH,HS, NH,Cl, Hg,Cl;, CaCO, SiO,.

At the one end of this series are compounds of which
the components cannot remain united even at ordinary
atmospheric temperature and pressure, while at the other
end are compounds which bear a high temperature and
contact with many other substances without change.

The more stable forms of chemical combination such as
© give rise to tht host of oxides, chlorides, salts, and carbon
compounds are distinguished by constancy @f composition
and the possession of definite phiysical characters, but the
law of definite propomons cannot always be used asa means
of distinguishing chemital combination.

Begimning with ordinary cohesion, in virtue of which
similar particles are attached to one another, and adhe-
sion—which is the name given to the unknown cause
of the union of dissimilar particles—®and passing in review
the various phenomena of absorption, occlusion of gases
by solids, and solution, we arrive by imperceptible ge-
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grees at the compounds whicty have been long distinguished
by many chemists as ‘molecular’ compounds, in which
entire molecules have been supposed to be united together
v a special kind of chemical affirity. This distinction is,
however, now rapidly disappearing, as it is acknowledged
that therc is no character by which compounds of water or
of ammonia with salts, of jodine with iodides, or of salts
with onc another, can be sharply d(;stmgunshed from those
in which atems are supposed to be linked together by
ordinary chemical affinity.

The mbre stable forms of combination seem to result
from a comparatively close approxlmallon of the constituent’
atoms or molecules, which is indicated by differences of
density. Thus the specific volume of ¢ water of halhydration’
(as it was called by Graham) in the sulphates of the
magnesium group is less than the ¢ water of crystallisation,’
each additional molecule of which occupies a gradually
increasing volume.

The following table shows the mean specific volumes of
MSO,nH,0, where M is Cu, Mg, Zn, Ni, Co, Mn, or
Fe :—

T . . |
Valuc o . Moot MSSSTAU | ey S,

[¢] 44°8 —

L 55°5 107

2 688 13°3

3 ¢ 833 14'5

4 987 154

5 1129 142

6 1300 ' 17°1

7 146°1 161
o — _—t !

These last figures approach the specific volume of ice,

which is ijlé :Zt« = -;—28 = 19'6, that of liquid water
being 18.

v When these salts are dissolved in water the water of



crystajlisation acquires the shme volume per molecule as
the rest of the water in the solution.

Again, when lead replaces silver, or potassium replaces
sodium in the nitrate, of when chlorine replaces bromin€em
iodine in combingtion with another element, contraction
occurs. And in general contraction is observed when an
clement of feputed strong affinity (as indicated by the
amount of heat ewglved whenidt enters into combination)
takes the place of one of reputed smaller affinky. 'The
following examples will suffice :—

Molecular Weight. Density. Mol. Wt. _ vy vol,
Dens.
AgCl = 1435 5517 260 '
3PLCL, = 139 578 240 |
. Nal = 150 345 435 :
NaBr = 103 2°952 348
NaCl = 585 2148 272 ‘

There- can be no doubt that the formation and con-
tinued existence of many compounds is a question of space
and hence is connected with the atomic weight of one or
other of the elements concerned. Thus the alkali metals are
known to be capable of forming many compounds with the
halogens, in which more than one atom of the halogen is
combined with each atom of metal. But the stability of
such compounds seems to depead upon thé atomic weight
of the metal, for while, for example, potassium is capable of
forming a somewhat unstable tri<iodide KI;, and no bromide,
except the monobromide KBr, cwesium is capable of form-
ing a stable crystallisable pentiodide, CsI;, and pentabromide
CsBr,. On the other hand, cases are known among carbon
compounds in which, while chlorige is introduced very
.casily, the product containing an equivalent quantity of
bromine is obtainable with great difficulty or not at all.

The fact that in a series of salts containing metals of the
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same family, such as calciurf,, strontium, and barium, or
magnesium, zinc, and cadmium, the amount of water of
crystallisation depends on the metal is probably a pheno-
-eunon of the same order, and seéems to depend upon the
packing together of the constituents of the molecule.
Carbon compounds, however, afford the best examples of
the relation of constitution to space, but refefence to these
must be deferred till the studemt is fangiliar with ¢ organic’
chemistr;, ¢ % )

As to the relative strength or force of affinity between
two atoms in different cases, thefe is much apparent conflict,
of evidence. Common experience seems to indicate that
the strength of the affinity between different atoms varies
according to their nature. Thus an iodide is ‘decomposed
by bromine or by chlorine with liberation of iodine. Here,
however, the student must be again reminded that the
change is not correctly represented as ¢

HI + Br=HBr + L

And though at first sight it seems to depend upon the
tendency for H to combine with Br in preference to I, to
this must certainly be added the affinity of I for I, the
interaction probably proceeding in two stages, thus :

HI + BrBr= HBr + IBr -
HI + IBr = HBr + IL

<

Little can be inferred even from the replacement of one
metal by another, as of mercury by:copper, copper by iron,
&ec., in solutions of their salts, for in all these cases the
process is complicated by electrical cffetcs, or by a differ-
ence of physical condition between the materials and the
products of their interaction, also by the relative masses of
the acting ingredients.

It has been supposed that the amount of heat evolved
duYing the formation of series of compounds in which only



one element varies might serve as a measure of the relative
affinities of the several interchangeable elements, as, for
example, in'the interchange of metals or of halogens for
one another (p. 303). But though unquestionably differ-
ences are manifest in such cases, it does not follow thaf
the different amodnts of energy degraded in the process
. of combinat®n indicate that the atoms combining come
together with differgnt amqunts of force, for the loss may be
due to changes in the gonfigurationgor motion, of the ftoms
themselves.

On the whole, the hypothesis that chemioal combina-
tion, as well as adhesion and cohesion, is due to a state of
motion of the atoms or molecules engaged in a givén opera-
tion deserves perhaps most consideration. This view con-
forms with all that is known concerning the mechanical
properties of gases ; it explains the phenomena of dissocia-
tfon, and without it the influence of ‘mass’ upon chemical
processes would be unintelligible. The relatively great
stability of the molecyles of the so-called ‘elements’ (e.g.
Ng, Oy, &c.) in which the component atoms are alike seems
also explicable on the hypothesis that this stability is due to
a similarity or harmony of their motions rather than to
anvthing in the nature of an electrical charge.

EXERCISES ON ,SECTION ITI.

1. Water is shaken up with a large volume of oxygen gas under a
constant pressure of 76§ %am. What volume of the gas will be con-
tained ingl0 c.c. of the solution?

2. Water is ’exposed to an atmosphere copsisting of 21 vols, of
oxygen, with 79 volumes of nitrogen.

Temp. 0°; pressure, ]60 mm.
Coeffs. of sol., N=-02, O =-04.
Calculate (a) the total volume of gas dissolved by §2°5 c.c. of
water, and (4) the percentage composition of the gas, )



3. Soda-water is charged under a pressure of 2°3 atmospheres.
Calculate the volume of carbon diodide contained in 300 cubic centi-
metres of such water. .

v An atmosphere = 760 mm. br,.mm.
Coeff. of sol. for carbon dioxide, 1-7967.
L
4. Sulphur dioxide is passed into water as long as it is absorbed.
If the barometer stands at 745 mm., calculate the volume of gas con-
tained, in half a litre of the solutich. L

L4

\

{
Coeff. for sulphur dioxide, 79789.

5. Water is shaken up with its own bulk of a mixture of I volume «
of oxygen ywith 3 vols. of nitrogen.  Suppusing the temp. and pressure
1o remain normal and constant throughout the experiment, calculate
the composition of the residual air.

Coefl. of oxygen. ‘04114.
Coefl. of nitrogen, '02035. .

6. The density of the vapour of ammonium chloride is said to
be abnormal. Explain this statement, and describe the cxperimental
evidence upon which it is based.

7. Give sume examples of the influence of “ mass’ in determining
chemical reactions, and explain them.

8. Ammonium carbonate and calcium chloride are dissolved in
separate portions of water, and the solutions are then mixed. Express
the result by an equation. '

Ammonium chloride and chalk, both dry, are mixed together and
heated. Express the result by an equation.

How do you explain such apparently inconsistent phenomena ?

9. In ar experiment in whicn iron was heated in steam show that
the following obscrvations of pressuie are in accordance with theory : —

¢
Temp. Steam Hydrogen.
*° 46 mm. 2-8 mm.'
T° 101 nm. 579 mm.

10, Referring to the teble of heat of formation of chlorides
(p- 303), determine which of the metals, zinc, cadmium, mercury,
copper, gold, will decompose aqueous hydrochloric acid, and range
thent'in their apparent order of affinity for chlorine.



11. What substances and whqt relative quantities of each will be
formed by passing the same cu’xi'enl through solutions in water of
potassium iodide, copper sulphate, hydrochloric acid (strong), and
hydrochloric acid (dilute) ?

12. A current of clectritity is passed simultaneously through Sglaa
tions of cupric and cuprous chloride. How much copper and how
much chlorine are Iherated from the cuprous chloride for every mole-
cule of cupric ghloride decomposed by the current? In what relation
do these quantities shnd to the qmnuty of zinc consumed in cach cell
of the battery, secondery &ctiohs beifg neglected ?

13. What weight of whter would be®heated fron! 0° ® 1° by the
combustion of 1 gram of charcoal in oxygen ?

14. What weight of water would be heated from o® to 15° by the
combustion of 1 gram of hydrogen in chlorine?

15. Calculate the temperature of combustion of phosphorus burning

16. Heat of combustion o'f hydrogen 34034 umts.
Latent heat of steam at 100° 537 ’y
* Specific heat of steam . . ‘475 unit
Specific heat of nitrogen . . 2438 ,,

]
Composition of air, N 77, O 23 parts by weight.

With these data find the temperature of the hydrogen flame burning
in air.

17. ‘What weight of water at 100° would be turned into steam by
the combustion of 1,000 kilograms of coal containing—

* .
Carbon . . . . . . 90°7 per cent.
Hydrogen . . . . . 4w .
Oxygen and nitrogen . . 40 'y
Incombustible ash . . . . 10 s P
L ]

Assugge the heat of combustion of C and H as given in the table on
p. 310 Latent#heat of steam at 100°=537. .

18. The heat of combustion of 1 part by weight of marsh-gas is
13,000, What weight of ice will be melted by the heat produced by
tLe combustion of a litre of the gas mcashred at normal temperature
and pressure

Latent heat of water at 0°=79
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19. What volume (calculated at P and 760 mm.) of producer gas
consisting of —

Carbonic oxide . . . . . 25 per ‘cent.
o o Hydrogen . . . . N .5 .
Marsh-gas . . . . . . 4 vy
Carbon dioxide . . . . « 6 '
Nitrogen . . . . . . 60 '

must be burned in order to convert 2,000 kllograme of water at 0° into
steam at 1oo°? )

Heat of combustion of marsh-gas=1 3,006.

20. From tne following data obtained by Victor Meyer’s process, |
calculate the vapour density and molecular weight of phosphoric
oxide—

Weight of substance . . . . ‘1904 gram.
Volume of expelled air at 15° 'md 749 mm. . 1§73 c.c.
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ANSWERS TO PROBLEMS.

SoLuTioNs are not supplied in those cases in which the
answer is to be found plainly stated in the text, nor to those
few questions which require for . satisfactory answer a

lengthy discussion.



ANSWERS ,TO PROBLEMS
n

TILDEN’S
CHEMICAL PHILOSOPHY.

SECTION
- 94'93 c.C.
25671 c.C.
. 14°42 atmospheres.
1033°296 grams, or 1 kilo and 33°296 grams.
. 107970 grams, or 1071 kilos and 970 grams.
. 76°3152 grams per sq. centimetre.
. ‘1650 gram.
. 1°2544 gram ; 19'712 grams ; ‘3584 gram.
. 107°3'C.C. ; 1056 C.C.; T36°0 C.C.
. If V be the volume at 75°, it will Be ‘7844 V at o”.
. 1218’9 C.C. )
. 553 C.C.
. 204’7 c.C.
. 5326 el
. —77%6.
. wa%y, OF '0020306,
. 142'03 C.C.
. 5838 c.c.
. 5G0°9 mm.

P N P o

-
[oJNe}

R
WO~ N W N~

-
e



g

20, 130°49 litres.

21. Chlorine to hydrogen 1678 to 1, or nearly 1 to 6.

22. Hydrogen, 1 : carb. dioxide, *2132 : ozone, ‘2041.

23. 1°52 (air = 1), or 21°9 (hydn. = 1).

24. "9575.

25. An approximate solution is obtailied as follows :—

At the end of the 1st second the hydrogen which has
entered is 383, whilst thc, oxygen which has escaped is
} of 383, or "g6. 'The composition ¢f the mixture is there-
fore

. 1904 O + 3:83 H.

Assuming that the supply of hydrogen outside is in-'
definitely large, inter-diffusion will then occur betwcen
hydrogen and a mixture consisting of

383 1904 (y°
3287 H and -- 3 0.

The hydrogen which returns outwards from this mixture

in the next second is
383
22'87

and the oxygen cscaping is

19'04
22" 8

of 3'83, or *64 c.c.,

of ‘96, or '8 c.c.

At the end of the 2nd second, therefore, the mixture
will consist of— '

Oxygen Iydrogen
(19°04—"8) + (383—61 + 3'83)
or 1824 + 702. N

Proceeding in the same manner, the hydrogen entering
in the 3rd second is 3°83.
The hydrogen escaping is
702

’ 3526 of 383 = 1°06.



The oxygen escaping is
’ 1824 . o

. 2526 of ‘96 = 69,

Whence at the enc of the 3rd second the mixture is®

Qxygen Hydrogen
\ (18'24—169) + (702 —1'06 + 3'83)
or 1765, . + 979
® » Y . .
26. Calculate firs the amountof A whioh in ¢ach com-
pound is combined with one part of B :—

" thus o288 . ... L
372 *
97%;873=12-94 R  §
?2:2;.:8'63 .. . . 1L
fgg: =647 . . . IV.

These quotients evidently stand towards one another in
the ratios

L. 1L III. 1V
4 1 2 1 133 @ 1
or . 1z : 6 4 3

which are in the simple relation requireddby the law. Or A
may be made unity in each cse, and the proportion of B
calculated in a similar manner.

27. Procc’aed as fo the last exercise. Then

* 100 N are combined with _50 O

100 ,, 7 ”» I00 ,,
100 ,, ) » 200 o,
From which it is obvious thats

50 :100:200as1I:2:4.



30. O represents onc atom of oxygen.
', represents one molecule'of oxygen, consisting of two

atoms.

<«
OH,  represents

Molecules Each consisting of

I

| 1 atom of oxygen.
" | 2 atoms of hydrogen
¢ ditto ditto

of water

20H, ”» 2 5 o .
HCl » 1, hydrogen chloride | | 0 e oen”
urldhydrochloncj [ atom of c})x,lori;gw
agi LI
11, , 1 ,, kydrogen . . ' 2 atoms of hydrogen
. , ydrog . f
Cl, LI 1 ,, chlorine 2 atoms of chlorine
NI . . [ 1 atom of nitrogen
3 " 1, ammoni . | 3 atoms of hydrogen
PO, 3 i ,, hydrogen  phos- [ 3 atoms of hydrogen
! phate or phos- } 1 atom of phosphorus
phoric acid | 4 atoms of oxygen
11,50, 2 1 ,, hydrogen sulphate J f 2:2:50?22}'};1‘:356"
or sulphurjcacid L4 atoms of oxygen
r 1 atom of iron .
FeSO, 2 1 ,, ferrous sulphate . 1 atom of sulphur
1 4 atoms of oxygen
2FeSO, sy - 2, ” . . ditto dilto. )
' 2 atoms of aluminium
AL(SO,)y 5 1 ,, aluminiumsulphate | 3 atoms of sulphur
] 12 atoms of oxygen
. {1 atom of oxygen
120H, " 12 water. * 1 2z atoms of hydrogen
12A1(S0,), ,, 12 ,, aluminium sulphate as above
CO, )y 1 ,, carbon di'uxidc or ] I atom of carbon
Siirggmc anhy- | 2 atoms of oxygen
3CO, . 3 ditto  ditto ditto ditto
Formula Molecular Weight
31. Water . . OH, or H.,O 18
Ammonia . . NH, . 17
Hydrochloric acid . HCI 3bg
Carbonic anhydride CO, 44
Sulphuric acid . H,S0, 98
Ferrous sulphate . FeSO, 152
Aluminic sulphate . Aly(SO,), 342°6

«  Phosphoricacid . HPO, 98
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34.

32

BaO
CaO
MgO,
ZnS
KCl1
NaBr
AgF
H,S

HI

2HgO = 432
100H, = 180
3FeS = 264
3FcS, = 360
2C8y " = 152
KOQ,H,0, = 188
K,C,H,Oq = 226
5CyHGN | =535
12€H] ., = 192
KAI(SO,),+120H, =474 *

3[NH(Cr($O,),+120H, = 1434
Barium monoxide (baryta).
Calcium monoxide (lime). »
Magnesium monoxide (magnesia).
Zinc sulphide.

Potaskium chloride.

Sodium bromide.

Silver fluoride.

Hydrogen sulphide (sulphuretted hydro-
gen).

Hydrogen iodide (hydriodic acid).

KCN or KCy Potassium cyanide.

SSe
BN
H,P
BaO *
BaO,
Hg,O
HgO
FeS
Fés,
MnO
Mn,0;
MHOQ
FeO

Sulphur selenide.

Boron nitride.

Hydrogen phosphide (phosphine).

Barium monoxide.

Barium dioxide.

Mercurous ®xide.

Mercuric oxide.

Ir®n monosulphide or ferrous sulphide.

Iron disulphide (iron pyrites)

Manganese monoxide, or manganous oxide.

Manganese sesquioxide, or manganic oxide,

Manganese le\lde, or manganic peroxide.

Iron monoxidé, or iron protoxide, or fer-
rous oxide.



35

Fe,O 3

Iron sesquioxide, or iron peroxide, ol‘ kr-‘
ric oxide. '

¥e 0, = FeO+ Fe, O, TFerroso-ferric oxide \magnctlc

N,O
N,O,

N,04
N,0, *
.S,

P,S; ¢

SnCl,
SnCl,
FeDBry
I‘NCQBYG
Cu,Cl,
CuCl,
CrCl,
Cr,Cl,
CrkF,
SbBr,

ShBr;

KNO,
KNO,
K,S0,
K,S0,
KCl
KCIO
KCIO,
KCIO,
¥.Clo,

oxide of iron).

Nitrogen monoxidc, or nitrous oxide.

Nitrogen dioxide, or ritric oxide. (For
the formula of nitric oxide,see p. 107.)

Nitrogen trioxide, or nifrous anhydride.

Nitrogep tetroxide, or ntric peroxide.

Nitrogen pentoxide, or nitric anhydride.

Phosphorus trisulphide, or phosphorous
sulphide.

Phosphorus pentasulphide, or phosphoric
sulphide.

Tin dichloride, or stannous chloride.

Tin tetrachloride, ‘or stannic chloride.

Ferrous bromide.

Yerric bromide.

Cuprous chloride.

Cupric chloride.

Chromous chloride.

Chromic chloride.

Chromium or chromic hexfluoride.

Antimony tribromide or antimonious bro-
mide.

Antimony pentabromide or antimonic bro-

, mide.

Potassium mntrite.

Potassium nitrate.

Totassium sulphite.

Potassium sulphatc.

Patassium chloride.

Potassium hypochlorite.

Potassium chlorite.

Potassium chlorate.

Potassium perchlorate,
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KIO,
KIO,
NaHSO;,
Na,S0,
Na;HPO,
Na,POp
NaH,PO,
H;PO,

H,PO,
H,PO,
HCI

HCIO

HBrO

HCI0,
HCIO,
HIO,

HCIO,
HBrO;

No.
of
mols.

=

3

Qo
N oo

)
N

Potassiurp iodide.

Potassium iodate.

Potassium periodate.

Sodiam hydrogen sulphite.

podium sulphite.

Disodium hydrogen phosphate.

Trisodium phosphate.

‘ﬁodlum dlhydro&,en phosphate.

H“)ophosphorods acid, orshydrggen hypo-
phosphite.

Phosphorous acid or hydrogen phosphitc.

Phosphoric acid or hydrogen phpsphate.

Hydrochloric acid or hydrogen chloride.

Hypochlorous acid or hydrogen hypo-

* chlarite.

Hypobromous acid or hydrogen hypo-
bromite.

Chlorous acid or hydrogen chlorite.

Chleric acid or hydrogen chlorate.

Todic acid or hydrogen iodate.

Perchloric acid or hydrogen perchlorate.

Perbromic acid or hydrogen perbromate.

36.
e .
I sger
Nam ;w:;;’ht Whole weight | Whole wugh“
ame It mol. ‘hed obtained
Manganese dioxide 87 87 _
Hydrocnlotic acid 26°5 1146 } = 233
Mangangse chloride 126 126 ]
Chlorine |7 7 so2y3
» Water L] 30 ‘
Potassium iodide \ 1061 332Nl |
Chlorine Jorid io7t 7o AR
Potassium chloide | 746 149°2 |
lodine | 154 254 | T 4032
%ulphur dioxide 1 649 | 64
Vater 18 36 J =
Chlorine . 71 7t »
Sulphuric acid | 98 98 }_ 71
Hydrochloric acid 365 73 JT R

a
=
RN




10 Answers o frooiems in

e e e
¢ | Ne- Name Welsht! Whole weight | Whole weight
mols. 1 mol. used ©obtain
d. NaNO, | 1 | Sodium nitrate 85 85 } -~ 18
HS0, 1 | Hydrogen sulphate 98 g8 [ = 193
NaHSO,| 1 | Sodium hydrogen sul-
phate 120 Y 120 ) _ 8
HNO, 1 | Hydrogen nitrate 63 63 = '3
e. 2MnO 2 | Manganese dioxide 87 174 )\ _ ..
2H1$_(i. 2 | Hydrogen sulphate 98 _ j196 } & 3
2MnSO, | 2 | Manganese sulphate ¢} 1 {1 L 302 l
zH.0 2 | Water ' 8 36 = 370
0, ‘ O.vgen 32 ' 32 )
J- 2K.Cr.0,| 2 | Potassium dichromate | 294'2 |588°4| _ .
sHus,o‘. g Hydrogen sulphate 98 784 } =1372°4
2 ép?gé‘) 2 ggtusm'um " 174°2 3;3‘4
2Cr,(S 2 1omium 392 784 .
BH,‘O ‘8 | Water ” 18 144 =1372°4
30, 3 | Oxygen 32 96
37. .
| No.of Weight| Whole Whole
| molecules Name of 1 mol.; weight volume
a. 20H, 2 Water gas (steam) . 18 36 used 4 used
2Cl 2 Chlorine nr 142 ,, 4
4HCl 4 Hydrochloric acid 36°s 146 obtd. 8 obtd.
B 1 Oxygen 32 3z 2,
. CO, 1 Carbon dioxide 44 44 used 2 used
C T atom Carbon 12 1z, solid
Molecular (atomic volume
weigint weight) relation
unknown unknown
2CO 2 Carbon monoxide 28 56 obtd. 4
|
c. 2CO 2 .| Carbon monoxide 28 56 used 4 used
0, 1 Oxygen 32 32, 2 ,,
2C0, 2 Carbon dioxlde “ 88obtd. | 4 obtd.
d. 2NH, 2 Ammonia 1 34 used 4 used
N, 1 Nitrogen 28 28 obtd. 2 obtd.
3H, 3 Hydrogen 2 6 6,
¢. 2NH, 2 Ammonia 17 34 used 4 used
Cl, 3 Chlorine 71 213 ,, 6 ,,
%I, 1 Nitrogen 28 28 obtd. 2 obtd.
6HCI 6 Hydrorhloric acid 36°s 219 ,, 12z,
J- NeI NO, T Ammonium nitrate 8o 8o used solid
. N.,O 1 Nitrous oxide 4“4 43 obtd. 2 obtd.
l 2H,0 2 Water 18 36 4




38. (@) 2NH,Cl+Ca(HO), = 2NH3+CaCl,+2HzO
. (6) NH,NO, = N, + 2H,0.
(¢) NaCl + H,;SO, = NaHSO, + HCl
(@) 3Cu + 8HNO; = 3Cu(NOy), + 2NO + 4H,0.
(¢) Hg + 2H,SO4 = HgSO, + SO, + 21,0.
(/) SbyS#+ 6HCl = 2SbCl; + 3H,S.
39- 64 grams and 32 grams.
40. 141°3 poynds.
41. 32°65 kllbgr ms.
42. 137°2 pounds
43. 2657 pounds. .
44. 28'672 grams ; 159°04 grams ; 19o°4 grams.
45. (a) To form carbon monoxide, 1 litre ;°or carbon
dioxide, 32 litres.
(B) To form sulphur dioxide, 1°395 litre ; or sulphur
trioxide, 209235 litres.
(y) 93 or 18°6 litres.
46. 6 litres.
47%. 20 litres.
48. 913 litres.
49. 1287 grams.
so. 2822 grams of crystallised oxalic acid, H,C,0,
+ 211,0, with about twice its weight of strong sulphuric

acid.
H2C204 . ZHQO - 3H20 =CO + C02-

§1. '9408 gram. .

52. 79'87 : 20°13 :: 1 : "25Zo (black oxide),
and 888 : Tzl ‘1261 (red oxide);
also 2582001 "1261 I 2 @ 1.
That is the oxygen combined with unit weight of copper in
the black oxide is twice as great as the oxygen combined with
unit weight of copper in the red oxide ; therefore, if the

formula of the black oxide is CuO that of the red oxide
must be CuO} or Cu,O.

Ag



Assuming the atpmic weight of copper known to be 635,

then ¢
79'87 : 2013 :: 63'5 : 16 ‘

and
¢ 888 :11'2 6358
or '
635 % 2 : 10,
whence the formula is Cu,0. ‘

53. Calculated as in 2. tic formuld isOH or O,H,.
54. (CF)n. " !
55. The percentage composition is as follows :—

Nitrous oxide contains 6363 N : 36:36 O.

Nitrie oxide ” 4666 N : 5333 O.
Nitrous anhydride contains 36'84 N : 63'15 0.
Nitric peroxide ’ 3043 N, : 69°56 O.

Nitric anhydride ” 25°92 N : 7407 O.
The ratio I(\)T is represented in these several compounds'

by the values' ‘5714, 1'143, 17143 2°2859, 2°8571 or
STI4X T, ‘5714 X2, '5714X 3, 5714 %4, and "5775 X 5.—
Q. E. .

The percentages may be found in some of the larger
text-books of chemistry, e.g. Miller and Fresenius. ‘I'he for-
mula must not be used, as that assumes what is to be proved.

Similarly :
Manganous oxide contains Mn 77°46 : O 22°54.
Red oxide * » . Mn 72705 0 27°95.
Manganic oxide ” Mn 69'62 : O 30°38.
Black oxide ” Mn 6721 1 O 36°79.

From these the weight of oxygen with unit waight of
manganese in the several compounds is
'29099, 38792, ‘43637, ‘58203,
which are in the ratio
1:1°33:1°5: 2
whetice the relation is obvious.



Again: .

?
Chromous oxide contains Cr 76°47

o
: 02353

Intermediate oxide ,, Cr 7090 : O 29'10
Green oxide “ Cr 6842 : O 31°58°
Chromic aghydride » Cr 5200 : O 4800

Hence the groportions of oxygen combined
of chromiu

with unit weight

arcy
L »
‘3577‘ ‘410%, ‘2616, -0220.
which are in the ratio of
D
I:1°33:1°5:3
[ ]
56. (@) Na,+  20H, = 20NaH + H, V.
o Sodium, Water, Sodium Hydrogen.
hydroade.
.
¢) Ve + M,80, = keSO, + H, IV.
Iron, Sulphuric Ferrous Hydrogen.
aad. sulphate.
() 2HCI = H, + Cl, V.
Hydrochloric ® Hydrogen. Chlorine.
acid.
(d) S02 +HQOQ = HQS()‘ I-
Sulphur Hydrogen Sulphuric
dioxide. d);umde. acud.
(¢) 3Mn0, =  Mn,0, + O,
Manganese Manganous- Oxygen.
. dioxide. manganic oxude
I and V. .
3Mn0O, = Mn,Qy, *+ MnO,
= (Mngo;; + MnO) + OQ
(f) OKH s+ HCl = KCl +H,0. . V.
Paassium Hydrochloric  Potassium Water,
hydroxide. acid. chloride.
(& O;H, + Oy = OHy + O, V.
Hydrogen Ozone, Water., Oxygen.
dioxide.
o d N
(A) SO, + H,0 ="H,S0, . . . L
Sulphur Water. Sulphuric »
trioxide. acid.



() PH; +
\' ' Phosphine.

() N.O;  +

Nitric

HI = PH,I
Hydrogen * hosphonium
iodide. iodide.

H,0 =2HNO;. . . . . V.

Water. Nitric

anhydride. acid.
(# P,0, +3H;0 =2H,PO,.
Phosphoric Water. Phosphoric
anhydride. acid. .
© . ‘. o
() ,2KI + Cl;, =2KCl + I, . . V.
Potassium Chlorine. Potassium Iodine.
iodide. 1 Chloride.

o
Probably in two stages thus :—
L

KI 4+ CICl =

KCl + ICI (iodine monochloride)

KI + ICl = KCl + I,
(m) CCH, + Br, = C,H,Br,
Ethylene. Dromine. Ethylene
dibromide.

(7) NaNO; + H,$0,= HNO, + NaHSO,
Sodium Hydrogen Hydrogen Sodium
nitrate. sulphate. nitrate. hydrogen sulphate.

(o) 2KClO,= KCl + KClO, + O,
Potassium Potassium Potassium Oxygen.
chlorate. chloride. perchlorate.

Probably preceded by a rearrangement :—
2KCl0y= KCIO, + KCIO,
= KCl + 0, + KCIO,;
or a kind of double decomposition :-—
2KC103 = ZKCIOQ + Og -
= KC! + KC104 + 02: “+
(#) MnO, + SO; = MnSO, .
Manganese Sulphur Manganese
dioxide. dioxide. sulphate.
(g) Mnoi + 2502 = MnSQOG )
Mdioxide. dioxide, gi'zhionnte.

V.

L



() CGH,0, + 3Cl, = C,HCLO, + 3HCl V,. -

. Acetic acid.  Chlorhe. Trichloracetic H dr%en
. acid. chloride.
(.\') KQS + CSQ = K2C83 . . . . » I.
Potassium ® Carbon Potassium
monosulphide, bisulphide. thiocarbonate.
®
(f) C(,H.SHO + HNOJ =C6H4N02HO + H,O V;,.
"henol.. Nitric acid. Nitrophenol. Water.
e * Y
(x) CoH, 0, + PCl; =G,H,0Cl + POCl, + HCI
Acetic Phosphorus Acetyl Phosp’:oryl Hydro-
acid. pentachloride. chloride. o chlaride, gen
) chlonde.
-

Probably preceded by
C,H,00H + PCl; = C,H,0Cl + P(OH)Cl, V.

and
P(GH)Cl, = POCl, + HCl . . . IL
(7)) CIQH”; + HCI = C10H|7Cl o e e e I.
Terpene. Hydrogen Camphene
chloride. bydrochloride. *
(») 3HCl + HNO; = 2H,0 + NOCI + Cl,
Hydrochloric Nitric Water. Nitrosyl  Chlorine.
acid. acid. chloride.
(x) A5203 + 2HNO3 + ZHQO
Arsenic Nitric acid. Water.
trioxide.
= 2}{3[&504 + N203
» Arsenic Nitrogen
acid. trioxide.
Probably preceded by . . )

As,0, + 2HNO, = As,0; + 2HNO,. . IV.
As,0; + 3H,Q = 2H3AsO,. . . . . V,
,2HNO, = H,0 + N,0, . \
(7) NaNH,HPO, = NaPO,+NH,+H,0 IL
Sodium ammonium- Sodium Ammo- Water.

hydrogen phosph phosphate.  nia.

[

(z) 2Na,HPO, N3, P,0,+H, O . . V.
Disodium-hydrogen Sodium pyro- Water. -
phosphate. phosphate.



57. 241527 C.C,

58.'2510°47 c.c. N
Atomic weights. Equivalents.
60. Mercury . . 200 100 Or 200
' Zine . . . 655 3275
Chlorine . . 355 355
Todine . . . 127 127, rarely 13772
Sulphur . .32 APordgirdg
Iron . . . s5b 28 o 2 of 50
Capper. . . 635 3175 Or 6375
, E,S = 34 PCl; = 2085.
~ AsH,; = 78. H.50, = ¢8.

61. *4711 gram.

62. ‘6220 gram or 6-94z2 litres.

04. 54°4. >

65. From the spec. heat 109'3. The multiple of 56
which falls nearcst to this is 112.

66. The atomic weight is 4875 X 4, whence the spec.

. 62 -
hcat is 105 0317.

70. Empirical formula from the percentages CH,0 = 30.
35'5 parts by weight of chlorine replace 1 part by weight
of hydrogen, and 100 parts chloracetic acid consist of
37'5 chlorine and 62°5 of acctic acid minus the hydrogen
replaced by 37°5 of chlorine. Then

37°5 ¢ 35°5 :: 62°5 : Molecular weight—1.

Ans.—59°16 + 1 = 6016 or rather 6o, and the'formula
is C2H402. ‘

72. NaF . Ag,SO, Hg(CN), . (Hg;)s(PO,).
Ba(C103)2 . B1C13 . Fe;Si0,4 . CU(C2H302)2
Fe,(NOj)g . Cry(C;0,); - Sny(PO,)s . Ca(ClO),

6.

74. At. wt. = ;og = 2,66 (approx.). If 1 part of chlo-

rine' combines with 2915 parts of metal, 35'5 parts



(r atom) combine with 1034825. Hence the exact
atorhic weight is 103'4825 % 2, or 206 965 )
75. 188 X ‘057 = at. wt. of M X ‘0306
Whence M = zor°17.
The neare.st,multiple of 70 is 210.

Ans. 210 . MCl,.
76. 179.0
77. 322.
78. 328.
79. 215.
8o. 213.
81. 119.
82, 154.
83. 96s.
84. 62.
85. 121.
86. 366.
89. C;HO.
OI. Cngo.
9z2. C;H,.
93. CyoHNO;.
94. Magnetic pyrites Fe,Sg

Iron peroxide F¥e, 0,
Hydrogen peroxide HO or H,0,
Cryolite Na,AlF,
Mannite C3H,0, g CeH, ,O‘,
Benzoic acid L£5H0,
‘Caffeine C,H;N,0 or (,,,H,.,N4O2
Cane sugar ® * C,,H,,0,,
o Uric hcid C,H,N,O,

95. C1oH sNO and C,,H,;NOCL

98. C;H,0, or C,{HO,.

99. TeaAszL'
100. C3H,CI3N,0, or CH3(CX1,0)N,0.
o1. UCI; or U,Cly.



102. C7H602- .

103. LC H|0N402 = 104.

104. C,H,N = (C,H;)H,N = Ethylamine.
105. H,C;HgO, = Pyrotartaric acid.

SECTION 1II.

13. Common salt, NaCl, or' Na—Cl
Caustic potash KHO, or K—O—H

. Sulphuric acid, H;S0,, or 0=S_9H

Il
o

Baryta, BaO, or Ba=0
(o]
Barium peroxide, BaO,, or Ba{ |
s a\o

- O
Lead peroxide, PbO,, or Pb<
O

Iron peroxide, Fe,0;, or O = Fc — Fe =0

N/
(0)
/OA
Silver phosphate, AgyPO,, or O = P\OAg
OAg
. / Ag
Silver arserate, Ag-AsO,, or O = AS{OAg
' OAg
/OAg
Silver arsenite, AgzAsO,, or ALZ-OAg
N
OAg
Kakodyl, Asy(CHj;),, or As
\
CH,
/CH3

As
\CH,



~zhaen s Uhiehiical” Philosophy. I9
Tartar emetic, KShOC,H,O;OH,

O=C|:-—-OK
or H"'(l:‘_OH
H—C—-0H

|
DCOSbO

23. 3H,0. SO;,, oY b(OH)G
3HgO0.S0,, or S(O,Hg";), Turpeth mmeral
3Cu0.S0;, or S(O4Cu,) -
Al,03.50,.3H,0, or S(OgAlL).3H,0, Aluminite.
25. 21°24 pounds. *
26. 11’55 grams.
27. 14'59 gram$. .
29. Sodium 32°86 ; aluminium 1286 ; fluorine 54°28.
30. 43°63 kilos of litharge ; 23278 litres of oxygen.
31. AgClO,;, AgClO,, AgHSO,, AgﬁOA, AgH,PO,,
Ag,HPO,, Ag,PO,, ®AgH;SiO,, Ag,H,Si0,, Ag;HSIiO,,
Ag Si0,, AgHSO;, Ag,SO,, AgH,P0;, Ag,HPO,.

32. NO,Cl  SO,OH.Cl P,040H),Cl C,H,0Cl
NO,NH, SO0,Cl, P,0,(0OH),Cl, C,H,ONH,
SO,.OH.NH, P,0,(OH)Cl, :
SO,(NH,), P,0,Cl,
P,0,(OH),NH,
B,04(OF),(NH,), ,
*P,0,(OH)(NH,),
P,04(NH,),

Bensoic acid and carbon acids generally yield also sub-
stitution compounds, e.g.—

HOC,H,CIO Chlorobenzoic acid,

HOC,H;C1,0 Dichlorgbenzoic acid,
&c. &ec. )

HOC,H,(NH,;)O Amidobenzoic acid
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34..S(OH),0 == 2H,0.50; (glacial sulphuric acid).
S(OH),0, = H,0.80, (oil of vitriol).
SO3; = SO, (sulphur trioxide).
Also  S3(OH);0; (derived from 2S(HO),) = H,0.250;
- (Nordhausen acid).

35. Sulphuric anhydride SOy Known
Phosphoric » ”

or Pyrophosphoric ”, . P.0, .
Nitric 5 N,Q, ’
Nitrous ” N,O, ”

. Hyponitrous ' NO ’”
Theiosulphuric ,, S,0, Unknown
Chloric " CL,0, '
Perchloric ” Cl, ()7
Acetic ” (Cy,H;0),0 I\nown

oM’
38. Hyposulphites O=S<H analogous to hypophos-
phites and phdsphites, &ec. .
39. 2zHNO, + PbO = Pb(NO;), + H,O

Nitric acid. Litharge. Lead nitrate. Water.

HNO; + NH; = NH/NO,

Nitric acid. Ammonia. Ammonium nitrate.

~H,80, + KHO = KHSO, + H,0
Sulphuric acid. Caustic potash. Potassium
hydrogen
" _ sulphate,
or

H,S0, + 2KHO = K,80, 4+ 2H,0

Potassiun: 7

sulphate.
H,S0, + PCl, == SO, OH.Cl4+ HCl + POCI,
Sulphuric Phosphorus Sulphury Hydrogen  Phosphoryl
acid. pentachioride. hﬁ;ldrodxy- chloride. trichlorde.
chloride.

o1
H,S0, + 2PCl; = SO,Cl, + 2HCl + 2PQC],

Sulphuryl
chloride



(NH,),SO, — zI.—I?o = (NH,),S0,

. Ammonium Sulphaiide.
sulphate.
NH,HSO, — H,0 = NH,.OH. SO,
Ammonium ®  Water. Sulphamic acid,
hydrogen

sulphate. o *

(NH,).CO; — H.0 = NH,0.CO.NH,

Ammoniury . Annuonium carbamate.
carbonate., ® .
(] . o .,
(NH,),CO; — 2H,0 = NH,.CO.NH,
C:\rlﬂmide‘
. L3
- L
C,H,0Cl + OH; = C.H,0.0H + HCl
Acetyl chloride Watgr. Acetic acid. Hydrogen
chloride.
Ca(l’.[o)g - H)O = CaO
Cflcium o Water. Caloum
hydroxide. oxide.
CaCl; + Na,COy; = CaCO, + 2NaCl
Calcium Sodium Calcium  ® Sofium
chloride. carbounate. carbonate. chlsride.
° .
CaCO; + 2NH,Cl = CaCl, + (NH,).CO.
Calcium Ammonium Calcium Ammonium
caibonate. chloride. chloride. carbonate.
NH, + CH, = NH,C,H,I
Ammonia. Ethyl iodide Ethylammonium iodide ¢
or iodoethane, ethy lumine hydriodide.
NH,€,H, + C,H;I = NHyC,H;),l
Ethylamine. Dieth ITm\_umum iodide ¢
.. Dietﬁy amine hydriogide.

.
NH(C2H5)2 + C2H51 = Nl‘I(Csz,)"I
Diethylamine. s ® Triethylammonium iodide or
tricthylamine hydriodidc.

]
N(C.H;); + CH;I = N(C,H;),1

Triethylamine. Tetsethylammonium
iodide.
N(C,H;),I + AgHO = Agl + N(C,H;),HO
Tetrethylammonium Silver Silver Tetrethylammonium
iodide. hydroxide iodide, hydroade.
(bypothetical).
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46. 4375 litreg.
47. C366, Hzvt,  Agary, O30
*2705 gram of silver.

50. C,H,0,.

54. C;H,,0, if an alcohol, is C, H“OH
C;H,,OH+HOC,H,0 = p,,H,,OC H;0+H,0

Acetate. Water.

C;H, OH +(HO),C,0, = C.H,,0. OH’. C,0,+H,0

Aud uaalate.

or
ZCBHHOH (HO)QC O; (C ,H“O)QCQOI + 2H nO
. : * Neutral oxalate.
If a primary alcohol :—
C5Hl20 + O = Cz,H]GO + HQO
Aldehyd.
and

C;,HIQO + 02 = Clel’()O-z :I“ HQO.
Acid.
If a secondary alcohol :—
Csl'llgo + O= CﬁH,OO + HQO
Ketone.

If a tertiary alcohol, oxidation yields a mixture of acids

or of ketone and acid.

55. Aldehyds.
(a) COH - CHQ - CHQ - CH3.

() COH — CH = (CH,),.

Ketone CH, — CO — C,H;.
56. Dihydric slcohol, C;H,,(OH),
Monobasic acid, C¢H,3(COOH)
Compound ether, CH,CoH,,0,
or C,H,;C;H0,
&c. &ec.
or C¢H,;CHO.,.
58. Alcohol, C,Hj,.,OH
Acetate, C,H,,.,0.C,H;0
Aldehyd, C, H,,_.CO.H
Acid, C.H,,.,CO.OH.



59. (CH,.OH {C0.0H o also {(?O.H

. CO.0H CO.0H cobu
« Monobasic Dibasic Monobasic
glycolic acid. oxalic acid. - glyoxylic acid,
6r1. CH,;.COOH :\e PCl, = CH;.COClI + HCl + POCl,
Acetic acid.. ® Phosphoric Acetyl
chlondc chloride.

CH,OH HCl = CH,Cl + H,0

Methylic . * Methyl chloride,
alcohol. @ . ® orchl@remethane.,

H, . ‘
SH:}O + 2HCL = 2CH,C1 + HIO

Dimethyl oxide
or ether.

2GH,.COOH + Ag,0 = 2CH,.CO0Ag + H,0

Acetic m:id.‘ Silver acetate.
L ]
CH,;0H + C,H,0.HO.S0, =
Methy) Kihy! lhydrogen sulphate,
alcohol. or sulphovinic acid. N
.
CH, ) :

C2H5 ] O + (I_’O)QSOQ

Methyl ethyl Sulphuric

oxide or ether. acid,
CH,.CO(OCH,)+ NaHO=CH,.COONa + CH,HO
Methyl acetate. Causuc Sodium Methyl

acetate. alcohol.

(CH,.C0O),0 + HzO + 2CH;.COOH
Accta an hydndc
63. C,oH,50s.
64. CsH,,0.
65. Percentage compgsition, Ba 36'93, C 25'85, H 2°18
O 35°04. Fogmula BaCsHsOs and H,C,H,0,.
66. IC,H,,0,.



[

‘ " SECTION IIL

I. "4141 C.C.

2. (a) 1°2705 &

(6) Nitrogen 6528, oxygen 34'72 per cent.

3. 1239'8 c.c.

4. 39107 c.Cc., or 39-107 litres.

5. NLglectmg the change in, the relative pressures of
the two gases consequert upon their waequal solubility.
Oxygen 2461, nitrogen 75°3y per cent.

Or, corrertly s follows——

"There are 4 volumes of water, 1 volume of oxygen, and
3 volumes nitrogen.

- Let the residual oxygen after absorption be 1—x.

Residual nitrogen 3. 0

| el

The oxygen forms —iy of the whole, and is there-

fore at that pressure.
The oxygen dissolved is therefore

1—x
4X'04114 X - =x . . I

4—x-y

Similarly the nitrogen dissolved is
4xozo35x 3= yy:_y . . . IL

Let 4X'04114 =@} 4 x 02035—-/3
Then multiply {. by 4 and II. by a, and add together

whence x = 7( -9).

f

Substitute this in Equation II.

- @G=ns .
4=y—50-y
(6 —a)y’— (" +4b—ab)y= — 38
—07236 y2—("0085 43688 —"01517) y =—"0255
' 07236 y*+ 30213y = ‘o255,



DlVlde by *07236.
»?+500456 y = "3524
y’+5 oo456y+2 5023% = 3534 +2'5023’
¢ y = ob94.
Substitute thistvalue of y in Equation II.
and Cx= ‘03717.
Whence the resndual oxygdl is 1—-03717.
'y » nitrogen is 3—'0693.

Oxygen = 96283, or 2473 pe cep
Nitrogen®= 293006, or 7527 »

This is the composjtion of the residual air.
9. The reaction may be expressed as follows : —
H,0 4 Fe 2 H, + FeO.

The active masses of the hydrogen and steam are pro-
portional to their respective pressures, and tlie ratio of the
pressures is constant @r

46 _ 101

258 = 579 nearly.
ro. H + Cl + water = 39320 calorics.
an + Cl + water = 12849 = 56420.
or z(ll + Cl 4 water) = 39320 X 2 = 78640.
and 7Zn + Cl, + water = 1}3340. «

Hence zinc decomposes aqueous hydrochloric acid.
o

Orger: °*
(1) Zinc }decompose dilute hydro-
(z) Cadmium chloric acid.*

(3) Copper }do not decompose dilute

(4) Mercury hydrochloric acid.

(5) Gold



It {Caustic potash . 56 parts.
¢

Iodiné . . . 127 o,
Copper . . . 3175
{Oxygen.. . . 8 "
Sulphuric acid . 49 ”
(Hydrogen . . "u "
{Chlorine . . 355 1
!Hydrogen . . S
{Oxygen . _, ' . ‘80 .

12. Two atoms of copper and two atoms of chlorine.
One atom of zinc%s dissolved in each cell.

13¢ 8080 grams.

14. 1436°6 grams.

x5, — . T4T

2295+ 4'32 X 2438
If the specific heat, s, of phosphoric anhydnde is taken
as 'z, the answer is 3803°. .

16. In estimating the ‘heat of combustion’ of hydro-
gen, the heat communicated to the calorimeter includes the
heat resulting from the liquefaction of the steam, and from
cooling the resulting water from 100° to o°.

34034—[(537 +100)9] _ 6,00
(9 X "475) + (267 x "2438)
17. 16372 kilos.
18. 117°9 grams.
" 19. 100 litres of the gas produce heat enough to
' raise the temperafure of. 127,878 grams, or 127'878
kilograms of water 1°. The heat required is 2000 X
(100 + §37) = 1,274,000 kilo-units. The volume of gas
requisite is therefore 996,245 litres. .
20. 1437 and 2873.

=3
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