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EDITOR'S PREFACE,

—_—— ——

AvrtHoucH the number of short Text books of Inorganic
Chemistry is large, it is hoped that this little book will supply
a definite want among teachers and students, corresponding to

that which the Editor has himself felt.

The principles which have guided the Author in writing the
book are fully stated in his Preface, and with these the Editor
entirely concurs ; but in adapting the book for English students
certain alterations and additions were necessary, and to these

the Author has given his full consent.

The whole book has Iua:r::nlr carefuliy revised throughout, and
the physical constants brought up to date. Considerable
additions have been made to the descriptions of water, atmo-
spheric air, coal, iron, &ec.  Short accounts of Gay-Lussac’s
Inw, Avogadro’s law, and the manufacture of coal-gas have also

been mtroduced into the text.

In the Appendix, which is entirely new, a brief account has
been given of the methods used for determining atomic and

AZ



iv Editor's Preface.

molecular weights, of Prout’s law, and of the Periodic law.
The Editor acknowledges his indebtedness to Lothar Meyer's
“ Moderne Chemie’ in writing this Appendix. TFinally, a series
of tables has also been added, which it was thought would prove
useful in the laboratory. Some of these have been taken from

Landolt and Bornstein’s excellent collection of physical tables.

The range which the book covers is rather more than that
required for the Intermediate Science and Preliminary Scien-
tific (M.B.) Examinations of the London University, and the
needs of students working for these examinations have been
steadily kept in view, but without following the syllabus in a

servile manner.

ARERYSTWYTH : Mareh, 1884



AUTHOR'S PREFACE.

T'ris short Text-book has been written to recall to the memory
of students who have attended a course of lectures on Experi-
mental Chemistry what they have seen and heard, and to clear

up any points which may not have been properly understood.

A necessary conditien for using a text-book of chemistry
successfully 1s attentive and continuous attendance at the
lectures.  Students in arts who have not regularly attended a
course of lectures may be able to read up afterwards what they
have missed ; but a lecture which has not been attended by a
student of chemistry cannot be made up by mere reading—
neither the notes of the lecture by other students, which ought
to be extremely few, nor a text-book, can serve as a substitute for
what has not been heard.  The chemist has to learn, not by
reading nor by hearing alone, but both by hearing and seeing.
A person who has not seez the phenomena produced by the
union of oxygen and hydrogen, for example, can have no clear
conception of them, nor of the chemical change which accom-

panies them.  Nothing is more foolish than the opinion, which
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I have often heard from young medical students, that chemistry
can be studied from books alone, like other subjects ; that
facts which are learnt by heart can take the place of general

principles only partially understood.

The opinion of chemists as to how many of the immense
number of empirical facts now known in chemistry should be
introduced into lectures appears to be very different. 1 quite
agree with Fittig when he says : ‘Chemistry can no longer be
taught as a descriptive science ; in lectures on chemistry the
general nature and principles of chemical phenomena should
take the first place, and should be illustrated by Exlicrinwnts,
but all the many compounds should not be enumerated and
described.” But my opinion differs from that of Fittig when
he, rather inconsistently, goes on to add : ‘But in teaching
chemistry in this manner it is still requisite to offer to the student
as easily and completely as possible the material on which

these general principles are based.’

The study of chemistry is similar to that of a language.
What is learnt in the lectures scarcely goes as far as reading
and parsing ; at most it only includes the rules by which words
are built up into sentences. To use the language with success

—to speak it—continued practice is required.

The same is also true of chemistry : the science is learnt in
the laboratory, not in the lecture theatre. The most that can
be done in the lectures is to prepare the student for successful

work in the laboratory.
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And although teachers in law, history, and philosophy give
the best they have in their lectures, experimental chemistry, as
taught in the lecture theatre, must be elementary. To enume-
ratc. many chemical facts loads the memory with ballast, and
tends to learning by rote instead of clear perception and after-

thought.

The problem of the lecturer on chemistry is therefore to
give his hearers an idea of chemical processes and the most
important chemical theories without burdening their memories
with a large number of mere facts, and thus to prepare them
to acquire an accurate knowledge of chemistry by their own

practical work,

I have adhered to this general principle in writing this short
Text-book, T have also endeavoured not simply to give a series
of dry facts, but to blend them together into one continuous

narrative.

Of the students attending chemical lectures, those making
chemistry a special study are nearly always in a minority. A
complete description of those parts of the science (e.g. the rare
elements, the ammoniacal compounds of cobalt and the platinum
bases) which have only interest for these few and not for those
studying medicine, pharmacy, agriculture, &c., is therefore out
of place both in lectures and in elementary books ; and all the
more so as the special study of these subjects is better carried
on in the laboratory. Such subjects are therefore briefly

treated in this Text-book, while others of general interest, such
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as water, atmospheric air, carbon, carbonic acid, arsenious acid,
the detection of arsenic in cases of poisoning, salts, iron, lime,

&c., are referred to more fully.

The engravings in the text are limited in number : they
illustrate only that apparatus which I consider to be especially
adapted to recall to the student what he has seen in the

lectures.
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TEXT-BOOK

(1

INORGANIC CHEMISTRY.

INTRODUCTORY.

ThE science of Chemistry is closely related to that of Physics, and
it is the aim of both sciences to solve nearly the same problems,
The province of both is to investigate the processes of nature per-
ceptible to the senses, to discover the course they take, their con-
nection with one another, and their causes, and to investigate the
laws according to which the forces of nature act, whatever may be
the objects or classes of bodies upon which their action is exerted.

Thesetwo sciences —Chemistry and Physics —are the foundation
of all other natural sciences—of mineralogy and geology, of zoology
and botany, as well as of astronomy, and especially of the whole of
medical science, which endeavours to fathom the processes pro-
duced in a certain class of bodies by chemical and physical forces.

If we consider what goes on around us in nature, we perceive
the change from day to night, we notice the moon and apparently
the sun revolving round the earth, as well as similar movements in
other heavenly bodies ; we feel the movements of the air, perceive
the change of temperature ; we notice water freezing, and admire
the rainbow, the thunderstorm, formation of clouds, &c.  All these
phenomena belong to the processes of physics ; but where shall we,
then, look for chemical prockgses ?

Simple chemical processes are not nearly so common in nature
as simple physical processes, and this is certainly the reason why
physical phenomena and physical laws were investigated many

13
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centuries before any idea of a natural law in chemistry was con
ceived.

We notice plants growing and animals breathing, both which
processes go on by the inter-action of chemical and physical forces.
But how plants assimilate the constituents of atmospheric air, and
work them up chemically into their substance, still remains a
mystery to the chemist and physicist at the present day.

When a tree is struck by lightning and burns, this is certainly
a chemical process, and one much simpler than the growth of a
plant. But although man has known from time immemorial how
to produce fire, and has had the chemical process of burning wood
daily before his eyes, a correct explanation of a process apparently
so simple was only obtained at the end of the preceding century.
For this reason chemistry may well be called the younger sister of
physics.

The intelligent observer also perceives numerous other chemi-
cal processes going on in nature ; he notices the weathering of
rocks, the putrefaction of animal and vegetable matter, the deposi-
tion of limestone in caverns, the rusting of iron, the souring of
milk, wine, &c. ; but these and similar changes usually go on so
slowly that their progress is difficult to follow.

Innumerable chemical processes were introduced by man
thousands of years ago. It was found that lime which had lain in
the fire—quick-lime—became hot when brought into contact with
water, that it possessed generally other properties than the lime
which had not been burnt ; metals had been extracted from their
ores by heating with charcoal ; white arsenic had been obtained
by roasting other cres ; sulphur had been burnt in the air and the
suffocating acid gas so produced had been noticed. But these and
a hundred other similar changes could only be correctly understood
and explained after the common cause of them all—fire—and the
process of combustion had been made clear.

For this reason, the discovery of oxygen—of that substance
which is as necessary far combustion as it is for respiration—by
Priestley and by Scheele, and Lavoisier's first correct explanation
of combustion, are the pillars which carry the noble edifice of
modern chemistry, based on the foundation of numerous earlier
observations,

In what manner, then, do chemical and physical processes differ
from one another—which phenomena belong to chemistry and
which to physics? The answer may be easily given in a few words,
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but will not be so easily understood by those to whom chemical
phenomena are strange.

Chemical processes ave those by which éodies underge a ialerial
change. In physical processes, pure and simple, the swéstances
in which we notice a change remain materially unchanged. But
what is to be understood by a material change 7 This will best
be explained by a few examples.

A stick of sulphur when rubbed becomes electric and attracts
small pieces of paper or other light bodies, and then repels them,
The same sulphur, if heated in a test tube, nelts to form a pale
yellow, clear liquid, and changes at a higher temperature to a
reddish-brown gas, which externally has not the remotest similarity
with the solid vellow sulphur. But has the sulphur by the rubbing
or by the heating undergone a material change, have chemical pro-
cesses taken place in both cases?

The answer to this question 1s a negative. The swbstunce of the
sulphur is the same after the rubbing as before, and sulphur gas,
as well as liquid sulphur, have the same relation to solid sulphur
as water gas or water vapour, and liquid water to solid water or ice.
\We have here to do with a change in the state of aggregation pro-
duced by heat, which only lasts as long as the cause producing it,
Just as water gas by cooling again becomes first liquid water and
then solid water, so the sulphur gas changes into liquid sulphur
and then into solid sulphur, with exactly the same properties as it
possessed at first, as soon as the source of heat is removed.

But something quite different happens when we heat sulphur
In an open vessel, so strongly that it catches fire and burns with a
blue lame. In this case, too, it changes entirely into a gas, the
colourless gas with the well-known odour of burning sulphur. If
we cool the gas, for example, by leading it through a vessel sur-
rounded with cold water, we should in vain expect to obtain liquid
or solid sulphur from it. Dy this process the sulphur has suf-
fered a material change—z.e a change which continues after the
cause has been removed. The sulphur has united chemically
with a constituent of the air, and a new suhstance has been
produced.

If we intimately mix together yellow sulphur and metallic iron,
both in the state of a fine powder, we obtain a grey substance,
which externally has no similarity with either of the bodies from
which it was produced. It might be thought that this grey powder
no longer consists of yellow sulphur and black iron, and that the

| -
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two substances had undergone a material change by the act of
mixing them.

We can, however, readily convince ourselves that this mixture
really contains unchanged sulphur and iron. The lighter sulphur
may be easily separated by the mechanical process of washing, and
the iron may be removed by a magnet—which would not be pos-
sible with the product of real chemical action.

Let us prepare a mixture of four parts of sulphur and seven parts
of iron, both finely powdered, and heat the mixture in a test-tube
in the gas lamp. In a short time that portion of the mass which
15 most strongly heated commences to glow ; the glowing then
spreads through the entire mixture, and finally ceases of itself. It
seems remarkable that at this high temperature none of the volatile
sulphur is given off.

Sulphur and iron, which when only mixed remain chemically
unchanged, attract one another chemically when heated to a cer-
tain high temperature, and then both of them suffer a material
change. The dark-grey, solid, hard product may be easily pulver-
ized, but this powder has now quite different properties to the mere
mixture of sulphur and iron. We might try in vain to separate
the sulphur by washing or by any other mechanical operation, or
to extract the iron by the magnet. Sulphur and iron experience a
material change when heated together, and in such a manner that
it might be asked whether the new product really contains sulphur
and iron, or whether both have not been lost by the operation.

This question cannot be decided a giior7, nor by mere philoso-
phising, but only by experiment, and it has been so decided.

If the sulphur and the iron had been lost on their union, if
they were no longer contained in the compound, it would not be
possible in any imaginable manner to again separate them with
their original properties. But chemistry teaches that, in this and
other cases, compounds may be again decomposed into their con-
stituents, and that the same gwantities of these constituents may be
again obtained. The process of building up a chemical compound
from its constituents, as here illustrated in the case of sulphur and
iron, is called synt/hiesis: the reverse of this is analysis.

The union, or, as we may say, the coalescence—of the consti-
tuents of a chemical compound is so close that by no means can
either of them (e.g. the yellow sulphur in the above compound) be
perceived in the dust of a compound, not even with the most
powerful microscope. It is thus clear why it is impossible to split
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up a chemical compound by pure mechanical means. Swédstances
united by chemical force can be only separated by some force acting
chemically.

Those substances which we cannot further decompose by
chemical analysis we call simple bodies, or e/ements, without wish-
ing to assert that they are really undecomposable. They are
elementary substances for us only as long as we have not succeeded
in decomposing them,

The inquiry after the fundamental substances of inorganic and
organic nature is as old as the investigation of nature itself ; but
what we unders®nd to-day by the word chemical clement is some-
thing quite different from what was formerly so called. The state-
ment of the early philosophers, who neglected experiment and
exact investigation, that £7re, Arr, Hater, and Earth wereelements,
rather meant that all natural bodies Aaie #heir origin in these four
things, than that they consist of them. And when this question
was more critically examined and experimentally investigated,
these four elements of the ancients were abandoned.

It is now known that what is called fire is not a substance buta
phenomenon : that water consists of two gaseous bodies, as yet
incapable of further decomposition, oxygen and hydrogen ; that
air is a mechanical mixture of two gaseous substances, oxygen and
nitrogen ; and that earth is no single individual substance, but
an agglomerate of thousands of very different chemical elements
and compounds,

Our present chemical elements arve the result of experiment.
Their number is somewhat large, and, according to experience,
will probably increase. We already know more than sixty.

When it is considered how easy it is for us to decompose water
into its constituents, and to reproduce it from them, the question
arises, how was it possible that up to a hundred years ago water
was thought to be an elementary substance, how was it possible
that one of the many methods which we now know for its decom-
position, had not been discovered much earlier ?

The principal agent, which was previously almost exclusively
employed in order to produce chemical decomposition, was a high
temperature, or nre. Crucibles, heating furnaces, distilling appa-
ratus were most indispensable in furnishing the laboratory of an
alchemist.  If water had possessed the property to be decomposed
at a high temperature, 1ts compound nature would have been re-
cognized long previously. That it remains unchanged at a red-
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heat could only help to confirin the belief that it was undecompos-
able.

The methods which we now use to decompose water were
partially unknown to the chemist of earlier centuries, and were
partially wrongly interpreted.

To the fermer, belong the electrolytic force of the galvanic
current, and the action of those metals, only discovered later, which
decompose water at the ordinary temperature : potassium, sodium,
&c. To those processes by which water is decomposed, and which
were long known, but were previously falsely explained, belongs the
reaction which occurs when iron is brought into contact with water
and a strong acid. Everyone who sees this experiment for the
first time believes, as was formerly done, that the gas evolved from
the iron is extracted from this metal, whereas it really arises from
the decomposition of the water.

Let us consider this and other processes by which water is de-
composed more exactly.

If we dip two platinum plates into water which is made slightly
acid with sulphuric acid (pure water is a bad conductor of the cur-
rent), and then connect the plates with the poles of a galvanic
battery of four or six Bunsen’s cells, we notice at the moment when
the circuit is completed that gases are evolved from both platinum
plates, and that this evolution continues as long as the galvanic
current remains unbroken.

If two small tubes of equal size, filled with water, are placed
over the platinum plates, so that the gas evolved from one plate
is collected in the one tube, and that evolved from the other plate
in the other (fig. 1), we notice the following results :—

i. The gas collecting over the positive electrode ' regularly fills
a smaller space than that collecting over the negative electrode ;
exact measurements have shown that the volume of the latter is
just twice as much as that of the former.

ii. If a lichted body is brought near the gas from the negative
pole, when it is allowed to flow out by opening the stopcock, it
catches fire and burns with a feebly luminous flame. The gas
from the positive pole does not possess this property ; it does not
burn itself, but it supports the combustion of other bodies in such

! The two pieces of platinum which bring the current to ﬂ'l!'_"-".'l.'.i'lT,eI‘ are
called poles or electrodes. The one which is connected w_llh the zinc of the
battery is the megative pole or electrode, the other which is attached to lqhe
copper, carbon, or platinum of the battery is the pos/five pole or electrode. — L.
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a manner that a glowing chip of wood brought into contact with it
at once catches fire and burns with a bright light.

We call the lattergas oxygen, the former Ahydrogen. These are
the elementary constituents of water, on the re-union of which
water again results.

[Tt =
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We will now consider each of these substances separately,
Oxygen may well be taken first, as it belongs to the most widely
cdistributed elements, and since our present scientific chemistry
dates from its discovery, with the correct explanation of the pro-
cesses of combustion which immediately followed,
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OXYGEN.
Chemical Symébol : O.—Atomic Weight : 16.

Oxygen belongs to those elements which are most widely dis-
tributed in nature. The atmosphere contains 23 per cent. of
oxygen by weight, water 889 per cent., and it is further one of the
chief constituents of the innumerable chemical compounds which
make up the solid crust of the earth. Oxygen is as widely dis-
tributed in organic as in inorganic nature ; and it is present in many
of the numerous products of animal and vegetable life. Sugar,
cellulose, starch, and many other similar bodies, contain more than
50 per cent. of oxygen.

At the first glance it seems almost incredible that a substance
so very widely distributed in nature as oxygen, and even occurring
in the free state in atmospheric air, should not have been dis-
covered earlier than the end of the preceding century.

The honour of its discovery belongs to two chemists, Priestley
and Scheele, who, quite independently of one another, observed
and described it in the vear 1774.

Oxygen is a gaseous substance which can only be condensed
to a liquid when exposed to immense pressure and extreme cold.
It was long thought to be only capable of existing in the gaseous
state, and was one of the so-called ‘permanent gases’ Recent
experiments have shown that, by improved methods of producing
a high pressure combined with intense cold, oxygen may be
liquefied.

The gas is colourless and transparent, without taste or smell,
and may be respired like common air. It is in fact the free
oxygen in the air which supports respiration.

Like common air, it is only slightly soluble in water: 100
volumes of water free from air at 4° dissolve only 37 volumes of
oxygen, or one kilogramme of water dissolves o0'053 gramme of
oxygen. _ - 1

Oxygen is a little heavier than common air ; its Specihic gravity,
compared with air as unity, is 1'1056. Since one litre of air at o°,
and under a barometric pressure of 760 mm., weighs 1°293 gramme,
one litre of oxygen under similar circumstances weighs 1429

gramme,.
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Notwithstanding its immense distribution in nature and its
imnumerable compounds, only a few substances are adapted for
the preparation of oxygen.

We may obtain it from water by electrolysis in the manner
just described. DBut although this method gives very pure oxygen,
it is not suited for the preparation of large quantities, Among
the numerous minerals containing oxygen very few can serve
directly for its preparation. The foremost of these few is pyro-
lusite, an oxygen compound of a metal—manganese—closely
resembling iron. This compound is called by chemists manganese
peroxide (black oxide of manganese). It is a greyish-black ore
which occurs somewhat largely in nature, and possesses the
property when heated of parting with a portion of its oxygen,
forming another compound of the same metal containing less
oxygen.

In order to prepare oxygen from it. a long iron tube, closed at
one end, about the size of an ordinary gun-barrel, is filled with
small pieces of the broken mineral. The open end is then closed
with a cork, pierced to receive a glass tube, and heated in a gas
or charcoal furnace. As soon as it commences to become red-
hot, zas is freely evolved from the glass tube, which is allowed to
dip under water. The gas which is first given off, and which is
contaminated with the atmospheric air present in the tube, is
allowed to escape : the oxygen may then be collected in glass
cylinders or in a casometer as required.

This method gives large quantities of oxygen easily and quickly,
but not of perfect purity. A compound of manganese, containing
less oxygen (trimanganic tetroxide), remains behind in the tube,
and gives off no further oxygen, even when very strongly heated,

A larger quantity of oxygen may be obtained by heating the
mineral with sulphuric acid, but for other reasons this method is
not to be recommended.

In order to prepare oxygen from the atmospheric air, the nitro-
gen, with which it i1s mechanically mixed, must be removed in the
shape of some non-volatile chemical compound. This, however,
reannot be done, since the force which produces chemical union,
.and which we call chemical affinity, is very powerful in the case of
oxygen, and the reverse in that of nitrogen : in consequence of
this, nearly all attempts to fix the nitrogen of the air in a chemireal
compound result in binding the oxygen, while the nitrogen remains
ifrec.
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X We can, however, accomplish our purpose in a roundabout way,
We can cause the oxygen of the air to unite with some other body,
pruclumng a compound, which, like the pyrolusite, again gives up
its oxygen under favourable circumstances. This may be done in
the following manner.

The metal mercury possesses the property of combining chemi-
cally with the oxygen of the air, when heated up to a certain
temperature (320°), which must not be exceeded to any great
extent. By this process it loses its metallic lustre, and becomes
changed into a red powder, called red oxide of mercury (mercuric
f}xide). This product has the remarkable property of decomposing
Into 1ts constituents—mercury and oxygen—when heated to a

Fig. 2.

temperature a little higher than that necessary for its production.
In this way, which was first used by Priestley to prepare the gas,
oxygen may be indirectly obtained from the air, in a state of great
purity,

The accompanying figure (fig. 2), shows a simple apparatus for
the preparation of oxygen from this mercuric oxide, which may be
also used to determine the quantity of mercury by weight con-
tained in the weighed quantity of mercuric oxide employed. The
mercuric oxide is contained in the closed end of the tube of diffi-
cultly-fusible glass, as shown in the figure. Its weight is deter-
mined by weighing the bent tube when empty, and then again
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when the substance has heen introduced ; the difference in weight
gives the quantity of mercuric oxide employed. A cork with a bent
glass tube is then fitted air-tight in the open end, its other end
dipping under a cylinder filled with water. If the mercuric oxide
is now heated by a gas flame, and the heating continued until it has
all vanished, the oxygen which was previously present in it passes
over into the glass cylinder standing over water, and the less
volatile mercury is deposited in the cooler portions, «, of the tube,

|If the tube containing the metallic mercury is again weiched.
when perfectly cold, and from this the weight of the um[:u-l tube
subtracted, the difference will give the quantity of the 1111.31-1-111\'
i]."-"t|L';l ed. At the same time the volume of the OxXVZEn may ]_:;:
measured and its weight determined from its volume and :‘n[.‘m::irh.
gravity,

I the L'h]!!_'l'il[l"]]: i‘-u l';tl’]'i{_‘ti ol '.,ﬁ,il]] care :'“'l!l'.E 'l‘-'jl]1 the neces-
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sary precautions, it will be found that mercuric oxide always yields
92'6 per cent. of metallic mercury, and 7'4 per cent. of oxygen, or,
reckoning the oxygen by volumne, that 100 grammes of mercuric
oxide give 92'6 grammes of mercury, and 5,170 c.c., or 517 litres
of oxygen.

For the preparation of considerable quantities of pure oxygen,
the best material is an artificial chemical compound very rich in
this element—potassium chlorate. This salt, which is soluble in
hot water, and crystallizes out on cooling in small plates, with a
mother-of-pearl lustre, consists of the metal potassium and the
gases chlorine and oxygen. It possesses the property of melting
when heated, and of giving off all its oxygen with apparent boiling
and frothing, the end product, a compound of its two other consti-
tuents—viz. potassium and chlorine—remaining behind. In this
manner 1oo grammes of potassium chlorate give 39 grammes of
oxygen, or more than five times as much as that obtained by heat-
ing an equal weight of mercuric oxide.

This operation is best carried out in a retort of hard glass, as
shown in fig. 3. The neck of the retort is connected by a moveable
india-rubber tube with a glass tube which leads the gas into a
gasometer, and expels the water as it enters.

In order to prevent the frothing over of the heated mass in the
retort, the potassium chlorate may be mixed with an equal weight
of dry pyrolusite (or oxide of copper) before putting it into the
retort. Such a mixture does not melt when heated, and as the
solid body mixed with it distributes the heat equally to the entire
mass, the evolution of gas takes place without frothing, and much
more quickly.!

If large quantities of oxygen are to be prepared, and a pound
or more of the mixture of manganese peroxide and potassium
chlorate heated at once, a cast-iron retort may be used, with a
broad, flat edge (fig. 4). On this edge fits a cover with an enlarge-
ment at the top, and a tube for the escape of the gas. This cover
is screwed fast, a lute of moist clay free from sand being used to
make it air-tight. A large gas-burner placed underneath is suffi-
cient to effect the decomposition of the potassium chlorate,

The chemical properties of a substance are shown by its
behaviour to other bodies. Let us see how oxygen acts towards

I The manganese peroxide remains unchanged during the reaction; why it
is that some substances cause the evolution of the gas at a lower temperature
and others do not, has not yet been satisfactorily explained. —ED.
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some of the better known chemical substances, and what pheno-
mena may be observed at the same time.

Daily experience teaches us that a glowing chip of wood is soon
extinguished in the air. But if it is dipped into a jar of oxygen it
not only continues to glow, but at once bursts into flame. A piece
of charcoal feebly glowing soon goes out in the air, but continues
to burn with much greater heat and lizht when introduced into
oxygen. Sulphur when heated in the air burns with a pale blue
flame. But if a small piece is placed in an iron spoon, ignited, and
then dipped into a jar containing oxvgen, not only does the flame
increase in size and brilliancy, but the sulphur also burns away
more rapidly.  We may readily convince ourselves of this by

burning two pieces of sulphur of the same size, one in air and one
In oxygen. Phosphorus, which catches fire so easily, and which
even in common air burns brilliantly, if heated in an iron SPoon
and introduced into a large jar of oxygen, produces a light so intense
that the eve cannot bear it, and so high a temperature that the glass
vessel 1s often broken,

[ron, which melts and burns difficultly in the air, catches fire
when previously heated and plunged into oxygen, burning with
great brilliancy and a shower of sparks to form a new substance—a
chemical compound of iron and oxygen. To perform this pretty
experiment on a small scale it is hest to employ a thin steel watch.
spring. The spring is softened and bent into a spiral form, attached
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at one end to a cork, and to the other end is fastened a small piece
of tinder. The tinder is then set on fire and the whole plunged
into a jar of oxygen. The tinder first burns with a bright flame,
and then imparts its temperature of combustion to the iron, which
is high enough to make the metal
burn brightly with a shower of sparks
(fig. 5). This phenomenon lasts as
long as any unburnt oxygen remains,
or until all the iron is consumed. The
drops of the molten compound of iron
and oxygen which fall down are so
hot that they fuse into the bottom of
the glass vessel, and often cause its
destruction.

In the same manner as these sub-
stances, all bodies which burn in
atmospheric air burn also in oxygen,
and always with a much greater evo-
lution of light and heat than we are accustomed to see in common
air.

In all cases the products of the combustion are chemical com-
pounds of the burnt body with oxygen. With charcoal and sulphur
these products are not so perceptible as with iron, as they are
colourless, transparent gases. But their presence may be easily
made manifest to theeye. The gaseous product of the combustion
of charcoal, carbonic acid, possesses the property of making a clear
transparent aqueous solution of lime—lime-water—turbid, by the
production of a new chemical compound of carbonic acid and lime,
which is insoluble in water. If, therefore, we pour clear ime-water
into the jar in which the charcoal has burnt, and bring it into close
contact with the carbonic acid by shaking, the liquid becomes
milky and afterwards deposits a white precipitate.

~ The gaseous product (sulphurous acid) of the combustion of
sulphur may be recognized by its piercing acid odour, as well as
by the reddening of the blue aqueous solution of litmus when this is
poured into the jar in which the sulphur has burnt.

The product of the combustion of phosphorus—phosphoric
acid—is really a solid body—a snow-white powder ; 1t dissolves,
however, so easily in water that if the vessel in which the phos-
phorus was burnt contained a little moisture the compound at once
disappears. The presence of this body, or generally that the com-
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bustion of phosphorus produces a substance with strongly acid
properties, may also be shown by the strong red colour which is at
once imparted to blue litmus solution brought into contact with it,

It will be noticed that the chemical compounds produced by the
combustion of sulphur and phosphorus are acid bodies ; the same is
also true for that body produced by the combustion of charcoal.
At one time it was thought that all acids contained oxvgen, whence
its name, from afuvs, * acid,” and yervaew, * [ produce.” We now know

that this 1s incorrect.

The apparatus which served originally for measuring volumes
of rASES, and called, therefore, Fdsometers, are now |:|1|1|'i!n.1|i}' €111-
ployed for the collection and
preservation of rAsEeSs, We
have referred above to these
instruments, which are pro-
vided with simple arrange-
ments for allowing the cas
to stream out under pres-
sure of water as .1'1,:'_Lil'r-|_r,
and so make 1t possible for
the chemist to use the gas
at any. tume.

The construction of the
gasometer is sunple, and
may be easily understood
from the accompanymg
hgure (hg, 6, and from
fir. 3. It consists of two
vessels of copper (or zin

of which the lower one, B,

15 closed in all directions,

while the upper and smalls

one, A, 1s open at the top.
Both communicate with two
tubes, 4 and #, provided i

with stop-cocks, which, to-

eether with short thick rods ¢, ¢, serve to support the upper vessel.
The tube, &, does not go further than just through the base of A
and the top of B the tube @, on the other hand, extends nearly to

the bottom of the vessel B, and is open at the lower end. At the
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side is another tube with the stop-cock e, which allows the gas
contained in B to flow out when required.

The vessel B is first filled with water by pouring it into A, and
opening the cocks, a, 4, and e, The water flows in by the tube «,
reaching nearly to the bottom of B, and displaces the air, which
escapes by the tubes 4 and ¢, until the entire vessel is full. After
all the stop-cocks have again been closed, the lower, wider tube &
may be opened without water flowing out. The end of the tube,
from the apparatus evolving the gas, is then inserted at &, and as the
gas enters the vessel B it displaces the water which flows out by
the side of the tube from 4. 3

The extent to which the gasometer is filled with gas is shown
by the height of the column of water in the glass tube g, £, which
communicates with the interior of the vessel B, above and below,
and in which the water is always as high as in the interior of the
gasometer.

When the gasometer is filled as far as required, the tube is
withdrawn, the screw at & replaced, and the stop-cock a opened.
The gas enclosed in B is thus subjected to a pressure equal to the
column of water from the surface of the water in B to that in A.

If the stop-cocks and joints of the gascmeter are air-tight, the
gas may be preserved in it for a long time. When a regular stream
of gas is required, the tube ¢ is connected with the apparatus by a
piece of india-rubber tubing, and the stop-cock opened. If the gas
is to be collected in a cylinder over water, the cylinder is filled with
water, closed with a glass plate, and inverted in the water of the
vessel A. The glass plate is then removed, and the stop-cock &
opened, when the gas rises, the cock a being open, under the pres-
sure of the difference between the column of water in and over the
tube a and of that over the opening of # in the cylinder.

HYDROGEN.
Chemical Symbol : H.—Atomic Weight : 1.

Unlike oxygen, hydrogen does not occur in the free state in the

earth’s atmosphere, but recent physical investigations have shown
that it is contained in the atmosphere of some of the heavenly
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bodies, particularly in that of the sun. As a constituent of water,
hydrogen is very widely distributed and in very large quantities ;
it is also contained in nearly all organic compounds, either as water
or in some other form of combination. Hydrogen owes its name
to the fact that it is an essential constituent of water (vdwp, ¢ water,

and yerrdw, * 1 produce ).

Although hydrogen was prepared as early as the sixteenth cen-
tury by Paracelsus, it was Cavendish who in 1781 first recognized
it as an elementary body, and described its properties. Cavendish
may therefore be rightly considered as the real discoverer of this
element.

Hydrogen is a colourless =as without smell or taste, which can-
not be respired, and which is even less soluble in water than oxygen.
It was formerly included under the * permanent gases,” but has now
been condensed to a liquid ; the pressure and cold required being
even greater than in the case of oxygen.

One of the most striking physical properties of hydrogen is its
low specific gravity. Oxygen, as we have seen, 1s a little heavier
than atmospheric air; hydrogen is so very much lighter that one
volume of air weighs more than fourteen equal volumes of hydro-
gen. Its specific gravity is exactly 0’069z,  One litre of hydrogen
at 0° and under an air pressure of 760 mm. weighs 0'0895 gramme ;
while under similar conditions one litre of air weighs 1-2g3 gramme,
and one litre of oxygen 1'429 gramme. Air is therefore 1444
times as heavy as hydrogen, and oxygen 16 times as heavy,
This property of hydrogen makes it better adapted than any

other gas for filling balloons.

Water is principally employed for the preparation of hydrogen.
"The gas may be obtained, as we have previously seen (p. 6), by

' the decomposition of water into its two constituents by the electric
reurrent, and by collecting the gases in separate glass tubes, pre-
rviously filled with water, Or, we may employ some body acting
chemically, which, having a stronger affinity for oxygen than
thydrogen has, unites with the former to produce a non-volatile
chemical compound, and sets the latter free in the gaseous
‘state.

To those elements which unite a very strong affinity for oxygen
with a very weak attraction for hydrogen belong the metals potas-
ssium and sodium.  If a small piece of sodium is thrown upon
‘water, it swims on the surface with a hissing noise, evidently pro-
‘ducing an evolution of gas, The piece gradually becomes smaller

C
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until it completely vanishes. By this reaction the metal sets the’
hydrogen free from the water and unites with the oxygen; the
oxygen compound of sodium so produced is then dissolved in the
remaining water,

In order to collect the hydrogen evolved, and to recognize it
as such, a small glass tube, closed at one end, may be filled with
mercury and inverted in a trough containing the same substance.
A little water is then introduced into the tube, and a small globule
of sodium passed up. As soon as the sodium reaches the water
in the tube a lively evolution of gas commences, the globule be-
comes smaller, and in a few seconds disappears. The gas which
collects in the upper portion of the tube devresses the column of
mercury and takes its place. If the tube is now closed with
the thumb, re-inverted, and a burning chip brought near to the
open end, the gas, which rapidly streams out on account of its
lightness, catches fire and burns with a pale, scarcely luminous
flame.

This method of obtaining hydrogen is very simple and instruc-
tive, but is not well adapted for the preparation of large quan-
tities of the gas. We are acquainted with other metals that have
a strong affinity for oxygen, and which can also decompose water,
which, however, do not, like sodium, possess this property at the
ordinary temperature, but only acquire it at a higher temperature,
near a red-heat. To these belongs iron.

[f an iron tube—¢.g. an ordinary gas-tube—is filled with iron wire
wound together, and then heated to redness in a furnace so that
the ends project out for some distance, and if steam from boiling
water in a retort is passed in at one end of the tube, the water is
decomposed, its oxygen uniting with the iron to form a solid com-
pound which incrusts the metal, while its hydrogen is set free from
the other end of the tube. If a glass tube dipping under water is
previously connected with this end of the iron tube, large quanti-
ties of hydrogen can be collected in inverted glass cylinders placed
to receive it.

Iron acquires the property of decomposing water at the ordinary
temperature, when a strong acid—e.g. sulphuric acid—is added to the
water. Since, however, iron always contains carbon, and often
other substances mixed with it, the hydrogen so obtained from this
metal is always rendered impure from the admixture of other sub-
stances, particularly of gaseous hydro-carbons. It is therefore
better to employ metallic zinc, which is easier to obtain in a fairly
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pure state, and which, in this respect, behaves in just the same
manner as iron.

As a vessel for generating the gas, a Woulfi's bottle with two
necks may be employed, which contains the zinc in the granulated
state (fig. 7). In the one neck is a cork, fitting air-tight, which is
pierced to receive a funnel-tube, passing to the bottom of the flask,
and serving to pour in the acid. The other neck also contains a
cork, carrying a glass tube just passing through it, by which the
gas escapes and may be collected. For convenience in movement
this glass tube is best divided into two parts connected together by
an india-rubber tube. If now sulphuric acid strongly diluted with
water is poured in by the funnel-tube, and so brought into contact

T
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‘with the zinc, a copious evolution of hydrogen is at once produced
'with the development of heat. In the flask the salt ecalled white
wvitriol (zinc sulphate) remains behind dissolved in the water.

Before commencing to collect the gas in the jars or in a
il gasometer, a certain quantity, not too small, must be allowed to
tescape into the air, until there is no doubt that all the air which
was contained in the Woulf’s bottle has been driven out, 1If a
mixture of hydrogen and air i1s set on fire, the combustion would
probably be accompanied by a powerful explosion, and the vessel
sshattered.

In its chemical behaviour, hydrogen is particularly distinguished

i ¥
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from oxygen by the fact that it is combustible ; it takes fire when
ignited in contact with air, and burns with a scarcely luminous
flame, .
- The chemical properties of hydrogen generally are best seen in
its behaviour to oxygen, in connection with which we have to con-
sider four distinct questions :—

L Under what conditions does the chemical combinatién of
hydrogen and oxyvgen take place ?

ii. What is the product of this union ?

iii. With what phenomena is the chemical union of the two
substances accompanied ?

iv. What regularities do we observe in the process?

Oxygen and hydrogen gases, when mixed together in any pro-
portion, remain chemically unchanged under ordinary circum-
stances for any length of time. Direct sunlight does not act upon
tle mixture, as it does on the mixture of other gases. But if such
a mixture be raised to a certain temperature, for which the passage
of an electric spark or contact with a burning chip of wood suffices,
chemical union at once follows, in this case with an explosion. In
order that the hydrogen may unite with the oxygen, it must be
raised up to or above a certain temperature, called its femperature
of ignilion.

The product of the combination of hydrogen and oxygen is,
under all conditions, water. Of this we may easily convince our-
selves by a simple experiment.

Although it is dangerous to ignite a mixture of hydrogen and
oxygen, a burning body may be safely brought near a jet of
hydrogen gas issuing from a small opening—e.g. a glass tube—into
the air. The gas then catches fire and burns with a pale flame.
If a tube, bent upwards at its point, is connected with a hydrogen
apparatus or a gasometer containing hydrogen, the gas set on fire,
and the tube then dipped into a large glass flask containing dry
oxygen, the flame of the hydrogen becomes smaller—and is at the
same time tinged yellow—and the inner walls of the flask become
covered with drops of dew. The longer the hydrogen burns in
the oxygen the more does the flask become bedewed, and the
areater is the quantity of water produced.

The same phenomenon is perceived when the flask is simply
filled with atmospheric air, the oxygen of which then serves to
convert the hydrogen into water.




Hydrogen. 21

If in this experiment oxygen is led into the flask at the same
rate as it is consumed by the hydrogen, and if care is taken to
keep down the high temperature produced by the combustion by
cooling the outside of the flask, a considerable quantity of water
may in time be produced from its constituents.,

The chemical union of hydrogen and oxygen, whether con-
tinuous by burning the gas in air, or whether istantaneous by the
explosion of the two gases previously mixed, is accompanied by
a very large evolution of heat. In daily life the temperature of a
flame is often judged by the light which it emits, and it is cus-
tomary to consider the flame of a spirit-lamp less hot than that of
a candle. The chemist knows that this measure of the tempera-
ture of different lames is wrong, and that the scarcely luminous
flame of hydrogen burning in oxygen possesses one of the highest
temperatures which we can produce by the processes of com-
bustion. Platinum, which is so difficult to melt, and which re-
mains unchanged in the strongest heat of our ordinary furnaces,
may be easily fused in the oxy-hydrogen flame.

The explosive action produced by the ignition of a mixture of
hydrogen and oxygen in the proper proportions and the danger
attending these explosions make it necessary to be careful in
experimenting with such a mixture of the two gases, If a large
glass jar standing over water were filled two-thirds full with
hydrogen and the other third with oxygen, the mouth closed with
a glass plate, the jar inverted, and, at the moment when the plate
was taken off, a burning taper applied, not only would the mixture
burn with a loud explosion, but the glass eylinder would probably
be breken, :

It would be still more dangerous to ignite a gasometer full of
the mixed gases by opening the. upper stop-cock and applying a
flame. Since the invisible particles of hydrogen and oxygen are
most intimately mixed with one another, certainly much closer
than we can bring the particles of two solid substances by rubbing
them together, the ignition at one point of the gas would be imme-
diately transmitted through the entire mass, and a loud explosion
with the destruction of the vessel, would be the result.

In order to exhibit this phenomenon in a harmless manner, the
mixed gases must be enclosed in very thin membranes. A thin
calf’s bladder may be taken, but it is better and even less dan-
gerous to explode the mixed gases in soap bubbles. The bubble
nlled with the gases may be prepared in the following way.
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About two volumes of hydrogen and one of oxygen are mixed
in a glass bell-jar (¢, fig. 8), standing over water, which is provided
with a brass stop-cock. To this brass stop-cock is screwed on
another stop-cock, to which is fastered a bladder softened in warm
water and squeezed together to expel the air.
If now both taps are opened and the bell-
jar pressed down in the water, the mixed
gases are forced up into the bladder. As
soon as the bladder is filled the taps are
again closed and the bladder unscrewed.
On dipping then the end of a tube attached
to the brass stop-cock of the bladder under a
little soap and water in a saucer, opening
the cock, and pressing the bladder gently, a
large number of soap bubbles, filled with the
mixed gases, may be obtained on the saucer.
If then a burning taper is'brought into con-
tact with these soap bubbles, a violent ex-
plosion is produced, but without in the least
damaging the saucer. The bubbles may even be exploded in the
hollow of the hand without the least danger : no shock is expe-
rienced, but only a feeling of gentle warmth.

If a thin glass flask is filled with the explosive material, the
mouth closed with a cork, and well wrapped in towels so that the
mouth just projects, then on pointing the mouth towards a bare
wall, withdrawing the cork and applying a flame, a smart explosion
results, and the glass flask is burst into a thousand pieces, which
remain in the towels,

A similar, though much less powerful action, is produced by the
ignition of a mixture of two volumes of hydrogen and five volumes
of common air,

In all cases the explosion is caused by the high temperature
produced when a mixture of hydrogen and oxygen is burnt. The
water vapour which is produced, and which is momentarily heated
to redness, expands so largely and so suddenly that thin vessels
cannot stand the pressure and are therefore burst. Immediately
after this expansion follows the contraction and condensation of the
hot water vapour to liquid water by the cooling which it suffers on
coming into contact with the surrounding cold air. Dy this means
a partially vacuous space is formed, and the rushing together of the
surrounding air, together with the previous expansion, produces the
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movement in the air which is perceived by the ear as the sound of
the explosion.

[f such expansions and contractions follow one another alter-
nately, regularly, and quickly, they may set a column of air in
vibration, and produce musical notes. This may be easily shown
by lowering an open glass tube, of about a mectre long, vertically
over a flame of hydrogen gas, so that the flame continues to burn

e E—

fiz. g). The cold awr rises rapidly in the tube, mixes with the
hydrogen was, and causes it to burn more energetically,  And since
the red-hot water vapour which is cantinually produced is as con-
tinually cooled by the ascending air, small vacuous spaces arc
formed, and the whole column of air 15 set into vibration., A
musical note is therefore heard, the pitch of which depends partly
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on the width and length of the tube, and partly on the position of
the flame burning in it. In consequence of these vibrations the
flame itself is set into quivering motion, something like fig. 10,

Several practical applications are made of the high temperature
produced by the combustion of a mixture of hydrogen and oxygen.
Metals which do not
melt at the highest tem-
perature of our furnaces
—e¢.2. platinum—may be
easily fused by means of
the oxy-hydrogen blow-
pipe.  This blowpipe
(Ag. 11) i1s so arranged
that the hydrogen and
oxygen only mix at the
moment when, and at
the place where, they
issue from the blowpipe.
It consists of a copper
tube, whicli opens into
one of platinum, and into
which hydrogen is led by
the tap H. A second
narrower tube of copper
is placed inside the
larger one, and also ter-
minates in a platinum point. Oxygen is led into this tube by the
tap O, and it can be raised or lowered at will.

As crucible for the molten metal a block of quick-lime 1s used.
This block is sawn through and hollowed out as shown in the
figure. The lower piece B, which is provided with a spout D,
receives the metal to be melted ; the upper piece A is pierced at
the top to receive the end of the blowpipe.

The highest temperature is obtained when the taps O and H
are so placed that for one volume of oxygen two volumes of hydro-
oen are burnt, which may be easily seen from the nature of the
flame after a little practice. The molten platinum is poured from
the opening D. h

Iron, copper, and other metals may also be easily melted in
the same manner ; but the fusion of those metals which become

Fig. 11.
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| ‘oxidized in the presence of oxygen at a high temperature must be
 effected with an excess of hydrogen.
| Lead, which belongs to the most easily fusible of the heavy
metals, cannot be melted by a small flame, when in large plates,
cowing to its high conducting power for heat. In order to melt
| 1 together air-tight the immense sheets of lead of which the
chambers of the sulphuric acid works are constructed, the oxy-
| | hydrogen blowpipe is successfully employed. Only the high tem-
| | perature of this flame can suffice to melt tdgether the edges of two
| thick plates of lead.

The high temperature of a burning mixture of hydrogen and
roxygen is also used for the production of a brilliant light. The
imixed gases when ignited produce a hardly luminous flame ; but
tthis flame can make solid infusible substances brought into it so
i hot that they give out the most intense light.  Quicklime is par-
Iticularly adapted for this purpose ; it does not melt in the flame,
'but remains unchanged. The light which a piece of lime emits
'when it is brought into the oxy-hydrogen flame, with suitable
rarrangements, 1s so intense that it is used to illuminate large
:spaces at night, and is well adapted for signals—e.¢. lighthouses,
"This source of light, which is also used for magic-lanterns and
| other purposes, is called the /Zme-light, or sometimes the Drum-
| nond-fight, after Drummond, who first brought it into use.

The fourth of the questions previously asked (p. 20) remains
Irunanswered : \What recularities do we observe on the union of
thydrogen and oxygen to form water?

We have already learnt (p. 6) that on the electrolysis of water
with two platinum plates as electrodes exactly two volumes of
"hydrogen are set free for every one volume of oxygen.  This leads
‘to the conclusion that, on the syathesis of water, hydroven and
oxygen would unite in the same proportion. Experiment has, in
Hfact, proved that if one volume of oxygen unites chemically with
‘hydrogen, exactly two volumes of the latter gas are required, and
‘that when an excess of either of the gases is emploved, this excess
‘remains behind unchanged.  This regularity may be illustrated in
'the followingy manner.

An eudiometer of simple construction and sufficient for this ex-
‘periment (fig, 12), is prepared from a glass tube of 1} centimetre
nternal diameter and 30 centimetres length.  The upper end
is closed, and two stout platinum wires are melted into it, of which
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the ends are about 5 mm. from one another, and are connected
together by a thin platinum wire. In order to calibrate this tube
50 that a number of equal volumes of gas may be marked outside,
it is filled with water, inverted,
and the air from a small mea-
suring tube, about 5 mm. in
diameter and 6 cm. in length,
allowed to ascend intoit. The
cudiometer is next lowered in
the cylinder (fig. 12) until the
level of the water inside and
outside the tube is the same,
and then an india-rubber ring
is slipped along the tube to
mark the level of the water.
After repeating this six or
eight times, as many divisions
of the tube are obtained,
marked externally by the in-
cdia-rubber rings, which need
not be moved from their po-
sitions if the instrument is
: carefully handled.
Wi o By means of this eudio-
meter it may be easily shown
that when equal volumes of hydrogen and oxygen are introduced
into it and raised to their temperature of ignition, one half of the
oxygen remains behind unchanged, while the other half combines
with all the hydrogen to form water.

The small measuring tube is filled with oxygen from a small
flask containing the gas, which is closed with a cork and stands
over water, and the gas is passed up into the eudiometer. The
operation is repeated, and then two tubes full of hydrogen are
passed up (fig. 13). In order to be quite sure that the mixture
reaches to the fourth ring on the tube, the latter is transferred to
the cylinder and lowered until the level of the water is the same in-
side and outside the tube.

The eudiometer is now closed with the thumb, and transferred
to a small pan with water, for which an ordinary porcelain or glass
mortar may be used, and firmly pressed with the hand on a thick
piece of india-rubber at the bottom in order to prevent expulsion
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of the gas on the explosion of the mixture (fiz. 14). The ignition
1is brought about by connecting the two platinum wires at the end
'rﬂ
™
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of the eudiometer with the wires from a battery of four or 51
Bunsen’s cells.  The electric current then heats the thin platinum
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so strongly that it reaches the temperature of ignition of the mixed
gases.! The combination is shown by a pale flash of light and a
feeble, scarcely perceptible shaking of the tube.

That a condensation has taken place owing to the union of the
two gases to form liquid water, or, in other words, that a diminution
of the volume of the gases has been produced, only becomes visi-
ble when the eudiometer is slightly inclined and the india-rubber
plate removed. The water then rises in the eudiometer, and when
dipped in the cylinder reaches exactly to the first mark.

Of the four volumes of gases three have, therefore, apparently
disappeared. That the small remaining quantity of gas is oxygen
may be easily seen by closing the eudiometer with the thumb ; in-
verting and plunging a glowing chip quickly into the gas, the chip
at once catches fire.

If an alteration is made in the experiment by taking hydrogen
in excess—for example, by taking three volumes of hydrogen and
one volume of oxygen—of these four volumes one volume would
also remain behind after the explosion, and would now be hydrogen.
That the remaining gas is really hydrogen may be readily proved
by its inflammability.

As will be easily understood, such experiments do not give
exact nor even approximately exact results. The water over which
the measurements are made always contains air which mixes with
the other gases, and in apparatus constructed and managed in this
way the influence of temperature and of pressure cannot be suffi-
ciently taken into account. But the experiments suffice to show
all they are intended to—viz the proportion by volume in which
hydrogen and oxygen unite to form water.

A further question which must also be mentioned here is,
What space does the water gas occupy which is produced by the
union of two volumes of hydrogen with one volume of oxygen, and
in what proportion does the volume of the water gas stand to that
of its components? Since water under the ordinary pressure of
the air only becomes comvletely gaseous at 100° the volume of
the water gas must be measured at some temperature above 100°,
Experiment teaches us that the volume of water gas, measured at

I Instead of connecting the two wires in the eudiometer with a thin one of
platinum, we can leave the ends free without touching one another inside the
tube. If we then connect the wires from the battery with an instrument called
an induction coil and the wires from the coil with those of the eudiometer,
sparks pass between these wires when the connoctions are completed.—ED.
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1 temperature of about 150° which is produced from two volumes
of hydrogen and one volume of oxygen also at the same tempera-
cure does not occupy three volumes as we might expect, but only
‘two volumes. It follows, therefore, that when hydrogen and oxygen
wmnite to form water gas a condensation of the volume takes place
in the proportion of three to two.

Since we know the relative densities of hydrogen and oxygen,
in what proportion by volume they combine with one another, and
mwhat condensation is produced on combination, we can easily find
ithe relative density of water gas,

It has been proved that two volumes of hydrogen (weighing
12 x 0°'0692) combine with one volume of oxygen (weighing 1°1056)
tto form two volumes of water gas, whence—

2 vols. hydrogen weigh 2 x 00o6g2 . . w = 01304
1 ,, OXygen . . . . - ! . = I"1osh
2 ., water gas . " . ; ; : 1°2440
s I'2440 _
zand, therefore, one volume of water gas weighs - —=7_ = 0022,a

rmumber agreeing almost exactly with the experimental results of its
:specific gravity.

COMBUSTION.

We have seen that a number of bodies—sulphur, charcoal
I phosphorus, iron, hydrogen, &c,—when heated to their tempera-
rture of ignition, burn in oxygen, and that the products are always
ccompounds of the burnt bodies with oxygen,

It may be asked, Is oxygen the only gas in which combustible
‘substances can burn ? or Do other bodies also possess this property?
Experiment has long answered this question.

Amonyg other bodies which possess this property is the element
‘chlorine—a greenish-yellow gas—which, together with the metal
sodium, makes up common salt, and which may be easily obtained
'from this substance. If hydrogen is allowed to stream out of a
small opening in a glass tube, is ignited in the air, and then
plunged into a jar of chlorine, the gas goes on burning, and the
yellow colour of the chlorine gradually disappears. The flame of
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the hydrogen burning in chlorine is not yellowish as when it burns
in oxygen, but of a greyish colour, and the product is not water but
a gaseous compound of hydrogen and chlorine, possessing strongly
acid properties, and called hydrochloric acid.

This one experiment proves, and it might be confirmed by
hundreds of others, that other substances as well as oxygen can
support the combustion of burning bodies.

The process of combustion in oxygen, which is by far the com-
monest, is distinguished from combustion in other gases, and is
called oxidation. Sulphur, it is said, becomes ovxidized or suffers
oxidation when it burns in oxygen, or generally when it unites
chemically with this substance.

Combustion, and particularly that of wood, belongs to the phe-
nomena of nature which were earliest noticed by man. The
knowledge of this process is as old as the observation that the
heavenly bodies move—movements which were, however, recog-
nized and their investigation attempted thousands of years before
it was known that the earth moves round the sun. And the process
of combustion remained a secret to investigators even later. It was
a century and a half after Galileo’s words, ‘ e pur si muove,” before
this process was first correctly explained by Lavoisier. The neces-
sary prelude was the discovery of oxygen, which was closely
followed by Lavoisier’s theory of combustion.

The history of the theories of combustion teaches us, if anything
can, how mere philosophizing on natural phenomena, without an
experimental basis, is a vain and useless undertaking.

At the end of the seventeenth century, the celebrated German
chemist Stahl put an end to the obscure and contradictory ideas of
earlier centuries by his phlogiston theory. The known fact that wood
when burnt on the hearth gradually disappears, and that something
apparently leaves it with the flame, for only ashes remain behind,
led Stahl to the hypothesis that wood and all combustitle bodies
must contain a volatile substance, which on their combustion is
given off with the production of heat and often of light. This
substance he called phlogiston, and the process of combustion
dephlogistication.  Sulphur, phosphorus, or charcoal, when burnt,
were said to be dephlogisticated or deprived of their phlogiston,
and the solid product of the combustion of iron was dephlogisti-
cated iron.

When metallic iron was obtained by heating dephlogisticated
iron with charcoal, it was said that the dephlogisticated iron
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ecame phlogisticated, or provided with phlogiston. Iron would
wecordingly be a more complex substance than the product
sbtained on burning it.

| This hypothesis—the pllogiston theory—imparted such a
fiimple and satisfactory explanation to all the then known pheno-
fmena of combustion, that for more than half a century no one
iloubted its correctness. On the other hand, Stahl, as well as
fiome of his contemporaries, had made observations which strongly
contradicted the theory ; but no attention was then bestowed on
fthem, and their importance was overlooked.

It had been long observed by various chemists, and was not
Il liscovered hy Lavoisier, that many metals on dephlogistication—
e. on burning—increased in weight, notwithstanding that they
hwere supposed to lose phlogiston. That this loss of phlogiston
bhught not to produce an increase in weight, but a diminution, was
hwowever, considered of no importance.

Only after the discovery of oxygen by Priestley and by Scheele

Hid Lavoisier prove, by numerous new determinations, that bodies
o combustion simply combine with oxygen, and that the increase
in weight is the same as that of the oxygen consumed.
This result, now so famihar to us, may be easily proved by a
ksimple experiment. A small quantity of iron in the state of a fine
powder is placed in a bulb-tube, and then accurately weighed, A
sstream of oxygen is now allowed to pass through the bulb-tube,
band the iron is at the same time heated : suddenly the latter
'.be;_:in‘; to glow, and this heating effect is transmitted through the
entire mass in consequence of the union of the iron and oxygen.
{11f then the bulb-tube is again weighed, when perfectly cold, it will
I'’be found to have considerably increased in weight, The same
fmethod may also be employed in order to determine quantitatively
thow much oxygen is consumed by a known weight of iron.

It may be here remarked that although iron may increase in
{weight on combustion in oxygen, a piece of wood or a candle
I'clearly diminishes in volume and weight when burnt.  But in these
‘cases appearances are deceptive. Chemists have determined not
only that the substance of wax-candles increases in weight on
burning, but also that the products of combustion weizh more than
four times as much as the wax consumed. This is not ordinarily
perceived, as these products of combustion are volatile and
Ainvisible to the eve.

That even a candle increases in weight on Lurning, or that the
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products of combustion weigh more than the burnt wax, may

casily be made visible by the apparatus shown in fg. 15.

A glass cylinder (an ordinary Argand lamp cylinder), a, is placed
above a cork, pierced with several holes, upon which a piece of a
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ax-candle, about two inches long, is fastened. The candle is sur-
Irrounded with a small piece of tinfoil, which receives any molten
fawvax running down.
The upper end of the cylinder is connected with a bent wide
lzlass tube 4, by means of an india-rubber stopper, and made to fit
fair-tight. In order to protect the stopper from the heated air
frising from the flame, two perforated pieces of platinum foil are
folaced in the tube beneath it, care being taken that the perforations
}do not coincide with one another.
The vessels 4, ¢, &, e, which communicate with the cvlinder a,
sserve partly to retain the products of combustion of the wax, which
j consists of carbon, hydrogen, and a sn:all quantity of oxygen, and
ppartly to make these products visible to the eye. The tube 6 is
Fempty, and receives a large portion of the water produced ; the
small flask ¢ contains clear lime-water, which becomes milky when
k-arbonic acid passes through it owing to the production of calcium
fcarbonate : the tubes & and e are filled with pieces of caustic soda,
bvhich retain the remainder of the water and carbonic acid. A
tconstant stream of air, which serves both to make the candle burn
fand to pass the products of combustion through the vessels &, ¢, d,
I+ is maintained by the Bunsen's pump P, which is in communica-
tion with these vessels by the india-rubber tubing supported at g,
The various portions of the apparatus are fastened to the glass-
‘od 7 #, which is attached to one arm of an ordinary pair of scales,
and is then exactly balanced by weights placed in the pan attached
o the other arm. On opening the tap of the pump, no change
akes place in the equilibrium. The candle is now carefully with-
firawn, ignited, and again placed in the tube.
After a short time the inner surface of the tube 4 becomes
fcovered with moisture, and at the same time the lime-water in ¢
foecomes turbid.  And as the combustion proceeds, drops of water
collect in the tube &, and the arm of the balance to which the ap-
aratus is attached gradually sinks, until it rests on the foot of the
strument.

[f the process is continued long enough to entirely consume the
frandle, a considerable weight must be placed in the pan of the
foalance in order to again restore equilibrium, which is sufficient
sroof that the substance of the candle, the wax, when burnt to car-
sonic acid and water, increases in weight.

We are so accustomed to see the burning of wood, oil, sulphur,
1
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phosphorus, and other combustible bodies in the free atmosphere,
that we are inclined at first to imagine that the burning bodies
necessarily require a surrounding atmosphere rich in oxygen. This
idea is also erraneous. If we drop a piece of phosphorus into a
vessel of warm water, so that it melts, and then lead oxygen gas to
it under the water in a slow stream, the phosphorus burns under
the water, producing a considerable quantity of light and heat. The
product is the same as when phosphorus burns in free air—viz
phosphoric acid, -

For the conversion of phosphorus into phosphoric acid, the
presence of free gaseous oxygen is not even a necessary condition,
In nitric acid we are acquainted with a liquid chemical compound
of nitrogen, rich in oxygen, which can be easily decomposed. If
we heat a small piece of phosphorus in nitric acid, a portion of the
oxygen of the latter body combines with the phosphorus without
first assuming the gaseous state, and finally entirely oxidizes the
phosphorus to phosphoric acid.

Metallic tin—e.g. tinfoil—which, when heated in the air or in
oxygen, is converted inte a white substance (stannic oxide, or putty
powder), suffers the same change when acted on by nitric acid.

Charcoal may also be easily burnt by nitric acid to form car-
bonic acid. If a small piece of charcoal is made red-hot at one
end, and dipped inte a flask containing fuming nitric acid, so that
the glowing point just touches the liquid, energetic combustion
takes place, with a large evolution of light and heat.

In the same manner as free oxygen gas and the loosely united
oxygen of nitric acid can oxidize combustible bodies, solid sub-
stances which contain their oxygen or a portion of it loosely com-
bined may also be used for the same purpose. Powdered nitre—z.e.
potassium nitrate —when sprinkled ona glowing coal, causes the latter
to burn brilliantly to carbonic acid. Potassium chlorate acts in the
same manner, and not only tewards charcoal, but also towards
other combustible bedies. If a small quantity of dry, powdered
potassium chlorate is rubbed in a mortar with powdered sulphur
(only very small quantities must be used), the heat produced by
the rubbing is sufficient to cause a number of small explosions,
depending upon the oxidation of the sulphur by a portion of the
oxygen contained in the potassium chlorate ; explosive compounds
of chlorine containing less oxygen are also produced at the same
time.

Ordinary combustions in oxygen are usually accompanied with
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an evolution of light, and heat 1s always set free. In the case of
some combustions, however, no light appears, and these are usually
accompanied by less sensible heat. These processes of oxidation
may be called slow combustion, in contradistinction to those pro-
ducing light and sensible heat, called quick combustion. Phos-
phorus, which when heated in the air to its temperature of ignition
burns quickly and brilliantly to phosphoric acid, also becomes oxi-
dized at the ordinary temperature in the air, without any licht being
perceptible in the daytime. The product of oxidation in this case is
-an oxide containing less oxygen than phosphoric acid, and is called
phosphorous acid. A piece of phosphorus, which when heated in
the air undergoes quick oxidation and is converted into phosphoric
|.acid in a few minutes, requires as many months, or even longer,
' to be completely converted into phosphorous acid by slow com-
bustion,

| The continuous oxidation produced in the human body by
| inspired oxygen belongs to those processes of slow combustion
i '“hlth are unaccompanied by any evolution of light. The oxyzen
‘hrﬂu”hl into the lungs by 1r'=.p|rm:nn is taken up by the arterial
Iblood, and is so distributed to various parts of the body. It then
| oxidizes the various tissues of the body with which the blood comes
lin contact, as well as portions of the blood itself, being converted
{1into water and carbonic acid.  The latter substance is chiefly taken
{1up by the venous blood and discharged from the lunes in the
texpired air.  That the expired air is rich in carbonic acid may be
|teasily shown by blowing through lime-water with a picce of ;.,;]El:-i.ii
f. Ltuhln" : the clear liquid becomes milky, and deposits a white
I:sediment of calcium carbonate.

We know that when hydrogen is allowed to stream from a jet
into the air, and a burning body brought near, it eatches fire and

I'burns ; but we might in vain attempt to ignite oxyeen under the
ssame conditions.  Suppose, however

, the earth were surrounded
with an atmosphere of hydrogen, instead of with one of common
sair, and that its inhabitants required hydrogen cas just as we do
lroxygen, how would oxygen behave if a jet of it were heated in
'this atmosphere of hydrogen? Would it then also burn with a
flame in the same manner as hydrogen in oxygen ?

Ixperiment has answered this question in the affirmative. It
may be easily shown that oxygen burns in hydrogen, just as hydro-
igen in oxygen.  If oxygen is allowed to flow sln,nriy from a gas-

na
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ometer out of a glass tube bent upwards, and a large inverted jar of
hydrogen which has been previously ignited is placed over the jet,
it will be seen that the oxygen catches fire and burns in the atmo-
sphere of hydrogen with a pale flame, until all the latter gas is
consumed.

From this itis clear that the distinction between combustible
bodies and supporters of combustion is not strictly scientific, and
Is as inexact as when we speak of therising and setting of the sun.
We must consider the process of combustion in the wide meaning
of the word as the chemical union of heterogenous bodies, and in
the narrower meaning as an oxidation process, or the union of a
substance with oxygen.

The oxygen may be more or less easily again separated from
the oxidized bodies. It is only necessary to heat the red oxide of
mercury, oxide of silver, or the oxides of the other noble metals, in
order to drive out the oxygen and to obtain the metal again. If
we pass hydrogen over the product of combustion of copper (black
oxide of copper), and apply heat, the gas unites with the oxygen
to form water, and metallic copper remains behind as a red powder.
The powerful affinity which carbon has for oxygen at a red heat
makes it well adapted for abstracting the oxygen from the oxides
of those substances (e.¢. phosphorus and iron), which possess strong
affinities for oxygen. By means of glowing charcoal we can reduce
phosphoric acid to phosphorus, and oxide of iron—e.g. the iron-ores
employed in blast furnaces—to metallic 1ron.

By the processes of reduction we produce exactly the opposite
effect to those of combustion, or more correctly of oxidation
generally. We understand by reduction not only the production of
the elements from their oxygen compounds, but also their sepa-
ration from compounds with other substances. We reduce chloride
of silver by separating the silver in some suitable manner from
chlorine ; we reduce mercury from cinnabar (mercuric sulphide) by
the removal of the sulphur, &c.

Other reactions are also called processes of reduction, by which
compounds of oxygen, sulphur, chlorine, &c., are converted into
other compounds containing less of these last-nnmed+elemems,
We reduce the salts of ferric oxide to those of ferl'nu_s oxide, which
contain less oxygen, cupric chloride to cuprous chloride, containing
less chlorine, sulphuric acid to sulphurous acid. TR

In the same manner oxidation means not only the combination
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of a substance with oxygen, but also the addition of more oxygen,
sulphur, chlorine, &c., to compounds already containing these
elements. We auridize the salts of ferrous oxide to those of ferric
oxide, cuprous chloride to cupric chloride, sulphurous acid to sul-
phuric acid, &c,

THE LAWS OF CHEMICAL COMBINATION.

We have seen that the union of hydrogen and oxyzen to form
water always takes place according to a definite proportion. Ex-
actly two volumes of hydrogen always combine with exactly one
volume of oxygen. Now since we know the specific gravity of the
two gases, or that one volume of oxygen (sp. gr. = 1-106) weighs 16
times as much as one volume of hydrogen sp. gr. = 0:069), it follows
that the quantity of oxygen (one volume) which unites with two
volumes of hydrogen weighs § times as much as the hydrogen.
From this, the percentage composition of water by weight may be
easily calculated :

2 vols. hydrogen ; : ; . =2xouin=011]
1 , oOxygen ., . ; : . : . =106
1244

If, then, ris the weight of hydragen and y the weight of oxyzen
contained in 100 parts by weight of water, we get the following
simple proportions :

1344 ; or138 :1 10D 2 X,

1'244 : 17106 :: 100 ! y,
which give r=11"11 and y=8889, and hence 100 parts of water
contain :

Hydrogen . g . " . = 11°11 parts.
Osygen . . 5 ; . = 888g
Water : . . , . =100'00 -

This percentage composition of water, calculated from the pro-
portions by volume in which hydrogen and oxygen unite with one
another and from the specific gravities of the two gases. agrees
exactly with innumerable analyses and syntheses of water which
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have been made from time to time.! It has been further proved
that pure water, whatever may be its source, whether obtained
from ice, snow, or water vapour, or whether prepared artificially
from its constituents, has always the same composition.

A chemical compound containing oxygen and hydrogen, like
water, but in some other proportion, is not water., We are
acquainted with such a compound, called hydrogen peroxide, to
which we shall refer later on. This body contains only 5°g per cent.
of hydrogen, and g4°1 per cent. of oxygen.

The composition of all the more accurately ]-:nm-.-'n chemical
compounds has, like that of water, been carefully determined, and
we know not only of what elements they consist, but also in what
proportions they contain these elements.

From these results of analytical chemistry two laws of extreme
importance in discussing the regularities in the composition of
chemical compounds have been deduced :—

. On the chemical union of two substances their original weight
remains wnchanged.

. Every chemical compound contains the simple substances of
which it is composed in one, and only one, proportion by weight.

From this, however, it does not follow that two substances
which contain the same simple substances in the same proportions
are therefore identical. Numerous zsemeric compounds exist,
which, although they have the same elementary and percentage
composition, possess different properties, and are quite different
bodies.*

1 One of the simplest methods for determining the composition of water by
weight depends upon the fact that red-hot copper oxide is reduced in a stream
of hydrogen to metallic copper, while its oxygen unites with the hydrogen to
form water, If we collect this water by some compound which will absorb it
(e.g. calcium chloride) and weigh the tube containing this substance before and
after the experiment, we know the weight of water which has been formed.
And if we also weigh the copper oxide before and after the experiment we find
the weight of oxygen which has combined with the hydrogen to produce the
known weight of water. 1t is then always found that 1oo parts by weight of
water contain exactly 88'8g parts by weight of oxygen, the remaining 11°11
p1rt:. being hydrogen.--1iD

* |someric compounds, or those possessing the same percentage composi-
tion, may be divided into two classes—viz. those which have the same mole-
cular weight, but in which the atoms are differently arranged—e.g. propionic

acid {EDHEEIH' and methyl acetate {ESJOCH- called melumeric com-

pounds ; and those of which the molecular weight of the one is some multiple
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The knowledge of the composition of the thousands of chemical
compounds at present known to chemists would have been of little
service to us had we been compelled to rest satisfied with this
alone. But this knowledge serves as a foundation for determining
and establishing the laws in which the elements combine with one
another, and compounds with compounds.

The lines l.a, Il.a, I11.4, in the accompanying table give the
percentage composition of compounds of hydrogen, copper, lead,
and thallium with oxygen, sulphur, and chlorine .respectively.
The merest glance at these numbers shows that they are very
different fromn one another, and that no apparent regularity exists
between them. The only regularity which occurs in these three
lines is that copper unites with less oxygen, sulphur, or chlorine
than hydrogen, lead with still less, and thallium least of all. This
is made more manifest in the lines 1.4, I1.4, 111.4, in which are
stated the relative weights of hydrogen, copper, lead, and thal-
lium, which unite with 100 parts of oxygen, sulphur, and chlorine
respectively. But the numbers in line 1.4: 125, 396'25, 12937,
25500, which are in the proportion 1: 31°7 : 103'5: 204, have still
no simple relation to one another. If, however, we compare this
proportion with that in which the same four elements unite with
equal weights of sulphur (100 parts), we see from line I1.4 that this
proportion is the same, for, dividing 6-25, 19812, 646'8, 12753
by 6°25, we get as before 1: 31°7: 103'5: 204 ; and further, the
ratio in which the four elements unite with chlorine (lines I11.4,
111.¢) is also the same.

Here, then, we at once perceive definite regularities which may
be formulated in the following statement :—

The same proportional weights of hydrogen, copper, lead, and
thallium always unite with one definite weight of oxygen, sulphur,
or chlorine.

These elements do not, however, occupy any exceptional posi-
tion, and all that has been said for their combining proportions
holds also for all the others. We thus obtain the following general
law :—

The proportion in whick two bodies (A and 5) combine with a
third (C) is also the proportion in which they unite with all olher
bodies as well as with one another.

of that of the others —e.g. ethylene (CoH,) and propylene ( CsHy), called polymeric
compounds, Examples of these compounds are more common in organic than
in inorganic chemistry.—ED.
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Thus, from the accompanying table, we see that the weight of
trhlorine (35'5 parts) which unites chemically with 1 part of
mydrogen is the same as that which unites with 317 parts of
fropper, 103'5 parts of lead, or 204 parts of thallium. And, again,

lanite with 35'5 parts of chlorine combine also with 16 parts of
fulphur or with § parts of oxygen,

We have thus obtained the following numbers for these ele-
ents, which represent the relative weights in which they combine
vith one another and with other elements :—

Hydrogen . : : : . : 1'0
Oxygen . : : , ; : . 80
Sulphur . ; : ; . . S -
Chlorine . A , : , ; v 358
Copper . ; ; ; : : . 37
Lead , : : : : . . 1035
Thallium . : . . ; : . 2040

Again, suppose we wish to discover in what proportions
tthlorine and oxygen unite with one another, it is sufficient to
xnow the proportions in which they combine with a third body.
fWe sce from the preceding table that 103'5 parts of lead combine
fvith 8 parts of oxygen or 35'5 parts of chlorine. The proportion
i of oxygen to 35°5 of chlorine is therefore that in which these two
t:lements unite with one another. Hypochlorous anhydride con-
sains exactly 8 parts of oxygen united with 355 parts of chlorine,
In this manner the number representing the quantity of any
tother element which combines with 1 part of hydrogen, § parts of
xygen, 35°5 parts of chlorine, &c., may be easily obtained,

If we wish to find this number far the metal sodium, and know
hat the percentage composition of its compound with chlorine
common salt) is :

Sodium . : . i ; : 3932
Chlorine : ; ; ; ; ; 6068
100 00

rve need then only calculate the quantity of sodium which would
rombine with 35'5 parts of chlorine. This we find to be 23 from
he proportion : 6008 1 39°32::35'5 : #, and this number, therefore,
xpresses the weight of sodium which combines with 1 part of
wydrogen, 8 parts of oxygen, 16 of sulphur, &c.

The relative weights in which bodies combine with one another,
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and in which they displace one another from their compounds, are
called their equivalent weights: 317 parts of copper, or 103’5
parts of lead always combine with 8 parts of oxygen, 16 of
sulphur, or 355 of chlorine. If in a compound of 35'5 parts of
chlorine and 103'5 parts of lead, the lead were displaced by
some other substance—e.g. copper or hydrogen—the quantity
of this substance required would not be the same as the lead
displaced, but 317 parts of copper, or 1 part of hydrogen, would
be necessary. In these compounds 1 part of hydrogen has
the same effect as 31-7 parts of copper or 1035 parts of lead, and
these elements, therefore, displace one another in their compounds
not in equal but in equivalent weights.

In order to displace 35°'5 parts of chlorine from its compound
with 1 part of hydrogen or with 204 parts of thallium Dby iodine,
127 parts of the latter body are required. On the other hand, to
displace the 204 parts of thallium by hydrogen, only 1 part is
necessary. Finally, if in the compound called copper sulphide,
consisting of 16 parts of sulphur united with 317 parts of copper,
silver be substituted for copper, it is found that 16 parts of sulphur
unite with 108 parts of the former metal.

THE LAW OF MULTIPLE PROPORTIONS.

The number of chemical compounds would be very limited if
the elements could only combine with one another in one single
proportion. Experiment has, however, shown that most of the
elements can unite with other elements in more than one propor-
tion, many even in five different proportions, thus producing com-
pounds which are usually very different from one another.

In such cases, however, the relative quantities of the two ele-
ments combining together are always some multiple of their
equivalent weight by small whole numbers. As an example of
this may be instanced the five compounds of nitrogen and oxygen,
nitrous oxide, nitric oxide, nitrous anhydride, nitric peroxide, and
nitric anhydride.

These compounds contain their constituents in the following
proportions by weight.
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Nitrogen, Oxygen, Parts
parts parts
Nitrous oxide . ) . 14 8
Nitric oxide : ; . 14 16 =8 x2
Nitrous anhydride . . 14 23 =8 %3
Nitric peroxide . . . I4 32 =8 x4
Nitric anhydride : . 14 40 =B =

rom which it is at once seen that the quantities of oxygen united
th one equivalent of nitrogen (14 parts) are multiples of its
wivalent weight by the simple integers1:2:3:4:5.

In the same manner one and the same guantity of iron unites
th two different quantities of chlorine which are to one another
ithe proportion 2 : 3.

These and innumerable other results form the experimental
ssis of the Law of Muliiple Proportions, which may be expressed
tfollows : —

The elements wunite either in thelr cquivalent weights or in
mple multiples of their equivalent soerghis.

The law likewise holds for compounds as well as elements;
gen the former combine to form more complex compounds they

so either in their equivalents or in simple multiples of their
wivalents, The statement of this law is due to Dalton : it is
Hy about seventy yvears old. Dalton first published his theory in
ttail in the year 1808, at a time when exact chemical investigation
s largely carried on in England, France, and Sweden, but when
2 leading chemists in Germany, following an erroneous path in
tural philosophy without any real foundation of fact, long
ssted their powers in worthless speculation.

The theories of Dalton and his conclusions derived from the
v of multiple proportions were, however, more permanent and
itful.

THE LAW OF VOLUMES.!

Not only is there a simple relation between the fweights in
L ich the elements combine together chemically, but for elements
ithe gaseous state there is also a simple relation between the

s

! The Editor is responsible for this statement of Gay-Lussac's law,
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wolumes of the constituents and of the compound, if gaseous, which
1s produced.

[t will be remembered that when hydrogen gas and oxygen gas
unite with one another chemically, they always do so in the pro-
portion of two volumes of the former to one volume of the latter,
and the volume of the water vapour produced (above 100°) is
always two volumes. Further, one volume of hydrogen gas always
unites with exactly one volume of chlorine gas, producing exactly
two volumes of the gaseous compound called hydrochloric acid.

These may serve as examples of a general important law—the
law of volumes—which may be formulated as follows :—

The wolumes of two gases uniting chemically with one another
are always in some simple proportion, and the volume of the
compound produced, when gaseous, is also always in some simple
proportion to those of ifs constituents. This law also helds for
compound as well as for elementary gases. We owe its discovery

to the celebrated French chemist Gay-Lussac, after whom it is
often called.

THE ATOMIC THEORY AND CHEMICAL VALENCY
OR ATOMICITY.

The stability with which two elements remain combined after
their chemical union, the impossibility to again recognize in water,
for example, any property of either of its components, and again to
break up water by any mechanical means into hydrogen and
oxygen, led to the idea that on the chemical combination of two
bodies a penetration of matter and a similar coalescence occurred
as that when a mixture of copper and zinc are melted together to
form brass. In such alloys neither of the constituents can be dis-
tinguished or separated by mechanical means. It is impossible,
even with the most powerful microscope, to perceive the copper
and zinc in brass, or the gold in gold amalgam. Still, these alloys
are not generally considered as chemical compounds, because the
metals of which they are composed generally unite in almost any
proportion, while the combination of bodies to form real chemical
compounds always takes place in certain definite proportions.

If we melt together copper and zinc in those proportions b
weight in which they both unite with oxygen, sulphur, chlorine, &c

S g, Tl e i vy SRR e Vg e - e g B v ettt i s ot it i il




The Atomic Theory. 45

i1.e. in their equivalent weights, an alloy is produced which might
: considered as a chemical compound ; but such an alloy is also
roduced when we employ a little more or a little less copper or
e than exactly corresponds to their equivalent weichts. In no
:se does either copper or zinc remain behind unchanged, so that
2 can separate it from the compound,

But it is otherwise with real chemical compounds. As the
eetals may be fused together in any proportion, so may hydrogen
id oxygen be intimately mixed in all proportions. But if we
ansform this mechanical mixture of the two gases into their
memical compound—viz. water, we know that the smallest
aantity of hydrogen or oxygen present in the mixture above the
quivalent proportion remains behind uncombined and unchanged,

If the chemical union of two substances depended upon an
ttimate coalescence and penetration of the two bodies, it would
2 difficult to understand why combination only occurs in certain
2finite proportions by weight, and it would be imcomprehensible
aat, when it does occur in different proportions, this only happens
er saltum, in simple multiple proportions,

Dalton’s alomic theory affords a simple and satisfactory ex-
sanation of these results,

We believe, as Dalton did, that the substances which compose
nemical compounds are not capable of indefinite division, but
nat they consist of particles, which cannot be further divided,
tther by physical or by chemical means. These particles are
nerefore called aoms.  We imagine that chemical combination is
roduced by the attraction and juxtaposition of the atoms. The
wore firmly the atoms are united together, the stronger must he
ne force by which the combination is produced and maintained.
|"his chemical force of attraction is quite different from any other
thysical force. It differs, for example, from the force of aravity,
hich acts through great distances, by which the
1 the sun, and a falling stone 1o the earth i 1t differs also from the
wrces of cohesion and adhesion. Chemiecal attraction never acts
't a distance, like gravity, but requires immediate contact of the
ivo bodies, just as the passage of an electric current requires the
arect contact of the conducting bodies, Chemical attraction, as
ce¢ have scen (p. 5), differs also from cohesion, by
raterial change in the bodies upon which it acts,

The chemical force which resides in the atoms, called chemiical
(ffirely or atiraction, is evidently related to the force of electricity.

earth is attracted

producing a
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Many chemical processes are produced by electricity —combina-
tions as well as decompositions. In the electrolysis of water, the
hydrogen atoms are set free at the negative pole, and the oxygen
atoms at the positive pole. And since bodies charged with oppo-
site kinds of electricity attract one another, the conclusion might
be drawn that the hydrogen which passes to the negative pole is
charged with positive electricity and the oxygen with negative.

In the same manner, on the electrolysis of metallic salts, the
metals are liberated at the negative pole, and the acids or haloid
constituents at the positive pole.

From these and other similar results, it was thought that the
atoms were charged in different degrees with positive or negative
electricity, and that the combination of two heterogeneous atoms
was caused by the attraction of the different electricities: this
was the fundamental idea in the electro-chemical theory.

But this theory leaves so many phenomena unexplained, and
even contradicts many chemical reactions, that we do not at pre-
sent employ it, although the existence of near relations between
chemical and electrical forces cannot be denied. The fact which
particularly contradicts the theory is, that the atoms of one and
the same element, which were supposed by the theory to be
charged with the same kind of electricity, attract one another and
one generally form very stable compounds.

We content ourselves with the hypothesis that a force produc-
ing chemical phenomena resides in the elementary atoms, and:
that the atoms of the elements, according to their nature, offer
one or more points of attraction to other atoms.

When the atoms of heterogeneous elements attract one another
by the forces present in them, and form a chemical compound, the
number of the atoms of the one element which can be attracted
by one atom of the other element is always limited, and, as we may
imagine, depends upon the number of points of attraction which
the atoms possess. This number is different with difierent elements.:

We know that when hydrogen and chlorine unite with one
another chemically they always do so in one definite proportion.:
From this and other results we conclude that the atom of hydrogen®
only offers one point of attraction to that of chlorine and to those
of other elements.

The result that when hydrogen unites with oxygen to form
water twice as much of the former gas is required as when it
unites with chlorine leads to the conclusion that the atom of oxygen
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nssesses fivo points of attraction with which it secures the two
wtoms of hydrogen.

When carbon unites with hydrogen to form marsh gas and with
wygen to form carbonic acid, the carbon atom does not fix the same
wmber of atoms of the two substances, The atom of carbon, as
roved from the composition of innumerable cormpounds, possesses
oy points of attraction for the atoms of other elements, and
nerefore requires four atoms of hydrogen for saturation and only
wvo of oxyzen, which offer, not one, but two points of attraction to
tther atoms.

Two atoms of oxyzen thus play the same part, in combination
rith one atom of carbon and with all other elements, as four
itoms of hydrogen: or, what is the same thing, one atom of
wygen has the same value or valeney as two atoms of hydrogen.

Those elements of which the atoms, like those of hydrogen,
mly possess one point of attraction are called wonads (mono-
aalent or monatomic), those with two puints of attraction @yads
Hivalent or diatomic), those with three #riads trivalent or tri-
ttomic), those with four fefrads (tetravalent or tetratomic), &c.
w0 elementary atom appears to possess more than seven or eight
coints of attraction, and, as we have remarked, the number of
ttoms of an element which can be fixed by one elementary atom
s, therefore, limited.

Although there are some organic compounds which contain

everal dozen atoms united with one another, we know how to
2solve these apparently complicated proportions into others more
imple, resembling the inorganic compounds.
The power of the elements to fix a certain number of the atoms
if other elements is called their afemicity or valency, and we say
nat the atomicity of hvdrogen is one, that of {‘J.‘«Lj':;'[‘l'; tzon, and that
if carbon o0 or 1.-"';””"- P:\'E?T'}' clement possesses a definite
rreatest atomicity, or, in other words, a certain maximum number
tf points of attraction of its atom for other atoms.  But the atoms
Hf those eiements possessing higher atomicity do not always exert
taeir full power.  Sulphur, of which the maximum atomicity is six,
md which occurs as a hexad element in sulphuric acid, plays the
sart of a tetrad in sulphurous acid, and of a dvad in sulphuretted
vdroven.

We imagine that when all the points of attraction of an atom
rre not active they are in a state of rest, or that they are laten:,
‘ntil aroused by some new chemical action. Two of the points of
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attraction of nitrogen, the atom of which is pentad in ammonium
chloride, are latent in ammonia, in which this element plays the
part of a triad. The addition of hydrochloric acid, or indeed of
any acid, to the ammonia suffices to awaken these two latent
points of attraction and to convert the compound of triad nitrogen
into one of the pentad element.

In other cases the action of heat or light is also necessary to
make the latent points of attraction active. The four points of
attraction of the atom of carbon, of which in the compound with
oxygen called carbonic oxide only two are saturated, obtain their full
value by combination with oxygen to form carbonic acid at a high
temperature, or by combination with chlorine, producing phosgene
gas under the influence of direct sunlight.

We say that sulphur plays the part of a dyad element, or, more
briefly, that it is a dyad in sulphuretted hydrogen, that it is a
tetrad in sulphurous acid, and a hexad in sulphuric acid ; and we
speak of dyad carbon in carbonic oxide, of triad nitrogen in
ammonia without touching the question of what may be the
highest atomicity of these elements. 'We simply pay regard to the
results of experiment, according to which the elements unite with
one another in certain multiple proportions,

The chemical compounds which are produced by the union of
the atoms are mechanically indivisible, but can be decomposed
into their constituents by chemical forces. The smallest quan-
tity of a chemical compound which can exist in the free state is
called a molecule. By a molecule of water we mean the compound
of two atoms of hydrogen with one atom of oxygen ; by a molecule
of carbonic acid, the compound of one atom of carbon with two
atoms of oxygen.

The molecules of water, carbonic acid, iron sulphide, &c., are
just as little perceptible or visible as the atoms, What we call
water is an agglomeration of water molecules, and in the same
manner the gaseous or solid carbonic acid collected in a vessel
consists of a large number of carbonic acid molecules.

The question may here be asked, Are the elements as we know
them—e.g. ordinary hydrogen gas or solid sulphur—agglomerates OF.
their respective atoms? Not long ago this was thought so; we
now know that the atoms of the elements can combine not only
with the atoms of ather elements, but also with themselves.

When atoms of hydrogen are set free from a chemical com-
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pound, and when no other substance is presented to them for
nich they possess a stronger affinity, they unite with one another
|1 form molecules of hydrogen. By the chemical union of two
oms of hydrogen a molecule is produced, and in the same manner
rmolecule of oxygzen consists of two atoms of this element, a
dlecule of nitrogen of two atoms, &c.! In the molecules pro-
cced by the union of the atoms of the same element, the homo-
meous atoms are not bound together with less, but often indeed
tth greater, affinity than in the compounds of heterogeneous
ements,  For example, the molecule of nitrogen 1s a much more
ible compound of the two atoms of the element than the com-
sunds of nitrogen with oxygen, or with hydrogen or chlorine,
Molecules of the same substance never exercise chemical ac-
rn upon one another. Chemical combination or decomposition
ways occurs between the constituents of the molecules of dif-
ent bodies. Two molecules of hydrogen act upon one another
little as do two molecules of chlorine, but if hydrogen and
ilorine are mixed, and exposed to the action of light or heat, a
composition of the molecules of both elements ensues, with the
mtual exchange of the atoms of each. Two molecules of hydro-
loric acid are produced from one molecule of hydrogen and one
cchlorine, And although in this case, as in all others, it appears
'be the molecules which act upon one another, it is in reality the
nms which unite with one another, and which are separated from

alecular combination at the moment when the reaction com-
ENCes.

We know from experiment that the elements at the moment of
2ir liberation from a compound act more energetically upon sub-
wces with which they come in contact than in their ordinary
olecular) condition. Hydrogen and sulphurous acid in the div
ite or in the presence of water have no action at all upon one

! Different molecules may exist of those elements which have a higher
smicity. It is possible that, besides the molecule of nitrogen. which perhaps
asists of the two atoms of triad nitrogen united by their three points of
saction, a second kind of nitrogen molecule may exist in which the two
ms are united together by five points of attraction.  Up 1o the present we
¥ know one kind of nitrogen ; but phosphorus, sulphur, charcoal, and other
ments exist in different forms or modifications. It is possible that the
mary phosphorus, which is so easily ignited, owes its difference from the red
orphous phosphorus, a body endued with much less chemical affinity, to
ne such cause,

l
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another, but if we add sulphurous acid to a mixture of zinc and
sulphuric acid, which evolves hydrogen, the hydrogen at the
moment when it is set free (in the mascent state) exercises a
chemical action upon the sulphurous acid : it separates the mole-
cules of this compound, uniting with the sulphur to form sulphu
retted hydrogen, and with the oxygen to form water.

We explain this and all similar phenomena by the hypothesis
that in the nascent state the atoms, not the molecules, exert the
chemical action, and that the atoms, with their entire force, natu-
rally produce chemical changes which the elements in their mole-
cular state—after the elementary atoms have united together—
cannot effect.

AVOGADRO’S LAW.!

We have here to refer to a very remarkable law concerning the
number of molecules contained in different gaseous substances.
This law, which is proved from the physical properties of gases
may be thus stated :—

Equal volumes of all gases, both elementary and compound, whe
under the same physical conditions—i.e. at the same temperature andy
under the same pressure—contain an equal number of molecules.

It follows from this that molecular weights of all gases must@
occupy equal volumes when under the same conditions, or, i@
other words, that their molecular weights must be in the same pro
portion as their densities. If, then, we know the density of a gas§
or vapour, whether simple or compound, we can at once find its¥l
molecular weight, and conversely, if we know its molecular weightll
its density may be easily calculated.

The molecular weight of hydrogen, which consists of two atomssi
and has therefore the relative weight 2, is taken as the norma
volume, and is said to occupy two volumes. The molecular weigh
of every other gaseous substance will therefore also occupy tWag
volumes under the same physical conditions, and to this law therel
are very few exceptions. The molecular weight of oxygenis 16 x 2
and this gas should therefore be 16 times as heavy as hydrogeng
which agrees with experiment (sp. gr. of hydrogen = 00692 ; sp. St
of oxygen = 1'1056 = 16 x 0'06gz2). Similarly, the molecular weightl

I Introduced by the Editor.
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ff water, consisting of two atoms of hydrogen and one of oxygen,

2 x 1 +16=18, whence water gas should be L. =g times as heavy

-

;5 hydrogen ; and, finally, the molecular weight of hydrochloric
~id, consisting of one atom of hydrogen and one of chlorine, is
-rf-_.-s
J

#+ 35'5=136"5, the gas should therefore be = 1825 times as

-3

2avy as hydrogen. These and innumerable other results also
rree closely with experimental determinations,

Further, the weight of a litre of hydrogen being known
108935 gramme at 0” and 760 mm.), we can easily find the weight
" a litre of any other gas at the normal temperature and pressure,
ovided we are acquainted with its molecular weight. Thus
ae weight of a litre of oxygen under normal conditions is

32 18
0895 x =— = 1432 gramme ; of water-gas, 00895 x — =0'806

5

= 5 ﬂ'ﬁ-fp
camme ; of hydrochloric acid gas, 00895 x 22 = 1'633 gramme.
]

The densities of gases and vapours are usually compared with
:at of air as a standard—Z.e. the density of air is taken as unity.
1 order to find from these densities the various molecular weights
e must multiply by 14°44, which is the relative density of air com-

i I . e
ared with hydrogen (:}‘Gﬁg}:’:)* and again by 2, because this is the

oolecular weight of hydrogen. In other words, we multiply by
188, The density of water gas, for example, is 0'622, and its
olecular weight o622 x 28-88 = 17-96, or very nearly the same as
i theoretical molecular weight (18)."

CHEMICAL AFFINITY AND UPON WHAT IT
DEPENDS,

I he chemical force of attraction (affinity) which resides in the
ams of the elements is of different strength. For example, the
inity of potassium for chlorine is so much greater than it is for
dine, that if chlorine is led into a solution of potassium iodide

1 For a more detailed account of Avogadro's law, the student is referred 1o
: ﬂilljcﬂliix.—l;ll.

- —
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the chlorine unites with the potassium, and all the iodine is set
free. In the same manner, the affinity of iron for chlorine is so
much greater than that of copper, that if a bright rod of iron is
placed in a solution of copper chloride, it becomes at once covered
with a coating of metallic copper, and at last all the copper is
separated out from the compound in the metallic form, while an
equivalent quantity of iron unites with the chlorine which was pre-
viously combined with the copper.

But, it may be asked, Aow much greater is the affinity of’
potassium for chlorine than for iodine, or of chlorine for iron than
for copper? And it might be thought that the experimental answers
to such questions ought not to be more difficult than the measure-
ment of the force of gravity, the strength of an electric current, and
other physical forces. But chemistry is in this respect far behind
physics, and net only because chemistry is a younger science, but
also because chemical affinity is largely influenced by a number of
important conditions which often occur together—by temperature,
licht, electricity, state of aggregation, quantity, &c., and which
often cause a powerful affinity to be weakened, and a weak affinity 8|
to be strengthened. Some examples of this may serveto show how
difficult it is to determine the force of these oft-changing chemica
affinities.

Influence of Temperature on Chemical Affinity,

At the ordinary temperature, mercury and oxygen «do not®
possess sufficient affinity to combine with one another, ner is their
affinity strong enough to produce this change at the boiling-peint
«of water ; but at a temperature of about 300° they unite chemically
with one another, and form red oxide of mercury. This compound®
is, however, again decomposed into its constituents at a slightly
higher temperature (under 400°). At 400° mercury and oxygen haves
as little affinity for one another as at the ordinary temperatures
The metal potassium, when moderately heated in a stream of cars§
bonic acid gas, abstracts the oxygen from this compound to fo
an oxide, and then a carbonate, charcoal being separated. But
potassium carbonate is heated with charcoal up to bright redness
the affinity of the charcoal for the oxygen becomes greater th_
that of the metal for the same.element, and the potassium is agaii§
set free. Charcoal, which at the ordinary temperature has a ver}
weak affinity for exygen, obtains the most powerful affinity for th
element at a red heat.
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i

Influence of Light on Chemical Afinity.

I A mixture of about equal volumes of hydrogen and chlorine,
fren quite excluded from the light, remains unchanged, and from
l:is we conclude that the atoms of these elements in their molecules
§+ not possess sufficient affinity to combine with one another. DBut
ithe mixture is exposed to light, the combination of the two gases,
jroducing hydrochloric acid, goes on the more quickly the more
cense the light. It is, further, principally the violet rays of light
rich produce this chemical change ; and these rays are thercfore
led the chemically active (actinic) rays. 1f the mixture contains
rre hydrogen and pure chlorine in exactly equal volumes, diffused
Iylight produces instantaneous combination. Light is thus able
rawaken the affinity of hydrogen and chlorine for one another,
n.ﬂ so to cause them to combine. On the other hand, stable com-
mnds—e.g. those of silver with chlorine or bromine—are some-
nes decomposed by light.  We thus see that light also can cause
ith chemical combination and decomposition,

'R

{'nflucnce of the State of Aggregation and of Quantity (Mass)
on Chemical Affinity.

Potash has a stronger affinity for sulphuric acid than lime. and
iphuric acid has a stronger affinity for bases than acetic acid ;
t notwithstanding this, if we mix a solution of potassium sulphate
th one of calcium acetate, calcium sulphate separates out and
ftassium acetate remains in solution.  Inthis case it is the insolu-
ity of calcium sulphate (which is nearly insoluble in water: that
pases the stronger acid (sulphuric acid) to separate itself from the
fronger base—potash—and to unite with the lime.

In the same manner, the quantities or masses of different bodies
ting upon one anotheralsoinfluence chemical changes, Sulphuric
fid has a much stronger aifinity for metallic oxides than hydro-
[loric acid, still the latter can partially displace the former in
lutions of the sulphates, and the more completely the more it is
texcess, If, for example, strong hyvdrochloric acid in considerable
l-antity is added to the blue aqueous solution of copper sulphate,
fee sulphuric acid is obtained with copper chloride, the latter
ling easily recognized by the green colour which the blue solution
adually acquires.

These examgples suffice to show that the force of chemica




54 Text-Book of Inorganic Chemistry.

affinity residing in the atoms of the element is difficult to measure,
since it is influenced and changed in very various ways by other
secondary forces and conditions. Before we are in a position to
measure accurately the strength of these secondary forces, even
when several act together, we shall not be in a position to predict
accurately and tg calculate mathematically what would be the re-
sult when substances, acting chemically upon one another, are
brought into contact under different conditions ; although this is
always the ultimate goal of all chemical investigation.

But as long as we remain far distant from this end, as at present,
chemistry is a science in which mathematical calculations can be
little used.'

CHEMICAL NOMENCLATURE.

The impossibility of inventing empirical names for many
thousand chemical compounds has been long admitted, and at
an early date it was proposed to form the names so that everyone
might easily understand the nature of any particular compound,
and to what class it belonged, by the name given to it.

But besides these rational designations, other empirical names,
which come to us with the authority of age, and which also possess
the merit of being shorter, are still employed, especially by those
unacquainted with the principles of chemistry. The chemist
occasionally makes use of the names : soda, potash, Glauber’s salts,
lunar caustic, &c., although in inorganic chemistry such names are
but little employed. In organic chemistry, on the other hand,
where we have to refer to whole classes of bodies, of whose chemical
composition we know but little, as sugar, starch, the glucosides,
&c., we must content ourselves for the present with the empirical
names,

I Other things being equal, the strength of the affinity which causes two
substances to unite with one another is proportional to the quantity of heat
set free on their combination. The quantity of heat evolved when a molecule
of any compound is produced under the same physical conditions is always the
same, and if certain changes are possible among a system of bodies, that
change will take place which produces the greatest amount of heat. Thus, if
two elements, A and B, are mixed with a third, C, with which each can unite
directly, combination will take place between those two which liberate the
greater qnantity of heat on their union,—ED,
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The compounds produced by the union of the elements, and of
these compounds again combined together, mostly belong to three
classes—bases, acids, and salts. The compounds of oxygen with the
other elements, the most numerous of all, are called oxides ; in the
same manner, those of sulphur are su/phides, those of chlorine are
chlorides, of bromine bdromides, &c.

The oxides may be divided into two great classes—basic oxides
and acitd oxides ; those not belonging to either of these classes are
mostly indifferent compounds.

Those oxides which have a basic character—z.e. which combine
with acids to form salts—may be called the oxides proper, and
their name is built up from the name of the element with which
the oxygen is combined. Thus we say potassium oxide, zinc
oxide, &c.

In some cases we are acquainted with Zwe basic oxides of an
element. We know, for example, two basic oxides of copper, iron,
mercury, and other metals. In order to clearly distinguish these
from one another, the termination of the metal is changed : the
termination -Z¢isadded to the metal to indicate the compound con-
taining the greater quantity of oxygen, and the termination -ows to
indicate the compound containing the smaller quantity of oxygen.
Thus we say mercuric oxide and mercurous oxide. In cases where
these terminations when added to the name of the metal would be
harsh, the Latin name of the metal is employed : we say, for
example, ferric oxide and ferrous oxide for the two oxides of iron,
cupric oxide and cuprous oxide for those of copper, &c.

Those basic oxides, as ferric oxide, chromic oxide, which contain
the atoms of the metal, and oxygen in the proportion of two to three,
are often called sesqui-oxides, or one-and-a-half oxides.

Oxides of the metals, which possess neither acid nor basic
character, and which contain mere oxygen than the basic oxide,
are called perovides. We are acquainted, for example, with man-
ganese peroxide, lead peroxide, &c. They give up the excess
of oxyvgen which they contain when heated with strong acids,

Suboxides, of which the number is very small, are those indif-
ferent oxides of the metals which contain less oxygen than the
basic oxides, On treatment with acids they yield the metal and
the basic oxide, which is richer in oxygen. Such an oxide is lead
suboxide,

The oxygen compounds which are said to have an acid charac-
ter, and are sometimes called acids, are those which unite with



56 Text-Book of Inorganic Chemistry.

bases to form the ordinary or oxygen salts. They form with water
the true oxy-acids, and are called an/ydrides. The names are built
up in the same way as those of the oxides, except that the termi-
nation -z¢ is always added if there be only one compound of the
element with oxygen. Thus, the single oxide of carbon of an acid
character is called carbonic anhydride.

We further distinguish between those anhydrides of the same
element which contain different quantities of oxygen by the same
terminations as are used for the oxides (-i¢ and -ous) ; for example,
the two anhydrides of sulphur are sulphuric anhydride and sul-
phurous anhydride ; of nitrogen, nitric anhydride and nitrous
anhydride.

Some elements—e.g. chlorine—are capable of forming a larger
number of oxides with acid characteristics. These are distinguished
by the prefixes ger- and Aypo-. The oxide which contains more
oxygen than chloric anhydride is called perchloric anhydride, that
which contains less than chlorous anhydride 1s called hypochlorous
anhydride.

The oxy-salts are named from the bases and acids of which
they consist, Salts formed from acids with the termination -7
have the termination -afe, while those from acids with the termina-
tion -o#s end in -¢fe. For example, potassium sulphate is the com-
pound of potassium oxide and sulphuric acid ; cupric nitrate, of
cupric oxide and nitric acid ; mercurous nitrite, of mercurous oxide
and nitrous acid.

The name hydrate includes two classes of bodies: the acid
hydrates (the oxy- or sulpho-acids) and the basic hydrates (the
hydrates proper). The acid kydrates, or as they are better called
acids, and which are produced by the union of the anhydrides
with water, usually contain in their molecule the same number of
hydrogen atoms as the normal salt of a monad metal contains of a
metal.! The names of the acids are derived from those of the
corresponding anhydrides ; thus, from sulphuric anhydride we get
sulphuric acid, from phosphoric anhydride, phosphoric acid, &c

Basic hydrates are the oxides of the metals in which a portion
of the metal is displaced by hydrogen—e.g. potassium hydrate,
cupric hydrate. They are often produced by the union of the

I An acid is therefore a hydrogen salt, and the hydrogen which can be
displaced by a metal, not necessarily all which the acid contains, is called its
displaceadle hydregen. Accordingly, as an acid contains one, two, three, &c.,
atoms of displaceable hydrogen, it is said to be mono-, di-, tridasic, &c.—ED.
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basic oxides with water, and may be considered, as was formerly
the case, as compounds of these two substances.

The chemical nomenclature of the acids, bases, and salts, which
contain sulphur instead of oxygen is not so well developed, and
probably because we are less accurately acquainted with these
compounds. They may be called swipho-acids, sulpho-bases, and
sulpho-salts. On the union of a sulpho-acid (e.g. carbon disul-
phide or arsenious sulphide) with a sulpho-base (e.g. potassium
sulphide or sodium sulphide) a sulpho-salt is produced. Thus
carbon disulphide (sulpho-carbonic acid) with sodium sulphide
gives sodium sulpho-carbonate ; arsenious sulphide (sulph-arsenious
acid) with potassium sulphide gives potassium sulph-arsenite, and
in this way all other sulpho-compounds are distinguished.

The salts which result from the direct union of the halogen
elements (chlorine, bromine, iodine, and fluorine) with the metals,
and which contain neither oxygen nor sulphur, are called the
haloid-salts, and the corresponding acids, containing hydrogen in
the place of the metal, are the laloid-acids.

Hydrochloric acid, the compound of hydrogen and chlorine,
is not to be confused with chloric acid, which contains oxygen as
well as these elements.

The metals unite with the halogens usually in the same pro-
portion as with oxygen, and the corresponding names are the
same. To mercuric oxide corresponds mercuric chloride, con-
taining a quantity of chlorine equivalent to the oxygen in the
oxide ; similarly, mercurous chloride corresponds to mercurous
oxide.

In cases when elements unite with the halogens in more than
two proportions, or when, as in the case of phosphorus, the com-
pounds cannot be included under the true haloid-salts, it is
customary to indicate the number of chlorine, bromine, &c., atoms
contained in the molecule of the compound by the prefixes
mono-, di-, tri-, tetva-, penta-, hexa-, &c. The two compounds of
phosphorus and chlorine, which contain respectively five and three
atoms of chlorine united to one atom of phosphorus, are called
phosphorus pentachloride and phosphorus trichloride ; and, in
the same manner, we also say carbon disulphide, referring to the
compound containing one atom of carbon and two of sulphur in
the molecule,

Haloid compounds are also known, in which a portion of the
chloring, bromine, &c,, is displaced by oxygen. These are called
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oxychlorides, oxybromides, &c. To this class belongs the well-
known phosphorus oxychloride. Those compounds in which
sulphur displaces a portion of the halogen instead of oxygen are
similarly designated—e.g. the compound of phosphorus, chlorine
and sulphur is called phosphorus sulphochloride.

Alloys are the intimate mechanical mixtures produced by
melting metals together. Those alloys which contain mercury are
called amalgams. Alloys and amalgams can only be produced
from metals.

CHEMICAL SYMBOLS AND FORMUL.ZE.

When we calculate with figures we do not use the words
representing them, but their signs. In the same manner, the
need of symbols to express chemical substances, and by a suitable
combination of these symbols to reproduce chemical thoughts in a
brief but general manner, was early recognized in chemistry,

It is customary to represent the elements by letters and to
express chemical compounds by the juxtaposition of these letters.
The symbol H has been chosen to represent the element hydrogen,
and I the element iodine ; by placing these symbols together,
without any sign between them, the compound of the two elements
—hydriodic acid—is represented (HI). In the same way the
compound symbol CaO is a simple expression for the compound
of the metal calcium (Ca) with the gas oxygen (O)—z.e. common
quick-lime.

The symbols of the elements are the first letter of their names
and usually of their Latin names: thus K represents potassium
(kalium), C =carbon, &c. When the names of several elements
begin with the same letter, some other letter is added : thus B
means boron, Ba=barium, Br=bromine, Mg =magnesium, Cd =
cadmium, Ag =silver (argentum), Hg=mercury (hydrargyrum),
Fe =iron (ferrum), Sn =tin (stannum), &c.

But the chemical symbols of the elements have another and
more important meaning. The symbol HI does not only indicate
the presence of hydrogen and iodine, but expresses also the
quantities by weight of the constituents of hydriodic acid which are
contained in its molecule. The symbol H indicates one atom of
hydrogen, or the smallest weight which enters into a chemical
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compound (which is taken as unity), and, in the same manner, I
means one atom of iodine or 127 parts by weight ; while, finally, the
compound symbol HI expresses the compound of hydrogen and
iodine, which contains one part of the former united with 127
parts of the latter, and of which the molecular weight is, therefore,
127 + I = 128.

The accompanying table on p. 6o gives the names of the
elements, alphabetically arranged, with their symbols and atomic
weights, the non-metallic elements being in #talics.

Since, however, the elements combine with one another not
only in simple but also in multiple proportions, and as this must
also be represented by chemical symbols, it is customary to ex-
press the number of atoms of the one element which unites with
the other to form a molecule by a small figure placed to the right
of the symbol of the element. For example, SO, means the
compound of one atom (32 parts) of sulphur with two atoms
(2 x 16 parts) of oxygen, and the formula H,O means the compound
produced by the union of two atoms of hydrogen (2 parts) with one
atom of oxygen (16 parts).

The figures placed to the right of any chemical symbol refer
only to this one symbol, but another large figure placed on the left
of a symbol multiplies all that follows up to a comma, full-stop, or
plus sign. The formula 2KCLPtCl,, for example, represents the
compound of two atoms of potassium, and two atoms of chlorine
(or two molecules of potassium chloride), with one of platinic
chloride. ~ Similarly, the formula SO, | X% + 10H,0 is the
symbolic expression for a compound of sodium sulphate with 10
molecules of water—ze. with 20 atoms of hydrogen and 10 atoms
of oxyegen,

Every such formula is full of hidden meaning to the chemist.
The composition of the above compound (Glauber's salts) might
be more briefly expressed by the formula SNa,H,,0,,, but this
only tells us that one molecule contains one atom of sulphur, two
of sodium, twenty of hydrogen, and fourteen of oxygen. If we
wished to express the fact that ten molecules of water are
contained in each molecule of the salt, we might write its formula
S5O,Na, +10H,0. DBut the above formula, SO, : 3:,: + 10H, 0,
in which the constituents of the compound are still further arranged,
expresses the fact that the four oxygen atoms in the sodium sul-
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phate perform different functions. Two of them are considered to
be in closer connection with the atom of sulphur than the other
two. These two atoms of oxygen saturate four of the bonds of the
hexad sulphur atom, producing a dyad group of elements (50,)
which is capable of playing the part of a single element, and
which is called a compound radical. There is another fact ex-
pressed in this formula—viz. that this dyad radical does not unite
directly with the two atoms of sodium, but through the intervention
of the other two atoms of oxygen, which have, therefore, other
functions than the two former atoms of this element.

The employment of chemical symbols makes the meaning of
chemical decompositions much more easy to understand. And the
use of formula enables us to determine what quantity of a body is
necessary to produce, either alone or by its action on a second
substance, a given quantity of a third.

We have seen (p. 12) that potassium chlorate breaks up on
heating into potassium chloride and oxygen. In order to find out
how much of these two substances would be obtained from roo
grammes of potassium chlorate, we must first know the molecular
weight of this salt, and how many atoms of each of its elements
are contained in its molecule. We could, of course, express this
in words, and say one molecule of potassium chlorate consists of
one atom of potassium, one of chlorine and three of oxygen, and,

the atomic weights of these elements being known, that one mole-
cule of the salt contains :—

35'5%1 = 355 parts by weight of chlorine,
Jjoox1l = 390 53 potassium,
16 %3 = 480 " oxygen,
RPE i potassium chlorate,

which means that on the decomposition of 122'5 parts by weight
of petassium chlorate 48 parts of oxygen would be given off, and
74°5 parts of potassium chloride would remain behind.

But all this, which is expressed by so many words, may be at
once represented by the simple chemical equation :(—

ClO,K = KCl + 30.
Cl means 35'5 parts by weight of chlorine, 30 means 3 x 16 =48

parts of oxygen, and K 39 parts of potassium. Placing these
numbers opposite the symbols we get :—
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ClO,K = KCL | 430,

355+48+39 = (39+355) + 48,

122°5 = 74°5 + 48,

which shows that 122'5 parts by weight (grammes, &c.) of potas-
sium chlorate yield 74°5 parts (grammes, &c.) of potassium chloride,
and 48 parts (grammes, &c.) of oxygen. From 100 grammes of potas-
sium chlorate we should, therefore, obtain the weights of potassium
chloride () and oxygen (y) expressed in the two following simple
rule-of-three sums :—

122°5: 74'5 1 100 i x.", ¥=0608 grammes potassium chloride.

122°5: 48 (! 100! y.'.y=392 grammes oxygen.

This simple method gives a ready means of calculating the
weight of any particular substance which can be obtained from a
aiven weight of some other substance in a known chemical reac-
tion. Suppose, however, we wish to know the wolumne of the sub-
stance produced when it isa gas. Let us take the same example
and imagine that it is required to find how many Z¥¢7es of oxygen
would be produced when 1oo grammes of potassium chlorate were
completely decomposed. We have seen above that the weig/hs of
oxygen produced is 392 grammes, and we further know that the
weight of a litre of oxygen is 16 times that of a litre of hydrogen
(the molecule of the former being 16 times as heavy as that of the
latter), or, in other words, is 00895 x 16 = 1432 grammes. From
this, therefore, it follows that the 392 grammes of oxygen will

occupy a volume of ]?'9—3 =27+3 litres. This is of course the

2

volume of the gas at the normal temperature (0° C.) and under
the normal pressure (760 mm.). In the same manner the volume
of any given weight of a gas (and the converse) may be easily
found, provided we know its molecular weight.

It has been previously stated (p. g) that manganese peroxide
when heated gives off oxygen. The process, which has been
shown by analytical experiments to be according to the following
equation, is somewhat less simple. From this equation—

3Mn0O, = Mn,O, + O,

we learn that three molecules (261 parts by weight) of the per-
oxide yield one molecule (229 parts) of trimanganic tetroxide, and
one molecule (32 parts) of oxygen. Whence it follows that 122
kilos. of oxygen will be obtained from 100 kilos. of the peroxide.
The chemical manufacturer who wishes to convert 100 kilos. of

—— il it
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saltpetre (potassium nitrate) into nitric acid, so as to obtain the
largest yield of acid possible, and to use the smallest quantity of
sulphuric acid necessary, must of course know the details of the
process he is about to employ, and must remember that acid
potassium sulphate is obtained as a bye-product. The reaction
which takes place is expressed by the following equation :—

o e . [OH (OH o
Potassium Sulphuric Acid potassium Nitric
nitrate acid sulphate acid

Translating the formul® into numbers we get—

N = 14 5 = 32 5 = 32 N = 14

O, = 48 O, = 64 0, = 64 Oy = 48

K = 39 H, = =2 K = 39 H = 1
H = 1

101 98 136 63

which show that the manufacturer must use g8 kilos. of sulphuric
acid for every 1ot kilos. of saltpetre, and that he will obtain 136
kilos. of acid potassium sulphate and 63 kilos. of nitric acid.

GENERAL REMARKS ON THE CHEMICAL
ELEMENTS.

It is remarkable that the elementary constituents of the earth,
of which we know more than sixty, occur both in the free state
and combined in very different quantities and are very differently
distributed on the earth. Some may be found everywhere, others
occur rarely and in small quantities ; while others, again, are found
only in a few places, but then in considerable quantities. The most
widely distributed elements are oxygen, silicon, aluminium, iron,
and calcium ; those which are more scarce include the noble
metals gold, platinum, &c. Others, which only occur in definite
places, but then in considerable quantities, are such as mercury,
tin, &c. Finally, some are so rare that we only possess a very
meagre knowledge of them and their compounds—e.g. indium,
caesium,

Some elements occur as such free in nature, or, as it is said,
native—e.g. platinum—but the majority of the elements are found
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exclusively in combination with others; while some, as sulphur,
oxygen, nitrogen, silver, copper, occur both free and combined.

A question which has often been asked but never answered,
and perhaps never will be, is whether the interior of the earth may
not contain other elements besides those with which we are ac-
quainted, and whether the elements and their compounds may not
be differently distributed there than they are in the portion of the
earth’s crust accessible to us.

The portion of the earth which we can investigate—z.e. theatmo-
sphere, the ocean, and a very thin layer of the solid crust—is only
a minute fraction of the whole mass. The mean radius of the
earth is over 3,950 miles, and as we descend towards the centre
the temperature increases to such an extent that at a depth of about
fifty miles nearly all the substances we know on the earth would
be in a liquid state. That this is the case in some places is proved
by the existence of volcanoes which at times pour forth streams of
liquid lava. But it must not be forgotten that the substances
forming the interior of the earth are under a much greater pressure
than those at the surface, and we cannot tell how far the effect of
this pressure would modify the melting-points of the different
bodies. It may be considered as probable that the interior of the
earth consists of substances heavier than those at the surface, for
while the mean specific gravity of the rocks at the surface is be-
tween 2'5 and 30, that of the entire earth is about 5'5. But here
again pressure would tend to compress the substances in the
interior and so to make them heavier ; for example, at the ordinary
temperature, water would become as heavy as mercury at a depth
of 360 miles. How far these two opposing forces, that of the inter-
nal heat and that of pressure, counterbalance one another remains,
and probably will remain, an unsolved problem for us.

But it is certainly to be expected that many unknown elements
are hidden in the interior of the earth, perhaps some even heavier
than platinum and iridium, which, owing to their high specific
gravity, can never approach the earth’s surface ; while, on the other
hand, it may be mentioned that numerous analyses of meteorites
which have fallen to the earth from extra-terrestrial space have
not revealed any new elements to us.

We consider the present chemical elements to be simple bodies
because we are not able at present to further decompose them
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(p. 5), but we do not therefore think them incapable of decompo-
sition. On the contrary, the suspicion that many of them are
either compound bodies or modifications of one element is sup-
ported by weighty reasons,

In the first place, the history of chemistry teaches us that sub-
stances long considered as elements can be broken up by improve-

‘ments in the methods and means of decomposition into simpler
bodies, and now it is thought possible that even these may be
compounds,

Potassium hydrate, a compound of potassium, oxygen, and
hydrogen, quick-lime, consisting of calcium and oxygen, and other
bodies, were thought to be elements at the beginning of the present
century, when the electric current as a powerful means for effecting
decomposition was still unknown, By electrolysis the unknown
metal potassium was recognized as a constituent of potassium
hydrate, and the metal calcium was isolated from quick-lime. Such
events justify the expectation that with the discovery of new and
more powerful means of decomposition, many of the elements would
disappear from the present list.

Compound bodies are known, the compounds of which have
so close an analogy to the similar compounds of certain elements
that it is often difficult to separate them from one another, Such
compounds would certainly have been classed with the elements had
not their decomposition been accomplished. Of these, eyanogen,
a compound of carbon and nitrogen, is a striking example. The
compounds of this substance with the metals and with hydrogen
closely resemble the similar compounds of the elements chlorine,
bromine, and iodine. And this similarity makes it quite possible
that chlorine, bromine, and iodine will, some time or other, prove
to be compounds.

Besides chlorine, bromine, and iodine, other elements exist
which possess remarkable similarity in their compounds. Such
are, for example, the groups: sulphur, selenium, and tellurium ;
potassium, sodium, and lithium ; barium, strontium, and calcium.
It is certain that these similarities are just as little accidental
as the fact that the similar elements generally occur associated
torether in nature.

Still more remarkable are the relations in which the atomic
weights of the elements of each group stand to one another. The
atomic weight of the middle element is almost exactly the mean
of those of the other two. For example, in the group potassium,

F
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sodium, and lithium, with the atomic weights 39, 23, 7 respectively,
' 39 +7

-y

the mean of 39 and 7, or , 15 exactly 23—7.e. the atomic

weight of sodium. Similarly in the second group, barium (137),
strontium (87'5), and calcium (40), the mean of 137 and 40 is
88'5, or very nearlv the atomic weight of strontium ; in the same
manner in the third, chlorine (35°'5), bromine (80), and iodine
(127), the mean of 35'5 and 127 (81°25) nearly coincides with the
atomic weight of bromine (80) ; and finally, in the fourth group ¢
sulphur (32), selenium (79), and tellurium (128), the mean of the
atomic weights of sulphur and tellurium is 8o, or very nearly the
same as the atomic weight of selenium (7g9). It will be noticed
that the numbers do not exactly agree, although they very nearly
do so.

It is certainly not accidental that the members of these nafural
groups and other similar ones always occur together in nature,
that they have a close chemical likeness to one another, and that
such a remarkable relation connects their atomic weights together,
We do not know the cause and connexion of these facts ; we can
only guess and surmise that truths lie hidden in them which, if
brought to light, would considerably enrich and further our
science.

The investigator cannot attempt to explain every fact, even
those close at hand, and must beware of substituting speculation
for experiment. Much might be written on facts such as those to
which we have referred, and brilliant hypotheses might be built
upon them ; but these theories often lose their splendour when ex-
perimental investigation lifts the veil and discloses the truth,

As might be expected from the great divergence in the atomic
weights, similar groups can be easily built up from other elements
than those mentioned above. The atomic weights of oxygen,
nitrogen, and carbon offer an example. The mean of the atomic
weights of oxygen (16) and carbon (12) is 14, or exactly the atomic
weight of nitrogen. 5till no one would think of placing these
elements together in a group because of the great difference in
their chemical behaviour. The compounds of oxygen, nitrogen,
and carbon with other elements—e.g. with hydrogen—have not
the slightest resemblance to one another ; they may in fact be said
to differ from one another as much as the hydrogen compounds of
the natural group chlorine, bromine, and iodine resemble one
another. These three elements cannot, therefore, be grouped
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together in the same manner as chlorine, bromine, and iodine,
&c. : the connexion between their atomic weights appears to be
purely accidental.

Remarkable relations between the elements are also found in
another direction. There are certain elements of which the
atomic weights are almost exactly the same, and which always
occur associated together in nature. To these belong the metals
platinum and iridium, with nearly the same atomic weight (193
and 193) ; rhodium and ruthenium (104); cobalt and nickel, with
the atonric weights 59 and 58°5; and iron and manganese (56 and
55), as well as some others.

These facts obtain increased importance since those elements,
which occur together in nature and possess about the same
atomic weight, always exhibit a close relation in their chemical
properties. And since we know that elements exist which, though
chemically identical, can possess very different physical and
even chemical properties (e.¢. graphite and diamond, both modifi-
cations of the element carbon ; ordinary and red or amorphous
phosphorus), the supposition is not unsupported that at a later
time it may be possible to prove the identity of cobalt and nickel
or of iron and manganese, and even to convert the one into the
other.

From whichever side the question of the elementary nature of
the elements is attacked, it seems probable, although no decided
answer can be obtained, that the elements, or the greater part of
them, are capable of decomposition and that their number might
be much reduced.

PHYSICAL AND CHEMICAL PROPERTIES OF
BODIES.

When two bodies are allowed to act upon one another it is
easy in most cases to decide whether a chemical change has taken
place or not. Sometimes, however, especially in organic chemistry,
careful observations and experiments are necessary to decide
whether two products of different reactions are identical or dif-
ferent. This is done by an exact determination of the physical and
chemical properties of the bodies under investigation, the enu-
meration of which constitutes their real description.
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o One of the most important of the physical properties of a body
1s its

Stale of Aggregation.—1t must be known whether the body in
question is a solid, a liquid, or a gas under normal conditions, and
whether it changes its state of aggregation, and if so, under what
conditions. If the body is a liquid, its boiling-point, reduced to
the normal atmospheric pressure, must next be determined, as
well as the temperature at which the liquid becomes solid, if at all,
or its freezing-point (melting-point). If the substance is a gas, the
temperature, or pressure, or both, under which it becomes liquid
must be found. With solid bodies the determination of the tem-
perature at which it becomes liquid (melting-point) must be made.

The colour of the substance must also be noticed ; it often
changes with the state of aggregation. Sulphur, for example, in
the solid state is bright yellow, in the liquid state yellow to brown,
in the gaseous state reddish-brown ; iodine, at the ordinary tem-
perature, is a dark-grey solid with metallic lustre, but when melted
it becomes reddish-brown, and in the gaseous state has a splendid
violet colour.

The Zaste and odour.—The determination of these properties,
especially the former, require caution, owing to the poisonous nature
of many substances, and because of the caustic action of others
—e.g. sulphuric acid, caustic potash—on the mucous membrane
of the tongue and mouth. A large number of volatile bodies may
be easily and tolerably certainly recognized by their odour alone—
e.c. chlorine, iodine, sulphurous acid, chloroform, carbon disulphide,
camphor. We distinguish different tastes as : acid (sour), alkaline
(soapy), acrid, astringent, sweet, bitter, insipid, &c.; and different
odours as : acid, putrid, suffocating, &c. The odour of bodies is
often compared with that of other well-known substances ; thus,
we say an ethereal odour, or that a body smells like cinnamon,
bitter almonds, camphor, butyric acid, &c.

Lustre, Fracture, and Hardness.—Among solids, different kinds
of lustre of their surfaces are distinguished according to substances
whose lustre is well known—e.g. metallic lustre, diamond lustre,
vitreous lustre, silky, mother-of-pearl lustre, &c.

The fracture of a solid when broken is indicated by the same
terms as the lustre. Some bodies have a crystalline fracture, others
a conchoidal (shell-like), or a splintery fracture. The crystalline
fracture may be laminated, granular, or fibrous.
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For the determination of the hardness of solids, the same series
of minerals is used as in mineralogy. This scale consists of a
series of ten minerals of different degrees of hardness, commencing
with the diamond and ending with talc. Liquids are distinguished as
viscid and mobile. It often happens that viscid liquids are heavy
e.g. concentrated sulphuric acid—and that mobile liquids are
light, although the greater or less consistency of the liquid does
not depend upon its specific gravity, The heavy liquid chloroform
is very mobile, while the light fatty oils are viscid.

The specific gravity or densify of a substance indicates how
many times heavier the substance is than some other known body.
Water is chosen as the unit for liquids and solids, air as the unit
for gases and vapours.

A piece of iron weighed in the air is much heavier than when
dipped in water. In the latter case its loss in weight is exactly
the weight of the water which it displaces. The absolute weight of
the iron divided by the weight of the water displaced (its own
volume) gives the specific gravity of iron (7:8). Similarly deter-
mined, the specific gravity of platinum is nearly three times as
much (21°5).

If we take a small vessel, of known weight, with a narrow neck
on which 1s a mark, fll it with mercury and weigh it, and then do
the same with water, we obtain, on subtracting the weight of the
flask from each weighing, the relative weights of mercury and
water (equal volumes), and, dividing the former by the latter, the
specific gravity of mercury (13°6) is found.

In a similar manner the specific gravities of gases and vapours
may be obtained, employing the word vapour for the gases pro-
duced on heating volatile liquids above their boiling-points,

The methods by which determinations of specific gravity are
made, especially those of gases and vapours, are taught in physics.
In order to thoroughly understand them, the student should make
determinations himself in the chemical or physical laboratory.
The determination of the density of a compound in the gaseous
state (its vapour density) is of the greatest importance, since this
density when multiplied by 28-88 gives the molecuiar weight of the
compound (p. 51).

Every substance possesses its own peculiar specific aravity,
which is always the same, under the same conditions (particularly
temperature and pressure), however the substance occurs or how-
ever it may have been obtained. A substance which from its pro-
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perties we might take for iron, but which has a different specific
gravity, say g instead of 7'8, is not iron. Numerous compounds
exist in organic chemistry which not only possess the same per-
centage composition, but are also so similar in their chemical pro-
perties and behaviour that they might be thought to be identical
if the specific gravity of their gases were not so different from one
another, which proves that they are polymeric and not identical
bodies.

One of the most important of the physical properties of a body
is its capacity for heat or its specific fea?. This must be carefully
determined by one of the various methods known to physicists.
The specific heat is particularly important in the case of solids, and
it has been found that if the solid be an elementary body, the
product of its specific heat into its atomic weight is a constant
quantity (about 6). This may be expressed in another way by
saying that the capacity for heat of all elementary atoms in the
solid state is the same—i.e. the quantity of heat required to raise
atomic weights of different solid elements (afomic leat) is a con-
stant quantity. The law is known after the two French chemists
who discovered it as Dulong and Petit s law.!

Crystalline Shape.’

When a substance passes from the liquid or gaseous to the solid
state, its molecules generally arrange themselves so that regular
symmetrical forms or crystals are produced. These forms are
always the same for one and the same substance when produced
under similar conditions, and even when the conditions producing
the crystals vary the form is usually the same.

Common salt, sal-ammoniac, and alum under all conditions
crystallize in the regular system ; sulphur crystallizes in two forms,
but only two, accordingly as the crystals are produced from a solu-
tion or from the liquid substance by allowing it to cool.

The plane surfaces composing the regular shapes of crystals
are called faces ; the inclination of any two faces to one another is
called the angle between the faces. It is a remarkable fact that
although the shape of two crystals of the same substance, prepared
in the same manner, may apparently be very different from one

| Introduced by the Editor. A fuller account of this law is given in the
Appendix. _
2 This short sketch has been introduced by the Editor.
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another, the angle made by any two similar faces always remains
unchanged.

[t has been found that the faces of crystals can be arranged
according to certain imaginary lines supposed to be drawn through
the crystal and called its axes ; and according to the relative length
and inclination of these axes all crystals are divided into six sys-
tems : the regular, tetragonal, hexagonal, rhombic, monoclinic, and
triclinic systems, as they are usually designated.

The Regular System.

In this system there are three axes, which are all equal and all
at right angles to one another. The fundamental forms of this

D

Fig. 16. Fig 17,

system are : the reguwlar octakedron (fig. 16), the cube (fig. 17), and
the rhomébic dodecakedron (fig. 18). Figs. 19 and 20 illustrate two

Fig

=&

18. Fig, tg.
common forms of the octahedron and cube combined; in the

former the cube predominates, in the latter the octahedron. In
these forms all possible faces are developed, and such crystals, by
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far the most common, are called holokedral, Other forms are,
however, known in which only one half or one quarter of the
entire number of faces is developed. Such crystals are called

-’
e

Fig. 20. Fig. 21.

hemiftedral and letrafedral respectively. The hemihedral form
of the octahedron is the Zefrakedron (fig. 21).
Among the large number of bodies crystallizing in this system,

Fig. 22 Fig. =3. Fig. 24.
the following are common examples : common salt (cubes), alum
(octahedra and cubes), fluor-spar, garnet, the spinelles, galena,
sinc-blende (often tetrahedra).

The Tetragonal System.

In this system the axes are still all at right angles to one ano-
ther, but one is different in length to the other two, which are
themselves equal. The first axis is the grimary axis, the other two
are the secondary axes. The fundamental forms are the fe/ragonal
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pyramid (fig. 22) and the tetragonal prism. Fig. 23 represents a
combination of one of the prisms with the pyramid, a form in which
tin-stone often occurs,

Common substances which crystallize in this system are : tin-
stone, rutile, potassium ferrocyanide.

The Hexagonal System.

This system is distinguished from all the others by the fact that
it possesses four axes, Three of these axes (secondary) are equal
in length,-lie in the same plane, separated from one another by an
angle of 60° and are all at right angles to the fourth or primary
axis, of which thelength is different. Fig. 24 shows a combination
of the fundamental pyramid and prism—a common form in rock
crystal,

The hemihedral forms of this system are very important —many
substances (¢.g. calc-spar) assuming these forms only. Fig. 23
represents the fundamental rkomdbokedron, and fig. 26 a scaleno-
ledron.

Fig. as. Fig. 26.
A large number of bodies crystallize in the hexagonal system.
Among them may be named rock-crystal, apatite, calc-spar, sodium
nitrate,

The Rhombic System.

The axes of this system are all of different lengths, but all are
at right angles to one another. One axis is chosen as primary axis,
and of the other two secondary axes the longer is called the macro-
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diagonal, and the shorter the brachy-diagonal. The two figures

27 and 28 represent the fundamental pyramid and a combination,
common in crystals of desmine.

Fig. 27. Fig. 28, Fig. =q.

This is also a large system ; some of the more important sub-
stances crystallizing in it are sulphur, topagz, zinc sulphate.

The Monoclinic System.

All three axes of this system are of unequal length ; of the
secondary axes one (orfhio-diagonal) 1s perpendicular to the pri-
mary axis, and the other is inclined to it at some angle other than

S
g i,

Fig. 30. Fig. 3. Fig. 32.

go° (klino-diagonal). The fundamental pyramid is shown in fig.
29, and a combination (gypsum) in fig. 30.
Of substances belonging to this system may be mentioned:
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ssulphur (when melted and allowed to cool), gypsum, orthoclase,
ccane-sugar.

The Triclinic System.

In this system, the most unsymmetrical, all the axes are un-
tequal, and they are all inclined to one another at some other angle
tthan go®. The two figures (31 and 32) represent the fundamental
ppyramid and a combination occurring in albite.

Albite, copper sulphate, axinite, and other substances occur in
ccrystals belonging to this system.

Dimorphism.—Substances which, although chemically iden-
ttical, possess the power of crystallizing in two entirely different
iforms are said to be dimorphous—e.g. sulphur (see ante). Some
ssubstances (eg. titanic oxide) can crystallize in three different
fforms and are called frimorphous.,

[somorphism.—Two bodies are called rsemorplious when they
cerystallize in the same form and possess a similar chemical com-
jposition.  Thus: cale-spar (CaCO,), dolomite (CaMgCO,),
mnagnesite (MgCO,), spathic iron ore (FeCo,), calamine (ZnCO,)
mll crystallize in rhombohedra, having nearly the same angle, and
s similar chemical composition (M”CO,). Many other examples
might be given of this important and useful law.!

Numerous methods may be employed to produce crystals
ffrom gases, liquids, or amorphous solids. Many gases and liquids
wn becoming solid by cooling assume a crystalline state. The
wiolet coloured gas of iodine deposits on cooling dark-grey crystals
tof solid iodine. Water crystallizes—7.e, becomes ice—at 0° ; liquid
ccarbonic acid at 78",

Solid boedies, which can be volatilized unchanged, are mostly
tobtained in a crystalline state by swblimation, or by heating the
ssolid and gradually cooling the gas which is evolved. In this
mnanner, sulphur, arsenious acid, mercuric chloride, &c., may easily
tbe crystallized. Most bodies melt before they sublime, others pass
idirectly from the solid into the gaseous state—i.e. they boil at a
ower temperature than they melt.

Solid bodies which can be melted may be easily made to
ccrystallize by allowing a portion of the liquid to solidify and then
mouring off the still liquid portion. Crystals of sulphur, bismuth,
&c., may be easily obtained in this way.

The commonest method of preparing crystals is, however, to

1 See Appendix.
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dissolve the substance in some volatile liquid and then allow it
to evaporate slowly ; common salt crystallizes in cubes from a
saturated aqueous solution on evaporation; or a hot saturated
solution may be allowed to cool slowly, as a liquid usually dis-
solves more of a substance when hot than when cold. In this way
crystals of nitre, Glauber’s salt, and many other salts, are ob-
tained from hot water, sulphur from hot carbon disulphide, mer-
curic chloride from alcohol, graphite from cast-iron, &c.

Many metals—copper, silver, &c.—may be deposited from their
aqueous solutions in a crystalline form by electrolysis. But the
conditions under which most of the numerous natural crystals of
the mineral kingdom, particularly those which do not dissolve in

the ordinary solvents (corund, heavy-spar, and many others), have
been produced are as yet unknown.

Solubility.—Nearly all solid bodies dissolve in some liquid ;
but the manner in which solution takes place may be different.
Many liquids dissolve solids without producing any chemical
change—thus, common salt, nitre, &c., dissolve in water, and the
dissolved substances then separate out again unchanged on the
removal of the solvent. This kind of solution may be called
miechanical solution.

Other liquids dissolve solids by reason of a chemical action
which takes place between them. Water dissolves sulphuric an-
hydride, phosphoric anhydride, barium oxide, &c., to form chemical
compounds with these bodies. In other cases chemical change
and decomposition may take place, as when nitric acid dissolves
lead oxide or metallic copper. This kind of solution, depending
upon chemical change, may be called ckemical solution.

Of mechanical solvents, water is by far the most important;
then follow alcohol, ether, carbon disulphide, chloroform, benzol,
&c. The solubility generally increases with the temperature, so that
liquids at the boiling temperature usually dissolve far more of a
solid than at the ordinary temperature of the air. A few substances
are as soluble in the cold as in the warm liquid—e.g. common salt
in water ; and a few are more soluble at the ordinary temperature
than when the liquid is heated, for example, calcium hydrate in
water—-hence lime-water (a solution of calcium hydrate) become
milky when warmed from the separated calcium hydrate, which,
however, again dissolves on cooling. _

Many bodies which are insoluble in water dissolve in alcohal,
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eether, &c.,and wice versd. Barium chloride and Glauber’s salt are
ssoluble in water but insoluble in alcohol and ether, while many
corganic substances (e.g. stearine) are insoluble in water but solu-
Ible in alcohol and ether.

It is of great importance in determining the identity or differ-
tence of two bodies to know the different quantities dissolved by
ttheir solvents at various temperatures. Such determinations may
eceither be referred to the boiling point of the liquid, to o° or to the
rmean temperature,

The Chemical Properties of Bodies,

To these properties belongs the solubility of a substance in
(different solvents, by which a chemical change is produced. It
imay be known that chemical action has taken place if, on
tevaporating the solvent, a chemical compound of the original
ssubstance remains behind. No metals are mechanically dissolved
Iby any liquid except mercury. Some are acted on by water and
ialcohol and dissolved chemically. Most of the metals dissolve
tchemically in some acid, as nitric, hydrochloric, or sulphuric acid,
ior in aqua regia. Mercury, copper, lead, &c., are dissolved by
1mitric acid and converted into nitrates ; while tin is transformed
‘into the insoluble dioxide by nitric acid and dissolved by hy-
rdrochloric acid. Gold and platinum do not dissolve in nitric or
hydrochloric acid alone, but a mixture of the two acids (aqua regia)
.at once converts them into the soluble chlorides,

In the same manner as the metals, most of the metallic oxides
are insoluble in water, but form with most of the acids soluble
salts. It is characteristic of many substances that they are in-
soluble or difficultly soluble in water and other solvents : barium
sulphate, for example, is neither soluble in water nor in dilute acids,

In distinguishing between different bodies it is especially
important to notice whether they possess acid or alkaline proper-
ties, or whether they belong to the class of salts or other indifferent
bodies. Bodies with acid properties which are soluble may often
be recognized by their sour taste, but more easily and certainly by
their action on certain vegetable colouring matters. The blue
solution of litmus or of violets in water is at once turned red by them,
Paper which has been dipped in a solution of litmus and then
dried has a blue colour and is called litmus paper ; when a single
drop of an acid solution is allowed to fall on a strip of this paper
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the spot is at once coloured red. Bodies which, on the other
hand, possess alkaline properties render a solution of litmus, made
faintly red with an acid (or red litmus paper), at once blue again,
while the solution of violets is turned green. In this sense we
speak of an acid or alkaline reaction,

But besides the soluble bodies with an acid or alkaline reaction
a large number of insoluble acids and bases exists which can
neither be recognized by their taste nor by their reaction. That
certain of these are acid bodies is proved by the fact that they can
combine with strong bases to form chemical compounds, from
which they can be again separated by stronger acids. Silica, for
example, which is insoluble in water and most acids, and which
therefore neither tastes sour nor possesses an acid reaction, unites
easily with caustic potash to form a compound called water-glass,
from which it is again separated by hydrochloric acid. In the
same manner, black copper oxide, a body quite insoluble in water,
is readily dissolved by nearly all acids, and is again thrown down
in the insoluble state by the action of a stronger base, such as
caustic soda.

A salt, whether soluble or insolubie in water, is the substance
produced by the union of a base with an acid. By this process
the properties of the acid and base are apparently lost. Most
salts possess neither an acid nor an alkaline taste ; those which
are soluble in water have a peculiar so called saline taste, and
generally do not act upon litmus either red or blue. By the
union of an acid and a base to form a salt both are said to be

nentralized.!

If we take a little sirong solution of caustic potash in a beaker,
and add to it strong nitric acid, with constant stirring, the liquid
will become strongly heated, and if we at last add the acid care-
fully drop by drop, we shall ultimately reach a point when the
liquid neither possesses an alkaline nor an acid reaction. The
liquid is now neutral, and has neither an alkaline nor an acid, but
a pure saline taste. It now contains a salt—nitre—which crys-
tallizes out in large prisms on cooling the liquid.

In the same way, if we neutralize caustic soda with sulphuric
acid, we obtain Glauber’s salt, which also crystallizes out on cooling.

Are, it might be asked, the sulphuric acid and the soda, the
nitric acid and the potash destroyed by this process of neutraliza-

1 IPor further remarks on the constitution of salts, see sequel,
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ion and production of a salt, or is it possible to reproduce the
priginal substances from the respective salts ?

This question has been answered by experiment. The repro-
Huction of the original acid and base from an aqueons solution of
the salt may be done in various ways ; the simplest method is to
sass an electric current by platinum electrodes through a saturated
mqueous solution of Glauber's salt, coloured violet by a neutral
solution of litmus. The salt is then decomposed, and, by inter-
mction with the water, the alkali (soda) appears at the negative
wole, while the acid (sulphuric acid) is set free at the positive pole,!
these bodies being recognized by the blue colour of the solution
mround the negative pole and the red colour round the positive.

In order to make this evident a narrow glass vessel (fig. 33) is
pilled with a solution of the salt, coloured violet by litmus, and
fthe solution divided into two equal portions by a piece of card-
moard placed across it. In each half of the vessel a piece of
latinum foil is placed, the ends of both being connected with
ithe battery wires as shown. It is sufficient to pass the current for

! The first decomposition of the salt (Na,80,) is into sodium (Na,) and
the radical SO, ; but the sodium at once decomposes the water, liberating
viydrogen and forming sodium hydrate (caustic soda): thus, Na, + 2] [, O=
'NaOH4H,; these two substances appearg at the negative pole. At the
ame time the S0, radical breaks up into SO- and oxygen, the former uniting
Jith water to form sulphuric acid. The substances liberated at the positive pole
re therefore sulphuric acid and oxyvgen —En,
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a few minutes, in order to clearly perceive that the one half
becomes blue and the other red.

By this apparatus it may also be shown that the quantity of
acid set free by the current from the salt exactly corresponds
with the quantity of the base so liberated ; that, in other words, the
quantities of the two substances liberated are in the same propor-
tion as they were combined in the original neutral salt. For if,
after breaking the current, the cardboard partition is removed and
the liquid well mixed, the acid and base again unite with one
another, neutrality is restored, both the blue and red colours being
changed into the original violet.

WATER.

We have learnt that water is not, as was previously thought, a
simple body, incapable of decomposition, but that it consists of
oxygen and hydrogen. We have further seen how water may be
built up from its constituents, and in a constant proportion by
weight or volume, and how it may be again decomposed into them.

As a chemical compound, water is full of interest. It occurs in
nature in all three states of aggregation—solid as ice or snow, liquid
as ordinary water, and gaseous as water-vapour or steam.

Liquid water is a tasteless, odourless liquid, and is often, but
wrongly, thought to be colourless ; in thick layers it has a deep-
blue colour. This colour may be seen by taking a wide glass tube
about six feet long, of which the sides are thoroughly blackened,
and one end closed with a plate of glass, and which is filled
with chemically pure water. If then the tube is held in a vertical
position, and a white porcelain basin viewed through it, the latter
will appear beautifully blue. The true colour of water only appears
when it is perfrctly pure ; the slightest trace of an organic sub-
stance renders the colour a more or less pronounced green or
yellow. It is the blue colour of water which causes the walls of
the celebrated blue grotto of Naples and everything contained in
it to be of a blue colour. The opening to the grotto is almost
closed by water, and it therefore receives nearly all its light
through the clear, pure water of the sea.

Ice also possesses a colour of its own. It is bluish-green, and
may be well seen in the light passing through the walls of grottoes,
which are sometimes hewn out of glaciers,
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Water becomes solid at o° and crystallizes in the hexagonal
system, which may be recognized in the irregularly grouped
(crystals of snow, or in water frozen on the windows in winter. On
tthe passage of water from the liquid to the solid state, its volume
idoes not diminish, but increases. Ice occupies a larger volume
ithan the water from which it is produced, and has, therefore, a
llower specific gravity (0'917) than water at o° on which it floats,
'In this respect, water forms an exception to the rule that liquids
iin becoming solid contract. This peculiarity is shared by a few
cother bodies, among the metals by bismuth.

This apparently unimportant property of water is of the greatest
walue in nature. If ice were specifically heavier than water, the
rrivers and oceans would not become covered with a protecting
cerust of ice, as is now the case, but as soon as ice was produced it
wwould sink to the bottom, a fresh layer would be formed on the
ssurface, this would again sink, until the whole mass of water were
cconverted into a solid block of ice, which the heat of summer
iwould only very slightly melt. If this were so, it is no exaggera-
ttion to say that animal and vegetable life would be impossible on
tthe earth,

Water possesses its greatest density at 4° (point of maximum
cdensity) ; if heated above this temperature, or if cooled below it,
vwater expands. The expansion of water on freezing, although
conly slight, is the cause of many important phenomena. Rocks,
ithe crevices and cavities of which become filled with water, are
‘broken up and disintegrated by the freezing of this water in the
swinter. In this way the process is commenced by means of which
tthe hard rocks are converted into friable, fruitful soil. The force
vof the expanding ice is so powerful that a hollow iron vessel com-
ipletely filled with water is burst when the water freezes.

Water is a volatile substance, and even evaporates at the
rordinary temperature of the air ; ice is also volatile, and gives off
wapour at temperatures below 0° without melting.  Water boils at
oo™ and then forms a colourless vapour or gas, commonly called
ssteam.  This vapour becomes visible on escaping into the air
wing to its partial condensation. The boiling-point of water, like
‘that of all other liquids, depends upon the pressure. It is 100°
vinder the ordinary pressure of the air (760 mm.), and rises to 120°
tander a pressure of two atmospheres, and higher still when the
paressure is still more increased, as in the boilers of high-pressure
ssteam-engines. Under a less pressure than the ordinary atmospheric
G
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pressure—e¢.g. on high mountains, or under the receiver of an air-
pump—water boils at a lower temperature than 100° 1
Water as it occurs in nature is never chemically pure; it con-
tains varying quantities of mineral and organic substances dissolved
or suspended in it. Natural waters may be divided according to
their occurrence into: rain-water, spring-water, river-water,
mineral waters, and sea-water. The last named contains the
greatest cuantity of dissolved mineral substances, principally
common salt, and in such quantities as to make it quite unfit for
drinking purposes.! Mineral waters, of which many are used for
medicinal purposes, contain very different substances dissolved in
them, often in considerable quantities. We distinguish : safine-
wwaters, which contain as their chief constituent common salt, or,
when bitter, magnesium sulphate (Epsom) ; cardonated-waters, with
free carbonic acid and other mineral constituents (Apollinaris,
Seltzer) ; alkaline-walers, with considerable quantities of sodium
carbonate, &c. (Vichy); chalybeate-wvaters, containing ferrous car- ‘
bonate, or some other compound of iron (Spa, &c.) ; sulphuretted-
waters, with sulphuretted hydrogen gas dissolved in them (Harro-
gate) ; siliceous-walers, containing silica (geysers of Iceland), &c.
Ordinary spring- and river-waters contain a smaller quantity of
mineral constituents than the true mineral waters. The chief
substances contained in these waters are common salt, calcium
carbonate, calcium sulphate, magnesium carbonate, magnesium sul-
phate, and free carbonic acid. These substances are derived from
the rocks of the district in which the spring occurs or through which
the river flows. Zales sunt aquae qualis terra, per quam fluwnt. 1f
a spring rises, for example, through chalky or limestone rocks, asin
Kent, Berkshire, &c., the carbonic acid which the water obtains from
the air enables it to dissolve and take up some of the chalk—calcium
carbonate. Should the district contain gypsum (calcium sulphate),
as in Cheshire, the water will dissolve a portion of this substance. If,
again, the neighbouring rocks contain magnesia (e.g. the dolomite
rocks of Derbyshire), a portion of the magnesium carbonate will
pass into solution in the water. Lastly, spring- and river-waters
may be nearly pure if the rocks through which they pass are
chemically unacted upon by water. For this reason the natural
waters in many parts of Wales and Scotland contain remarkably
small quantities of solid constituents.

1 Sea-water contains about 36 per cent. of solids.—JD.
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Rain-water, the purest of natural waters, contains small quan-
ttities of carbonic acid, compounds of ammonia and nitric acid,
rparticles of dust, &c., which it takes up from the air in falling
tthrough it.

Ordinary potable waters are roughly divided into two classes :
thard and soff. A hard water requires more soap to produce a
sgood lather, and does not boil vegetables so well as soft water.
IHard waters may further be divided into femporarily hard and
tpermanently hard waters. The former become soft on boiling or
con the addition of lime-water ; their hardness i1s due to calcium
ccarbonate, which they contain held in solution by carbonic acid.
(On boiling, the gas is driven off, and the calcium carbonate (chalk)
cdeposited ; this is how the fir of kettles and the scale of boilers
sare produced. On the addition of lime-water, the lime combines
swith the carbonic acid to form calcium carbonate, which is pre-
ccipitated with that originally present, according to the equation :—

1C0-0,Ca + CO, + Ca(OH), = 200.-0,Ca + H,O.
Calcium Carbonic Calcium Calcium Water
carbonate acid hydrate carbonnte

Permanently hard waters contain either calcium sulphate
(gypsum) or some compound of magnesium. As their name
rimplies, they are not softened by boiling, because the salts which
ccause their hardness are slightly soluble in water under all con-
cditions.

Well-water, especially in towns, or near dunghills or stables, is
coften contaminated with nitre and other nitrates, and organic
matter, produced from the decomposing animal matter which
ppenetrates through the soil.  Such water often appears quite bright
sand has no unpleasant taste, but if drunk it may be exceedingly
mnjurious to health. Many epidemics of typhoid and other diseases
mmay be traced to the use of water contaminated with decomposed
corganic substances. The influence of the drinking water of a town
con the general health has of late years been more and more gene-
rrally acknowledged, and hence the importance of supplying all
ttowns with ample quantities of wholesome water,

Chemically pure water is thus unknown in nature. In order to
Fprepare it, ordinary water is converted into steam by heating it,
and this again condensed in suitable vessels to liquid water. This
rprocess is called distillation, and the water so prepared 1s disfilied
twaler.

o 2

-
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The simplest apparatus for this purpose is an ordinary glass
retort, furnished with a receiver for cooling, also of glass. For the
preparation of larger quantities of distilled water the steam is
evolved from the top of a metallic boiler, best of tinned copper,
and condensed in a tinned tube by cold water. The process of
the slow distillation of water goes on largely in nature. Clouds
are produced from the aqueous vapour formed by the slow evapo-
ration of the water of rivers and the sea ; and rain falls when this
water vapour is still further condensed. Rain-water or melted snow
is thus distilled water, and might be used in place of the latter
if it were not rendered slightly impure by falling through the air.

In order to determine whether a specimen of water is pure, or
at least free from mineral substances, a portion may be evaporated
to dryness in a clean silver or platinum dish. Pure distilled water
leaves no trace of a solid residue. Should a residue remain which
blackens on heating, organic matter is present in the water, although
the water may be contaminated with organic substances and the
residue not blacken on heating.

Water is the common solvent for a large number of solids—
acids, bases, and salts. A solution is said to be safurafed, when it
can take up no more of the substance dissolved in it. The quantity
of a substance required to produce saturation depends chiefly on
the temperature ; most bodies are more soluble in hot than in cold
water, and we therefore distinguish between a hot and a cold satu-
rated solution.

A hot saturated solution of a substance, which i1s more soluble
in hot than cold water, usually deposits the excess on cooling in
the solid state—often as crystals.

The hot saturated solutions of some bodies, if allowed to stand
quietly while cooling, do not deposit the excess of the salt. But
when the cold liquid is touched with a solid body, or when a
particle of dust falls into it from the air, crystallization begins
at once, and in some cases (e.,g. sodium sulphate) the quantity of
salt separated is so great that the whole mass becomes solid, Such
solutions are called supersaturated solutions. Even water itself
possesses a similar property. When in quite clean vessels, free
from grease, it can be cooled several degrees below o” without
solidifying ; but the slightest shaking is then sufficient to immedi-
ately convert the whole mass into ice.

Water is also a solvent for many liquids—e.g. sulphuric acid,
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:alcohol, glycerine. But as the solution in these cases is mutual—
iZ.e. water dissolves also in these liquids—we say that sulphuric
;acid and water, or alcohol and water, mix with one another.
' Sometimes the mixture of the two liquids, as those we have named,
itakes place in any proportion, but with other liquids only within
!iCEl’t&iI‘l limits. Water and ether mix with one another, but only
wwithin certain limiting proportions. If an excess of ether is added
it will remain floating on the surface of the water undissolved.

Nearly all gases are more or less soluble in water. Some, as
rammonia and hydrochloric acid, dissolve 1n very large quantities
(up to S8oo times the volume of the water or more). In these cases
:a large quantity of heat is set free, owing to the change in aggre-
igation, the gas losing its latent heat and becoming liquid. Other
igases only dissolve slightly in water, as carbonic acid, oxygen,
(&c., while others, again, scarcely dissolve at all—e.g. hydrogen,
initrogen, In all cases, when no stable chemical compound has
Ibeen produced, the dissolved gases may be again driven out by
Iboiling—for example, carbonic acid and ammonia; hydrochloric
:acid, on the other hand, can be only partially expelled by boiling.

Many substances, particularly salts, which separate out in the
cerystalline form from aqueous solutions, retain water mostly
tchemically combined in a loose manner. This water is called
vaaler of crystallization.  Crystallized washing soda and Glauber's
¢salt contain more than 30 per cent. of this water. According to
tthe temperature at which the crystallization takes place, the
quantity of water of crystallization taken up by any particular
rcompound may vary, but the weight of the water is to the weight
rof the substance with which it is combined always in some
‘definite proportion of their molecular weights, In crystallized
:soda, one molecule of sodium carbonate is combined with ten
imolecules of water: common alum contains one molecule of
jpotassium-aluminium sulphate united with twelve molecules of
water.,

Many compounds (e.g. soda) contain their water of crystal-
llization so loosely united, that they part with it, or a portion of it,
con standing in the air. The crystals then lose their lustre and
:shape, they become dull, opaque, and often fall to pieces, being
‘converted into an amorphous powder. This phenomenon is called
ceffforescence.  The reverse of this, or the attraction which many
crystalline and other solids have for water, so that if exposed to the
air they take up water and ultimately form a liquid, is called deli-
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guescence. Calcium chloride and magnesium chloride are ex-
amples. All salts do not combine with water when they crystal-
lize out from an aqueous solution ; common salt, nitre, potassium
chlorate and others crystallize without water. 'We are unacquainted
with the cause of this different behaviour.

Those compounds which do not lose their water of crystallization
at the ordinary temperature do so at 100° or a slightly higher
temperature. Many salts, however, contain a portion, usually one
molecule, of their water of crystallization more firmly combined.
Blue vitriol (copper sulphate), which crystallizes with five molecules
of water, readily gives off four of them at 100° or 120°% but may be
heated up to 180° without losing the last, which it only does at a
temperature between 180” and 200°. (Green vitriol (ferrous sulphate)
and other similar salts, which crystallize with seven molecules of
water, retain their last molecule in the same firm manner.

This last molecule of water is not really water of crystallization.
It may be called waler of constitution, because it can be displaced
by salts. Zinc sulphate crystallizes with seven molecules of water
(50,-0.,Zn + 7H,0), but the double salt of zinc sulphate and potas-
sium sulphate, which crystallizes out from a mixed solution of the two
salts, does not contain seven but only six molecules of real water
of crystallization (SO,-0,Zn+ S0,-0,K, +6H,0). The seventh
molecule of water in the zinc sulphate has been displaced by potas-
sium sulphate.

If we bring sulphuric anhydride or calcium oxide into contact
with water, a large quantity of heat is set free and the substances
unite with one another to form compounds from which the water
can be only difficultly or not at all expelled by heat. If the pro-
duct of the union of sulphuric anhydride and water, which has the
composition SO, + H,0, be heated up to 340°—i.e. far over the
boiling point of water—the water is not expelled, but the whole
compound distils over. But we can again obtain water from it at
the ordinary temperature by adding a metallic oxide. In the same
manner, water is set free on the addition of an acid to the com-
pound of calcium oxide with water. Such compounds are called
hydrates, and the water, water of hydration (p. 50).

In reality these hydrates do not contain water as such. The
compound produced by the ‘union of calcium oxide and water
(slaked-lime) is not to be considered as a compound of the two
substances, and cannot, therefore, be represented by the formula
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(CaO,H,0. It is a calcium salt, which may be compared with
ccalcium nitrate, containing two atoms of hydrogen in the place of
tthe two atoms of the radical NO,. Thus:—

(Q-NO, _(OH
Cain.NO, Ca10H
Calcium nitrate Calcium hydrate

In the same manner, the acid hydrates (the true acids), for ex-
;ample, sulphuric acid, nitric acid, are not really compounds of
vwater, but salts containing hydrogen instead of a metal :(—

o : (OH
50, + HO = hU_,“.“_]

The hydrates may be called Zydrogen salts, and there are two
+classes to be distinguished : (i.) those in which the hydrogen takes
' the place of a metal—the oxy-acids ; (i1.) those in which the hydro-

gen displices an acid-radical—the hydrates proper—as, calcium
hydrate, potassium hydrate (KOH ), &c.

. Many of these compounds are easily decomposed, some even
(copper hydrate) under 100°. Others are so unstable that they
cannot exist at the ordinary temperature of the air, or under
ordinary conditions generally. If a strong base is added to an
aqueous solution of a mercuric salt, mercuric oxide and not mercuric
hydrate is precipitated ; and from an agueous solution of a carbon-
ate, a strong acid will liberate carbonic anhydride (commonly
called carbonic acid), and not its hydrate or the true acid.

The crystals of many salts, which crystallize without water,
often enclose small quantities of water mechanically. On heating
these crystals they break into pieces, often with violence, or, as we
say, they decrepitate,

Water is deposited on solid bodies from the air, and the quantity
depends upon the nature of the substance, temperature, relative
moisture of the air, &c. In order to remove this moisture, or
generally to abstract loosely combined water from bodies which
will not bear heating, the substances are placed under a desiccator—
z.¢. in a closed space in which the air is kept dry, and the water-
vapour which is given off is chemically absorbed. This may be
best done by concentrated sulphuric acid. The simplest construc-
tion for a desiccator is a bell-jar with ground edge, which is placed
on a ground-glass plate over a vessel of sulphuric acid and a separate
vessel containing the substance. The air in the bell-jar becomes
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quickly dried by the sulphuric acid, and then the moisture, which is
evolved from the water into the dry space, is also absorbed.

The process may be much accelerated, if the air in the bell-jar
is partially or entirely exhausted. Such an arrangement is shown
in fig. 34. The ground-glass plate is cemented to a plate of iron,
which is borne by a brass support. A hole is made in the glass

|

and through the iron plate down the brass support to the side tube,
above which is a stop-cock. The side tube is connected by a thick
piece of india-rubber tubing with a water-air pump, as shown. If
now the pump is set in action, the air under the bell-jar soon be-
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.comes partially exhausted, and, by closing the stop-cock, may be
 preserved for several days in this condition.

In order to drive off hygroscopic water, or water of crystalliza-
ition, from those bodies which can be heated without suffering
'decomposition, an a#r-bath is used. Such an apparatus of the
.simplest construction is shown in fig. 35. It consists of a copper
ivessel of which the parts are brazed together and of which the
{front side opens to form a door. The substance to be dried is
iplaced on a piece of wire gauze, about 6 centimetres from the bottom

B U P

of the vessel. After closing the door, the vessel is heated by a
.gas-lamp, and the flame regulated by the thermometer inserted
into the bath from above. In order to get rid of the water-vapour
which is thus produced, an opening is made in the top near the
tthermometer, and a second in one of the side walls just over the
bottom. By this arrangement, a slow and continual stream of air
‘flows through the warm bath, carrying with it the water from the
-substance which is to be dried.
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HYDROGEN PEROXIDE.
Composition : H,0,.

Besides water there exists another compound of oxygen and
hydrogen which contains twice as much oxygen as water. This
compound, called hydrogen peroxide or hydroxyl, was discovered
by Thénard in 1818. _

[t is a colourless, transparent, viscid liquid, with a peculiar
odour, mixes with water in every proportion, is not yet known in
the solid state, and is very easily decomposed. The pure com-
pound is decomposed even at 15° or 20° into oxygen and water ; in
an aqueous solution, especially when containing a little hydrochloric
acid, it is much more stable.

Hydrogen peroxide cannot be prepared directly from oxygen
and hydrogen, but is formed when the oxygen of peroxides com-
bines with hydrogen or water. Some peroxides (for example,
those of manganese or lead) cannot be used for its preparation ;
it 1s best to employ barium peroxide, obtained by heating barium
oxide in a stream of oxygen.

The barium peroxide, when finely powdered and mixed with
dilute hydrochloric acid, decomposes, not like manganese peroxide
when so treated to form water and chlorine, but into barium chloride
and hydrogen peroxide :—

BaO, + =2HCl = BaCl, + H,0,

Barium Hydrochloric Barium Hydrogen
peroxide acid chloride peroxide

The preparation of the pure substance is tedious and difficult.
The barium may be precipitated out of the solution by dilute sul-
phuric acid, and the hydrochloric acid by silver sulphate, and then
the sulphuric acid exactly precipitated with baryta water, by which
means a dilute aqueous solution of the substance is obtained. This,
on concentrating by evaporation in vacuo, decomposes all the
more readily into oxygen and water, the more concentrated it be-
comes.

The chemical behaviour of hydrogen peroxide is very remark-
able. The readiness with which it decomposes into nascent oxygen
and water makes it one of the most powerful oxidizing agents for
many substances—e.g. for arsenic, sulphurous acid, and many
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rmetallic sulphides. Black lead sulphide is easily converted by it
iinto white lead sulphate. In old oil paintings, in which the light
icolours produced by white-lead have gradually darkened owing to
'1the formation of lead sulphide, the original colours may be again
' produced by carefully washing with a dilute solution of hydrogen
peroxide. This then converts the lead sulphide into lead sulphate,
without damaging the picture.
Hydrogen peroxide acts, however, upon many substances as a
reducing agent and abstracts oxygen. [f an aqueous solution is
. added to silver oxide (or manganese peroxide), the liquid froths up
.and evolves considerable quantities of oxygen. The atom of oxygen
which the peroxide contains more than water unites with an atom
of oxygen from the silver oxide to form a molecule, and the silver
oxide is at the same time reduced to metallic silver :—

H.O, + AgO0 = HO + 0, + Ag.
H ydrogen Silver Water Oxygen Silver
peroxide oxide

In the same manner manganese peroxide is reduced to man-
ganous oxide, which, when the liquid contains a free acid, unites
with it, forming a salt. This remarkable reaction may be used to
determine roughly whether a given solution contains much or little
hydrogen peroxide. The solution is poured on a little powdered
black oxide of manganese contained in a test-tube when a rapid
evolution of oxygen at once begins, sufficient to show its presence
by kindling a glowing chip of wood,

To detect traces of hydrogen peroxide in an aqueous acid liquid,
a little ether is added, and one drop of a solution of potassium
bichromate ; after shaking, the ether. as it rises to the surface, is
found to be tinged with a beautiful blue colour, due to some com-

. pound of chromium probably containing more oxygen than chromic
acid.

OZONE,

Comiposition . O,

ik

It was long known that on turning the glass plate of an elec-
trical machine a peculiar odour may be noticed, very similar to
that produced when phosphorus is allowed to oxidize slowly in
moist air. Careful experiments have shown that the cause of this
odour is a chemical compound produced by these and other pro-
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cesses from the oxygen of the air. To this body the name ozone
has been given.

Ozone is an 1]]ﬂtrop|c modification of oxygen, and its relation
to ordinary oxygen is somewhat the same as that of ordinary
phosphorus to the red amorphous modification of this element,
In the same manner as ordinary phosphorus has a much more
powerful affinity for oxygen, sulphur, and other elements than
the red phosphorus, so the affinity of ozone for most substances
i1s very much greater than that of ordinary oxygen. And,
again, as common phosphorus is converted into the red variety
on heating, so also is ozone converted by heat into ordinary
oxygen.

Ozone has never yet been prepared chemically pure, and particu-
larly never free from ordinary oxygen. In all attempts to convert
oxygen into ozone, a considerable quantity, always the greater
part of the former gas, remains unchanged. Our ideas, therefore,
of the properties of ozone refer only to a mixture of it with oxygen.

It is a colourless gas, with a very intense odour, soluble in
water, to which it imparts its smell ; it acts in an irritating manner
when inspired, and attacks the bronchial tubes in the same manner
as chlorine. Ozone is condensed to the liquid state more easily
than oxygen, and then forms a blue liquid of varying tints according
to the pressure. .

Ozone occurs in atmospheric air, although only in very minute
quantities. It is produced from the oxygen of the air in places
where water evaporates quickly, particularly in the neighbourhood
of the sea and of the salt-works in Germany, where the brine
evaporates spontaneously. Various organic compounds—e.g. oil
of turpentine, oil of bitter almonds—possess the property, when
exposed to the light, of converting the oxygen of the air into.
ozone, absorbing it mechanically, and then yielding it up to other
bodies.

The partial conversion of oxygen into ozone may be brought
about by allowing electric sparks to pass through the gas, or by
allowing phosphorus, half covered with water, to oxidize slowly to
phosphorous acid in a large vessel. In the latter case the ozone
produced soon combines chemically with the phosphorous acid.

The best method to obtain ozone in comparatively speaking
large quanlltles is to subject a slow stream of oxygen or atmo-
spheric air to the action of high electric potential without allowing
sparks to pass through the gas. By this silent discharge of the
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relectricity through the oxygen which then takes place several per

1 cent. of the gas is converted into ozone—a very remarkable fact,
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and one which suggests the question whether other gases might not
also be changed in the same way.

The figure on the preceding page (fig. 36) shows an apparatus
which yields large quantities of ozone, and which may be easily
made by a skilful glass-blower. Through the centre of the wooden
lid of the cylinder A A passes a wide glass tube, open at the top
and closed at the bottom. At the lower end of this tube, near the
side, a narrow piece of glass tubing is melted, which is bent up-
wards and again at right angles (a) above the lid. By this tube the
oxygen enters, and by the tube & it leaves the app1ratus when
partially converted into ozone.

In order to produce this conversion of oxygen into ozone, a
second rather smaller tube is placed inside the wide one. This
tube 1s also open at the top and closed at the bottom, and the two
tubes are melted together air-tight at the line c¢, in such a manner
that the gas, entering at a, passes through the narrow annular space
between the two tubes, and finds an exit at 4. The inner tube and
the wide cylinder are filled to about the same height with dilute sul-
phuricacid (1 of acid to 10 of water) ; in each of them dips a piece
of platinum foil to which is melted a piece of stout platinum wire.
Both wires are now attached to a powerful induction coil, and at
the same time dry oxygen is allowed to enter at .

The two platinum plates and the sulphuric acid with which they
are in contact become strongly electrified, and discharge themselves
silently, without the- production of sparks, through the space
between the two tubes, by means of which the oxygen is partially
converted into ozone.

Ozone is one of the most powerful oxidizing agents. It so
exceeds ordinary oxygen in this respect that it often oxidizes bodies
at the ordinary temperature which only combine with oxygen when
heated. The metal mercury, which may be kept for years in
the air without any alteration, becomes at once covered with a
film of the oxide when exposed to the action of ozone. Silveris
also oxidized and converted into the peroxide by ozone. Sulpbu-
retted hydrogen and sulphurous acid are rapidly converted into
sulphuric acid, and black lead sulphide, which remains unchanged
for years in ordinary oxygen, is at once changed into white lead
sulphate.

In the same manner as chlorine, ozone easily expels iodine
from its compounds. lodine, when free but not when combined,
possesses the property of colouring starch paste blue, even when
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|conly minute traces of it are present. If, therefore, dilute starch
ipaste is mixed with a solution of potassium iodide and strips of
1white paper are moistened with the mixture, the paper will become
Iblue when brought into contact with air containing ozone, and the
| 1reaction will be all the more rapid the greater the quantity of ozone
| present.

This very delicate test enables us to find out whether air con-
Itains ozone.! The reaction is expressed by the equation :—

2KI + O, + HO = 2KOH + I, + O
Potassium Clzone Water Potassium ladine
iodide” hydrate

Oxygen

The powerful oxidizing action of ozone makes it an energetic
bleacher, and if it should later happen that ozone could be pre-
pared in such quantities and as easily as chlorine, it would be very
generally employed for this purpose. The success of the old
process of meadow bleaching depends probably upon the action
of ozone, this substance being produced in small quantities by the
rapid evaporation of the water contained in the linen by the sun’s.
rays. Lven indigo, which is otherwise a very permanent colour,
cannot withstand the action of ozone. It is soon decolorized and
converted into a new chemical compound by the action of ozone
upon it.

The difference between the molecular composition of ozone
and ordinary oxygen has been determined by experiment. [t was
found that when electric sparks passed through oxygen, or, better,
when the gas was subjected to the silent discharge, its volume
diminished. The ozone which was produced must therefore be
denser than oxygen. Exact experiments yielded the result that
by this process three volumes of oxygen were condensed to two
volumes of ozone, so that ozone must be one and a half times as
dense as oxygen. And it was further observed that when the
mixture of ozone and oxygen was again converted into oxygen by
heating it regained its original volume,

From these experiments, and from the fact that the molecule of
oxygen contains two atoms, it is concluded that the molecule of
ozone contains Zree atoms. If this is correct, the powerful
oxidizing properties of ozone are explained on the supposition that
its molecule breaks up into a molecule and a free atom of oxXygen—

! This test does not prove conclusively that ozone is present, as other bodies,
such as nitrous acid, hydrogen peroxide, also colour the paper blue.—En,




06 Text-Book of Inorganic Chemistry.

O, =0, + O—the latter then exercising the same force of affinity
as oxygen in the nascent state—e.g. when set free by the electric
current.

Ozone, like hydrogen peroxide, is thus a valuable and easily
obtained source of nascent oxygen. It may possibly assume very
considerable importance in medicine and the arts at no distant
date.

THE HALOGENS OR SALT-PRODUCERS.

The four elements chlorine, bromine, iodine, and fluorine are
grouped together under this name because they form salts by
direct union with the metals (d\s, sea-salt, and yervdw, 1 produce).
These salts are called laloid-salts to distinguish them from the
oxy- and sulpho-salts. The haloid-salts consist of two elements,
the halogen element and a metal—for example, sodium chloride,
"NaCl; while the oxy- and sulpho-salts contain at least three
elements, a metal and a simple or compound radical united to-
gether by oxygen or sulphur—for example, potassium nitrate,
NO,:OK.

It was thought at one time that every acid and every salt
must contain oxygen, and it was long imagined that this element
was present in the haloid-salts and that chlorine, bromine, &c.,
were compounds of oxygen. As, however, all attempts to detect
oxygen in the halogens, and as salts of the halogens really con-
taining oxygen were discovered later—for example, potassium
chlorate (ClO,-OK)—the halogens are now considered as ele-
ments, as long as we are unable to decompose them.

The chemical compounds of the halogens, particularly those of
chlorine, bromine, and iodine, are so similar that they are often
difficult to distinguish from one another. It is thus all the more
remarkable that these three elements should possess such very
different physical properties in the free state. Chlorine is a
areenish-yellow gas, bromine a dark red-brown liquid, and iodine
is a dark grey crystalline solid with metallic lustre.
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CHLORINE.
Chemical Symbol ; Cl.—Atomic Weight: 35°5.

This element does not occur free in nature, but only combined ;
its chief compound is common salt (sodium chloride), in which it
iis united with the metal sodium. But although common salt is
cone of the most widely distributed chemical compounds, chlorine
thas only been known for about 100 years ; it was discovered in
11774 by Scheele, one of the discoverers of oxygen,

Chlorine is a greenish-yellow gas with a powerful and peculiar
codour, and owes its name to its colour (yAepes, greenish-yellow).
11t possesses a density of 245 compared with air as unity. Its
rmolecular weight is, therefore, 245 x 2888 =71 (p. 51), and its
rmolecule, like that of hydrogen, contains two atoms. At a tem-
rperature of —40° or under a pressure of about ten atmospheres at
tthe ordinary temperature, it is condensed to a dark yellow liquid,
wwith a specific gravity of 1°3. It is dissolved by water in larger
cquantities than oxygen. One volume of water at the ordinary
ttemperature absorbs about 2'5 volumes of the gas, but at o a
rmuch greater quantity., At the latter temperature 1t forms a
cerystalline compound with water, having the composition, Cl, +
1oH., 0.

If chlorine is breathed, even in small quantities, it attacks the
corgans of respiration, causes inflammation of the bronchial tubes,
sand so produces a very troublesome cough. In larger quantities
iit may produce inflammation of the lungs, followed by death. The
cchemist must therefore exercise caution in experimenting with this
ssubstance.

In the ordinary sense of the word, chlorine is not, like hydrogen,
a combustible body—~7.e. if strongly heated in the air it does not
tburn. But if an atmosphere of hydrogen be substituted for air,
icchlorine burns freely, and, conversely, a jet of hydrogen burns in
cchlorine with a pale, livid flame, producing hydrochloric acid.
tFrom this we conclude that the affinity of chlorine for hydrogen
1is much stronger than for oxygen. Chlorine cannot support the
ccombustion of a piece of glowing charcoal or of a chip of wood, as
ccarbon and chlorine never combine directly with one another,

For the preparation of chlorine its hydrogen compound (hvdro-
H
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chloric acid) is almost universally employed. In order to set the
chlorine free from this compound, it is only necessary to abstract
and convert the hydrogen into some non-volatile chemical com-
pound. It will at once be remarked that the strong affinity of

hydrogen for oxygen might be employed, and the chlorine obtained
according to the equation :—

zHCL + 0 = ClL, + HO.

Hydrochloric -Water
acid

And, as a matter of fact, considerable quantities of chlorine may be
obtained by passing a mixture of hydrochloric acid gas and air over
red-hot pieces of brick (Deacon’s process). But by this method
the chlorine remains mixed with large quantities of nitrogen, de-
rived from the atmospheric air, and the process, though suitable for
technical purposes, is quite unfit for the preparation of the pure gas.

It is better to employ compounds containing oxygen, and par-
ticularly those only loosely combined with the element, such as the
peroxides. Most of the metallic oxides are so changed by the
action of hydrochloric acid that the corresponding chloride and
water are produced, thus :—

MnO + 2HCI = MnCl, + H,O.

Manganous Manganous
oxide chloride

Some peroxides behave in the same manner—e.g. manganese per-
oxide :—

MnO, + 4HCI = MnCl, + 2H,O
Manganese Manganese
peroxide tetrachlonde

But these metallic perchlorides are very unstable bodies, and are
easily decomposed into the lower chloride and water :—

MnCl, = MnCl, + Cl.
Manganese Manganous
tetrachloride chloride

From these two equations it is seen how chlorine may be pre-
pared from manganese peroxide and hydrochloric acid, and how
only one half of the chlorine is set free.

The preparation of chlorine, according to this method, is best
carried out by placing a small quantity of the powdered black oxide
of manganese in a large glass flask, and then adding commercial
hydrochloric acid until the flask is about one-third full. It is not
advisable to introduce more than this into the flask, since the mass
froths up during the evolution of the chlorine. When the black
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roxide has been thoroughly mixed with the hydrochloric acid, 1t is
ygently” heated over a gas flame. The reaction begins at the
cordinary temperature, and only requires a very gentle warmth to
rcontinue it.  The atmospheric air is then gradually expelled by the
| heavier chlorine, and finally the gas itself issues from the tube,
*which passes through the cork in the neck of the flask.

The chlorine so prepared is always mixed with vapours of
| hydrochloric acid. In order to separate these vapours, and, at the
rsame time, to dry the gas or abstract the water-vapour which it
ccontains, it is passed through two wash-bottles, of which the first is

—

thalf filled with water, and the second with concentrated sulphuric
racid, The water absorbs all the hydrochloric acid, together with a
llittle chlorine, and the sulphuric acid removes most of the water-
wwapour, which is carried over from the first wash-bottle,

Chlorine, unlike oxygen and hydrogen, cannot be collected over
‘rmercury, as it combines chemically with this metal at the ordinary
\ttemperature, 1f it is to be collected over water, the water 1s first
macde luke-warm, as warm water absorbs much less of the gas than
cold. 1If avesselis required full of dry chlorine, the tube delivering
tthe vas is led to the bottom of the vessel (fig. 37). The chlorine
tthen gradually displaces the lighter atmospheric air, and the

' g
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yellow coloured gas may be readily perceived as it rises in the jar.
In order to lessen the communication with the external air, the
mouth of the jar is lvosely closed with a plug of cotton-wool. The
chlorine is led into the jar until the interior appears uniformly
coloured, by which time most of the air has been expelled. All
such operations with chlorine must be conducted in a good draught
of air, on account of the poisonous nature of the gas.

In this method of preparing chlorine, sulphuric acid and
common salt may be used instead of the hydrochloric acid. An
intimate mixture of one molecular weight of common salt with at
least two molecular weights of manganese peroxide is prepared,
and an excess of dilute sulphuric acid poured over the mixture. In
this way all the chlorine is obtained from the common salt, and
the end products of the reaction are acid sodium sulphate, man-
ganous sulphate, water, and chlorine :—

OH
2N )\ ; { =
aCl + MnO, + 350:i oH
Sodium Manganese Sulphuric
chloride peroxide acid
50,0Mn & 2801952 . ¢, + BELO
2y 11 OH 9 Mt
Manganous Acid sodium
sulphate sulphate

But the preparation of chlorine from commercial hydrochloric
acid and black oxide of manganese is always to be preferred ; it is
more rapid and more advantageous, and the bye-product, man-
ganous chloride, may be easily purified.

Chloride may also be obtained by the electrolysis of a saturated
aqueous solution of common salt, or of hydrochloric acid, by em-
ploying electrodes of gas-carbon, and placing a bell-jar filled with
the same liquid over the positive electrode.

The chemical affinity of chlorine for most of the metals and
non-metals is very powerful, and in many cases it even exceeds
that of oxygen. The elements, oxygen, fluorine, nitrogen, and
carbon, do not, hovever, combine directly with it, even at the
highest temperatures. But compounds of these elements (except
fluorine) with chlorine may be prepared in an indirect manner. :

The affinity of chlorine for hydrogen is particularly powerful,
Equal volumes of the two gases, mixed in darkness or candle-light,
unite to form hydrochloric acid when exposed to direct sunlight, or
when brought into contact with a burning body or an electric
spark. The quantity of heat which is set free on the union of the
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two gases and the consequent expansion is so great that even
thick vessels are burst with a loud explosion. A mixture of one
volume of hydrogen and one volume of chlorine when ignited pro-
duces the same effects, and for the same reason, as a mixture of
two volumes of hydrogen with one volume of oxygen. A jet of
hydrogen, however, when ignited in the air and plunged into a
jar of chlorine, continues to burn quietly with a pale flame, also
producing hydrochloric acid.

The affinity of chlorine for hydrogen is under some circum-
stances stronger than that of oxygen for the same element. An
aqueous solution of chlorine, exposed to the light, gradually loses
its colour ; the chlorine expels the oxygen from the water and
hydrochloric acid remains behind.

Sulphur unites with chlorine at the ordinary temperature, and
more quickly when heated, to form the red volatile liquid, sulphur
chloride.

Phosphorus, which at the ordinary temperature neither ignites
in air nor in oxygen, catches fire at once in chlorine, forming one
of the chlorides of phosphorus.

Antimony, when finely powdered and shaken into a jar of
chlorine, Lurns with light and heat to form antumonic chloride.
Copper, in a finely dnlt.le:d state, as Dutch metal, behaves in the
same manner, the compound produced being cupric chloride
(CuCl,), corresponding to that formed when copper burns in
oxygen, cupric oxide (CuO),

Sodium burns in a stream of chlorine, and becomes incrusted
with-sodium chloride, which is identical in every respect with the
naturally occurring common salt.

A lighted taper, the wax or fat of which consists essentially of
carbon and hydrogen, when introduced into a jar of chlorine, con-
tinues to burn, but only feebly and with a dull red light, large
quantities of soot being at the same time liberated. The hydrogen
of the wax unites with the chlorine, while the carbon is set free.
The same phenomena is shown still more strikingly with volatile
hydrocarbons rich in hydrogen—for example, oil of turpentine,

Many organic substances are decomposed by chlorine at the
ordinary temperature, and in diffused daylight, the decomposition
being often accompanied by a change in colour. If chlorine is led
into a blue solution of indigo, or mto ordinary black ink, or if
chlorine water is added to either of these liquids, they both be-
come yellow owing to the formation of new chemical compounds.
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Fresh flowers, and calico coloured with organic colours when
moistened with chlorine, lose their colours, or, in other words, they
are bleached.

We are acquainted with the new chemical compounds produced
by the action of chlorine on indigo and on ink; we know that
indigo-blue is converted into yellow isatin chloride, which can be
separated and obtained in a crystalline form. But in most other
cases, particularly with regard to the unknown colouring matter of
flowers, we are as little acquainted with the products of decomposi-
tion, when bleached by chlorine, as we are with the chemical
nature of the colours themselves. '

The action of chlorine in these processes often consists in the
abstraction of one or more atoms of hydrogen, which unite with
the chlorine to form hydrochloric acid, while a similar number of
atoms of chlorine takes the place of the displaced hydrogen. This
process of substitution, as it is called, often takes place in many
colourless organic compounds ; the well-known colourless phenol,
(carbolic acid), for example, 1s easily converted by chlorine into
monochlorphenol, dichlorphenol, and even trichlorphenol.

In other cases, chlorine acts as an oxidizing agent. We have
already seen that chlorine can decompose water in sunlight,
forming hydrochloric acid and oxygen ; and if at the same time
substances capable of easy oxidation are present—and to these
belong many organic colouring matters—they become oxidized by
the oxygen set free from the water. In most cases, as in the
conversion of indigo into isatin chloride, both processes go on
together.

The bleaching properties of chlorine make this substance o.
great practical value. Linen which was previously bleached by
exposing it to sunlight on green meadows for weeks together, is
bleached by chlorine in as few minutes as the old method required
weeks. In the arts, free chlorine is, however, not employed, but a
compound called &leacking powder or chioride of lime, which
easily yields up its chlorine, and which is much easier to manage
and much less dangerous than the free gas. DBooks or engravings,
which, in course of time, have become stained, may be rendered
completely white by placing them for a short time in fresh chlorine
water. The printing ink, which consists essentially of carbon
(lamp-black), is unacted upon by the chlorine. Characters in
ordinary writing ink, which is an organic compound, are at once

completely bleached.




Clilorine. 103

In all cases in which chlorine or bleaching powder has been
wused for bleaching purposes, care must be taken that the chlorine,
which adheres mechanically, is afterwards completely removed.
ILinen, calico, or paper when bleached with chlorine, retains chlorine
lin the pores so persistently, that it cannot be got rid of by repeated
washing with water. Alone this chlorine would have no bad
ceffect, but under the action of light it produces with water hydro-
cchloric acid, which destroys the organic tissues, rendering the
(fabric so brittle, that it ultimately falls to pieces. The chlorine
wwhich is left in the pores of the fabrics, after they have been
Ibleached and thoroughly washed, must be removed by chemical
rmeans. For this purpose substances are chosen which are easily
coxidized and which themselves exert no injurious action, as calcium
¢sulphite or sodium thiosulphate. The former substance is trans-
{formed by chlorine in the presence of water into calcium sulphate
(gypsum), the latter into sulphur and sodium sulphate. A
substance used for this purpose is called an an#ichior. Linen
I bleached in this way is whiter and lasts longer than that bleached
I by the old method of exposing it to the light and air.

‘The property which chlorine possesses of decomposing and
rchemically altering organic and particularly organized bodies gives
1it another practical application. Chlorine acts as a most powerful
- disinfectant ; it destroys the organic substances which collect n
‘the air of closed spaces, particularly in the chambers of patients
suffering from infectious diseases. Experience has shown that
the air of sick rooms is purer and healthier when small quantities
of chlorine are allowed to evaporate from time to time. This is
best done by placing a little chloride of lime in one or more
saucers, and moistening it with a hittle common vinegar, Small
quantities of chlorine are then gradually set free.

Chlorine Hydrafe : Cl,+10H,0.

Water, which at the ordinary temperature only absorbs a little
more than twice its volume of chlorine, takes up large quantities at
o, and forms a chemical compound, having the composition shown
above. This compound is produced, as small crystalline platesof a
yellow colour, by leading chlorine into ice-cold water, until finally
the whole liquid becomes semi-solid. The crystals may be filtered
off at a temperature below o° and freed from adhering water by
pressing between blotting paper. At a few degrees ahove o
the hydrate is again decomposed into its constituents. This
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property affords an easy method for the preparation of liquid
chlorine. The chlorine hydrate is pressed into the end of a thick
bent glass tube, which stands in a freezing-
mixture, and after a few pieces of calcium
chloride have been placed above it, the open
end ¢ (fig. 38), is fused together by the blow-
pipe. If now the limb ¢ is placed in a freezing
mixture and the other limb @ gently warmed,
the chlorine which is set free condenses in ¢ by its own pressure
to a yellow liquid, while the water is retained by the calcium
chloride. '

Fig. 38.

HYDROCHLORIC ACID (Muriatic Acid).
Composition : HCI.

This substance, the only compound of hydrogen and chlorine,
occurs in small quantities in the gases emitted from volcanoes.

It is a colourless gas which fumes strongly in the air, possesses
a suffocating odour and taste, and a strong acid reaction. Its
specific gravity compared with air as unity is 1'26, and its mole-
cular weight is therefore 126 x 28-88 = 36:39 (p. 51), corresponding
to the formula given it above. Under a pressure of 25 atmo-
spheres and at a temperature of —4° it is condensed to a colourless
liquid. Water dissolves large quantities of the gas forming ordi-
nary (aqueous) hydrochloric acid.

Hydrochloric acid is produced by the direct union of chlorine
and hydrogen, with a large evolution of heat, when about equal
volumes of the gases are mixed and exposed to direct sunlight, or
when raised to the temperature of combustion by an electric spark
or a flame. If a very thin glass flask (or better, a thin glass bulb)
is filled in the dark with a mixture of equal volumes of hydrogen
and chlorine, corked firmly, and then exposed to bright sunshine,
the moment when the first ray of sunlight strikes the flask or bulb,
the union of the two gases at once follows, and the flask is burst
by the force of the loud explosion. The combination takes place
more slowly in diffused daylight, and is only produced suddenly
with an explosion when the two gases are mixed in exac//y equal
proportions in the dark. This mixture of exactly equal volumes
may be obtained by the electrolysis of strong aqueous hydrochloric
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;acid by gas-carbon electrodes, and collecting the mixed gases
ttogether after all the air has been expelled from the liquid and the
jporous carbon, and after the liquid over the positive pole has
tbecome perfectly saturated with chlorine,

When one volume of chlorine unites with one volume of hydro-
.gen no condensation occurs, as when oxygen and hydrogen com-
‘bine together, but two volumes of hydrochloric acid are produced.
(One volume of the compound gas consists, therefore. of half a volume
cof chlorine and half a volume of hydrogen. From this it follows
tthat the molecule of hydrochloric acid consists of § molecule = 1
satom of chlorine, and 4 molecule = 1 atom of hydrogen ; from this
salso its density may be calculated, and will be found to agree with
eexperiment, thus :—

1 vol. chlorine . : 2 . weighs 2°450
I ,, hydrogen . . : g W 0060
2 ,, hydrochloric acid : : W R
I 1" 1 " " > 1 l.:{}

Again, since 2°'519 parts by weight of hydrochloric acid contain
22'45 parts of chlorine and o-06g part of hydrogen, the percentage
ccomposition of the gas, according to the usual simple process,
s :—

Hydrogen . : ; . = 2'74 parts by weight.
Chlorine . : : . i a= yab "
Hydrochloric acid . : . = 10000 &

lIn other words, this small quantity of hydrogen suffices to com-
ppletely change the properties of more than 35 times as much
tchlorine on chemical union with it.

That hydrochloric acid consists of hydrogen and chlerine in
r‘Equnl volumes may be proved by its electrolytic decomposition,
l-‘@x piece of apparatus by which this experiment may be performed
is shown in fig, 39. Two glass wubes of equal calibre, which are
:t:lnsc-cl at the top by stop-cocks, are placed in a vertical position,
iand communicate by a side-tube with a third vertical tube, some-
wvhat longer, and enlarged at the upper end into a bulb, In the
lLower ends of the two tubes are two cylinders of gas-carbon, which
mre fitted in water-tight by caoutchouc stoppers, and which are
polaced in connexion with the two poles of a galvanic battery. The
‘cubes are filled with strong aqueous hydrochloric acid (or a mixture
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of hydrochloric acid and a strong solution of common salt) through =
the bulb-tube, the stop-cocks being open. On commencing the
experiment, and for some time afterwards, the stop-cocks are left
open, so that the liquid in the tube where the chlorine is liberated
may become saturated ; the chlorine which is evolved being carried
away by a downward draught as shown in the diagram. If finally

&

the two stop-cocks are closed at the same time, hydrogen collects
in one tube and chlorine in the other in equal volumes, and the
liquid remains during the experiment at equal heights in the two
tubes. The liquid which is displaced by the gases rises in the
third tube and collects in the bulb. We see, therefore, from this
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wperiment that hydrochloric acid contains chlorine and hydrogen
1 equal volumes.

For the ordinary preparation of hydrochloric acid gas, common
alt is almost exclusively used. This salt (sodium chloride), when
nixed with concentrated sulphuric acid, gives a large quantity of
e gas at the ordinary temperature without heating, and 1s con-
eerted into acid sodium sulphate : —

, .~ (OH ., (OH
NaCl + 80,495 = HCl + SO,ion.
Sodirm Sulphuric Acid sodium
chloride acid sulphate

But if the ordinary crystallized salt, which offers a large surface
y the acid, is employed, the mixture always froths over. It is
aerefore better to use salt which has previously been melted and
ffterwards broken into moderately large pieces. This evolves the
sas more slowly, as its surface is much smaller. The action com-
iences at the ordinary temperature, but must afterwards be sup-
corted by a gentle heat,

If rock-salt is used for the preparation of hydrochloric acid,
ne sulphuric acid must be mixed beforehand with an equal volume
{ff water, and, to free the gas from aqueous vapour, it must be
wassed through wash bottles containing concentrated sulphuric
ccid.

Aqueous Hydrochloric Acid.

In the ordinary language of the laboratory, hydrochloric acid
neans the solution of the gas in water. This is produced by pass-
ng a stream of the gas through vessels containing water, which
wst be kept cold as long as absorption is going on. One volume
ff water at o® can absorb about 500 volumes of hydrochloric acid
ias, at 20° a less quantity, but still over goo volumes. During this
tbsorption a considerable quantity of heat is set free, partly in
consequence of the chemical attraction between the gas and the
rater, and partly because of the change from the gaseous to the
i-_quid state. It 1s therefore necessary to keep the water cool,
sspecially if a cold saturated solution of the gas is required.

This solution of the gas in water (ordinary hydrochloric acid)
sames in the air and possesses the odour of the gas. It reacts and
rastes acid even when very largely diluted with water.

A completely saturated solution of hydrochloric acid at o° has
specific gravity of 1°21.  On heating such a solution considerable
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quantities of the gas are evolved, and the specific gravity dimin-
ishes. When the specific gravity has become 1145 the liquid boils
at 100° Even at this temperature more hydrochloric acid distils
over than water ; but on continued boiling the relative quantity of
the water passing over with the acid gradually increases, until the
boiling point reaches r10° when it remains constant, The liquid
which distils over at this temperature has a constant composition
and a constant specific gravity of 1°1.

This acid, which distils over at a constant temperature and
which has a constant composition, does not fume in the air. It
contains about 20 per cent. by weight of the gas. [t is not, how-
ever, a true chemical compound, as its composition is altered if
the pressure at which it is made to boil is changed. The satu-
rated solution at o® contains about 42 per cent. by weight of the
gas.

Impure aqueous hydrochloric acid is obtained in large quan-
tities as a bye-product in alkali works, in that part of the process
in which sodium chloride is converted into sodium sulphate by
the action of sulphuric acid. The hydrochloric acid gas, which is
given off in immense quantities, is led into large earthenware jars
half filled with water, which communicate with one another, so
that the gas unabsorbed in the first is absorbed in the second,
and so on.

The commercial hydrochloric acid so obtained fumes in the air
and has generally a specific gravity of about 1°16, which corre-
sponds to about 33 per cent. of hydrochloric acid by weight. It
is generally coloured yellow owing to the presence of iron (ferric
chloride) or organic substances, and contains besides small quanti
ties of sodium chloride and sulphate, and always arsenious chloride
if the sulphuric acid employed for its production contained arsenic
The presence of this substance may be recognized by the yellow
precipitate of arsenious sulphide, produced when sulphuretted
hydrogen is added to the acid.

The commercial acid, free from arsenic, may be employed for
the preparation of chlorine, and in all cases when the quite puré
acid is not required. It may also be employed for the prf:paratia
of the pure non-fuming acid of specific gravity 11, by distilling i ..-
a glass retort until the boiling-point has become constant at 1102
nncl then collecting the distillate. At least one-fourth of the whole
must be left behind in the retort to retain all the lm]]uutms.

Hydrochloric acid is one of the strong inorganic acids, and
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wpels many other acids from their salts. With the metallic
wides it forms metallic chlorides and water—e.g.

CuO s 2HClI = CuCl, + H0.
Cupric Hydrochloric Cupric Water
oxide acid chloride

m the same manner it decomposes many metallic sulphides—e.g.
arrous sulphide, antimonious sulphide—liberating sulphuretted
wdrogen. It also serves as a solvent for metals. Tin, which is
widized but not dissolved in nitric acid, easily dissolves in hydro-
thloric acid, forming stannous chloride and hydrogen :—

Sn + 2HCl = 8SnCly + H.
Hydrochlarie Stannous
acid chloride

With most of the peroxides it produces chlorine—¢.2. manganese
eroxide, lead peroxide.

The presence of hydrochloric acid or of a soluble chloride in a
iquid may be recognized by the white precipitate of silver chloride
sroduced when silver nitrate is added to the solution. The pre-
iipitate is easily dissolved by ammonia and turns black in the
ught. All chlorides yield chlorine when heated with manganese
Lemxide and sulphuric acid, and the free chlorine may be easily
eecognized by its odour and by its bleaching properties.

OXIDES AND OXY-ACIDS OF CHLORINE.

The chemical affinity of chlorine for oxygen is soslight that the
'wo elements cannot be made to unite directly with one another.
3ut compounds of chlorine and oxygen are produced when the one
tlement is brought into contact with the other in the nascent state,
or by other indirect means.

| We have seen that chlorine and hydrogen unite together only
|rn one dehnite proportion, but chlorine and oxygen form com-
mounds in five different proportions, of which some are only known
1s oxygen compounds, others as oxy-acids, or in combination with
baases as salts, With the exception of perchloric acid, these com-
pounds are very unstable, and easily decompose into their con-
;bstilucnt elements, often with an explosion.

H
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We distinguish the following compounds of chlorine and oxy-

gen, in which the chlorine atom may have a valency from one to
seven :—

Ouxides. Oxy-acids.
Hypochlorous anhydride . Cl,0 Hypochlorous acid . ClO-H
Chlorous anhydride . . CL,0, Chlorous acid . . ClO«ORE
Chlorine peroxide . BNy

Chloric acid . . ClOg-OH
Perchloric acid . ClO,-OH

CHLORIC ACID.
Composition : ClO,-OH.

We may well commence our description of the compounds of
chlorine and oxygen with the most important of them—chlorie
acid. The anhydride corresponding to this acid is unknown, and
the acid itself is only known in an aqueous solution. In order
to prepare it a solution of potassium chlorate is mixed with
fluosilicic acid. The insoluble potassium fluosilicate is filtered off
and the acid liquid neutralized with baryta water ; this solution,
when filtered and evaporated, deposits crystals of barium chlorate.
An aqueous solution of this salt is made and dilute sulphuric acid
carefully added, towards the last drop by drop, as long as a pre-
cipitate of barium sulphate is produced. The acid liquid, contain-
ing the chloric acid, is then filtered off and evaporated in a vacuum
over sulphuric acid ; it must not be heated, as it begins to decom-
pose at temperatures over 40°.

So prepared, it forms a thick acid liquid which has not yet been
obtained in a crystalline form.

The salts of the acid—the chlorates—are, however, more stable,
and of these the potassium salt is the best known and most impor-
tant. They are obtained when chlorine and nascent oxygen are
brought into contact with an alkali, under certain conditions.

Potassium chlorate—ClO,. OK—is produced in considerable
quantities when chlorine is led into a kof concentrated solution of
caustic potash.! The substances produced are potassium chlorate,
potassium chloride, and water, of which the potassium chlorate:

1 The delivery tube must be wide or it will become choked by the potassiun
chlorate.
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prrystallizes put first on evaporation owing to its being less soluble
r water than potassium chloride. The following equation shows
the reaction :(—

6KOH + 3Cl, = ClO,-OK + 3s5KCI + 3H,O.

<
Potassium Patassium Potassium
hydrate chlorate chloride

It is probable that potassium hypochlorite is first produced with
pootassium chloride, and that the former then breaks up into potas-
ssium chlorate and potassium chloride :(—

2KOH + Cl;, = CIOK + KCI + H,0,

Potassium Potassium Potassium

hydrate hypoechlorite chloride
3CI0OK = C(ClO0,-O0Kk + 2KCl
Potassium Potassium Potas<ium
hypochlorite chlorate chloride

Potassium chlorate so prepared always contains more or less
ppotassium chloride mixed with it, from which it may be easily and
completely separated by repeated crystallization. The presence of
potassium chloride mixed with the chlorate may be easily recog-
hnized by the white precipitate of silver chloride produced when a
itew drops of silver nitrate are added to a solution of the salt, silver
! chlorate being soluble in water.
| Potassium chlorate crystallizes in thin iridescent plates, without
wvater of crystallization. The salt may also be prepared by the
irect oxidation of potassium chloride. If a concentrated solution
of potassium chloride is electrolyzed by a powerful current, using
pplatinum electrodes, the nascent oxygen which is set free at the
ppositive pole oxidizes the potassium chloride to potassium chlorate.

We have already stated that potassium chlorate is largely
employed for the preparation of oxygen (p. 12). The chlorine
iand oxygen are so feebly held together that the latter gas is com-
bpletely given off on heating, and potassium chloride remains
behind (—

2Cl0,-0K = 2KCl + 30,
Potassium Potassinm
chlorate chloride

In the first stage potassium perchlorate is produced, and in
such quantities that the method is used for the preparation of this
salt :—

2C10,-0K = Cl0;-0K + EKC + 0O,

Potassium Potassium Potas=ium
L'hlur'.ill: I“.'thI'.Ir:IIL' Lh]uridL‘
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On heating more strongly this salt is also decomposed into
potassium chloride and oxygen.

In consequence of the slight affinity of chlorine for oxygen the
chloric acid of potassium chlorate and other chlorates acts as a
powerful oxidizer, something in the same manner as the nitric
acid of the nitrates. A red-hot piece of charcoal, on which a
little powdered potassium chlorate is sprinkled, burns brilliantly
by combining with the oxygen of the salt, A mixture of dried
flowers of sulphur and powdered potassium chlorate not only
explodes when heated, but also by percussion or even by the heat
produced when it is rubbed in a mortar. Caution must, therefore,
be exercised in experimenting with this mixture, especially when
charcoal powder has been added. A gunpowder containing
potassium chlorate instead of nitre—that is, a mixture of ¢harcoal,
potassium chlorate, and sulphur—is so explosive that fire-arms
charged with it are burst, and potassium chlorate is, therefore,
not employed for the manufacture of such explosive mixtures,

Chloric and hydrochloric acids mutually decompose one an-
other, even in dilute aqueous solutions. A portion of the oxygen
of the chloric acid oxidizes the hydrogen of the hydrochloric
acid, and chlorine together with chloric peroxide are given off.!
The process goes on when aqueous hydrochloric acid is added to
a solution of potassium chlorate :—

2Cl0,-OK + 4HClI = =2Cl0, + Cl, + 2KCl + 2H,0.

Potassium Hydrochlorie Chleric Potassium
chlorate acid peroxide chloride

Concentrated sulphuric acid acts very energetically on potas-
sium chlorate. The chloric acid which is first produced at once
breaks up into oxygen, and the reddish-brown gas chlorine peroxide,
which on heating decomposes further into chlorine and oxygen
with an explosion,

Chloric acid is a monobasic acid, and all its salts are soluble
in water. They may be easily recognized by their oxidizing
properties and by the production of chloric peroxide when heated
with concentrated sulphuric acid.

! 'This mixture of gases was called euchlorine by Davy.—ED.
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PERCHLORIC ACID,
Composition : ClO,-OH.

]
!
f

| This compound is a colourless oily liquid of specific gravity
|78, which does not become solid at —34° fumes in the air, and
poecomes heated when mixed with water. It is prepared by dis-
liilling potassium perchlorate with a large excess of sulphuric acid.
Potassium perchlorate, as we have just mentioned (p. 111), is
phbtained on heating potassium chlorate. The heating is stopped
gifter the molten salt has ceased frothing and has become viscid or
u:arI].r semi-solid. At this point most of the potassium chlorate
haas been converted into potassium chloride and perchlorate, and
=5 the latter salt is even more difficultly soluble in water than
|

|

otassium chlorate, it may be easily puritied by dissolving in
sot water and allowing the solution to crystallize. The salt
requires seventy times its weight of water at the ordinary tempe-
ature to dissolve it, and separates out from its solution in rhombic
arisms,

On heating pure potassium perchlorate in a retort with about
pur times its weight of concentrated sulphuric acid, perchloric
cid distils over as an oily liquid, usually with a yellow colour,
When mixed with a small quantity of water it becomes heated and
rives a hydrate of the composition ClO,-OH + H,O, crystallizing
1 fine needles. If this hydrate is heated to 110° it decomposes
1to perchloric acid and a hydrate with the composition C10,-OH +
IH,0, which remains behind in the retort as an oily liquid, boiling
mly at 203°

From these facts it will be seen that, although perchloric acid
rontains more oxygen than chloric acid, it is a much more stable
ompound. This is also shown in its behaviour when treated with
sydrochloric acid. A mixture of potassium perchlorate (or per-
hloric acid) and hydrochloric acid remains unchanged, while one
'f potassium chlorate and the same acid evolves chlorine and
thloric peroxide. In this way it may be readily seen whether
E;}’ST.I‘:]“I]E potassium perchlorate is contaminated with potassium
| lorate. Even when only very small quantities of the latter salt
rre present, the hydrochloric acid becomes yellow and gives off
hae odour of chlorine.
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Potassium perchlorate when heated breaks up into potassium
chloride and oxygen, but requires a higher temperature than that
necessary to decompose potassium chlorate into potassium per-
chlorate and oxygen. It deflagrates when thrown on red-hot
charcoal in the same manner and for the same reason as potassium
chlorate.

The free acid attacks many organic bodies most energetically ;
it oxidizes them, often with an explosion.

Perchloric acid is a monobasic acid, and all its salts are soluble
in water.

CERA—es S LR S = R

CHLORINE PEROXIDE.
Composition : Cl0O,.

This body is only known as an oxide and does not combine with
water or with bases,

Chlorine peroxide is a most dangerous substance to experimen
with, as it easily decomposes with a powerful explosion into its
constituents. It is produced, together with perchloric acid, when
small pieces of fused potassium chlorate a_e treated with pure con
centrated sulphuric acid and the mixture heated not higher tha
40° on awater-bath. Itis then evolved as a dark yellow or reddish-
brown gas, with a powerful odour, and which often explodes even
at this temperature. In a freezing mixture the gas condenses to
red liquid, which boils at about g°.

CHLOROUS ANHYDRIDE,
Composition . Cl,0,.

CHLOROUS ACID.
Composition : C1O-OH.

Chlorous anhydride is a yellow gas, with an odour simil
to that of chlorine. It has a specific gravity of 407 Lik
chlorine, it attacks the organs of respiration, and bleaches eve
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more powerfully than the element itself. Water dissolves about
ten times its own volume of the gas, becoming of a yellow colour,
IThis solution contains chlorous acid—ClO - OH, which has, how-
ever, never been prepared pure. It bleaches like the gas and pro-
duces yellow spots on the skin.

Chlorous anhydride may be easily prepared by abstracting
xygen from a dilute aqueous solution of chloric acid. Nitric acid
may be best used to set the chloric acid free from potassium chlo-
rate and arsenious anhydride for the reduction. The following
squations show the reactions :—

(i) Cl0,0K + NO,OH = ClO,OH # NO,:OK.
Potassium Nitric acid Chloric acid Potassium
chlorate nitrate
(i) 2Cl10,-OH + As,0, = CLO, + H,0 + As,0.,
Chlorie acid Arsenions Chlorous Arsemin
anhydride anhydride anhydride

For the preparation of the gas 3 parts of arsenious anhydride
md 12 parts of potassium chlorate, both in the state of a fine
yowder, are mixed, and then 18 parts of pure nitric acid of specific
lezravity 1°33 and 24 parts of water are added., On gently warming
the liquid it becomes coloured yellow, and chlorous anhydride is
e2volved in considerable quantities, The gas may be dried by pass-
g it over calcium chloride, and may then be collected by dis-
slacement. At —187 it is condensed to a reddish-brown mobile
E-i{lui{l, which boils a few degrees above o°.

Chlorous anhydride i1s a very unstable compound. At a little
tbove 307 it decomposes with explosion into its constituents,
JErcat care must therefore be taken in its preparation, and only
small quantities should be prepared at once.

Its aqueous solution combines slowly with bases to form salts—
the chlorites—which are mostly soluble in water, and which are
zasily decomposed on evaporation into a mixture of chlorate and
I}E:hlnride. The lead salt, obtained by mixing a solution of potassium
ithlorite with lead acetate, is deposited as yellow scales. The
treneral formula of the chlorites is ClO-OM’, and the acid is there-
wore monobasic,
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HYPOCHLOROUS ANHYDRIDE.
Composition : Cl,0,

This compound is a yellow gas with an odour similar to that of
chlorine. Ithas a specific gravity of 2'97, and condenses at —20°to
a bright red liquid, boiling at about +20°. When heated it is easily
decomposed into its constituents, usually with a violent explosion ;
the liquid decomposes even when shaken. Inits preparation great
care must therefore be exercised.

The gas is prepared by treating mercuric oxide with chlorine,
when the reaction goes on as shown in the equation :—

2HgO + 2Cl, = HgO,HgCl, + CLO0.

Mercuric Mercuric Hypochlorous
oxide oxychloride anhydride

The ordinary red oxide of mercury, which has been obtained
by heating themetal in theair, cannot be employed for the reaction,
but the yellow oxide, which has been prepared by precipitating
mercuric chloride with caustic soda, and has been carefully washed
and dried for some time at 3c0°, must be used. If dry and pure
chlorine is slowly led over such mercuric oxide contained ina long
well-cooled tube, it is absorbed and the hypochlorous anhydride
gas set free. The gas is easily soluble in water, one volume taking
up about 200 volumes of the gas. This solution may be considered
to contain

HYPOCHLOROUS ACID—(CIOH),

which has, however, never been prepared in the pure state. A
similar aqueous solution of hypochlorous acid may be also easily
prepared by shaking up precipitated mercuric oxide with chlorine
water. The yellow colour of the solution quickly disappears, and
the mercuric oxychloride which 1s formed at the same time may
be separated by filtration. The salts of this monobasic acid—the.
hypochlorites—are also unknown in the pure state, but mixed with
other bodies they form important substances in the arts and
manufactures.

Bleaching powder, which is manufactured in large quantities
and chiefly used for bleaching purposes, yields a mixed solution o
calcium chloride and calcium hypochlorite when dissolved in water.
This bleaching powder, or chloride of lime (not calcium chloride)
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sas it is sometimes called, may be considered as a peculiar com-
ppounid of calcium, oxygen, and chlorine, having the composition

(CaOCI)CI or Cn{%‘cr It is prepared by passing dry chlorine

cover dry slaked lime (calcium hydrate). When no more chlorine
1is absorbed, a white powder, which smells faintly like hypochlorous
sacid, remains behind. having the above composition. This com-
rpound, when treated with water, is decomposed into calcium hypo-
cchlorite and calcium chloride, according to the equation :—

3{CaOCI)C1 = (C1O),Ca + CalCl,
Bleaching Calcium Calcinm
powder hypochlorite chloride

IBut from this mixture pure calcium hypochlorite cannot be sepa-
rrated.  The weakest acids, even carbonic acid, separate the hypo-
tchlorous acid from this and all other hypochlorites, and the free
sacid then readily breaks up into chlorine and oxygen. On this
tdepends the bleaching and oxidizing action of bleaching powder.
"The articles to be bleached are first dipped in a dilute solution of
tthe powder in water, and then submitted to the action of a dilute
;acid, The effect produced is the same as if the articles were
tdipped in chlorine water. The reaction takes place according to
tthe two equations :—

(Cl0),Ca + 2HClI = <CaCl, + 2CIOH.
Calcium Calcium Hypochlorous

hypochlorite chloride aciud
2CIOH + 2HCl = 2H,0 + 2Cl,.

Hypochlorous
acil

|For a similar reason bleaching powder is well adapted to disinfect

I~5ic1~: chambers. If a little of the powder placed in a saucer is
imoistened with vinegar (dilute acetic acid), it slowly gives ofl
(chlorine (p. 103).

If bleaching powder is digested with water at the ordinary
itemperature and fltered, the alkaline liquid contains, as we have
¢seen, calcium hypochlorite together with calcium chloride and un-
tchanged hydrate. On boiling this liquid the calcium hypochlorite
| 11s decomposed into chlorate and chloride :—

| B Cl0,-0)
| 3ClO),Ca = Cl0.-0 | Ca + 2CaCl,
Calcium Calcium Caleinm
hypochlorite chlorate chloride

If chlorine gas is led into a dilute solution of potassium or sodium
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hydrate in the cold, a mixture of the corresponding hypochlorite
and chloride is obtained :—

2KOH + Cl, = KOClI + KCl + H,O.

Instead of the caustic alkalies, their carbonates may also be used.
No evolution of carbonic acid is noticed at first, owing to the for-
mation of an acid carbonate. As soon, however, as the chlorine
begins to act upon this acid carbonate, carbonic acid is given off,
These liquids, which are sometimes called Eawr de JSavelle, also
bleach powerfully on the addition of a dilute acid.

Hypochlorous acid is a powerful oxidizing agent.. A solution
of bleaching powder or of sodium hypochlorite when added to a
solution of manganous sulphate produces first a white precipitate
of manganous hypochlorite and hydrate, which rapidly becomes
oxidized to the brown manganese peroxide. Similarly, with a solu-
tion of lead nitrate lead peroxide is formed,

BROMINE.
Chemical Symbol : Br.—Atomic Weight : 8o.

This element, which was discovered by Balard in 1826, occurs
in nature combined with sodium and other metals and usually asso-
ciated with sodium chloride. Sea-waterand many mineral springs
contain small quantities of these compounds of bromine. In the
mineral kingdom it occurs, particularly in South America, as silver
bromide, and has lately been found combined with potassium in
the enormous salt deposits of Stassfurt and other places in
Northern Germany. The bromine which is now brought into
trade at a low price is chiefly prepared from this last-named
source.

Bromine is a dark red-brown liquid, which is nearly opaque
even in thin layers, and which possesses a specific gravity of
318. It freezes to a crystalline solid, with a metallic lustre, at
--7%3, and boils at 63°, forming a dark-brown gas. At the ordinary
temperature it vaporizes rapidly, so that if a few drops are placed
in a large empty flask, the whole soon becomes filled with the brown
vapour. Its vapour density is 5°5, according to which it is more than
twice as heavy as chlorine and 8o times as heavy as hydrogen.
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tts molecular weight is therefore 5'5 x 28:88 = 159, and its molecule,
like that of hydrogen, contains two atoms. DBromine, like chlorine,
lissolves in water, though in rather less quantity ; the solution—
sromine water—has a brownish colour. In the cold below 4°
sromine combines chemically with water to form éromine Jiydrate
3r, + 1oH,0, which is decomposed at 15° or is rather more stable
than the corresponding chlorine compound.

Bromine has an odour resembling that of chlorine, but more
ntense (whence its name from Fpwpos =a stink), It attacks the
syes and the mucous membrane of the respiratory organs even
ore powerfully than chlorine, and great caution must therefore be
axercised in performing experiments withit. A single drop allowed
co fall on the skin produces a painful, slowly-healing wound.
Bromine may be prepared in the same manner as chlorine by
lecomposing hydrobromic acid with manganese peroxide, But as
wydrobromic acid cannot be so readily obtained as the commercial
ydrochloric acid, and is much more difficult to prepare, a mixture
of potassium or sodium bromide with manganese peroxide and
oderately dilute sulphuric acid answers the purpose better. The
thydrobromic acid which is at first produced is at once oxidized to
tbromine and water by the manganese peroxide. The distillation
s best carried out in a tubulated retort fitting air-tight in a receiver,
[tlhe uncondensed bromine vapour being led away by a good draught,

TThe reaction is precisely the same as in the preparation of chlorine,
ssubstituting bromine for chlorine :—

OH

=k o 3\ : -+ ".'. 1=
2K B MnO, -"L"{}J.UII

3l : EE + 50,-0,Mn + 2H.O + Br,.

“The bromine may be purified by shaking with water, and may be
lsagain freed from this substance by calcium chloride or concentrated
ssulphuric acid,

The extraction of bromine on the large scale is carried out in
jjust the same manner. For this purpose the mother-liquors of
tthe mineral- or sea-waters are employed from which most of the
iless soluble chlorides have crystallized out.  But as these mother-
Higuors always contain some chlorides, and as the bromides are
'more easily decomposed by sulphuric acid than the chlorides,
!- only enough sulphuric acid and manganese peroxide is added to
tthe mixture to decompose the bromides. In this way only bromine
'is obtained. The liberation of chlorine is to be avoided, as it com-
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bines with the bromine to form a chloride, which is difficult to
separate from the bromine. Small quantities of chlorine may be
removed from bromine by distilling with potassium bromide,
thus :—

BiCl, + 3KBr = 3KCl + 2Br,
Bromine Potassium Potassium
chloride bromide chloride

In its chemical behaviour, bromine is very closely related to
chlorine. The differences in their chemical action may almost
all be ascribed to the weaker affinity of bromine in comparison
with that of chlorine, This difference may be well iHustrated in
their behaviour with regard to hydrogen. Although the affinity of
bromine for hydrogen is very great, and aithough a mixture of
bromine and hydrogen may be made to combine by heating, the
union of the two substances cannot be produced by the rays of
the sun, not even the direct rays.

The weaker affinity of bromine is also shown by the fact that
chlorine can expel bromine from most of its compounds. The
non-metals and metals which burn in chlorine combine under
similar circumstances with bromine also. Its affinity for oxygen
and carbon is as weak as that of chlorine for these elements. Of
the bromides, or the compounds so produced, most are soluble in
water ; lead bromide is difficultly soluble, silver bromide quite
insoluble.

HYDROBROMIC ACID.
Composition . HDBr.

This compound, like hydrochloric acid, is a colourless gas
fuming in the air, with a strong acid taste and odour, and very
soluble in water. Its specific gravity is 2'71, corresponding to the
molecular weight: 81. The aqueous solution agrees also in its
leading properties with aqueous hydrochloric acid ; Wh.E“ com-
pletely saturated it fumes in the air, and gives off a portion of its
hydrobromic acid gas on heating. .

As previously mentioned, although sunlight cannot cause the
chemical union of bromine gas and hydrogen, they may be made to
unite by heating. Butit is impossible to prepare pure hydr!::brnn‘ﬁc
acid by heating a mixture of potassium or sodium bromide with
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-oncentrated sulphuric acid, because a portion of the hydrobromic
wcid which is set free reduces some of the sulphuric acid, forming
baromine, water, and sulphurous anhydride, thus :—

LiE . 4
2HBr  + SO, Of = B + MO + SO,
Hydrobromic Sulphuric Sulphurous

acid acid anhydride

The hydrobromic acid prepared in this way is, therefore, always
‘coloured red with bromine gas, and is contaminated with sulphurous
unhydride.

The pure, colourless gas may be easily prepared by decompos-
mg phosphorous bromide with water, phosphorous acid being at the
ame time produced @ —

. 1OH
3y i . = i | i -
Phosphorous Phosphorous Hydrobromic
bromide acid acid

Feor this purpose, 1 part by weight of amorphous phosphorus
ss mixed with 2 parts of water, and then 1o parts of bromine gradu-

iLlly added, drop by drop, from a stoppered funnel fitted into the
rcork of the flask containing the phosphorus and water (fig. 4o). At
mrst every drop of bromine gives rise to a powerful action, accom-
manied with a flash of light, but afterwards the union of the phos-
sbhorus and bromine goes on more quietly. The hydrobromic acid,
bf which the liberation may be completed by gentle heating, is freed
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from small quantities of bromine by passing it through a |-tube
containing fragments of glass and ordinary phosphorus,

Hydrobromic acid is easily and completely decomposed by
chlorine. If a cylinder of the dry gas is placed mouth to mouth
with one containing dry chlorine, hydrochloric acid and bromine
are produced, the latter being recognized by its brown colour, If
the chlorine is in excess the brown colour disappears again, and
bromine chloride is produced as a reddish-yellow mobile liquid.

In the same manner as hydrobromic acid, all bromides are
also decomposed by chlorine. If chlorine water is -added to a
solution of a bromide, bromine will be set free, and may be easily
recognized by its yellow or brown colour. If then a drop of carbon
disulphide is added and the mixture shaken, this substance will |
dissolve the bromine and its colour will become more marked.
Hydrobromic acid and all soluble bromides give a pale yellow
precipitate of silver bromide when mixed with silver nitrate. The
precipitate only dissolves in ammonia with difficulty.

OXY-ACIDS OF BROMINE.

In the same manner as chlorine, bromine cannot combine
directly with oxygen. The combination may be brought about in
an indirect manner, but no compounds of bromine and oxygen
alone are known.

Bromic Acid: BrO,-OH,—The potassium salt of this acid
is produced, together with potassium bromide, when bromine is
dissolved in concentrated caustic potash :—

6KOH + 6Br = Br0,-OK + 3sKBr + 3H,0.

Caustic Potassium Potassium
potash bromate bromide

And as the potassium bromate, like potassium chlorate, is much
less soluble in water than the bromide, it may be easily obtained
pure by repeated crystallization. When heated, the salt breaks up
into potassium bromide and oxygen. -

Bromic acid—which may be separated from potassium bromate
according to the method given on p. 1t1o for chloric acid—is a
colourless, powerfully acid liquid, which first reddens and then
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leaches litmus paper. At 100° it decomposes into bromine and
xygen,

Hypobromous Acid: BrOH, may be obtained by shaking
yromine water with precipitated mercuric oxide. The aqueous
wolution is a pale yellow liquid, which acts as a powerful oxidizer,
ind which bleaches like hypochlorous acid.

If bromine is allowed to evaporate at the ordinary temperature
ander a bell-jar with slaked lime, éromide of lime is obtained, a
substance which resembles chloride of lime, and which also
wossesses bleaching properties.

IODINE,
Chemical Symbol : 1.—Atomic Weight © 127.

Up to the commencement of the present century soda was
axclusively prepared by burning sea-plants, extracting the burnt
ass (called kelp, or varec) with water, and crystallizing the soda
rom the solution so obtained. The French chemist Courtois, when
attempting to obtain chlorine from the residues of the above pro-
cess by heating them with manganese peroxide and sulphuric acid,
10ticed a splendid violet vapour, the investigation of which led him
o the discovery of iodine (1811).

The chemical nature of this element was, however, first made
tlear by the investigations of Gay-Lussac four years later. It owes
Lts name to the colour of its gas ({wdys = violet-coloured ).
| Like chlorine and bromine, iodine does not occur free in nature,
bout always in combination with some of the metals. Sodium iodide
ss almost always present in common salt, although in extremely
ssmall quantities. Even those mineral springs which contain
ssodium chloride, and which are, comparatively speaking, rich in
ssodium 1odide, contain such small quantities of iodine that its
poresence can scarcely be detected without concentration,

Sea-water contains even smaller quantities of sodium iodide,
sand yet this is the source from which by far the greatest proportion
»of the 100 tons of iodine which 1s consumed annually is obtained.
UBut if we were obliged to procure iodine directly from sea-water,
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the process would certainly be an unprofitable one ; we therefore
extract it in an indirect manner with the aid of organic nature,
Sea-plants, and particularly sea-weeds, extract the iodine from the
sea-water and concentrate it in their structures, and it is from these
plants alone that it is profitable to extract iodine by chemical
processes. The manufacture is carried on principally on the west
coasts of Britain (especially Scotland) and France. The sea-
weeds are gathered during low water, dried and burnt, and the
ashes thus obtained (called £e/f) are rich in sodium iodide.

Not only the Algee, but also other sea plants, take up iodine
from the sea, and the same is true of many marine animals—the
sponges, &c. In this way iodine is conveyed into the bodies, and
especially into the fat, of many other marine animals, and occurs,
for example, in ordinary cod-liver oil. In the mineral kingdom
iodine is found as silver iodide in Peru, Mexico, &c., and as sodium
iodide in those salt deposits which are due to the evaporation of
sea-water. So, for example, in rock salt, and particularly in Chili
saltpetre, or sodium nitrate occurring in Chili. From the mother-
liquors of the crude sodium nitrate very considerable quantities of
iodine are now manufactured. -

lodine is a solid crystalline substance, with adark grey colour and
metallic lustre. It neither conducts electricity nor heat; it 15
brittle, and may be easily powdered, and possesses a peculiar, un-
pleasant odour, similar to that of chlorine and bromine, but less
intense. It melts at 113° forming a dark brown liquid, boils at
about 200°% and gives off a dark violet-coloured vapour. On
cooling, the walls of the vessel become covered with innumerable
small, lustrous crystals of the solid. Its specific gravity is 495, and
that of its vapour 87 compared with air as unity. Its molecular
weight is thus 87 x 28:88 =251 ; whence it follows that its mole-
cule, like that of hydrogen, consists of two atoms.

Although iodine only boils at about 200°, it is so volatile at the
ordinary temperature that when left exposed to the air it soon loses
considerably in weight ; and when kept in closed vessels it sub-
limes, like camphor, on to the cooler portions of the bottle. It 15
slightly soluble in water, much less than chlorine and bromine, and
forms a yellow-brown solution. It possesses a strong unpleasant
taste, colours the skin yellow, and is poisonous.

Water containing salts dissolved in it, particularly potassium
iodide, dissolves larger quantities of iodine than pure water ; it 18
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'Iso dissolved in considerable quantities by aqueous hydriodic
ccid. Alcohol and ether, as well as chloroform and carbon di-
wlphide, are good solvents of iodine. Its alcoholic solution pos-
esses a dark brown colour and is called #ncture of iodine. The
olution in ether is also of a brown colour, while that in chloroform
wr carbon disulphide is dark violet, or when largely diluted a
sright pink.

Many applications are made of iodine in medicine and in the
wrts—for example, in photography. Tincture of iodine is applied
=xternally to reduce goitre, enlarged joints, and other similar swel-
nngs, and potassium iodide is taken internally to produce the same
sffect. Long before this action of the salt was known, even before
codine itself was discovered, the ashes obtained by burning sponges
vere used as a medicine for these diseases. It was later found that
these ashes contain sodium iodide, and since then potassium iodide
or sodium iodide has always been used in these cases,

The preparation of iodine from the aqueous extraction of the
wshes of sea-plants after most of the soda and common salt have
crystallized out, or from the mother-liquors of Chili saltpetre,
may be carried out by passing chlorine through the liquid, which
sseparates the iodine. Care must be taken that too much of the
rras 1s not passed, otherwise iodine chloride will be produced, which
dliminishes the yield. Another method is to heat the crude sub-
sstances in iron or earthenware vessels with only just enough sul-
pphuric acid and manganese peroxide to decompose the sodium
odide present. This salt is more easily decomposed than the
cchloride, and consequently the iodine separates first before the
cchlorine.  The process is similar to that used for the preparation
vof chlorine (p. 100), substituting iodine for chlorine :

; ; v HOHE
2N E :'t s i, =
Nal + MnO, + -’E’U-';Ul—l
250, 90 | o .0M 21 ,C
25Uy 1 gng OV UM+ 2H,0 + [,

' Theiodine vapour is received in a number of communicating
wessels to condense it, then freed from water and purified by re-
ssublimation.  Usually the two methods are employed together,
"The iodine is first separated by chlorine, excess being avoided,
\iagain converted into sodium iodide by caustic soda and then dis-
ttilled with manganese peroxide and sulphuric acid. Commercial
‘iodine not unfrequently contains iodine chloride and cyanide ; it
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may be purified, in the same manner as bromine (p. 120), by distil-
ling with potassium iodide :—

ICl, + 3KI ‘= 3KCl %+ =I.
lodine Potassium Fatassium
chloride iodide chloride

In its chemical properties iodine exhibits close analogy with
chlorine and bromine. It has, however, less affinity for the
metals and for hydrogen than these two elements, which there-
fore expel iodine from its soluble salts and from its compound
with hydrogen—hydriodic acid. On the other hand, iodine has a
stronger affinity for oxygen than the other two halogens ; iodic
acid, for example, is a solid substance easily crystallized and much
more stable than the corresponding chloric and bromic acids.

The behaviour of iodine to starch is very remarkable. Thin
starch paste mixed with an aqueous solution of iodine becomes of
a dark blue colour, which, however, vanishes on warming. It
appears as if a real chemical compound were produced by this
reaction, but no attempt to determine its composition has been yet
successful. The colour is only produced by free iodine, and not
by solutions of its salts, and starch paste can therefore be mixed
with potassium iodide in any proportion without producing any
change in colour, But if tothe mixture a drop of chlorine wateris
added, which sets iodine free, a dark blue coloration is at once
noticed. '

This property is employed both to detect traces of starch and
of free iodine. If a piece of paper moistened with starch is hung
up in a closed cylinder containing a few drops of a liquid with free
iodine at the bottom, the paper soon becomes blue owing to the
vapours of iodine rising from the liquid.

More delicate even than this reaction, and therefore applicable
to the detection of infinitesimal quantities of iodine, is the pink or
purple colour which traces of iodine impart to chloroform or to
carbon disulphide. Chlorine water is not well adapted for the
separation of minute quantities of iodine from a liquid, as the slight-
est excess unites at once with the separated iodine to form jodine
chloride. It is better in such a case to employ fuming nitric acid.
A few drops of this acid added to the liquid to be tested and well
shaken up with it in a glass cylinder suffice to convert the Eﬂﬂlfle
into a nitrate and set hydriodic acid free ; this at once gives up 1ts
hydrogen to the loosely combined oxygen of the nitric peroxide
contained in the fuming nitric acid and sets iodine free :—
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4HI + N,O, = 2I, + 2H,0 + 2NO.
Hydriodic Nitric Nitrie
acid peroxide oxide

If a little chloroform or carbon disulphide is then added and
e liquid well shaken, the former after settling to the bottom of
ihe cylinder becomes pink coloured, even if only traces of iodine
re present, When, on the other hand, iodine is completely absent,
the chloroform or carbon disulphide remains colourless.

HYDRIODIC ACID.
Composition . HI.

Like hydrochloric and hydrobromic acids, this compound is a
colourless gas, fuming in the air, with an acid taste and piercing
dour, and is very easily absorbed by water. In the same manner
1s hydrochloric acid, it consists of one volume hydrogen united
vith one volume iodine vapour to form two volumes of the com-
mound without condensation.  Its vapour density (H = 1) is, there-
‘ore, ”.?;_l =64, or compared with air as unity 4°4.

In consequence of the high specific gravity of iodine gas and
the low specific gravity of hydrogen, the weight of the hydrogen
contained in hydriodic acid is so small, that it was for some time
sverlooked. From the formul® we see that 127 + 1 =128 parts by
veight of hydriodic acid only contain one part by weight of hydro-
wen, or less than one per cent.; the exact percentage being

The chemical affinity of iodine for hydrogen is even less than
tthat of bromine for the same substance, and hydriodic acid cannot
itherefore be obtained by the direct union of its elements. Neither
ccan it be prepared pure by decomposing potassium iodide with con-
?rcentrmed sulphuric acid. Large quantities of hydriodic acid are, it
jiis true, set free by this reaction, but the gas is largely contaminated
|Fwith iodine, because the hydriodic acid i1s decomposed at the
rmoment of its production by the excess of sulphuric acid into
‘iodine, water, and sulphurous acid.

In order to prepare pure hydriodic acid we can only use one
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method—viz. the decomposition of phosphorous iodide by water,
In order to form this compound ordinary (yellow) phosphorus and
iodine are made to combine in the proportion of one equivalent of
the former to three equivalents of the latter —7.¢.inthe proportion of
31 parts of phosphorus to 3 x 127 = 381 parts of iodine, or 1 part to
12°'3 parts. But as it is better to have the phosphorus in slight
excess, I part of phosphorus is mixed with 10 parts of iodine. The
proper quantity of iodine is weighed off into a dry flask, the
flask filled with carbonic acid, and then the requisite quantity of
phosphorus, cut into small pieces and dried, is gradually added,
The two bodies unite immediately with one another, producing
flashes of light, to form liquid phosphorous iodide. In order to
distribute the excess of phosphorus uniformly through the mass,
the compound is gently heated and kept in a molten state fora
short time.
After the compound has cooled and solidified to a crystalline.
mass, it is moistened with a little water and gently warmed. Phos-
phorous acid and hydriodic acid are produced, and the latter
passes away through a tube fitting in an india-rubber stopper in the
neck of the flask. It may be led into water if an aqueous solution
of the gas is to be prepared. The delivery tube must be wide,
otherwise it is apt to become plugged up for the following reason.
Phosphorous acid is decomposed on heating into phosphoric acid
and phosphoretted hydrogen, and this decomposition is greatest,
the smaller the quantity of water present. But phosphoretted
hydrogen and hydriodic acid, when in contact with one another,
unite to form a solid crystalline substance of the composition :
PH,-HI=PH I (phosphonium iodide). In the preparation of
hydriodic acid this compound may be easily formed, and the
delivery tube may become plugged with crystals of it.
Aqueous hydriodic acid is a colourless liquid with a strong acid
reaction and odour. If completely saturated with the gas in the’
cold, it fumes when' exposed to the air. When kept in vessels
containing air, especially when exposed to the light, the solution
soon becomes of a yellow or brown colour, from the iodine liberated
by the oxidation of the hydrogen. The weak affinity with which.
the hydrogen and iodine are combined together is appaient from the
fact that when a glass rod is heated in the flame, and plunged into
a jar of the gas, violet vapours of iodine are at once produced.
If the rod was red-hot, the liberated hydrogen often catches fire.
Chlorine and bromine decompose hydriodic acid and all the
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dides (except silver iodide) very easily. If a jar of chlorine is
werted over one of hydriodic acid gas, and then the position of
ne jars reversed, so that the heavier hydriodic acid comes upper-
nost, a considerable quantity of heat is produced, and iodine is set
-ee, with the production of hydrochloric acid. If the chlorine is
1 excess, the iodine soon disappears, uniting with the chlorine to
arm iodine chloride.

Hydriodic acid and the soluble iodides produce with silver
ritrate a yellow precipitate of silver iodide, which is almost inso-
jible in ammonia.

OXY-ACIDS OF IODINE.

Of the oxygen compounds of iodine only two are well known—
dic acid and periodic acid—which correspond in their composition
13 chloric acid and perchloric acid.

Xodic Acid: 10,-OH.

This compound is distinguished from the unstable chloric acid
vy its comparative stability. It is a solid, and crystallizes in
eexagonal plates ; is soluble in water and in alcohol, and possesses
bitter acid taste. It may be heated to above 100” without being
sssentially changed ; at a higher temperature it is decomposed into
zater and iodic anhydride—I1,0,,
lodic acid may be prepared by the direct oxidation of iodine by
itric acid, if too large quantities are not employed at one time.
\wbout 10 grammes of iodine are finely powdered and gently heated
m a capacious flask with twice as much concentrated nitric acid.
s soon as no further action takes place the acid liquid is poured
iff, and the residue digested with a fresh quantity of nitric acid
mtil all iodine has disappeared. As iodic acid is only slightly
roluble in nitric acid, the greater portion remains behind in the
sask as a crystalline powder; the acid liquid is poured off and
waporated to dryness, when a further quantity of iodic acid is
thmed Both portions are then dissolved in water, ‘evaporated
|ur;. dryness, tuupt:l the last traces of nitric acid, and, finally, heated
00 100°—130° in a stream of dry air.

An aqueous solution of iodic acid does not yield large crystals
Wwf the acid when evaporated down, but such ecrystals may he

K
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easily obtained by adding a little nitric or sulphuric acid, and then
evaporating.

Barium iodate is decomposed when boiled with dilute sulphuric
acid into insoluble barium sulphate and iodic acid. If the clear
liquid is filtered off, crystals of iodic acid separate on evaporation,
At the ordinary temperature sulphuric acid has but little action on
the barium salt. To prepare iodic acid by this process, two parts
of concentrated sulphuric acid diluted with eight parts of water
are allowed to act upon nine parts of the finely-powdered barium
salt. :

If iodine is boiled with caustic potash, the solution contains
potassium iodide and potassium iodate—just as when chlorine acts
upon a hot concentrated solution of caustic potash—and the iodate,
being less soluble than the iodide, crystallizes out first on evapora-
tion. In a solution of potassium iodate, barium chloride produces
a white precipitate of the difficultly soluble barium iodate. This
salt may also be_directly prepared by boiling iodine with concen-
trated baryta water.

Iodic acid when heated up to 130° or slightly higher, loses
water and becomes converted into a compound having the com-
position 1,0, - OH, which may be considered as one molecule of iodic
acid united with one molecule of iodic anhydride—ze. 10,0H +
[,0,. It is distinguished from iodic acid by its insolubility in.
ordinary alcohol. If iodic acid is heated still higher, up to 170 it
loses a further quautity of water, and is completely converted into
the anhydride, 1,0,. The decomposition is also produced by
absolute alcohol, or by a mixture of this substance with sulphuric
acid.

Yodic Anhydride: 1,0, or ;g’ } 0.

This compound is easily soluble in water, and then reproduces
iodic acid. When strongly heated—up to about 300°—it is de-
composed into iodine and oxygen.

Although the oxygen in iodic acid is much more firmly com-
bined than in chloric or bromic acid, the acid still easily gives u
its oxygen to those substances which exercise a reducing z}ctinn,_.
and is therefore a powerful oxidizing agent. Sulphurous acn:l an
sulphuretted hydrogen, when added to a dilute aqumus+snlutmn.t}
iodic acid, cause an immediate separation of iodine ; nitrous acid
phosphorous acid, and other substances produce the same result.
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Eith dry hydrochloric acid gas, dry iodic anhydride yields iodine
loride, chlorine, and water :—

IO, + 1TeHCl = i), « 20, + S$H.O.

lodic acid is a monobasic acid, and produces salts which are
mostly insoluble in water. It shows a strong tendency to form so-
salled acid salts besides the neutral compounds. The acid salts
pay be considered as neutral salts united with one or two molecules
M the acid. We know, for example, the following three potassium
nmpounds :—

Normal potassium lodate . . 10,0K.
Monacid potassium iodate . . 10,0K + 10,0H.
Diacid potassium iodate . . 10,0K + 210,0H.

Like the chlorates, the iodates of the metals are decomposed
heating into iodides and oxygen—the iodates of the heavy
aetals usually giving up iodine as well, and becoming converted
ito oxides. It is not, however, possible to expel all the oxveen
com potassium iodate by heating it even to redness.

lodic acid possesses the remarkable property of uniting chemi-
ally with strong acids. If dry and powdered iodic acid is gradu-
lly added to about five times its weight of hot concentrated
palphuric acid, a substance separates out on cooling which contains
koth acids chemically united.

Periodic Acid: 10,-OH + 2H,0, or IO(OH),.

The monobasic acid is unknown in the free state ; we are only
equainted with its compound, with two molecules of water, which
ray be considered as a pentabasic acid. This substance crys-
lizes in colourless rhombic prisms, which are soluble in water,
ccohol, and ether, and deliquesce when exposed to the air. The
jjueous solution may be boiled without causing decomposition, and
te crystals are not altered by standing in a desiccator over
iphuric acid. At a temperature of 133" the acid melts, and
egins to be decomposed into water, oxygen, and iodic anhydride

140°

Four kinds of periodic acid are known in its salts, which are
“ono-, tri-, tetra-, and pentabasic respectively. These acids may
*2 represented as compounds of the unknown periodic anhydride :

i K 2
|
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I[,0,, containing heptad iodine, with varying proportions of water,
thus : —

076 00 - o AR B )
o I - R S Oﬁgzggg}*
I3l 0 .0, v b e e = RTOUOH
LO 400 & a2 L =20

Of these acids the last-named is known in the free state, but
the others only in their salts.
Pentabasic permdlc acid may be obtained in the following
way. When chlorine is led into a hot solution of sodium iodate,
containing free caustic soda, an acid sodium salt of the pentabasic
periodic acid is produced according to the equation :—

10,:0N8. + 4Na0H + Cl, = m{(gﬁfjh + 2NaCl

This sodium salt, which is nearly insoluble in water, dissolves
in nitric acid, and gives with silver nitrate a precipitate of the
corresponding silver salt, which when evaporated down with nitric
acid, is converted into yellow crystals of the silver compound of
the monobasic acid : 10,-OAg. Finally, if this salt is boiled with
water, the former silver compound is again produced, and the
pentabasic acid set free :—

210,-OAg + 4H,0 = 10{((%%L + 10(0OH),
The solution is then filtered and evaporated down to crystallize.
The normal silver salt of the pentabasic acid, IO(OAg),, has
also been prepared, as well as the sodium salt of the tetrabasic
: 10,(ONa),
acid : O :LID EDN %l
ONa), (10,(ONa),
210{{[01_1}3: " 0”0'}0\1 % + 3H,0.

As will be seen from the above formule, the composition of the
periodates is very various and somewhat complex. Similar com:
pounds are known of the oxy-acids of sulphur and phosphorus
which have been subjected to more exact investigation than thé
periodates.

by heating the above acid salt to 220°—
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Chlorides of Iodine.

Chlorine and iodine unite together to form two compounds—
codine monochloride, and iodine trichloride.

lodine monochloride : 1C1, is a red-brown liquid, which crystal-
iizes on standing, and which possesses the odour of both iodine
and chlorine. The crystals melt at 25° ; they are soluble in water,
vhence they may be again extracted b}- shaking with ether.

lodine monochloride is prepared by heating together one part
of iodine with four parts of potassium chlorate, or by dissolving
lfiodine in aqua regia, diluting with water and extracting with ether,
IIt then remains behind on allowing the ethereal solution to evapo-
erate. It may also be prepared by acting upon one molecule of

wodine trichloride with one molecule of iodine :—
[Cly: % I, = 3ICL
lodine trichoride . 1Cl,, crystallizes as yellow needles when
cchlorine is led over gently heated iodine ; if it contains iodine
lrmonochloride its colour is more or less of a brownish tint. On
theating, it melts and becomes brown, being decomposed into
llcchlorine and 1odine monochloride,

FLUORINE.
Chemical Symébol : T,

eight: 19.

This element possesses such powerful chemical affinities for
cother bodies that it has not yet been isolated. It is therefore
tunknown to us in the free state, but the chemical nature of its
lccompounds justify us in classing it with chlorine, bromine, and
iiodine.

Attempts to 1solate fluorine have mostly failed, because no
substance of which vessels might be constructed can withstand i
liaction. Glass and porcelain, as well as silver, gold, and p]dtmum,
|iare at once attacked by it.

It is very remarkable that up to the present no compound of
' fluorine with oxygen is known, neither an acid nor a sait. And
|t there is, in fact, no element -::-f which we know so few compounds
ias fluorine. It combines neither with chlorine, sulphur, nitregen,

.f
!




134 Text-Book of Inorganic Chemistry.

nor carbon, and the only non-metallic elements with which com-
pounds of it are known, are hydrogen, phosphorus, boron, and
silicon. .

In the mineral kingdom it occurs exclusively in combination
with various metals, especially with calcium, aluminium, and
sodium.

Calcium fluoride is found crystallized in cubes and is called
Suor-spar. This is by far the most abundant compound of fluorine,
With aluminium and sodium it forms a double salt having the
composition Na AlF, =6NaF,AlLF,. This mineral occurs chiefly
i Greenland, and 1s known as ¢ryolite,

HYDROFLUORIC ACID (Fluoric Acid).
Comiposition : HF.

This compound is a colourless gas with a piercing acid odour,
and may be condensed by cold to a colourless liquid boiling at 19°
and not solidifying at —34°. The gas acts very injuriously upon the
lungs and air passages when breathed in small quantities, and in
larger quantities may produce death. Like hydrochloric acid, the
gas fumes powerfully in the air, and is also energetically absorbed
by water with considerable evolution of heat. If led into a vessel
of water which is kept cool, as long as absorption takes place a
fuming aqueous solution is produced, which gives off hydrofluoric
acid when heated. At the same time the boiling-point gradually
rises and at last remains constant (under the normal atmospheric
pressure) at 120°. The aqueous hydrofluoric acid, which distils
over at this temperature, contains about 36 per cent. of the gas by
weight.

As all siliceous substances are decomposed by hydrofluoric
acid, with the production of silicon fluoride, the acid cannot be
prepared in glass or porcelain vessels. It is best to employ
vessels of platinum, which is not in the least attacked by the acid,
or of lead, upon which it only slightly acts. A very convenient
apparatus is made of lead, and has a platinum tube fastened air-
tight into it to conduct the gas into water contained in a platinum
vessel (fig. 41).

The vessel which serves as the retort is a cylinder of lead, on
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vhich fits a cap of the same metal, and which is pierced by a hole
ct the side to receive the platinum tube. Finely powdered fluor-
rpar is mixed with concentrated sulphuric acid in the vessel to
i'bout the consistency of cream, the cap is placed on and made
iight with plaster of Paris, and, finally, the platinum tube is fixed
m position and also cemented with plaster. As soon as the plaster
hias set the cylinder 1s placed on an iron plate and gently warmed.
["he tube is so arranged that it just touches the surface of the
psater which is to absorb the gas, and which is contained in a
blatinum crucible. The crucible must be surrounded with ice or

1
|

,. Fig. 41.

trold water in order to keep it cool. By means of this simple
jipparatus, concentrated aqueous hydrofluoric acid may be quickly
i btained at any time,

' To prepare the gas perfectly pure and absolutely dry it is best
vy employ the compound which is produced by acting on potassium
luoride with hydrofluoric acid. This substance, which has the
vomposition KHF,, decomposes again when heated in a platinum
ressel into potassium fluoride and hydrofluoric acid.

Fluorine in combination with hydrogen and with most of the
metals plays the part of a monad element. But in certain double
ltworides (e.¢. the potassium compound just referred to) it appears
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as if two atoms of fluorine coalesced to form a dyad, and this

compound would have a composition analogous to that of potas-
sium hydrate, thus :—

Potassium hydrate : : . . KO"H,
Hydric potassium fluoride . . R L R

By the union of hydrofluoric acid with bases the fluorides are
produced. Many of the fluorides are soluble in water, and to these
belongs the silver salt. In this respect hydrofluoric acid differs
from the otherwise similar acids, hydrochloric, hydrobromic, and
hydriodic acids, which form insoluble silver salts. On the other
hand, the fluorides of some metals (e.g. calcium), which form very
soluble chlorides, bromides, and iodides, are quite insoluble in
water.

One of the most important properties of hydrofluoric acid, in
which it is again distinguished from the other halogen acids, is its
decomposing action on silica and the silicates. No other acid,
not even sulphuric acid or phosphoric acid, attacks silica, while
hydrofluoric acid dissolves it, forming gaseous silicon fluoride and
water :—

510, + 4HF = SiF, 4 2ZH.0.

If the silica is united with bases, as, for example, in common glass
with lime and soda, the corresponding fluorides are produced by
the action of the acid.

We make use of this property not only to test for hydrofluoric
acid, but also to etch glass—for example, to mark a series of
divisions on a glass tube. The operation for either of these
purposes is as follows : Fluor-spar, or the substance to be exam-
ined for fluorine, is finely powdered, placed in an open platinum
crucible, mixed with concentrated sulphuric acid, and, if necessary,
very gently warmed. A watch-glass is then taken and its convex
side covered with a thin layer of wax, by warming it gently an
rubbing it over with a piece of wax. As soon as the glass is cold
the characters which are to be etched are written on the waxed
surface with a sharply-pointed piece of slate-pencil, which removes
the wax at those points where it touches the glass. If the watch-
glass so prepared is now placed over the crucible with its convex
side downwards, the glass becomes corroded at those points which
are not protected by the layer of wax, and only at those points.
By the action of the hydrofluoric acid on the glass, silicon fluoride,
sodium fluoride, and calcium fluoride are produced. The first-
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1amed substance passes away as a gas, the second is removed by
subsequent washing with water carrying the third mechanically
with it.

If the glass is removed after remaining for a short time over
the crucible, washed with water and the wax removed by warming,
the characters traced on the glass become distinctly visible, in
ronsequence of the contrast between those parts of the glass which
1ave been etched and those which were unacted upon by the acid.

For the production of delicate and exactly equal divisions on
rlass tubes and other similar etchings, it is best to employ the
commercial aqueous acid, which only fumes slightly in the air.
Che divisions having been marked on the waxed tube, this aqueous
ecid is painted on the parts to be etched with a camel's hair
srush.

The fact that hydrofluoric acid etches glass was observed two
nundred years ago by Schwankhard of Niremberg—z.e. he found
that a mixture of fluor-spar and sulphuric acid corroded glass.
But it was only a hundred years later that Scheele, the discoverer of
thlorine, showed that this action is due to a gas given oft by this
ixture, and the composition of this gas was first discovered by
Ampcere at the commencement of the present century.

Gutta-percha, like way, is neither attacked nor dissolved by
1ydrofluoric acid, and the aqueous acid can therefore be preserved
nd transmitted from one place to another in bottles of gutta-percha
yrovided with stoppers of the same substance,

ELEMENTS OF THE SULPHUR GROUP.

To this group belong the three elements, sulphur, selenium, and
icellurium.  They form a natural group similar to those referred to
on p. 65.  All three are solid and crystalline ; they can be easily
|"-"J‘IE|I'.EI:1 and sublimed, and are combustible. Selenium and tellu-
um are distinguished from sulphur by their metallic lustre.
ATheir chemical nature is interesting from the fact that they can
orm two distinct classes of compounds in which they play different
tarts. On the one hand, they so closely resemble oxygen that
they can partially or entirely displace this element from its com-

»ounds ; on the other hand, they combine with oxygen itself to
|
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form compounds usually possessing acid properties, and in which
they have the same relation to oxygen as phosphorus has in its
acids and arsenic in its acids.

In all cases where they take the place of oxygen, their atomicity,
like that of this element, is always two, while in their compounds
with oxygen they offer four or six points of attraction to this element,

When sulphur, which may be here considered as a representa-
tive of the entire group, enters into chemical combination as a
dyad, the compounds produced—sulphides—exhibit a close che-
mical relationship to the corresponding oxides. Thus :—

Water : i g ; . . . H.0
corresponds to

Sulphuretted hydrogen . : . -

Arsenious oxide e L EUER
corresponds to

Arsenious sulphide . ; . . < ASSy

Potassium hydrate . : : ; » EOH
corresponds to

Potassium sulphydrate . : i . KSH.

Capric oxide . . - 6w e Eng
corresponds to

Cupric sulphide. . N R (1

Arsenious oxide and arsenious sulpide possess acid properties
while potassium hydrate and sulphydrate, cupric oxide, and sulphide,
are bases.

Potassium arsenite is produced by the union of arsenious oxide
and caustic potash, and, in the same manner, from arsenious
sulphide and potassium sulphydrate potassium sulpharsenite is

formed :(—
As,0, + 2KOH = 24s0-0K + H,0,

As,S; + 2KSH = 2AsS:-SK + H,S.

So, too, arsenious oxide and cupric oxide unite to form cupric
arsenite, while the union of arsenious sulphide and cupric sulphide
produces cupric sulpharsenite ; the sulphur compounds contain-
ing in every case sulphur instead of oxygen.
But when the elements of the sulphur group are united with.
oxygen to form the radicals of the oxy-acids, their chemical
character is entirely different. In the compounds of dyad sulphur
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1is element can always be displaced by oxygen ; but this is not
ssible in the second class of compounds, in which the sulphur
xists as a tetrad or hexad element combined with oxygen, because,
s far as we know, oxygen only exists as a dyad element, and never
ssesses any higher atomicity, We might imagine the existence of
compound corresponding to sulphurous anhydride—S"0O,—in
thich the two atoms of dyad oxygen might be displaced b} two
coms of dyad sulphur—5*S',, and the sulphur which is set free
v the action of sulphuretted hydrogen on sulphurous anhydride is
erhaps this sulphur :(—

S5"0, + 2H,S" = §"5", + 2H,0.

it we cannot imagine the existence of a similar compound in
ich the tetrad sulphur of sulphurous anhydride is displaced by
itrad oxygen, O'*O'i, because, as far as we know, oxygen never
aays the part of a tetrad.

The composition of thiosulphuric acid proves that the displace-
eent of oxygen in the oxy-acids, by dyad sulphur, is not only pos-
ole, but actually takes place. This acid is sulphuric acid,

| 4 . g . . .
i 2 {Dﬁ’m which one of the atoms of oxygen united with the

vdrogen is displaced by an atom of dyad sulphur, thus :
i | S"H
{OH "
These facts are not only true of sulphur compounds, but may
generally extended to those of selenium and tellurium.
Selenium and tellurium may be said to occur as rarely in nature
sulphur does abundantly. These two elements {particularly
icenium) very often occur associated with sulphur, And their
fharcity is probably the reason why their compounds have not been
'thoroughly investigated as those of sulphur,
l

SULPHUR.
Chemical Symbol : S.— Atomic Weight

i Sulphur occurs free in nature in considerable quantities ; Sicily
i;l other parts of Italy as well as Iceland are particularly rich in
rtive sulphur. It is still more widely distributed in chemical
'nhanauun with other bodies. Of the sulphides, the commonest
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are iron pyrites (ferric disulphide, FeS,), copper pyrites (copper-iron
sulphide, CuFeS,), galena (lead sulphide, PbS), dlende (zinc sul-
phide, ZnS), &c, Sulphur is not less common in combination
with calcium and oxygen, as calcium sulphate, in the mineral -
Lypsum (50,-0,Ca + 2H,0), which often occurs in layers of con-
siderable thickness. Other sulphates are also found in nature,
among which may be mentioned Glauber's salt (sodium sulphate,
S0O,(ONa),, £psom sait (magnesium sulphate, SO,-O,Mg)—two
compounds which are contained in mineral waters and in sea
water.  Other naturally occurring sulphates are, /heavy-spar
(barium sulphate, SO,-O,Ba), a/unite (basic aluminium-potassium
sulphate), &c. Besides all these forms in which sulphur is found
in nature, it also forms a constituent of many important organic
substances, such as albumen.

Few substances are so generally known as sulphur, and yet the
outside world is but little acquainted with its remarkable physical
and chemical properties.

Sulphur is a brittle, crystalline solid, with a pale yellow colour,
without taste or odour, quite insoluble in water, and only slightly
soluble in alcohol and ether. It is, however, dissolved by carbon
disulphide in large quantities, especially when the liquid is heated
to its boiling point.

At 115° it melts to a clear mobile liquid of a pale yellow cclour,
which easily resotidifies to ordinary yellow sulphur, but which if
more strongly heated (up to 200°) undergoes a remarkable change.
It does not become more mobile, as might be expected, but more
and more viscid, and at the same time darker and darker in colour.
At 200° it is a dark-brown liquid so viscid that the vessel containing
it may be inverted without any of it running out. When heated
above 200°% up to 400 the liquid gradually becomes mobile again,
without appreciably changing its colour, and boils at 448°. The
sulphur gas which is so produced and fills the vessel has a dark red-
brown colour, somewhat resembling gaseous bromine. |

Sulphur which has been heated up to 200° possesses altogether
other properties than the normal liquid sulphur at 115° If
latter be cooled, for example, by pouring it into cold water, the
original brittle yellow sulphur, soluble in carbon disulphide,
obtained. But if the sulphur at a temperature of 200° or slightly
higher, is poured into cold water, a tough, brown, elastic mass i§
produced, which may be drawn out into long threads and wi}i 1
only changes into ordinary yellow, brittle sulphur after some times
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his tough elastic modification of sulphur, unlike ordinary sulphur,
; insoluble in carbon disulphide. Only after some time, or after
- has been heated to 1117 and allowed to cool again, does it regain
=s solubility in this liquid.

Sulphur is dimorphous —z.e. it crystallizes in two distinct forms.
“he transparent yellow crystals, as they occur in nature, belong to
e rhombic system. The two accompanying figures (fig. 42) re-
sresent two common forms of native sulphur : the one (a) is simple,
bhe other (4) has numerous secondary faces. Sulphur crystallized
m the wet way—e.g. from its solution in carbon disulphide—shows
vxactly the same forms. Large regular crystals of rhombic sulphur
ay be obtained by heating a piece of sulphur with carbon disul-
bhide in a sealed glass tube up to 120° or 130° and allowing it to
cool slowly.! The crystals are afterwards freed from the carbon

Fig. 42 Fic. 43.

[.ti:lisulphi[le and dried, when they preserve their transparency and
rystalline form unchanged.

On the other hand, when sulphur is melted and quickly cooled,
it crystallizes in the monoclinic system (fig. 43). These crystals
aare best obtained by melting sulphur in a crucible at the lowest
ppossible temperature, so that it remains mobile and does not pass
ianto the viscid condition, allowing it to cool until a thin solid crust
iiforms on the surface of the sulphur, then breaking a hole in this
leerust and pouring out the still liquid sulphurinside. If the crucible
iiis broken up when cold the interior will be found filled with pale
ywyellow needle-like prisms, often as much as an inch long. These
crystals soon lose their transparency and become opaque and
I"brittle ; they then consist of a number of minute rhombic crystals
lssimilar in form to those in which sulphur occurs in nature, and in
lswhich it crystallizes from its solution in carbon disulphide. These

' The glass tube must be thick and well sealed up in the blowpipe, other-
i'wise a very dangerous explosion mayv be produced. —ED.




142 Text-Book of Inorganic Chemistry.

two modifications of sulphur are also distinguished from one
another by their different specific gravity. The specific gravity o
natural or rhombic sulphur is 2'07, while that of the monoclinic
modification is 1-96.

The vapour density of sulphur at different temperatures is
remarkable. If the molecule of gaseous sulphur consisted, accord-
ing to the general rule, of two atoms, its molecular weight would
be 2 x 32 = 64, and its density '28628 =2216 (p. 51). DBut the direct
determination of the density of sulphur vapour at about s00°—a
temperature considerably above its boiling point—gives quite a
different number—viz. 6'654, or about three times 2'216. Further
experiments undertaken to explain this anomaly showed that
between the temperatures 440° and 850° sulphur vapour did not
expand regularly with the increase of temperature, and that at goo®
to 1,000° its density was only one-third of that at 500° or about
2-216.

From this it appears that there are two polymeric modifica-
tions of sulphur in the gaseous state, one with the density 2'216,
and the other with a density three times as great—viz. 6:654. The
molecule in the one case consists, therefore, of two atoms, and in
the other case of six atoms of the element, and the latter molecule
breaks up, when heated, into three new molecules, each containing
two atoms of sulphur.

Most of the sulphur which comes into trade is brought from
Italy, and especially from Sicily, where the crude sulphur is partly
melted out, and partly distilled in cast-iron vessels, from the earthy
impurities. This sulphur is, however, still impure, and must be
purified by distillation. For this purpose the arrangement shown
in fig. 44 is employed. The sulphur is heated to boiling in the
cast-iron retort G, which is built into the masonry, and of which
the neck D opens into a large empty bricked chamber A. In the
same manner as water vapour when cooled at once below its
freezing-point condenses in the form of snow, so the sulphur vapour
when ié.suing into the cold chamber at a temperature below its
melting point condenses to sulphur snow, which collects on the
walls and floor of the chamber. This light pale yellow sulphur-
snow is the fowers of sulphur of commerce. But when the hot
sulphur vapour has raised the temperature of the chamber to
the melting-point of sulphur (115°) the sulphur melts and
collects on the floor as a thin liquid. It may then be allowed
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v flow out by an opening which can be regulated from the
utside. This sulphur is nearly pure. Stick sulphur is easily
ntained from it by running the liquid sulphur into wooden moulds
ig. 45). The sulphur gas which streams into the chamber is at
higher temperature than that necessary for the combustion of
falphur ; it therefore unites with the oxygen contained in the air
" the chamber and burns to form sulphurous anhydride, evolving

the same time a considerable quantity of heat. In consequence

7 this increase in temperature the whole of the air of the chamber
mddenly expands, and the walls would not be able to withstand the
becreased pressure if the chamber were not furnished with a valve,
this valve opens during the combustion of the sulphur and closes
I'terwards by its own weight.

The sulphurous anhydride which is now contained in the
mamber is absorbed by the flowers of sulphur, and if this sulphur

afterwards brought into contact with moist air the sulphurous
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anhydride is gradually oxidized to sulphuric acid. The sulphuric
acid adheres so persistently to the flowers of sulphur that, even
after repeatedly washing with water, sulphuric acid may be always
recognized in the wash-water. For this reason flowers of sulphur
moistened with water always redden blue litmus paper, which is
not the case with stick sulphur.
Sulphur is also prepared by heating iron pyrites in a small
supply of air, and remelting the sulphur, but the product so ob-
tained is nearly always contaminated with arsenic.
All elements which unite with oxygen, either more or less
energetically, also combine with sulphur and in nearly the same
degree” And sulphur can also unite with oxygen itself. At the
ordinary temperature the two elements do not unite with one
another ; but if sulphur is heated in the air, or in oxygen, it catches
fire and burns with a pale blue flame, to form sulphurous anhydride,
Besides this body there are several other compounds of sulphur
and oxygen, of which sulphuric acid is the best known.
Sulphur unites directly with hydrogen, only with difficulty, and
the compound of the two elements—sulphuretted hydrogen—iseasily
decomposed again. Chlorine and sulphur combine with one
another when gently heated. Phosphorus unites with sulphur as
readily as it does with oxygen, and two of the compounds produced
correspond in composition to phosphorus and phosphoric anhy-
drides. Nitrogen and sulphur have only a weak affinity for one
another, and only combine under peculiar circumstances. Finally,
charcoal (carbon) burns in sulphur gas as it does in oxygen,
but requires a higher temperature. The compound produced,
carbon disulphide, has a similar composition to the oxygen com-
pound, carbonic anhydride.
All those metals which combine with oxygen either at the
ordinary temperature or when heated burn almost as easily in
sulphur gas, forming sulphides, with a similar composition to the
corresponding oxides. Thin copper foil brought into the vapour
of boiling sulphur burns brilliantly, with a considerable evolution of
light and heat, to form molten copper sulphide.
The sulphides of those metals of which the oxides are decom=
posed by heating—e.g. of silver, gold, platinum—are also reduced
when heated, especially if exposed to the air. Mercuric sulphid
(cinnabar), which simply volatilizes when heated, forms an excep
tion to this rule, since the corresponding oxide is decompose
into mercury and oxygen by heat.
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Accordingly as the oxides of the metals are soluble or insoluble
water, so are the corresponding sulphides. Soluble potassium
ilphydrate corresponds to soluble potassium hydrate, calcium
ilphide to calcium oxide, and insoluble lead sulphide to insoluble
d oxide.

The metzllic sulphides which are soluble in water possess the
soperty of uniting chemically with more atoms of sulphur than
e contained in the normal compounds. Potassium sulphide
eSS, for example, can unite with four more atoms of sulphur, pro-
1cing potassium pentasulphide, which is also soluble in water :(—

ES + 45 = K.5.

"a solution of this or a similar polysulphide, soluble in water, is
tixed with hydrochloric acid, the corresponding chloride is formed,
lphuretted hydrogen is liberated, and the excess of sulphur sepa-
tes out as a fine, white, amorphous powder. /L of sulphur is
\is @life precipitate which has been washed and dried. The
quation illustrating its production is as follows : —

K.,5, +«+ 2HCl = 2KCI + HS + 4S8

SULPHURETTED HYDROGEN,
Composition : H,S,

This compound is analogous to water in its composition, and
50 resembles water in many of its chemical properties. It isa
ihlourless gas with a disgusting odour resembling rotten eggs, has
‘specific gravity of 1'19, and may be condensed, under pressure,
-a mobile liquid, which solidifies at about —835°. The gas is some-
inat soluble in water, to which it imparts its odour ; the aqueous
slution reacting slightly acid with litmus paper. A saturated
'lution in water at the ordinary temperature contains about three
mes its volume of the gas. Alcohol dissolves more, up to five
mes its volume.

Sulphuretted hydrogen, when inhaled in considerable quantities,
l poisonous. The chemist, to whom the gas is indispensable,
rzcomes more sensitive to the poison the more frequently it is
!?haled, and the same i1s also true of other poisons, such as hydro-
iranic (prussic) acid. In a high state of dilution, sulphuretted

L.
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hydrogen is present in many mineral waters—the so-called sul-
phureous springs (.. those of Aix-la-Chapelle, Harrogate). These
waters are often used for medicinal purposes.

Sulphur and hydrogen unite directly with one another when
hydrogen is led over heated sulphur ; but as the affinity between
the two substances is small, only a small quantity of the compound
is produced. It is better to bring hydrogen in the nascent state
into contact with sulphur, as by decomposing a suitable metallic
sulphide with a strong acid.

The gas is easily obtained in quantity when pieces of ferrous
sulphide contained in a Woulff’s bottle are acted upon by dilute
sulphuric or hydrochloric acid. In order to free the gas from
mechanical impurities it is led through a wash-bottle containing
water, and is then passed through a calcium chloride tube to dry it.
[t cannot well be collected over mercury, as it is partially decom-
posed by the metal, forming mercuric sulphide. It is best to em-
ploy warm boiled water, which dissolves much less of the gas than
water at the ordinary temperature.

The ferrous sulphide used for the preparation of sulphuretted
hydrogen usually contains some free iron, and the gas is therefore
generally mixed with a small quantity of free hydrogen. In most
cases this is immaterial, but if the gas is wanted quite pure it may
be obtained by acting on antimonous sulphide (black antimony)
with dry hydrochloric acid gas. The reactions in each of these
cases are expressed in the following equations :—

FeS + 2zHCI = H,5 + Fe(Cl,.
Ferrous Ferrous
sulphide chloride
Sb,S, + 6HCl = sH,S + 25bCl,
Antimonous Antimonous
sulphide chloride

Sulphuretted hydrogen is combustible, and is easily ignited. IF
a burning body is brought near a jet of the gas it catches fire and
burns with a pale, bluish flame, producing water and sulphurous
anhydride. If the supply of oxygen is insufficient, the h}f{lfﬂg&_ |
only burns, and yellow sulphur is separated. The EﬂlT’Ib'l.'lStlﬂl'l is
always accompanied with the separation of sulphur, and it ls+lhE 2
fore probable that the gas is first decomposed and its constituents
afterwards burnt.

In fact, the two elements in sulphuretted hydrogen are only
very loosely combined. The compound is not only decomposed
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wy a high temperature, but also by all oxidizing agents, even the
veakest, sulphur, being usually separated. Even the oxygen of the
ttmosphere decomposes it in presence of moisture. In a bottle
aalf filled with sulphuretted hydrogen water, especially when often
rpened, the odour of the gas gradually disappears and the liquid
ecomes milky from separated sulphur. Sulphuretted hydrogen
xd through water containing iodine in suspension is rapidly decom-
osed, sulphur being set free and hydriodic acid formed ; and this
action may be utilized to prepare a dilute aqueous solution of
vwwdriodic acid. Bromine and chlorine act in the same manner,
wut more energetically. Finally, ferric chloride is reduced by
mlphuretted hydrogen to ferrous chloride with the formation of
wydrochloric acid and the separation of sulphur :—

FeCl. + HS = 2HCl + 2FeClL + S
Ferric Ferrous
chloride chloride

The insolubility of the majority of the metallic sulphides in
zater and the insolubility of some of them in dilute acids makes
Iphuretted hydrogen a valuable reagent for the precipitation of
nany of the metals from the solutions of their salts, If the gasis
d through a solution of silver nitrate, or if sulphuretted hydrogen
vater is added to this solution, a black precipitate of silver sulphide
I5; formed and the solution then contains dilute nitric acid :—

2NO,-QAg + HS = Ag,S + 2NO,:OH,

In the same manner the gas produces a yellow precipitate of

rrsenious sulphide in an acid solution of arsenious acid, an orange
coloured precipitate of antimonous sulphide in a solution of anti-
nionous chloride, &«c.
The affinity of sulphur for most of the metals is so strong and
or hydrogen so weak that some metals which do not combine
mrectly with oxygen can decompose sulphuretted hydrogen.
ilver, for example, becomes brown in an atmosphere containing
we compound, owing to the production of silver sulphide. We
1y the silver tarnishes. This action is even produced by the
{ninute quantities of the gas exhaled by the human body, contained
11 our coal-gas, and, therefore, always present in inhabited places.
["he darkening of oil paintings by age is also produced by the
t=tion of sulphuretted hydrogen. The lighter tints in these pic-
mres nearly always contain white-lead (lead carbonate), and this
fll-ecnmos gradually converted into black lead sulphide.

-
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HYDROGEN PERSULFPHIDE,

The composition of this body, which is richer in sulphur than
sulphuretted hydrogen, has not yet been determined with certainty
owing to its instability. Its probable composition is H,S,, corre-
sponding to hydrogen peroxide, H,Q.,.

If hydrochloric acid is added to a solution of potassium penta-
sulphide, decomposition into potassium chloride, sulphuretted
hydrogen, and sulphur occurs, as shown on page 145. DBut if the
solution of potassium pentasulphide is poured into concentrated
hydrochloric acid, there is produced, besides the substances
mentioned above, a heavy oily liquid, with a piercing odour, which
sinks to the bottom of the acid liquid. If this liquid is removed
by a separating funnel and left to itself, it gradually decomposes
into sulphuretted hydrogen and sulphur.

If the freshly-prepared oil is removed to a thick glass tube and
then sealed up it undergoes the same decomposition. And the
greater the quantity of sulphuretted hydrogen set free the greater
becomes the pressure until finally the gas is liquefied. The sul-
phur which is set free at the same time is usually deposited as
distinct crystals in the tube. Such tubes containing liquid sulphu-
retted hydrogen are dangerous to handle. It sometimes happens
that they suddenly explode after having withstood the pressure
of the gas for years.

OXYGEN COMPOUNDS OF SULPHUR.

Sulphur and oxygen unite together in two proportions and
produce :(—

Sulphurous anhydride . g ovw S0
Sulphuric anhydride . ; = A,

In the former of these sulphur is a tetrad, in the latter it is
hexad. Both substances unite with bases and form stable salts,
and the latter when combined with water yields the most important

of the acids of sulphur :—

Sulphuric acid . . . SDQ{BE
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Besides these compounds, which are by far the most important,
. number of other oxy-acids of sulphur are known, partly in the
‘ree state and partly combined in their salts. They are all dibasic
sxcept hydrosulphurous acid.
Among the next important are :—

. w1

Thiosulphuric acid . : . 50, -1 [':]:I;H

iR . 1 S50,-0H

Dithionic acid . . . : :l}{iil
. . 50,0

Disulphuric acid g ; v A i :” L'.}ll-:

Thiosulphuric acid is a derivative of sulphuric acid; in it one
of the atoms of oxygen united with the hydrogen in sulphuric acid
ss displaced by an atom of dyad sulphur. The two sulphur atoms
rm this compound have, therefore, different functions; the one
atom is hexad, and the other, displacing the oxvgen, is dyad.
Dithionic acid is a compound of two atoms of the monad radical
30, * OH ; and in disulphuric acid two atoms of the same radical
re united together by an atom of oxygen.

Besides these compounds the following are also known, although
eess thoroughly investigated :—

. . [ OR

Hydrosulphurous acid . : . S50 H
‘thianic acs . 1 50,:-0R
Trithionic acid . h . . 5 {SOL-OR
o - . 1S0,-0R
Tetrathionic acid . . . B | HU; OR

| :

Pentathionic acid . : : e 50,:OR

1.80,-0R

Iin these formule R stands for an atom of a monad metal in the
salts of these acids, many of which have not been prepared in the
rree state.

Hydrosulphurous acid probably contains tetrad sulphur united
vith one atom of oxygen and one of hydrogen to form the monad
r.'ac{if:al (SOH).

Tri-, tetra-, and pentathionic acids are similarly constituted to
ilithionic and disulphuric acids, and contain two atoms of the
rradical SO,-OH united together by one, two, or three atoms of
‘lyad sulphur respectively.
|

B
—w——TT

—
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SULPHUROUS ANHYDRIDE
Composition : SO,

This compound, which is produced when sulphur burns in the
air or oxygen, is a colourless gas with a powerful piercing odour,
an acid reaction and taste. Its specific gravity is 2216, and it
contains its own volume of oxygen ; for if sulphur is burntin a
closed volume of oxygen, the volume of the gas remains unchanged.
From these data the composition of the gas may be easily calcu-
lated, thus :—

2 vols. (1 molecule) sulphurous anhydride weigh 2:216 = 28 - 88 = 64
2 1 oxygen 1 2x16 =32

1 atom of sulphur . : : : : ; 32

—i.e. a molecule of sulphurous anhydride contains one atom of
sulphur and two atoms of oxygen.

Sulphurous anhydride may be easily condensed by cold or
pressure to a colourless mobile liquid, which boils at —10° and
solidifies under —70°.

The gas is absorbed by water in considerable quantities. One
volume of water at the ordinary temperature absorbs about fifty
times its volume of the gas. The aqueous solution possesses the
odour of the gas and again gives it up when heated.

Sulphurous anhydride is contained in the gases of volcanoes.
It is obtained in large quantities for technical purposes by burning
sulphur or by roasting sulphurous ores (e.g. iron pyrites). The
gas so obtained is of course very impure ; it contains all the nitro-
gen present in the air employed.

The pure compound is best obtained by reducing sulphuric
acid with some suitable metal—usually copper. Pieces of copper
are placed in a large flask, covered with concentrated sulphuric
acid, and the mixture gently heated until the evolution of gas
begins (fig. 46). The two substances do not act upon one another
in the cold. The gas is purified by passing it through a wash-
bottle containing concentrated sulphuric acid, and is then collected
in suitable vessels. As it is absorbed in such large quantities by
water it cannot well be collected over this liquid ; mercury may,
however, be employed. It can also be easily collected by displace-
ment by leading the gas to the bottom of the vessel to be filled
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and loosely closing the mouth. The heavy gas gradually fills the
:ar and expels the lighter air before it. + _
Liquid sulphurous anhydride may be easily obtained in quantity
»y leading the pure gas into a tube surrounded with a {reez}ng
mixture of ice and salt; the tube (as shown in the figure) being
sontracted at one point so that it may be easily melted and hermeti-
-ally sealed after a sufficient quantity of the gas has been con-

Hensed.
,_&/;‘I‘
q

The production of sulphurous anhydride from sulphuric acid and
ccopper may be expressed by the following equations, which indicate
tthat an atom of copper first abstracts an atom of oxygen from the
ssulphuric acid, forming sulphurous acid and copper oxide, the former
tbreaking up immediately into sulphurous anhydride and water, and

tthe latter uniting with the excess of sulphuric acid to form copper
:sulphate and water :(—
| (OL
’. Hil:lﬂﬂ + Cu = 50, + H,O + Cu0O,
* 3 - -
Hf'l_‘.lgﬂ + CuO = 50,-0,Cu + H,O.

|
. The final products are therefore sulphurous anhydride, copper
:sulphate, and water, and the whole reaction may be thus ex-
ipressed :—
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| OH

ESD.-_. '{ OH + Cl.] — SD_: L E S(_}._. o G'._.CU i 2 H*j(}'

The student will notice that this process is essentially different
from that which takes place when dilute sulphuric acid acts upon zinc
to form zinc 5u'iph1te and hydrogen. In the latter case the two
atoms of hydrogen in sulphunc acid are sn‘np]}r displaced by the
equivalent quantity of zinc (one atom) :

el
S50, |OH
while in the former case the sulphuric acid ioses an atom of oxygen
and becomes reduced to sulphurous acid.

Only a few metals besides copper can reduce sulphuric acid in
this manner ; among them are mercury and silver,

Sulphurous anhydride mixed with carbonic oxide and carbonic
acid may also be cheaply obtained in large quantities by heating
concentrated sulphuric acid with charcoal :—

S0,{0f *+ € = SO, + CO + H,O.

This method is valuable for those purposes where the admixture
with carbonic oxide and acid has no injurious effect—for example,
in the manufacture of the sulphites,

Sulphurous anhydride is a compound radical called su/phuryl,
and behaves in its compounds like a dyad element. Mixed with
oxygen and led over heated platinum in a finely divided state the
two substances unite to form sulphuric anhydride :—

S0, + 0 = 8O
Its aqueous solution absorbs oxygen from the air and becomes
converted into sulphuric acid. It further unites directly with
chlorine, when a mixture of the gases is exposed to bright sunlight,
producing sulphuryl chioride—S0,Cl,. This compound is a
colourless liquid with a powerful odour, which boils at 70° and is
decomposed by water into hydrochloric and sulphuric acids.

From a saturated solution of the gas in water at o°a crystalline
compound separates out, having the composition SO, + 15H,0.
It melts at 4°, and is decomposed into its constituents.

Most bodies which easily give off oxygen oxidize sulphurous
anhydride, in the presence of water, to sulphuric acid. It is
absorbed by manganese peroxide forming manganous sulphate
and by lead peroxide producinz tead sulphate : —

SO, + PbOo, = 8§0,:0,Pb.

Zn = 8§80,:0,Zn + H,;

22

E
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The production of this lead sulphate is accompanied with a large
evolution of light and heat. If alittle dried lead peroxide enclosed
in a piece of thin muslin is brought into a )ar of the dry gas,
the black oxide becomes red-hot and is rapidly converted into
white lead sulphate.

Under ordinary circumstances hydrogen has no action on sul-
phurous anhydride, but in the nascent state, especially in the
presence of acids, the latter is reduced to sulphuretted hydrogen
and sulphur. If a little of the aqueous solution is poured into a
flask containing zinc and sulphuric acid, the hydrogen which is
evolved soon smells strongly of sulphuretted hydrogen and pro-
duces a black precipitate of lead sulphide if led into a solution of lead
acetate, at the same time the liquid in the flask becomes milky from
separated sulphur. The sulphur which is here set free is produced
oy the action of sulphuretted hydrogen upon sulphurous anhydride.
Whenever these two substances come into contact with one
another, whether in the gaseous state or in solution in water,
mutual decomposition ensues into sulphur and water :—

zsH.,5 4+ 80, = 2H,O0 + 35

\When the reaction takes place slowly the sulphuris often deposited
in the crystalline form, and it is possible that considerable quan-
tities of the sulphur occurring free in nature have been produced
by this reaction.

Sulphurous anhydride bleaches organic colouring matters like
chlorine, but the bleaching effect is produced in a different way,
We have seen that chlorine bleaches partly by the formation of
colourless substitution compounds, and partly by oxidation in the
presence of water, or by both processes together, and the bleached
colours cannot be therefore restored. Rut it appears as if the
bleaching of sulphurous anhydride were produced by its direct
union with the colouring substances. And as sulphurous anhydride
can be expelled from its compounds by strong acids, the colour of
many bodies bleached with this substance may be restored by
treatment with strong acids. A rose which has been bleached by
sulphurous anhydride regains its colour when washed with water
and placed in dilute sulphuric acid. Similarly, a substance which
unites with sulphurous anhydride more powerfully than the colour-
ing matter (e.g. a strong basc), will also restore the colour. Flannel
which has been repeatedly washed regains the original yellow
colour of the wool owing to the action of the alkali contained in the
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soap used in cleansing it. Substances upon which chlorne acts
too energetically—silk, wool, straw, &c.—are usually bleached by
sulphurous anydride.

Sulphurous anhydride also possesses powerful antiseptic proper-
ties. It destroys the smell of decomposing organic substances and
stops the action of those organisms which produce fermentation
and putrefaction. Burning sulphur was used as early as Homer’s
time to disinfect closed spaces.!

Sulphurous acid—probably SD{SEm—is known only in the

sulphites. It is a weak dibasic acid, and forms, therefore, two
series of salts, normal and acid—e.g. :—

2 ; . e (|, 18

Normal sodium sulphite . " 4 . S0 {ONa
; 4 ; e EYH

Acid sodium sulphite : . - ) {ONa

The sulphites are formed by the union of sulphurous anhydride
with strong bases, They are all decomposed by dilute mineral
acids, with liberation of sulphurous anhydride.

The presence of sulphurous acid in any of its compounds may
be detected by the odour of the gas when liberated by a dilute acid.
If the quantity is too small to be detected in this way, the gas may
be allowed to act upon iodic acid, when sulphuric acid and free
iodine are produced. If a piece of paper moistened with a solution
of iodic acid and a little starch is hung up in a cylinder containing
the liquid to be examined, the paper soon becomes blue, owing to
the union of the liberated iodine with the starch.

The sulphites may, however, have a different composition to that
given above. They may be formed on the type of the hypothetical

[ 2 . : .
acid SU.__-‘%}]H, which would be called hydrosulphuric acid. This
acid would then be a monobasic acid, but in which the second
atom of hydrogen—that united directly to the sulphur—could also
be displaced by a metal. What we now call acid sodium sulphate

1 * Bring sulphur straight and fire " (the monarch cries) :
She hears, and at his word obedient flies.
With fire and sulphur, cure of noxious fumes,
He purg’d the walls and blood-polluted rooms,
Odyssey, xxii. 527-530. (Pope's Transiation.)

e i e B e i i i i S T e i s i . . i i
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would then be the normal hydrosulphate : 50, 1 If’ir"‘?:",:uu:l ournnormal

: ; . ON:
sulphite would be sodium sodiosulphate : S0, -‘ 1\-; 1, These con-
siderations are supported by many facts in organic chemistry,
and the decision which view is correct cannot be long delayed.
Possibly isomeric salts of the two acids exist together.

Corresponding to this hypothetical hydrosulphuric acid with

one atom less oxygen 1s :—
* . {0OH : : :

Hydrosulphurous acid : 50 |H Sometimes called after its dis-
coverer, Schiitzenberger's Acid. The acid, which has not yet been
obtained in the pure state, is prepared by digesting a concentrated
aqueous solution of sulphurous anhydride with metallic zinc, in
which the latter dissolves with the evolution of gas. The yellow
liquid so obtained, which contains hydrosulphurous acid, possesses
powerful reducing and bleaching properties. [t rapidly decomposes
first into thiosulphuric acid and then into sulphurous anhydride,
water, and sulphur. The sodium salt may be prepared by digest-
ing together zinc and a concentrated solution of acid sodium
sulphite.

SULPHURIC ACID.

Composition : H,S0,, or SO, Ol
\

If a further atom of oxygen is made to unite with sulphurous
anhydride, the compound sulphuric anhydride (50,) is formed.
But far more important than this body is the substance produced
when it unites with water—viz sulphuric acid, or o7/ of vitriol, as it
1s sometimes called from the old method of preparing it.

Sulphuric acid is a compound of hexad sulphur, and contains the
radical 50, united to two atoms of hydrogen through the interven-
tion of two oxygen atoms.,

Sulphuric acid is a colourless, odourless, viscid liquid, which
does not fume in the air, and has a specific gravity of 1°84. It boils
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at 338°and can be distilled, but only with partial decomposition, into
sulphuric anhydride and water. It mixes with water in all propor-
tions, and during mixing evolves a large quantity of heat. Even
when very largely diluted with water it reacts and tastes strongly
acid. Below o” it freezes to a crystalline solid.

In nature sulphuric acid occurs chiefly in combination with lime
as gypsum or ankydrife, widely distributed and in very large quanti-
ties, and besides this as feary spar or barife (barium sulphate), as
celestine (strontium sulphate), as Glauber’s salt (sodium sulphate),
WC.

Calcium sulphate is such a common mineral that it might be
thought capable of yielding an inexhaustible source of cheap
sulphuric acid, and this would be so were it possible to separate
the sulphuric acid from its combination with the lime as easily as
we can separate carbonic acid from chalk or nitric acid from nitre.
But sulphuric acid i1s so firmly united with the lime in calcium
sulphate that we can neither expel it by heating nor by the action of
a stronger acid, and gypsum is not therefore adapted for the manu-
facture of sulphuric acid, nor has it ever been used for this purpose.

The acid may, however, be obtained in many other ways.
Sulphur, which burns in oxygen to sulphurous anhydride, is con-
verted when heated with concentrated nitric acid or othe: powerful
oxidizing agents into the higher oxide—sulphuric acid. And here
the question may present itself, Why is it that while carbon and phos-
phorus when burning in the air always produce their higher oxide,
sulphur only forms its lower oxide? The reason is that sulphuric
anhydride cannot exist at a high temperature, but is decomposed
into oxygen and its lower oxide, and that the temperature of com-
bustion of sulphur is higher than the point at which sulphuric anhy-
dride is decomposed. If we could by any means lower the tempe-
rature of combustion of sulphur, it would undoubtedly produce
sulphuric anhydride when burning in air, but up to the present
this problem has not been solved, and we must therefore look for
some other method of oxidation. The best substance for this
purpose, and that exclusively used for the manufacture of sulphuric
acid, is nitric acid.

In order to understand this process, it must be remembered
that nitric acid, which has the composition NO,-OH, yields up
a portion of its oxygen and becomes converted into nitric
oxide (NO) in the presence of sulphurous anhydride and water.
Three molecules of sulphurous anhydride therefore require two

— S
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molecules of nitric acid and two of water to be converted into sul-
phuric acid :(—

{OH
*|OH
But if as in this equation two molecules of nitric acid were con-
sumed in the production of every three molecules of sulphuric acid,
the price of the latter acid would be scarcely lower than that of
the former. As a matter of fact, the nitric acid can oxidize much
larger quantities of sulphurous acid than that expressed in the
above equation—more than ten times as much. This is rendered
possible by the remarkable property which the colourless nitric
oxide possesses of uniting with the oxygen of the air, even at the
ordinary temperature, and forming red vapours consisting of nitrous
anhydride and nitric peroxide, and these gases again give up oxygen
to sulphurous anhydride, oxidizing it to sulphuric acid in the pre-
sence of water, and being themselves again reduced to nitric oxide.
It thus appears as if a small quantity of nitric oxide would be able
to convert an unlimited quantity of sulphurous anhydride into sul-
phuric acid, if allowed to act upon a mixture of the gas and pure
oxygen together with water vapour in the correct proportions. The
oxygen would at once convert the nitric oxide (N U} into nitric per-
oxide (NO,), which would be again reduced to nitric oxide in the
presence of sulphurous anhydride and water vapour :—

{OH
*|OH
and this could then produce further quantities of sulphuric acid,
and so on.

But such a process cannot be carried on in practice, simply
becauses it presupposes an inexhaustible supply of pure oxygen.
The manufacturer must make use of the oxygen contained in the
air. The air, by the gradual abstraction of its oxygen, becomes
largely diluted with nitrogen, and ultimately the small proportion
of oxygen present will not unite with the nitric oxide sufficiently
quickly. When this point is reached, the valuable nitrogen com-
pounds would be wasted if a method had not been discovered of
condensing them, and reintroducing them into the chambers.

The manufacture of sulphuric acid on a large scale, based
upon the above-mentioned chemical principles, is conducted as
follows.

The sulphurous anhydride is obtained either by burning sulphur

350, + 2K0,-OH + 2H,0 = 350 + 2NO.

NO, + 50, + H, O = SO + NO
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or by roasting iron pyrites. It is then allowed to stream, mixed
with atmospheric air, into a large leaden chamber, where it comes
into contact with nitric acid vapours. A small portion of the sul-
phurous anhydride is at once oxidized by the nitrie acid to sulphuric
acid, but by far the greater portion passes on, mixed with nitric
peroxide, nitrous anhydride, and nitric oxide, into the next chamber,
into which steam is led from a boiler. The reactions mentioned
above go on in this chamber, and the dilute sulphuric acid collects
on the floor.'

The motion of the gases through the chambers is produced by
a tall shaft placed at the further end, which returns the useless
nitrogen to the atmosphere. DBut before it reaches the shaft it is
macde to pass through what is called a Gay Lussac’s tower to retain
the valuable oxides of nitrogen so that they may be again used to
produce a further quantity of sulphuric acid. It has been found
that strong sulphuric acid can absorb nitric peroxide, and especially
nitrous anhydride, in considerable quantities. This property is
utilized in the Gay-Lussac’s tower by causing strong sulphuric acid
to trickle down in a finely divided state over pieces of coke, in
order to expose as large a surface of the acid as possible to the
ascending gases. The strong acid containing the oxides of nitro-
gen in solution (so-called uifrated acid), which collects at the foot
of the tower, is pumped back to the other end of the chambers.
The gases which it contains are then again liberated by mixing it
with dilute acid, and are again introduced into the chambers by
allowing it to flow down a second tower (Glover’s tower), through
which the sulphurous anhydride and air are made to pass.

The chambers in which the sulphuric acid is produced are
made of lead, because lead is the only substance available which
resists to some extent the action of sulphuric acid. The leaden
plates constituting the chambers are melted together by means of
the oxy-hydrogen blowpipe, and are supported externally by a stout
wooden framewotk.

The acid which collects on the floor of the chambers—the
chamber acid—is somewhat dilute, and only contains little more

I The reactions given here only explain in a general manner what goes on in

the chambers, What really happens is doubtful, and is probably dependent
upon the proportions in which the various substances are introduced into the

chambers. 1f the supply of steam is deficient, white crystals having the com-

pozition S0, : E:E are produced, which under the action of water at once

break up into sulphuric acid, nitric acid, and nitric oxide.— ED.

i e
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than 64 per cent. of the pure acid (sp. gr. =1'55). By heating in
leaden vessels it is concentrated until it contains about 78 per cent.
of the pure acid. This is the drown acid of commerce, and has a
specific gravity of about 1-71. The concentration cannot be carried
further in leaden vessels, as at this point the lead begins to be
attacked. Further concentration is then carried on in vessels of
class or better of platinum. The sulphuric acid so prepared is
usually coloured brown from traces of organic substances, and
always contains lead sulphate in solution. If diluted with water or
alcohol, the liquid becomes turbid, and ultimately deposits a white
precipitate of this lead sulphate, which is more soluble in the con-
centrated than in the dilute acid.

If iron pyrites is used in the manufacture of sulphuric acid,
the acid always contains arsenic, sometimes in not inconsiderable
quantities. A sample of the acid containing arsenic when diluted
with water, and saturated with sulphuretted hydrogen, first turns
yellow, and then deposits a yellow precipitate of arsenious sulphide.
By far the greater quantity of sulphuric acid which is brought into
trade contains arsenic ; only a comparatively small quantity of the
more expensive acid free from arsenic is manufactured from Sici-
lian sulphur,

The colourless, concentrated, chemically pure sulphuric acid
is prepared by distilling the acid free from arsenic in platinum
vessels. During distillation it always undergoes a partial decom-
position into sulphuric anhydride, which passes over with the
distillate and water which remains behind ; this goes on until the
acid contains 98 per cent. of the pure compound, which then
distils over unchanged.

Sulphuric acid is one of the strongest acids, and expels there-
fore nearly every other acid from its compounds. It is, like
sulphurous acid, a dibasic acid, and its acid salts possess a strong
acid reaction and taste. With few exceptions, its salts are soluble
in water. Sulphuric acid is distinguished by its powerful attraction
for water, with which it unites in several definite proportions,
always evolving a large quantity of heat. The compound with one

e RN - - ;
molecule of water—50,  p + H,O — has the specific gravity

1'78, and solidifies in a crystalline form at +8° Unlike water, it
does not expand on solidification, and vessels filled with this acid
do not therefore burst on freezing. [If to this compound a further
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quantity of water is added, a further quantity of heat, though less
than before, is evolved. And the quantities of heat which are set
free when one, two, or three molecules of water unite with one
molecule of sulphuric acid are in a certain definite proportion to
one another.

The strong attraction of sulphuric acid for water .is employed
to dry those gases upon which the acid has no action (e.g. oxygen,
hydrogen, carbonic acid), the gases being simply led through a
wash-bottle containing the strong acid. It also serves to dry solid
and liquid bodies which are placed in a closed space (a desiccator)
with the concentrated acid. The acid then rapidly absorbs all
the water vapour which evaporates from the substances to be dried.

Ordinary commercial sulphuric acid is always of a brownish
colour, due to the decomposition of particles of dust of organic
origin. 1f a splinter of wood is dipped into the concentrated acid
it soon becomes brown and then black from the charcoal which
the acid has set free from the wood by abstracting oxygen and
hydrogen in the form of water. These elements are not present
as water in the wood, but the acid compels them to combine to
form water, with which it then unites.

Sulphuric acid is by no means so permanent as its powerful
affinities and high boiling point might lead us to suppose. Even
below a red heat, if allowed to drop upon hot bricks or upon pieces
of pumice stone contained in a hot platinum retort, it is decom-
posed into water, oxygen, and sulphurous anhydride. If the
mixture of gases so obtained is led into a solution of caustic soda,
the sulphurous anhydride is absorbed, and considerable quantities
of pure oxygen may be obtained. The instability of sulphuric
acid at high temperatures is the reason why burning sulphur
produces sulphurous anhydride and not sulphuric anhydnde.

Nascent hydrogen reduces concentrated sulphuric acid (not the
dilute acid) to sulphuretted hydrogen :—

0,108 + 4H, = HS + 4HO.

If a few drops of concentrated sulphuric acid are allowed to
flow by means of a funnel tube into a flask evolving hydrogen, the
hydrogen soon acquires the characteristic odour of sulphuretted
hydrogen, and produces a black precipitate of lead sulphide in a
solution of lead acetate. Zinc, iron, nickel, manganese, and other
metals which possess a strong attraction for oxygen and are
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dissolved by dilute sulphuric acid with evolution of hydrogen, are
not attacked even when heated with the concentrated acid, probably
because their sulphates are so insoluble in the concentrated acid
that they incrust the metals and prevent any further action.
Other metals, as copper and mercury, which in consequence of a
feebler attraction for oxygen are not attacked by dilute sulphuric
acid, reduce the concentrated acid when heated with it, forming
sulphurous anhydride and a sulphate soluble in concentrated
sulphuric acid. In this way sulphuric acid, which we prepare
from impure sulphurous anhydride, affords us the best material for
the preparation of this substance in the pure state,

Sulphuric acid contains two atoms of displaceable hydrogen,
and is therefore a dibasic acid. With monad metals it forms two
series of salts—the normal and acid—e.g. 1 —

' s : . | ONa

Normal sodium sulphate . ; , v L ONa
: - | OH

Acid sodium sulphate i i . v ' ONa

Most of the sw/phates are soluble in water, the most important
exception being barium sulphate, which is quite insoluble in water
and dilute acids, and which is therefore used to detect sulphuric acid
or a sulphate in an aqueous solution.  On the addition of a few drops
of barium chloride to such a solution, the presence of sulphuric
acid is at once recognized by a white turbidity or precipitate of
barium sulphate which is insoluble in hydrochloric acid.

The great progress which has been made during the past fifty
years in techmical chemistry and the arts generally, is due to a
large extent to improvements in the manufacture of sulphuric acid.
Hundreds of thousands of tons of sulphuric acid are manufactured
annually in England, Germany, and France alone, and by far the
greatest part of this immense quantity is used for the production of
soda, from which again two of the most indispensable articles
of daily life—soap and glass—are obtained. Besides this the
acid is also used for an immense number of other chemical pro-
cesses, and, in fact, there is scarcely any chemical manufacture in
which sulphuric acid does not take a direct or indirect part. [t
will, therefore, be at once apparent that a reduction in the price of
this important substance to one-tenth the amount paid for it a little
more than a century ago must have exercised a most beneficial in-
fluence on the development of technical chemistry.

If, as is not only possible but even probable, further improve-

M
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ments are made in the manufacture of sulphuric acid, and its price
becomes still lower, the price of soda, glass, soap, and stearine, of
superphosphate manures and hundreds of other things, would at
once fall to a considerable extent.

SULPHURIC ANHYDRIDE.
Composition : SO,

This substance, whick is sometimes called sulphuric acid, is very
unlike sulphuric acid’ in its properties. It is a solid body, crystal-
lizing in white, silky needles. It melts at 15° and boils at 46°,
producing vapours which form thick white fumes of sulphuric acid
in moist air. The density of its vapour, compared with the air as
unity, is 2°77, corresponding to a molecular weight of 8o.

Sulphuric anhydride may be easily obtained from sulphurous
anhydride and oxygen. A mixture of the two gases remains un-
changed even if heated or exposed to sunlight, but if led over a
layer of heated platinum, contained in a tube of hard glass, the two
substances at once unite with one another, and the presence of sul-
phuric anhydride is made manifest by the dense white fumes pro-
duced where the gases come into contact with the air. The
platinum itself remains quite unchanged ; it acts in some unknown
manner upon the gaseous mixture, and its action is an example of
what is called, for want of a better name, confact action. Perhaps
the phenomenon depends upen the property of platinum to con-
dense considerable quantities of oxygen on its surface and so liquefy
the gas ; or it may be that the oxygen is converted into its active
modification—ozone. Instead of pure platinum it is better to em-
ploy platinized asbestos—i.e. asbestos of which the surface has been
covered with a thin layer of platinum.!

Sulphuric anhydride is commonly prepared from Nordhausen
or fuming sulphuric acid, which may be considered as a solution of
the anhydride in sulphuric acid. When this acid is gently heated
in a retort, the anhydride volatilizes and condenses in a cool dry
receiver as a colourless crystalline mass.

Sulphuric anhydride is especially characterized by its strong
attraction for water. If a drop of the molten substance is allowed

I Prepared by dipping asbestos into platiric chloride solution, drying, and
heating to redness.—LED.
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to fall into a vessel of water, it sets free a large quantity of heat and
hisses like a red-hot iron on immersion in water. If a drop of
water happens to fall into a glass vessel containing the anhydride,
chemical union at once takes place with an explosion, and the
vessel is always shattered. In all cases the compound produced
by its union with water is sulphuric acid. Sulphuric anhydride
acts even more powerfully on organic substances than sulphuric
acid ; it abstracts water and chars them. A cork or india-rubber
stopper cannot, therefore, be used to close a bottle containing
the volatile anhydride. Formerly sulphuric anhydride was only
employed for certain reactions in the laboratory on a small scale,
but it is now used more and more in the arts; for example, in the
manufacture of alizarine from anthracene. It is now prepared in
considerable quantities in chemical works, and is an article of
commerce.

NORDHAUSEN OR FUMING SULPHURIC ACID.

This acid is not a definite chemical compound, but consists (as
we have previously stated) of sulphuric acid containing more or less
sulphuric anhydride in solution. In former times it was principally
manufactured at Nordhausen, in the Harz Mountains, though at
present none is made there.

Fuming sulphuric acid is a thick oily liquid, usually coloured
brown from the presence of minute particles of carbon, and is dis-
tinguished from ordinary sulphuric acid by the fact that it fumes
in the air. These fumes consist of the volatile sulphuric anhydride
which it gives off, and which unites with the moisture of the air.

The acid is usually prepared from green vitriol (ferrous sul-
phate). This salt crystallizes with seven molecules of water, and
has the composition: S0O,-O,Fe+7H.0. When heated in the
air it easily loses six molecules of water, but the seventh only at a
higher temperature, at which the salt itself begins to be decomposed,
The salt, after being dried as thoroughly as possible, is heated in
clay retorts provided with receivers of the same material. It is
then decomposed into ferric oxide (called caput mortuum or col-
cothar), which remains behind in the retorts, and sulphurous anhy-
dride with sulphuric anhydride, which distil over, the latter con-
densing in the cool receivers. The small quantity of water which
the dried salt still contains suffices to convert the sulphuric anhy-

M 2
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dride in the retort into liquid fuming sulphuricacid. The following
equation represents the process :(—
250,:0,Fe = Fe, 0, + SO, + 50,

A larger quantity of acid is obtained, and without the production
of sulphurous anhydride, when the mother-liquor from ferrous sul-
phate, which contains the ferric salt, is evaporated and calcined.
The mass so obtained consists principally of basic ferric sulphate
of the composition: 5,0,Fe,=250,, Fe,O,, which on further heat-
ing in retorts breaks up into ferric oxide and sulphuric anhydride.

As was stated on p. 162, fuming sulphuric acid when heated in
a retort boils and gives off the sulphuric anhydride which it con-
tains even below 100°% As the quantity of anhydride becomes less
and less the boiling point rises, until at last ordinary sulphuric acid
remains in the retort.

When cooled, fuming sulphuric acid deposits colourless crystals,
which melt at 35° and consist of disulphuric acid, the properties
of which are described below (p. 166).

Sulphurous anhydride can unite not only with an atom of
oxygen but also with an equivalent quantity—z.e. two atoms—of
chlorine. The compound so produced is Swipluryl chioride:
S0,Cl,. Besides this body another chlorine compound is known,
intermediate between sulphuryl chloride and sulphuric acid, and
which may be considered as sulphuric acid with one atom of
hydroxyl (OH) displaced by one atom of chlorine. This is Cltlor-
sulphonic acid : S0, 1 B!H' The latter is a monobasic acid, because
it contains one atom of hydrogen displaceable by a metal, while
the former is an indifferent substance, and cannot enter into com-

bination with bases.

SULPHURYL CHLORIDE.
Composition : 50,Cl,

This substance is a mobile colourless liquid, with a piercing
odour. It fumes slightly in the air, has a specific gravity of 17,
and boils at 70° It may be obtained by direct union of Ch].()ril:lﬁ
and sulphurous anhydride when a mixture of the two gases in
equal volumes is exposed to direct sunlighl,_ur.nmrc ren‘dﬂ}r, and
in larger quantities, when chlorsulphonic acid is heated in closed
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tubes to 200° or 210° for about twelve hours. Two molecules of
chlorsulphonic acid are then decomposed into one molecule of
sulphuryl chloride and one of sulphuric acid :—

[Cl s OH

25021[01_1 = 50,ClL + SD'-'{GH
The liquid product, which is usually of a greenish yellow colour,
is heated in a retort, and the portion passing over up to 110° again
rectified on the water bath. The portion which then distils over
at about 70° is nearly pure sulphuryl chloride. Inorder to separate
minute quantities of chlorsulphonic acid and sulphuric anhydride,
which it still contains, the distillate is poured into a separating
funnel containing pieces of ice. The ice at once acts upon these
impurities, while the sulphuryl chloride, which is scarcely attacked,
sinks as a heavy oil to the bottom of the funnel. It is then freed
from water with phosphoric anhydride, redistilled, and if the first
portions of the distillate, which contain sulphurous acid and

chlorine, are rejected, is so obtained perfectly pure.
Sulphuryl chloride is easily decomposed by water into sulphuric

and hvdrochloric acids :—

e [OH E
b(::'.',(._.]‘; = EH_,D == SU.:}. (J'[_'[ + —HC].

CHLORSULPHONIC ACID.

" s O L 5|
o fton : 50, 4
C pﬁjjf iR 50- ( {._}H
This substance is also a colourless liquid, with a specific gravity
of 1-77, and boiling at 153°. It is at once decomposed by water,
with a considerable evolution of heat, into sulphuric and hydro-

chloric acids :—

'OH

(Cl h
H,0 = SO, gy + HCL

50, loH *

Chlorsulphonic acid may be produced by the direct union of
sulphuric anhydride and hydrochloric acid gas—S0,0 + HCI] =

[
SO, i'g!H-" but is best obtained by heating together molecular

weights of sulphuric acid and phosphorus pentachloride, when
hydrochloric acid and phosphoric oxychloride are also produced ;—

) .
56,195 + POl - so._.{g'H + POCl, + HCI.
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[t may then be separated from the more volatile phosphoric oxy-
chloride (B.P.=110° by fractional distillation. Metallic salts of
chlorsulphonic acid have not yet been prepared. .

NITROSULPHONIC ACID.

i (NO
Composition : S0, {GH

This compound, which may be considered as sulphuric acid in
which one atom of hydroxyl is displaced by the group of atoms
NO,, separates out as colourless crystals when nitric peroxide is
led into concentrated sulphuric acid or sulphurous anhydride into
cold fuming nitric acid. The latter reaction is expressed by the
equation :—

; : ¥ NO,
S0, + NO,OH = 50,{5H

Nitrosulphonic acid is also produced by the action of sulphurous
anhydride on a mixture of nitric oxide and oxygen in the presence
of a small quantity of water, and occurs therefore in the sulphuric
acid chambers when the quantity of steam is insufficient. The
so-called white crystals to which we have previously referred
(p. 158 mote), consist of this compound, and their presence in the
chambers is usually considered to indicate irregularities in the
manufacture.

Nitrosulphonic acid is dissolved by sulphuric acid, but decom-
poses when gently heated or when brought into contact with water.
In the latter case sulphuric acid and nitrous acid are produced, and
the latter then decomposes into nitric oxide and nitric acid. When
dissolved in sulphuric acid it requires a greater quantity of water
to decompose it than when in the free state.

DISULPHURIC ACID.,

Composition : H,S,0, = O ; '[ 28‘ 8::11

The latter formula indicates that two atoms of the sulphuric
acid radical (sulphuryl = SO,) are contained in a molecule of di-
sulphuric acid, that they are united together by an atom of oxygen,
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and that the other two unsatisfied bonds of the SO, are connected
with two atoms of hydroxyl (HO), the hydrogen of which can be
displaced by metals ; the acid is therefore dibasic.

Disulphuric acid is deposited from fuming sulphuric acid at a
low temperature as colourless and often large-sized crystals, which
melt at 35° and fume in the air. It is decomposed when brought
into contact with water into ordinary sulphuric acid :—

'SO,-OH : O [OH
Oiso,.on *+ HO-= 23041y
and when heated into sulphuric anhydride and sulphuric acid :—
(8000 _ s . &p |OH
Oiso.-oH = 99 + 5040ph

Its salts are more stable than the free acid. The sodium salt is
easily obtained by heating acid sodium sulphate as long as water
is expelled. The following equation shows the reaction :—

|ONa 1S0,-ONa

23,1 - = O ion? ; L]
50:10H O {50.-ONa H,0
Acid sodium Sodium

sulphate disulphate

This salt dissolves in water unchanged. When strongly heated it
breaks up into normal sodium sulphate and sulphuric anhydride :—
1 50, O N; v | COVING .

5 1 SO OXNa o

Olso..oNa = *YsjoNa *

THIOSULPHURIC ACID,

Thiosulphuric acid is not known in the free state, but only in
its salts. It is a dibasic acid, and 1s to be considered as sulphuric
acid, in which one of the atoms of oxygen united with the hydrogen
is displaced by dyad sulphur. The compeosition of the hypothetical
| 5H
| OH?
sulphuric acid to sulphuric acid were known, the acid was compared
with dithionic acid, which has the empirical formula, H,S,0,.
Whence arose the former name for this acid : Qyposulphurons
actd,' based upon the old name for dithionic acid—hyposulphuric
acid.

acid is therefore SO, or H,5,0, Before the relations of thio-

1 This name survives in the commercial designation for the sodium salt :
hyposuiphite of soda. —LED.
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Of the compounds of thiosulphuric acid we are only acquainted
with its metallic salts, some of which are stable substances, and of
which the sodium salt is most easily obtained in the crystalline
state. If we endeavour to set free the thiosulphuric acid from its
salts by means of a stronger acid, we find that the acid can only
exist for a very short time even in dilute solutions. The liquid
soon becomes turbid from deposited sulphur, and begins to smell
of sulphurous anhydride. The acid decomposes in fact into
sulphur, sulphurous anhydride, and water :—

S0, 1:}]:1 = SO0, + § + H,0.
This reaction may be used for the detection of the thiosulphates,
especially as the separated sulphur always possesses a yellow
colour. The best known salt is sodium thiosulphate, which with
the potassium salt is distinguished by its stability. This impor-
tant salt may be obtained in various ways. It is produced if
an aqueous solution of neutral sodium sulphite is boiled with

sulphur :— .
[ONa . v [ONa
SO{oNa * 5 = 50:(sNa
or if sulphurous anhydride is led into a solution of sodium mono-
sulphide. Normal sodium sulphite and sulphuretted hydrogen are
then first produced :—
{ONa

SO, + NasS + H,0 = SD]DI‘E& + H,S5,

and the latter gas reacts at once on the excess of sulphurous anhy-
dride, forming water and free sulphur :—

50 4+ 2HS8 = 2H.,0 4+ 3S.
The greater part of this sulphur sinks to the bottom of the vessel,
but a portion unites with the sodium sulphite to form sodium thio-
sulphate.

Sulphur therefore acts on the sulphites in the same way as
oxygen. Just as a solution of sodium sulphite when exposed to the
air absorbs oxygen and becomes converted into sodium sulphate,
so the same solution when warmed with powdered sulphur unites
with it to form the corresponding thiosulphate. The composition
of thiosulphuric acid is also interesting because its molecule con-
tains two atoms of sulphur of different valency. The atom in the
radical sulphuryl (SO,) is hexad, while that uniting 1}’1& atom of
hydrogen or monad metal to this radical is dyad. Sodium thiosul-
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phate, together with polysulphides, is produced when a solution of
caustic soda is boiled with an excess of sulphur :—

(ONa

6NaOH 4 125 = SD‘HSNa + 2Na,5, +3H,0.

Sodium
pentasulphide

Finally, some sulphides (e.g. that of calcium)are oxidized when
exposed to the air and converted into thiosulphates, Calcium
sulphide is largely produced as a bye-product in the manufacture of
soda, and this a/kali-waste when exposed to the air becomes partly
converted into calcium thiosulphate, which, when digested with a
solution of sodium carbonate or sulphate, yields inscluble calcium
carbonate or sulphate, and a solution of sodium thiosulphate.

The compounds of thiosulphuric acid with the heavy metals
are mostly insoluble and easily decomposed. Sodium thiosulphate
produces in a solution of silver nitrate a yellowish white precipitate
of silver thiosulphate. This salt, however, rapidly darkens in
colour, and at last becomes quite black, owing to the formation of
silver sulphide and sulphuric acid :—

T G | i
", { (‘:i‘: + H uU o -‘15:5 + S0 o
JAE

»0 )2 OH

In the same way the white lead salt blackens on boiling, and for
the same reason.

The extraordinary property which sodium thiosulphate, in com-
mon with other soluble thiosulphates, possesses of dissolving chlo-
ride, bromide, and iodide of silver, with which it forms soluble
double salts, is of considerable importance. Use is made of this
property chiefly in the production of photographs. After the sen-
sitive plate, which is coated with a thin layer of these compounds,
has been exposed in the camera, and after the iodide, &c., of silver
has been decomposed in those parts on which the light has fallen,
it becomes necessary in order to make the picture permanent to
remove the iodide, &c., which has remained unchanged. This is
effected by dipping the plate into a solution of sodium thiosulphate,
which at once removes the unchanged compounds. Many tons of
sodium thiosulphate are annually manufactured for this purpose.
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DITHIONIC ACID.

This acid, formerly called Ayposulphuric acid, is not known to
us in the free state, but only in its salts. From the composition of
these bodies we consider the acid to he :—

SO,0H
5,0, =20
P = 1800

the latter formula expressing that the molecule of the acid consists
of two atoms of the radical : SO,0H, each of which contains an
atom of displaceable hydrogen, thus making the acid dibasic.

Manganous dithionate may be obtained by leading sulphurous
anhydride into water containing finely divided manganese peroxide
in suspension. The dry peroxide unites at once with sulphurous
anhydride to form manganous sulphate :—

50, + MnO, = S0,-O,Mn,

but in the presence of water twice as much of the gas takes part
in the reaction, and manganous dithionate is formed ;—

_ (80,0
=150, :0

At the same time a small quantity of the sulphate is always
produced, and both salts remain in solution. The filtered liquid is
then mixed with a slight excess of baryta water—z.e. until it be-
comes faintly alkaline—which decomposes the manganous sul-
phate, and precipitates manganous hydrate and barium sulphate.
The liquid, which now contains barium dithionate and the excess
of barium hydrate, is again filtered, and the shght excess of the
latter converted into insoluble barium carbonate by passing a
stream of carbonic acid, and at the same time gently warming
it. From the clear solution, barium dithionate is deposited in
large, colourless crystals on evaporating down, and allowing to
cool. If lime water is employed instead of baryta water, calcium
dithionate is obtained instead of the barium salt. By decomposing
these compounds with the soluble sulphates of other metals, the
dithionates of these metals may be easily obtained. All the salts
of dithionic acid are soluble in water.

The acid itself may be set free from barium dithionate by
exactly precipitating the barium with sulphuric acid, or from the
lead salt by precipitating the lead with sulphuretted hydrogen, and
then filtering off the clear aqueous solution. The water may be

250; + MnO, Mn.
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removed to some extent by evaporation in a vacuum over sul-
phuric acid ; but if the concentration is driven too far, the acid
decomposes into sulphuric acid and sulphurous anhydride :—

(S0,-0H _ (OH |
lsg,.00 = Ssjon + e

The same decomposition, which may be recognized by the odour
of sulphurous anhydride and by the precipitate produced on the
addition of a drop of barium chloride, takes place when the
dilute aqueous solution of the acid is boiled. DBut although easily
decomposed, dithionic acid is decidedly more stable than thio-
sulphuric acid.

Dithionic acid is usually thought to be a dibasic acid, although
this has not yet been definitely proved. At present only neutral
salts of the acid are known, and until we can prepare the acid
salts which dithionic acid in common with all polybasic acids
ought to yield, the question of its basicity must remain unsettled.
Perhaps these compounds are as easily decomposed as the free
acid, and break up on evaporation into the acid sulphate and
sulphurous anhydride. It is therefore always possible that the
molecule of dithionic acid is only half as large as that generally
accepted, that it is a monobasic acid and a compound of pentad
sulphur (SO,0OH). This possibility is not contradicted by the
production and chemical behaviour of the acid, nor is it impossible

to imagine that sulphur might exist in some compounds as a pentad
element,

POLYTHIONIC ACIDS.

Under this name may be included the three acids of sulphur
which contain more than two atoms of sulphur. These are
Trithionic Acid : H,5,0,, Tetrathionic Acid : H,5,0,, and Penta-
thionic Acid : H,5,0,. In these acids it is thought that the two
groups of atoms which constitute dithionic acid are united together
by one, two, and three atoms of sulphur respectively, as is expressed
in the following formula :—

Trithion, : B - A _c!S0,0H
[rithionic acid = Hfh”D"_Bl_SU._.UH

80, =8, | 2 H

Tetrathionic acid = |SO,0H
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(S0,0H
5|SO,0H
formulae which involve the supposition that the double as well as
the triple atom of sulphur can play the part of a dyad radical just
like a simple atom of the element.

Pentathionicacid = H,S,0, = §

(S0,0H
| 569,0H

The potassium salt of this acid may be obtained by leading
sulphurous anhydride into a solution of potassium thiosulphate,
sulphur being at the same time separated :—

o JIOK A B ;
Zh{]'-'uﬁli + 350, = 2K,5.0, + &,

Trithioniec Acid: H,50, = §

The acid, which may be set free from the potassium salt by the
action of fluosilicic acid, very easily decomposes into sulphur, sul-
phurous anhydride, and sulphuric acid.

ey |SBOH
Tetrathionic Acid: H,5,0, =5, SO,0H

The sodium salt is obtained by adding iodine to an aqueous
solution of sodium thiosulphate :(—

|ONa
| SNa
The barium salt may also be prepared in the same way. If this
compound is decomposed with sulphuric acid, free tetrathionic
acid is produced, which decomposes at a certain stage of concen-
tration into sulphur, sulphurous anhydride, and sulphuric acid.
Its salts, which are mostly soluble in water, are decomposed on
evaporation into sulphur and the corresponding trithionates.

250, I, = NaS50, + 2Nal.

Pentathionic Acid': H., 5,0, = SH{ES."’SE

The free acid is produced together with large quantities of sulphur
when sulphuretted hydrogen is led into an aqueous solution of

sulphurous acid :—
sH,S + 550, = H,S50, + 355 + 4H,0
The barium salt may also be prepared by adding sulphur di-

I Recent experiments have shown that the existence of pentathionic acid is
doubtful.
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chloride to water containing finely divided barium thiosulphate in
suspension :—
w13
250, s
The free acid, which may be concentrated in a vacuum to a given
strength, soon decomposes into sulphur, sulphurous anhydride,
and sulphuric acid in the same manner as the other two acids.

Ba + SCl, = BaS,0, + BaCl

L
r's

——— e —i.

COMPOUNDS OF SULPHUR AND CHLORINE.

A chloride of sulphur corresponding to sulphuric anhydride
(#.e. containing one atom of hexad sulphur united with six atoms
of chlorine) has not yet been prepared. That consisting of one
atom of sulphur and four of chlorine—sulphur tetrachloride :
SCl,—is a very unstable compound. More stable but still easily
decomposed is sulphur dichoride : SCI, ; while the most stable
compound of all 1s

Disulphur Dichloride : 5 U],

This compound is a transparent dark yellow liquid, fuming slightly
in the air and possessing a powerful piercing odour. Its specific
gravity is 1-7, and it boils at 138°. Disulphur dichloride is easily
obtained by heating sulphur in a retort and passing dry chlorine
gas over it. The sulphur then melts and the two elements unite
with one another, the volatile chloride condensing in the cool
receiver, The raw product is contaminated with sulphur di-
chloride, from which it may be freed by fractional distillation,
reserving that portion only which passes over at 135", Disulphur
dichloride is a good solvent for sulphur, of which it dissolves more
than half its weight. It is decomposed by water into sulphur,
sulphurous anhydride, and hydrochloric acid.

Sulphur Dichloride : SCl,, is a heavy brown oil with similar
properties to the preceding compound. It is obtained by satura-
ting disulphur dichloride with chlorine at the ordinary temperature
and then removing the excess of chlorine by passing a stream of
dry carbonic anhydride. The compound begins to boil at 64°, due
to evolution of free chlorine. It is then decomposed, and partially
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even at lower temperatures, into disulphur dichloride and chlorine,
Water slowly decomposes it into sulphur, sulphurous anhydride,
and hydrochloricacid. Sulphur dichloride forms double compounds
with some other chlorides—e.g. antimony trichloride, arsenic tri-
chloride, &c.

Sulphur Tetrachloride : S5CI .

This is a mobile, pale brown liquid produced by saturating
either of the other chlorides with chlorine gas at — 22°. The com-
pound is very unstable and breaks up even below o° into sulphur
dichloride and free chlorine,

Sulphur also unites chemically with bromine and iodine. The
most interesting of these compounds, Sulphur heviodide: Sl
is deposited by allowing a mixed solution of sulphur and iodine
in carbon disulphide to gradually evaporate. It is a solid crystal-
line substance, of dark grey colour, with a metallic lustre, is so
easily decomposed that it gradually loses all its iodine when
allowed to lie exposed to the air.

SELENIUM,

Chemical Symbol: Se.—Atomic Weight: 7.

This element was discovered by Berzelius in 1817, and on
account of its similarity to the previously discovered tellurium
(from Zellus, the earth), was named by him selenium (from eeXnun,
the moon). . Berzelius found the new element in the deposit which
had collected on the floor of a sulphuric acid chamber, fed with
sulphurous anhydride derived from iron pyrites. Afterwards
selenium was also discovered in the flue-dust deposited in the
passages through which the acid vapours had to pass to reach the
leaden chambers. It was later shown that the element exists,
combined with various metals—e.g. lead, silver, and mercury—in the
mineral kingdom, and just as many samples of iron pyrites contain
traces of iron selenide as well as iron sulphide, so too some
varieties of native sulphur contain minute quantities of free
selenium.  Selenium is, however, a rare element, and always

difficult to obtain in large quantities.

LS A
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Selenium which has been melted and allowed to cool is a dark
brown amorphous substance with a lustre nearly metallic. It has
a specific gravity of 42, melts at 217°% and boils at about 700°,
Its vapour is of a dark yellow colour, and condenses either as
bricht red flowers of selenium or as a dark metallic-like mass.
The specific gravity of its vapour at about 860 is 767, but
diminishes nearly to that corresponding to the molecule Se,
5'58) at about 1400

[f selenium is reduced from a solution of selenious acid (e.g. by
sulphurous anhydride) it is deposited as a red amorphous powder,
This modincation is soluble in carbon disulphide, from which it is
again separated on evaporation as dark-red, transparent crystals,
isomorphous with monoclinic sulphur. A second crystalline modi-
fication is also known which is insoluble in carbon disulphide, has a
specific gravity of 435, and conducts an electric current feebly ; it
also possesses the remarkable propertv of conducting better under
the influence of light than in the dark. This form of selenium is
prepared by melting the element and keeping the temperature
constant at 2107, until it has become cryvstalline in structure, It
then conducts twice as well in diffused daylight, and nearly ten
times as well in direct sunlight as in the dark. [t the intensity of
the light is diminished, the conductivity rapidly decreases.

The extraction of selenium from flue-dust containing it, or from
its ores, is a tedious process. The various methods chiefly consist
in oxidizing the selenium to selenious acid and then reducing it
acain by sulphurous anhydride.

Selenium burns when heated in the air with a bright blue flame
to form selenious anhydride. It requires, however, a hicher
temperature for its combustion, and burns more difficultly than
sulphur. During combustion it gives off an intense and disgusting
odour, which, however, is not peculiar to selenious anhydride, but is
probably due to the simultaneous production of small quantities of
a lower oxide,

COMPOUNDS OF SELENIUM.

The compounds of selenium are closely related in their che-
micai properties to those of sulphur. Seleniuretted hydrogen
corresponds to sulphuretted hydrogen, selenious anhydride to
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sulphurous anhydride, selenic acid to sulphuric acid, and the two
chlorides of selenium to disulphur dichloride and sulphur tetra-
chloride respectively. But, at the same time, many differences
may be noted when similar compounds are compared together,
Sulphurous anhydride, for example, is a gas, and does not unite
with water to form the corresponding acid, while selenious anhy-
dride is a solid crystalline body and easily forms the corresponding
selenious acid. Sulphur and sulphurous anhydride are oxidized
by nitric acid to sulphuric acid, while nitric acid has no action on
selenious acid and only oxidizes selenium to the lower acid. Sul-
phuric acid can be distilled unchanged, or at least with very slight
decomposition ; selenic acid breaks up at about 280° into selenious
acid and oxygen. Sulphur tetrachloride is a very unstable liquid,
decomposing even below o”; while selenium tetrachloride is a
crystalline solid which can be heated without decomposition.

It will thus be seen that considerable differences exist between
sulphur and selenium with regard to their affinities for other bodies.
It is clear from the facts mentioned above that selenium has a
stronger affinity for chlorine and a weaker affinity for oxygen than
sulphur, and this is confirmed by the fact that sulphur catches fire
and burns when heated in oxygen or air much more easily than
selenium,

Still more remarkable is the affinity of selenium for hydrogen,
and in this respect again it is at once distinguished from sulphur.
Sulphur and hydrogen unite directly with one another only imper-
fectly, and the resulting sulphuretted hydrogen is very easily decom-
posed by heat. Selenium, on the other hand, unites with hydrogen
at about s500°, forming seleniuretted hydrogen, which is only de-
composed into selenium and hydrogen at a high temperature.

Selenium, with the similar elements tellurium and sulphur and
the metals of the alkalies, are the only elements which unite directly
both with hydrogen and oxygen. Those elements which possess a
strong affinity for oxygen—e.g. phosphorus, arsenic, silicon, carbon,
and most of the metals-—cannot unite directly withhydrogen ; while
the few other elements distinguished by their affinity for hydrogen
—e¢.¢. chlorineand palladium—cannot combine directly with oxygen,

e hwm_ﬁ_u
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Seleniuretted Hydrogen: Il Se.

This compound is a colourless gas with an odour resembling
sulphuretted hydrogen, and is exceedingly poisonous. Minute
quantities in the air produce painful inflammation of the eyes and
nasal passages, loss of the sense of smell, dryness in the throat,
and a species of catarrh, often lasting for weeks together. Great
care must, therefore, be taken in working with the gas, and in all
operations during which it may be set free.

Seleniuretted hydrogen is produced when dry hydrogen gas is
led over selenium heated to the temperature at which it commences
to volatilize. It may be obtained in larger quantities by acting
upon potassium selenide or ferrous selenide with hydrochloric acid.
Like sulphuretted hydrogen, the gas i1s soluble in water, but in
larger quantities. This solution reddens litmus paper, colours the
skin red from reduced selenium, and becomes oxidized when ex-
posed to the air, selenium being set free. Seleniuretted hydrogen
precipitates many metals from solutions of their salts as insoluble
selenides, just as sulphuretted hydrogen precipitates insoluble
sulphides.

Selenious Anhydride : Scl)

This substance 1s obtained when selenium is heated in a stream
of dry oxygen. The selenium burns with a bright blue flame pro-
ducing the anhydride, which is deposited on the cooler portions of
the tube in long, quadrangular, white needles. 1t sublimes without
first melting. Its vapour resembles that of chlorine in colour and
possesses a piercing acid odour, the disgusting odour produced
when selenium burns in oxygen or air being probably due to some
lower oxide. When boiled with water it unites with this substance
and forms the corresponding —

' {(OH
{OH

This dibasic acid is deposited on cooling the hot saturated
aqueous solution in transparent crystalline prisms resembling those
of potassium nitrate, and with a strong acid taste. When heated
these crystals break up into the anhydride and water., The aqueous
solution when made acid with a few drops of hydrochloric acid
deposits selenium if warmed with sulphurous anhydride or other
reducing agents. Particles of dust of organic origin produce the

Selenious Acid: Sel)

N
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same change, so that the lips of glass bottles containing aqueous
selenious acid become coloured red from reduced selenium. With
sulphuretted hydrogen selenious acid is decomposed into com-
pounds of selenium and sulphur, water being also formed.

Selenious acid can also be easily obtained by oxidizing selenium
with nitric acid ; after the excess of nitric acid has been expelled
it remains behind as a white crystalline mass. Selenic acid is
never produced by this reaction.

. (OH
Selenic Acid: Se0,

This acid, which corresponds to sulphuric acid in its composi-
tion, and which it resembles in many respects, cannot be obtained
by oxidizing selenium with nitric acid. It 1s, however. easily
produced by leading chlorine into a strong aqueous solution
of selenious acid, or by the oxidation of the latter substance
by potassium dichromate. Potassium selenate may also be easily
prepared by fusing together either selenium or a compound
containing it with potassium nitrate. An aqueous solution of
selenic acid may be concentrated until it attains a boiling-point of
2635° and specific gravity of 26, but further concentration decom-
poses it into oxygen and selenious acid. The concentrated
acid is a colourless, oily liquid, which evolves heat when mixed
with water, and is not affected by sulphurous anhydride or sul-
phuretted hydrogen. It is, however, reduced to selenious acid
when boiled with hydrochloric acid, chlorine being evolved.

The selenates closely resemble the sulphates in their properties ;
barium selenate, like barium sulphate, is insoluble in water and
dilute acids.

Selenium Disulphide @ SeS..

This compound separates out as a yellow precipitate when
sulphuretted hydrogen is led into an aqueous solution of selenious
acid. The yellow precipitate gradually coagulates to a red mass,
a colour which it retains on drying. If, on the other hand,
seleniuretted hydrogen diluted with hydrogen is led into a saturated
aqueous solution of sulphurous anhydride, the yellow precipitate
consists chiefly of sulphur diselenide: SSe,.  Selenium and sul-
phur may be fused together in any proportion.

e

i
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Chlorides of Selenium.

Diselenium dichioride : Se,Cl,, is prepared in precisely the
same manner as disulphur dichloride, which it closely resembles.

Selenium tetrachioride : SeCl,, which is obtained by saturating
the preceding compound with chlorine or by distilling selenious
anhydride with phosphorus pentachloride, is a solid body, crystal-
lizing in colourless cubes. \When heated it sublimes without
melting. It dissolves in water and then gradually decomposes
into selenious and hydrochlorie acids.

TELLURIUM,

Chemical Symbol : Te.—Atomic Weight 1 128.

This extremely rare element was discovered by Muller v.
Reichenstein in 1782 in gold ores obtained from Transylvania, but
was only exactly studied by Klaproth in 1798, and later by Berzelius
in 1832.

[t occurs native in the mineral kingdom, but more commonly
combined with gold, silver, lead, and bismuth. The mineral
tetradymite (bismuth telluride) contains about 30 per cent. of
tellurium. The ores are found in Hungary and Transylvania, and
recently in large quantities at several places in North America.

Tellurium possesses many of the properties of a metal. It has
a perfect metallic lustre, is nearly silver white in colour, crystalline
in structure (crystallizing in rhombohedra), is brittle, and therefore
easily reduced to powder. It conducts heat well,and electricity to
some extent. Tellurium melts at about 500°, and can be sublimed at
a higher temperature, producing a bright yellow vapour ; its specific
gravity is 6r4. Carbon disulphide does not dissolve it, but it is
soluble in warm concentrated sulphuric acid, forming a magnificent
red solution, from which it is again precipitated unchanged as
a grey powder when the solution is diluted with water. When
strongly heated in the air it burns with a brown flame, bordered
with green, forming tellurous anhydride. Hot nitric acid converts
it into tellurous acid.

Like selenium, tellurium unites directly with hydrogen when
heated in a stream of the dry gas, and then produces zeilurctted
hydrogen: H Te. The same substance is also easily obtained by

o2
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acting on zinc telluride with hydrochloric acid. It is a colourless
gas with a disgusting odour, similar in its properties and reactions
to sulphuretted hydrogen and seleniuretted hydrogen, though not
so poisonous as the latter.

The other compounds of tellurium—Zellurous ankydride and

actd : TeO, and TeO [gﬂ,
di- and fetrachioride : TeCl,, and TeCl,, fellurium disulphide : TeS,
—are closely allied to the corresponding compounds of selenium.
The tellurates are, however, very different in their properties from
the sulphates and selenates; those of the heavy metals being
mostly insoluble in water, while barium tellurate is only difficultly
soluble in water and dissolves easily in dilute hydrochloric acid.
Double salts of telluric acid corresponding to the alums have not

been prepared.

() :
Lelluric acid: TeO, 1011:}, tellurinn

ELEMENTS OF THE NITROGEN GROUP,

This group consists of the elements nitrogen, phosphorus,
arsenic, and antimony. These elements are so different from one
another both in their physical properties and their chemical beha-
viour, as far as the strength of their affinity for other elements is
concerned, that it is not at first sight evident why they are placed
together in a group. Nitrogen does not catch fire when heated in
the air, and it combines so feebly with other substances that it was
thought formerly not to unite directly with any other body. Phos-
phorus, on the other hand, is an easily fusible solid, distinguished
by its strong attraction for oxygen, chlorine, and other elements.
Arsenic and antimony possess the general physical properties of
the metals ; they are heavy solids, with a metallic lustre. We shall,
however. include these two last-named elements under the non-
metals, because their chemical compounds with oxygen, hydrogen,
and other elements are closely related to those of nitrogen and
phosphorus. And this is also the reason why these fm_:r so different
elements are included in one group., In most of their compounds
the eclements of the nitrogen group possess a triad or pentad

atomicity.
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NITROGEN.

Chemical Symbol: N.—Alomic Weight: 14.

Nitrogen occurs free in atmospheric air, of which it is the chief
constituent ; 100 volumes of common air contain about 79 volumes
of nitrogen and 21 volumes of oxygen. [t also occurs in nature
combined with hydrogen as ammonia, and with hydrogen and
oxygen as nitric and nitrous acids. Fromthese compounds nitrogen
enters into the structure of plants and then of animals. It isa
constituent of albumen, casein, blood, and numerous other organic
products. Urea, a substance present in large quantities in urine,
contains a considerable proportion of nitrogen.

Nitrogen is a colourless gas, without taste or smell, and rather
lighter than common air. Its specific gravity is exactly 0972,
which corresponds to a molecular weight of o'g72 x 2888 = 2807,
the molecule containing therefore twoatoms (N,). The zas is only
slightly soluble in water. Nitrogen, like hydrogen and oxygen, was
formerly called a permanent cas, as up to quite recently it had not
been reduced to the liquid form. It has, however, been proved that
nitrogen can be condensed to a liquid if the cold and pressure to
which it is exposed are sufficiently intense.

Nitrogen gas may easily be obtained from common air, by
abstracting the oxygen which it contains. This may be done by
burning a piece of phosphorusin a bell-jar full of air and standing
over water. All the oxygen then unites with the phosphorus, pro-
ducing white vapours of phosphoric anhydride, which afterwards
dissolve in the water. As the air cools the water rises in the bell-
jar to supply the place of the consumed oxygen, and when the air
has become clear it consists almost entirely of nitrogen. A better
method, especially when a stream of nitrogen is required, is to pass
atmospheric air, which has been previously dried and freed from
carbonic acid, over red-hot metallic copper. Finely divided copper,
such as copper turnings, is heated to redness in a tube of hard
glass while a slow current of the purified air is passed over it. The
gas which then escapes at the other end of the tube is pure nitrogen,
all the oxygen having combined with the copper to form black
copper oxide,

Another method for the preparation of nitrogen consists in
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heating ammonium nitrite. This salt then breaks up into nitrogen
gas and water :—

NO-O(NH,) = N, + 2H,0.

Finally, nitrogen is also set free when chlorine gas is led into
strong ammonia. In this reaction, hydrochloric acid is produced,
which unites with the excess of ammonia, forming ammonium
chloride :(—

8NH, + 3Cl, = N, + 6NH.CL

If, however, the chlorine is passed until no more free ammonia
is present, the gas then begins to decompose the ammonium chloride,
and oily drops of nitrogen chloride, a highly explosive substance,
are produced. This process cannot therefore be recommended for
the preparation of nitrogen.

Free nitrogen possesses so weak affinities for other elements
that it can only be made to combine directly with a very few of
them. With oxygen it only unites at the highest temperatures and
in the presence of water vapour, then producing nitric acid with
other lower oxides of nitrogen. Flashes of lightning passing
through moist air cause the oxygen and nitrogen to unite and form
nitric acid, which can be easily detected in rain water after a
thunderstorm.

The direct combination of nitrogen with hydrogen, chlorine, or
sulphur, has not yet been effected, and only a very few of the metals
combine directly with nitrogen when heated in the gas.

Nitrogen neither supports ordinary combustion nor respiration.
A candle immersed in the gas is at once extinguished. At the
same time it is not an actual poison, as at once follows from the fact
that we respire a mixture of nitrogen and oxygen in common air.
An animal when brought into an atmosphere of nitrogen is simply
suffocated from lack of oxygen.

COMPOUNDS OF NITROGEN AND HYDROGEN.

We have already stated that all attempts to unite nitrogen and
hydrogen directly with one another have failed. They unite, how-
ever, when the two elements are brought into contact with one
another in the nascent state.

The only compound of nitrogen and hydrogen which can exist

e e O o,
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in the free state is ammonia. This substance consists of one atom
of nitrogen united with three atoms of hydrogen, and in which,
therefore, the nitrogen plays the part of a triad element.

No compound analogous to hydrochloric acid—i.e. containing
one atom of nitrogen united with one atom of hydrogen, nor one
analogous to water, containing two atoms of hydrogen and one of
nitrogen —appears to exist in the free state. DBoth are, however,
known in many compounds as hypothetical radicals—7.e. unsatu-
rated compounds of triad nitrogen. The former (NH) is called
imidogen, and the latter (NH,) amidogen.

Finally, the compound of pentad nitrogen with four atoms of
hydrogen (NH,), called ammioniiem, is unknown in the free state,
but exists in a large number of compounds very similar to those of
the metal potassium.

AMMONIA.

Composition : NH,.

This compound of nitrogen and hydrogen occurs free in nature
and is produced during the putrefaction of nitrogenous organic
matter in the absence of strong bases. [t is formed, for example,
in large quantities in putrefying urine, one constituent of which
(urea) then combining with water and breaking up into carbonic
anhydride and ammonia.

Ammonia is a colourless gas with a strong, piercing odour,
bringing tears to the eyes. It is extremely soluble in water, 1
volume at the ordinary temperature dissolving more than Soo
volumes of the gas. This solution, the liguwor ammonia or spirits
of hartshorn of the shops, possesses the odour of the gas, and
reacts powerfully alkaline—.e. turns red litmus paper blue. The
gas is considerably lighter than air, its exact specific gravity being
0'589. Its molecular weight is thus o'589 x 28:88 = 17°01, and its
molecule is represented by the formula NH..

Under a pressure of seven atmospheres at the ordinary tempera-
ture, or at —40° under the ordinary pressure, dry ammonia gas
becomes converted into a colourless liquid which freezes to a
crystalline solid at about —80°,

Ammonia is prepared from the ammonium salts (compounds
formed by the union of ammonia with acids), and generally from
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ammonium chloride or sal-ammeoniac. This salt, which can be
obtained from ammonia and hydrochloric acid, is decomposed
again into these constituents when intimately mixed with strong
bases, such as caustic potash, caustic soda or quick-lime, and
gently heated. Even when dry ammonium chloride and dry quick-
lime are mixed together, ammonia begins to be given off without
the mass becoming liquid, whence it follows that the old chemical
rule, only liguids act upon one another, is not to be taken literally.
The reaction goes on according to the equation :—

eNHCl + CaO = CaCl, + H,0 + 2NH,

Calcium chloride and water are thus simultanenusly produced, and
a portion of the latter passes over with the gas on heating.

In practice, ammonium chloride and quick- or slaked-lime, both
finely powdered, are intimately mixed together, and the mixture
brought into a glass flask or an iron vessel if large quantities are
employed. Heat is then applied and the ammonia dried by passing
it through a tube containing pieces of quick-lime. Itisthen either
collected over mercury or by wpward displacement. The sub-
stances generally employed to dry gases—sulphuric acid or calcium
chloride—cannot be used for ammonia, as both these bodies absorb
large quantities of the gas.

If an aqueous solution of the gas is required, it is of course
unnecessary to dry it. It is then sufficient to separate the sohd
particles which may be carried over with the gas. This is best
done by passing the gas through a small quantity of concentrated
aqueous ammonia contained in a wash-bottle. Large quantities of
heat are evolved when ammonia is absorbed by water, principally
due to the latent heat set free when the substance is changed from
the gaseous to the luqmd form. Care must therefore be taken
to cool the vessel containing the water during the absorption of
the gas.

The production of ammonia from nitric acid by the action
of nascent hydrogen is interesting theoretically. This reduction
may be produced in sev eral ways ; for example, by the action of
dilute nitric acid on zinc. No evolution of hydrogen is noticed,
as when zinc is dissolved in sulphuric acid, but the whole of the
hydrogen is used to reduce the nitric acid. The ammonia which
‘< formed unites with the excess of acid, producing ammonium
nitrate ; the zinc is also converted into its nitrate, and water Is

set free (—
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21{0,-OH + 4H, = NO,-O(NH,) + 3H.,O.

On adding an excess of caustic sodato the solution, the ammonia is
again liberated, and may be easily recognized by its odour.

In order to produce small quantities of liquid ammonia, advan-
tage is taken of the fact that many metallic salts—e.g. calcium
chloride, silver chloride—absorb ammonia in large quantities and
liberate the gas again on warming. Dry silver chloride saturated
with dry ammonia is placed in the closed end, a, of a thick walled
bent glass tube, and the open end, ¢, is then
melted together (fig. 47). If now the limb ¢ is Hh\
placed in a freezing mixture, and a gently " 48
warmed, gaseous ammonia is liberated in large 'ﬁ’{ ’\
quantities from the silver chloride and is con- ©
densed to a colourless liquid in the cold part
of the tube. When the tube cools again, the silver chloride

**reabsorbs the whole of the ammonia, and the experiment may
therefore be repeated several times with the same tube,

Although ammonia contains a large quantity of hydrogen, it
does not catch fire in the air, but in oxygen gas it burns with a
pale yellowish flame, forming water and free nitrogen. At a high
temperature it is decomposed into its constituents, hydrogen and
nitrogen. If the gas is led through a porcelain tube filled with
broken fragments of the same and heated to bright redness, the
volume of the gas becomes doubled : —

2NH, = N, + 3H.

] vols, 2 vols, 6 vols,

i

Fig. 47

The same decomposition occurs when electric sparks are
allowed to pass through the gas for a long time.

Ammonia combines readily with acids and produces real salts,
which closely resemble the corresponding compounds of potassium.
These are the ammonium salts and contain the monad radical
ammonium (NH ), which plays the part of a metal. When, for
example, ammonia unites with hydrochloric acid :—

NH, + HCI = (NH,)C,

we consider that the hydrogen of the acid first unites with the
nitrogen, and that the ammonium so produced then forms with the
chlorine the haloid salt. In a similar manner ammonia also unites
with the oxy-acids, but in these compounds the ammonium is
united to the acid radical by an atom of oxygen, thus : —
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NO,-OH + NH, = NO,-O(NH,)

Mitric acid ﬂmmmuum
|:|.1l‘.rnle
SO (- (e 10{NH}
EID.‘,IIU]_I b i | I_Iﬂ = SD ID{N .
Sulphuric Ammonium
acid sulphate

S0,{0st + NH, «8§0,{98

|OH (O(NH).
Sulphuric Acid 1nunumum
acid sulphate

Ammonia also combines with the acid anhydrides, in which the
hydrogen necessary to convert it into ammonium is absent. Two
molecules of ammonia are then decomposed into one molecule of
ammonium and one of amidogen :—

¢2NH; = NH, + NH,

which unite with the anhydride (e.e. CO, or SO,) to form ammonium

compounds of monobasic amido-acids :—

S (NH,
CO, + 2NH, = CO{gxip,

hmm uluum
carbamate

In all cases when gaseous ammonia comes into contact with a
gaseous acid, heavy white fumes are produced of the ammonium
salt. This affords a ready test for small quantities of free am-
monia. If a glass rod dipped in concentrated hydrochloric acid is
brought near the surface of a liquid containing free ammonia, white
fumes of ammonium chloride are at once produced. If the am-
monia i1s combined with an acid, as an ammonium salt, it must
first be set free by warming with caustic soda or potash.

Chlorine at once decomposes ammonia, forming hydrochloric
acid, which then combines with the excess of ammonia to form

ammonium chloride (p. 182).

HYDROXYLAMINE—(OXYAMMONIA).

Compeosition : NH,-OH.
In hydrogen peroxide we have already become acquainted with

a monad radical—hydroxyl—having the composition HO (p. go).
We meet with this hydroxvl in a large number of compounds, par-
ticularly in organic chemistry, in which it displaces other monad

]
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elements or radicals, especially hydrogen. And we may look upon
hydrogen peroxide as water in which one atom of hydrogen is dis-
{OH

H

In precisely the same manner, hydroxyl can also displace one
of the atoms of hydrogen in ammonia, and so form the substance
hydroxylamine, or oxyammonia.

Oxyammonia has not yet been prepared in the pure state ; it
is only known in aqueous solution and in combination with acids.
It possesses similar properties to those of ammonia, unites with
acids producing the oxyammonium salts, but is less volatile. Its
aqueous solution is colourless and reacts strongly alkaline.

Oxvammaopia is easily produced by the reduction of nitric oxide
or higher oxides of nitrogen with nascent hydrogen. For this
purpose nitric oxide is led into a mixture of granulated tin and
hydrochloric acid, to which a few drops of platinic chloride have
been added to accelerate the evolution of hydrogen. The acid
liquid then contains stannous chloride together with oxyammonium
chloride ; it is freed from tin by passing a stream of sulphuretted
hydrogen through it, and the filtered liquid evaporated to dryness,
The dry mass is then extracted with absolute alcohol, which dis-
solves the whole of the oxyammonium chloride, together with a small
quantity of ammonium chloride (easily removed by a few drops of
platinic chloride). The clear alcoholic liquid on evaporation then
yields colourless crystals of oxyammonium chloride : NH_ (OH (Cl.

From the chloride the sulphate: SO, (ONH,OH), is easily
prepared by adding to it the requisite quantity of dilute sulphuric
acid and evaporating off the hydrochloric acid thus set free. Free
ecxyammonia may then be obtained by adding baryta water to the
aqueous solution of the sulphate as long as a turbidity of barium
sulphate is produced. The filtered alkaline solution then contains
free oxyammonia.

If this solution is distilled a portion of the oxyammonia passes
over with the water vapour, but the greater part is decomposed
into ammeonia, nitrogen, and water : —

placed by hydroxyl, thus: O

3NH,-OH = NH, + N, + 3H,0.

The aqueous solution of oxyammonia powerfully reduces many
compounds.  Silver and mercury are precipitated from the solutions
of their salts in the metallic state, and with copper sulphate it gives
an orange-coloured precipitate of cuprous oxide.
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Oxyammonia is also produced when some metals, especially
zinc, are acted upon by sulphuric acid in the presence of nitric acid.
The nascent hydrogen which is then set free reduces a part of the
nitric acid to ammonia and oxyammonia. If zinc is used the solution
contains the nitrates of zinc, ammonium, and oxyammonium, and
on the addition of excess of caustic potash and a few drops of copper
sulphate gives an orange-coloured precipitate of cuprous oxide.

The oxyammonium salts, like those of ammonium, are all solu-
ble in water, and can easily be obtained in the crystalline form.

AMIDOGEN : NH, ; IMIDOGEN : NH.

These are two unsaturated compounds of triad nitrogen, the
first being a monad, and the second a dyad radical. Both occur
principally in organic compounds, but amidogen is also known in
some inorganic compounds ; for example, in the amido-acids.

AMMONIUM: NH,.

This unsaturated compound of pentad nitrogen has not yet
been prepared in the free state. It is the radical of the ammonium
salts, but all attempts to separate it, or rather its molecule : (NH,),,
have resulted in a mixture of ammonia and hydrogen.

It is very probable that, should this body ever be obtained in
the free state, it would be found to possess the properties of a
metal. Not only have its compounds the greatest similarity with
those of potassium and sodium, but it can also unite in the nascent
state with mercury to form an amalgam—a property peculiar to the
metals. Ammonium amalgam, with metallic lustre and other re-
markable properties, is easily obtained by adding sodium amalgam
to a warm, moderately concentrated solution of ammonium chloride.
The sodium amalgam immediately swells up to a large extent, at
the same time retaining 1ts metallic lustre, and the mass becomes
so light that it floats on the surface of the liquid, notwithstanding
the mercury which it contains.

The reaction simply consists in the substitution of sodium for
ammonium in the ammonium chloride, forming sodium chloride,
and setting the ammonium free. The amalgam is very unstable,
breaking up immediately into ammonia, hydrogen, and mercury,

Fewy oo RN
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the first-named substance being at once recognized by its charac-
teristic odour. :

The low specific gravity of the ammonium amalgam makes it
probable that if the ammonium itself were separated, it would be
a light liquid or a gas.

COMPOUNDS OF NITROGEN AND OXYGEN.

Nitrogen and oxygen unite in five different proportions, and
produce as many different compounds. These compounds have
the following names and symbols. Two of them (nitrous anhy-
dride and nitric anhydride), unite with water and form the corre-
sponding acids :(—

Nitrous oxide . ; » NO

Nitric oxide . : . NO

Nitrous anhydride . . N,0O, Nitrous acid NO-OH
Nitric peroxide , . DLEL

Nitric anhydride ; » NyO, Nitric acid NO,-OH

NITRIC ACID.
Composition : HNO, = NO,-OH.

Nitric acid occurs free in the atmosphere, especially after
thunderstorms, and is produced directly from its elements by the
high temperature of the flashes of lightning. Its salts are also
produced in nature, when nitrogenous organic substances putrefy
in contact with strong bases (¢.2. potash, soda, lime).

Nitric acid is a colourless, strongly acid liquid, fuming in the
air. It has a specific gravity of 1530, boils at 867, and becomes
solid at — 50°; it mixes with water, with evolution of heat, in all pro-
portions. The acid is not very stable, and 1s even partially decom-
posed by light into oxygen and lower oxides of nitrogen, which
impart a yellow tint to it. 1t destroys the skin and other animal
substances and colours them yellow, and, in consequence of the
ease with which it breaks up into oxygen and the lower oxides of
nitrogen, is an excellent oxidizing agent, especially for the metals,

Nitric acid, as we have previously remarked (p. 182), is produced
directly from its elements when electric sparks pass through moist
air, or when a mixture of hydrogen and excess of oxygen, with
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traces of nitrogen, is exploded, or when hydrogen burns in oxvgen
mixed with a small quantity of nitrogen,.

The acid is always obtained from one of its salts—potassium or
sodium nitrate—by decomposing it with sulphuric acid. On the
small scale pure nitre (potassium nitrate) is powdered and intro-
duced into a retort furnished with a cooled receiver. It is then
mixed with concentrated sulphuric acid and gently heated, when
the whole melts to a homogeneous liquid. As the temperature
rises, the nearly colourless acid distils over, and is condensed in
the receiver. It is best to employ one molecule of nitre (101), to
one molecule of sulphuric acid (g8)—7.e. about equal parts by
weight. The reaction is then represented by the following equa-
tion :—

T [OH* e .~ [OH
Potassium Acid potassium
nitrate sulphate

If we employ twice as much nitre so as to produce the normal
sulphate, the first stage of the reaction goes on as before, but the
acid potassium sulphate which remains behind is then mixed with
one-half of the nitre employed. At a higher temperature these two
substances act upon one another, forming another molecule of
nitric acid and normal potassium sulphate :—

o 1 OFL : , e | e ;
Acid potassium Normal potassium
sulphate sulphate

The temperature at which this takes place is so high that the
nitric acid undergoes a partial decomposition into oxygen, nitric
peroxide, and water. The oxygen passes off, but the nitric peroxide,
a dark red gas, is mostly absorbed by the nitric acid. The acid
then becomes of a reddish colour, and gives off brown vapours.
This acid is known as fuming nitric acid. In order to obtain a
pure acid, it is best to take a small excess of sulphuric acid, and
then redistil the acid with an equal volume of concentrated
sulphuric acid. The strong attraction of sulphuric acid for water
then frees the nitric acid of this impurity.

Commercial nitric acid is now often prepared from Chili salt-
petre (NaNO,), this salt being much cheaper than ordinary nitre,
and yielding weight for weight a greater quantity of nitric acid. It
is usually coloured yellow, and is often contaminated with chlorine,

E
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iodine, sodium sulphate, and iron. These impurities may be readily
separated by repeated distillation, neglecting the first and last
portions which come over. It always contains water, the quantity
of which may be determined by means of an hydrometer. The
areater the quantity of water the lower the specific gravity. The
specific gravity of this commerical acid is often as low as 1°33, and
then contains only about 50 per cent. of the pure acid.

The specific gravity of the pure acid is, as we have stated
above, 1'530. An acid which has a specific gravity of 1424, and
which boils at about 120° contains nearly 70 per cent. of pure
acid. The dilute acid, of specific gravity 1-2, which is employed
in the laboratory for general purposes, contains only 32 per cent.
of the pure acid.

If concentrated nitric acid containing more than 70 per cent, of
the pure acid is boiled under the ordinary atmospheric pressure,
the portion which distils over contains less water than that in the
retort until the boiling-point rises to about 120° when the compo-
sition of the distillate and of the residue in the retort remains
nearly constant. This acid of constant boiling-point has a specific
gravity of 1-42, and contains about 70 per cent. of pure acid.
Further, if dilute nitric acid containing less acid than 7o per cent. is
distilled, the portion which passes over is at first more dilute than
that in the retort, and rises in strength until it contains about 70
per cent. of pure acid, when the composition again remains nearly
constant. It must not, however, be supposed that this particular
mixture is a chemical compound of water and nitric acid. That
it is not so is proved by the fact that if the pressure is changed the
composition of the distillate also changes.

Nitric acid is a solvent for many substances which are insoluble
in water—particularly for the metals. Among the few metals
which withstand its action are gold and platinum. Silver is at
once attacked by it and converted into the soluble nitrate, a
portion of the nitric acid being reduced to nitric oxide, producing
red fumes of nitric peroxide in the air. The reaction goes on
according to the following equation, which also represents the
oxidation of many other metals by nitric acid ;—

4NO,-OH + 3Ag = 3NO,-OAg + zH,0 + NO.

In consequence of this property of nitric acid to dissolve silver but
not gold, nitric acid has been long employed to separate the two
metals from one another.



192 Text-Book of Inorganic Chemistry.

Nitric acid is a monobasic acid, as it only contains one atom
of displaceable hydrogen ; it, therefore, only produces normal
salts. The wifrates are all soluble in water, and we cannot therefore
recognize them, as we can the sulphates, by the production of one
which is insoluble in water. All nitrates are decomposed by strong
sulphuric acid yielding nitric acid ; and if a solution of a nitrate is
mixed with sulphuric acid and copper turnings and then warmed,
the nitric acid which is set free acts on the copper and produces
nitric oxide, which at once gives rise to brown fumes of nitric
peroxide and nitrous anhydride on coming into contact with the
oxygen of the air. Another delicate test for a nitrate is mentioned
under nitric oxide,

Nitric Anhydride : N 0.

This substance, as its name implies, is nitric acid minus the ele-
ments of water, and may be considered as two molecules of nitric
NO,|

NO,|©:

It is obtained in colourless lustrous crystals belonging to the
rhombic system when finely-powdered dry silver nitrate is dropped
into a flask containing dry chlorine. The two substances then
react upon one another, producing nitric anhydride, silver chloride,
and oxygen. On opening the flask afterwards the oxygen and
excess of chlorine are got rid of by blowing in dry air, and the
anhydride, which melts at 30°% is then easily separated from the
silver chloride by gentle heating. If heated slightly above its
boiling point (45°%), it decomposes with explosion into nitric
pf:ru:»;i-dc and oxygen, and the decomposition also goes on slowly
in sealed tubes. [t readily dissolves in water, evolving heat, and
producing nitric acid :—

:\'D-’] e = N . &
NGO + HO = 2NO,-OH.

peroxide united by an atom of oxygen, thus

NITRIC OXIDE.
Composition : NO.

This oxide of nitrogen is a colourless gas, slightly soluble in water,
and with a specific gravity of 1°039. This density corresponds to
a molecular weight of 1'039 x 28-88 =: 30, whence its composition.

b alecn M e oo
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Nitric oxide possesses none of the acid properties of nitric
acid. It is distinguished from all other gaseous bodies by its
remarkable property of combining directly with oxygen at the
ordinary temperature to form a dark red gas. From this it follows
that nitric oxide may at once be recognized by the red colour
produced when it comes into contact with common air. This red
oas is either nitrous anhydride or nitric peroxide, according to the
quantity of oxygen present.

Nitric oxide is obtained from nitric acid by abstracting a portion
of its oxygen by copper or some other similar metal. Small
pieces of copper are placed in a flask and then dilute nitric acid,
of specific gravity 1-23, poured over them. The gas soon begins
to be given off, and the mixture evolves large quantities of heat,
and if the flask is not cooled from time to time by dipping it into
cold water, the reaction may become so violent that the liquid
froths over. The nitric oxide which is first produced unites at
once with the oxygen of the air in the flask and forms red fumes
of nitrous anhydride, but as this compound is absorbed by water,
the gas when collected in a jar over water soon becomes colour-
less, After a time, when the whole of the air has been expelled
from the flask, pure colourless nitric oxide is given off. The reaction
may be considered as taking place in two stages. In the first
the copper is oxidized to copper oxide, and the nitric acid reduced
to nitric oxide and water ; while, in the second, the copper oxide
unites with the excess of nitric acid to form copper nitrate. The
entire reaction is expressed in the following equation :—

. : : MO, 0 ) .
3Cu + B8NO,-OH = 3:\.{:]:_{;11CL| + 2NO + 4H,0.

If the mixture of copper and nitric acid becomes too hot the
nitric oxide may easily become contaminated with nitrous oxide.
Instead of copper we may also use mercury or silver for the
preparation of nitric oxide ; but all metals cannot be employed,
some give off nitrous anhydride or nitric peroxide.

In nitric oxide the constituents are firmly united together,
much more firmly than in nitrous oxide, which contains twice as
much oxygen. A glowing chip of wood, faintly glowing charcoal,
or burning sulphur is at once extinguished in the gas, but strongly
glowing charcoal continues to burn brilliantly.  Phosphorus can
be melted in the gas without catching fire, but ignited phos-
phorus goes on burning. In all cases when sub-tances burn in

)
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nitric oxide the temperature of combustion must be high enough to
decompose the gas into its constituents. Among the more easily
combustible substances, the volatile liquid carbon disulphide is
distinguished by the readiness with which it burns when mixed with
nitric oxide. A small quantity of the disulphide is poured into a jar
of the gas closed with a glass plate, the jar slightly agitated so as
to volatilize the disulphide, and the mixture then ignited. The
carbon disulphide then burns with so brilliant a flame that it can
scarcely be borne by the naked eye.

Strong as well as dilute nitric acid dissolves considerable
quantities of nitric oxide and becomes coloured brown, yellow,
green, or blue according to the concentration of the acid. A
solution in the concentrated acid (specific gravity 1-35) is brown,
in an acid of specific gravity 1-25 is blue. On heating the acid
the nitric oxide is again given off,

Nitric oxide is also absorbed by concentrated solutions of
ferrous sulphate, yielding a solution of a dark brown colour. This
property of ferrous sulphate is used to detect small quantities of
nitric acid (free or combined) contained in a solution. To the
solution which 1s to be tested for nitric acid or a nitrate a little
concentrated sulphuric acid is added, and then a crystal of ferrous
sulphate. The sulphuric acid serves to set the weaker nitric acid
free, and this is reduced to nitric oxide by the ferrous sulphate ; the
gas then unites with the excess of ferrous sulphate to form a dark-
coloured mantle around the crystal.

NITROUS ANHYDRIDE AND NITRIC PEROXIDE.

These two oxides of nitrogen, which are intermediate between
nitric acid and nitric oxide in composition, are so similar in the
gaseous state, that one can'scarcely be distinguished from the other,
especially as they are generally produced together. DBoth are
brown gases, with a strong unpleasant odour, and both are produced
by the union of nitric oxide with oxygen—when the nitric oxide is
in excess, nitrous anhydride is formed, and with excess of oxygen
nitric peroxide. Both gases can be easily condensed to the quui::l
state by lowering the temperature ; liquid nitrous anhydride is
blue, while liquid nityic peroxide i1s brown.

A mixture of nitrous anhydride and nitric peroxide is easily
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obtained by heating arsenious anhydride, white arsenic (in lumps)
with nitric acid of specific gravity 1°'33. When the reaction has
once been started it goes on without further heating until finished,
oxygen being abstracted from the nitric acid while the arsenious
anhydride is oxidized to arsenic acid. The red gases are led
through a tube surrounded by a freezing mixture and are there
condensed to a deep blue liquid. This liquid begins to boil at
+ 2° and the boiling point gradually rises to 22° [t is a mixture
of the volatile nitrous anhydrnide, and the less volatile nitric
peroxide. Irom this mixture the two substances may be easily
obtained in the pure state.

Nitrous Anhydride : 'N__,L_}:.

This substance is obtained from the blue liguid mentioned
above by passing its vapour mixed with nitric oxide through a red-
hot glass tube. The nitric peroxide which it contains then
unites directly with the nitric oxide to form nitrous anhydride :
NO, + NO = N,O,, which can be condensed in a freezing mixture
to an indigo colouredliquid.  This liquid does not solidify at — 30
and begins to boil below o, while at higher temperatures it easily
decomposes into nitric peroxide and nitric oxide. Nitrous anhy-
dride dissolves in a small quantity of ice-cold water and forms

Nitrowus acid : NO-OH, according to the equation : N,0, + H,0
= 2NO-OH. It easily decomposes when slightly warmed into
nitric acid, nitric oxide, and water : —

: 3NO-OH = NO,OH + 2NO + H,0.

More stable than the acid itself are its compounds—the witrites.
Potassium nitrite (NO-OK), which contains one atom of oxygen
less than potassium nitrate (NO,-OK), is easily produced by
fusing the latter substance until the oxygen which is civen off
begins to be mixed with nitrogen. The potassium nitrite can then
be extracted from the powdered mass by means of alcohol, in which
it is soluble,

If potassium nitrite, or any other salt of nitrous acid, is treated
with dilute sulphuric acid, it is at once decomposed ; the nitrous
acid which is thus set free imparts a transient blue colour to the
liquid, and soon breaks up into water and red vapours of the lower
oxides of nitrogen. An aqueous solution of potassium nitrite
when mixed with silver nitrate produces a white precipitate of
silver nitrite, thus :—
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NO-OK + NO,-OAg = NO-OAg + NO,-OK.

Ammonium nitrite (NO-ONH,), which, it will be remembered,
breaks up into water and nitrogen when heated (p. 182), is also
produced in minufe quantities when water rapidly evaporates, a
portion of the water then uniting with the nitrogen of the atmo-
sphere : —

2H,0 + N, = NO-ONH,

The same compound is also produced when ammonia is oxi-
dized by a mixture of ozone and oxygen :—

oNH; + O, = NO-ONH, + H,0,

d

and the salt 1s then further oxidized to ammonium nitrate.

Nitrie Peroxide: (NO,), = N,O,

This compound of nitrogen and oxygen possesses all the
properties of a compound radical, and resembles chlorine in many
respects. A more suitable name for it than nitric peroxide would
be 2ifryl, corresponding to hydroxyl, sulphuryl, &ec.

Nitric peroxide is best obtained from the crude blue liquid re-
ferred to on the preceding page. When this liquid is kept in a
freezing mixture and a current of oxygen led through it the nitrous
anhydride which it contains becomes oxidized, and pure nitric
peroxide is obtained. Nitric peroxide may also be prepared by
leading a mixture of nitric oxide and excess of oxygen into a cooled
tube, or, finally, by carefully heating dried lead nitrate in a retort,

when the salt suffers the following decomposition :— ;
NO,-0) 4 B J
NO..ofPP = (NO), + O + PbO.

’ Nitric peroxide is a pale brown liquid, of specific gravity 143 ;
it boils at 22° and then forms a brown gas, which becomes of

a darker colour when heated. It freezes at —20” to a colourless

crystalline mass, which again melts at about —12% The vapour
density of nitric peroxide at low temperatures has been found to be
2+65, at high temperatures 1'58. The former number approaches
the density required for the formula N,O, which would be
(2x14)+(4x16) 92 _ 4,85 while that of the latter is about
25-88 28-88

one-half of this, or corresponds to the molecule NO..

From this we conclude that at low temperatures the molecule of
nitric peroxide is composed of twice NO,or NO,-NO,, which, when
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heated to 100°—1350° breaks up into separate molecules of the com-
position NO,. The same change probably takes place when many
elements—e.g. oxygen or chlorine—are raised to a very high tempe-
rature, The atoms, which at ordinary temperatures are united to
form molecules, then divide into separate atoms and so acquire a
far stronger power of affinity than in the ordinary molecular state,
In the same way nitric peroxide unites much more readily with other
bodies at 100° than at the ordinary temperature ; for example, it can
then combine directly with chlorine, bromine, cyanogen, &c.

Concentrated, colourless nitric acid dissolves large quantities of
nitric peroxide, producing the red or fuming nitric acid. This acid
15 a much more powerful oxidizing agent than ordinary nitric acid,
because the nitric peroxide which it contains parts with a portion of
its oxygen far more readily than nitric acid itself,

In contact with cold water nitric peroxide is decomposed into
nitric and nitrous acids :—

(NO,), + H,0

NO,-OH + NO-OH;

the nitrous acid gradually decomposing into nitric acid, nitric
oxide, and water (p. 193).

Chlorine, which at low temperatures is without action on nitric
peroxide, combines with it when a mixture of the two gases is led
through a heated tube, producing nitry/ chioride Z\'{'}_:C!, a yellow
liquid boiling at + 5% which is decomposed by water into nitric
and hydrochloric acids.

The same compound is also produced by leading a stream of

chlorine over gently heated silver nitrate :—
NO,-OAg + Cl, = NOJCI + AgCl + O.

[f liquid sulphurous acid and nitric peroxide are heated together
in sealed tubes, or if nitric oxide is allowed to act upon sulphuric
anhydride, a erystalline compound is produced, of the composition ;

. e
S,0,:-2N0,, or O :;S:H and which may be considered either
as the dinitryl of disulphuric acid, or as the anhydride of the next
following substance, nitrosulphonic acid. This compound melts
at 217% and is decomposed by water into sulphuric acid, nitric
oxide, and nitric peroxide.

Concentrated sulphuric acid absorbs nitric peroxide and pro-

duces white crystalline witrosulphonic acid: SO, I S H (p. 166), in
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which one atom of hydroxyl is displaced by one of nitric peroxide,
nitric acid being probably formed at the same time. This com-

pound is also decomposed by water into sulphuric acid, nitric oxide,
and nitric peroxide.

Agua Regia.—This liquid, which owes its name to its property
of dissolving gold, the king of metals, as well as platinum, is a
mixture of three parts of hydrochloric acid and one part of nitric
acid. The two acids act upon one another at the ordinary tem-
perature, the mixture becoming yellow and giving off minute
bubbles of gas smelling like chlorine. This gas, which is evolved
in quantity on gently warming, is a mixture of chlorine and
nitrosyl chioride : NOCL In the nascent state the latter sub-
stance gives up its chlorine to the gold or platinum, produc-
ing soluble chlorides of these metals. The reaction by which it is
produced is shown by the following equation :—

NO0OH + 3HEL = NOCL + 2H0 ¥ €l

NITROUS OXIDE.
Compesition: N,O.

This substance is a colourless, odourless gas, with a somewhat
sweet taste, and a density of 152, which corresponds to a molecular
weight of 43'9. Under strong pressure (thirty atmospheres at o)
it 1s condensed to a colourless liquid, which is lighter than water,
and with which water does not mix. The liquid boils at about

~g2°, and when allowed to evaporate, rapidly solidifies to a white .

crystalline solid. Nitrous oxide is only slightly soluble in water,
and can, therefore, be collected over this liquid.

The gas is easily prepared by heating crystallized ammonium
nitrate in a retort. The salt then melts and completely decom-
poses, with much frothing and apparent boiling, into nitrous oxide
and water. Thus:—

NO,-ONH, = N,0 + zH,0.
It is not advisable to decompose the whole of the salt employed, as
overheating may cause the nitrous oxide to decompose into its

constituents with an explosion. This method quickly yields large
quantities of pure nitrous oxide, if care is taken that the ammonium

RTINS
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nitrate contains no ammonium chloride, otherwise the gas becomes
contaminated with chlorine compounds. Nitrous oxide is also
produced when zinc or one of a few other metals is dissolved in very
dilute nitric acid. The gas obtained in this way is, however, never
pure, but always contains more or less nitric oxide,

The most remarkable property of nitrous oxide is the readiness
with which it allows combustible bodies to burn in 1t.  Combustion
takes place in the gas almost as energetically as in pure oxygen,
much more so than in nitric oxide, although this gas contains
twice as much oxygen. From this we conclude that the nitrogen
and oxygen are much more loosely combined in nitrous oxide than
in nitric oxide. In fact, nitrous oxide is decomposed into its con-
stituents even when passed through a red-hot tube. A glowing chip
of wood catches fire i nitrous oxide almost as easily as in oxygen,
Phosphorus and charcoal burn brilliantly, and sulphur, if strongly
ignited, continues to burn with a bright flame. Feebly burning
sulphur 15 extinguished in the gas, because the temperature is not
high enough to decompose it into its constituents, That nitrous
oxide, although a chemical compound of nitrogen and oxygen, sup-
ports combustion much better than the mechanical mixture of the
same two substances which make up common air is partly because
the compound contains thirty-three per cent. by volume of oxygen,
while common air has scarcely more than twenty per cent. by
volume, and is partly due to the fact that when nitrous oxide is de-
composed a considerable quantity of heat is set free.

Nitrous oxide is chemically an indifterent body, and does not
enter into combination with any substance. Its peculiar pro-
perty of producing mtoxication when inhaled is of physiological
mterest,  When breathed in small quantities it produces a pleasur-
able nervous excitation, whence its common name of lawghing-gas,
But 1f mixed with atmospheric air and inhaled for some tune it
produces, like chloroform, temporary insensibility, and without
the unpleasant after-effects of the latter substance. It is largely
used for minor surgical operations, particularly in dentistry, to
produce insensibility to pain and to allow the surgeon to operate
more eastly.’ »

! The compeosition of nitrous oxide and of nitric oxide may be easily
determined by burning a smali picce of potassium in a given volume of the
gas, standing over mercury.  ‘The gas is thus decomposed, its oxygen uniting
with the potassium and the nitrogen being set free,  Nitrous oxide is then
found to contain its own volume of oxygen and nitric oxide one-half its volume,
whence the formule N,0 and NO may be easily deduced, —En,
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ATMOSPHERIC AIR.

Although the atmosphere is not a chemical compound, it is
scarcely of less interest and importance to the chemist than water.
The importance of the atmosphere for chemistry and other allied
sciences is at once evident when we remember that the air has
always played a large part in building up and in disintegrating the
solid crust of the earth, that all processes of combustion or oxida-
tion on the earth’s surface are supported by it, that its constituents
nourish both plants and animals, and that the state of health of
individuals as well as of entire communities depends upon the
purity of the air as well as of the water supplied to them.

We have already learnt that atmospheric air deprived of its
other admixtures consists of about 21 volumes of oxygen mixed
with about 79 volumes of nitrogen. Besides these two gases
atmospheric air always contains very varying quantities of water
vapour, small quantities of carbonic acid (3 to 4 volumes per 10,000),
and traces of ammonia (a few parts per millicn). The composition
of atmospheric air by volume, taking the mean quantity of water
vapour, is then :—

Nitrogen 78-35 volumes

Oxygen . . i : i = 2077 3
Water (mean) = 084 .
Carbonic acid . . . ; - 004 s
Ammonia : : . ; = traces.

10000 volumes.

These numbers lead to several interesting questions, the first
of which is whether the nitrogen and oxygen contained in atmo-
spheric air are chemically united or only mechanically mixed. If
we abstract the water vapour and carbonic acid from the air, the
proportion of nitrogen and oxygen then becomes :—

Nitrogen . ; g . . = 7904 volumes

Oxygen . ; ; : ; = 2006
10000 volumes,

and it has been found that ever since the composition of the air
has been accurately known, this proportion has not appreciably
varied, and that whether the air is taken from over l?:c: sea, from
the surface of the earth inland, or from high mountain tops, even

. et
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as high as 14,000 feet above the sea-level, the proportion of nitrogen
and oxygen is always almost exactly the same. This speaks
strongly for the supposition that the two gases are chemically united
in atmospheric air.

But in spite of this we know for certain that the gases are only
mixed together—that they do not form a chemical compound in the
atmosphere. This conclusion is supported by the followingfacts : —

i. If we mix together 21 volumes of oxygen with 79 volumes of
nitrogen, we obtain a gas which possesses all the propertics of
common air deprived of its water and carbonic acid. DBut we
notice no elevation of temperature, which would certainly take place
had the gases combined together chemically.,

il. If cold boiled water is shaken up with atmospheric air, the
water takes up more oxygen than nitrogen, and the air which re-
mains behind is then poorer in oxygen than common air. Or, if
common air is passed through a porous tube more of the lichter
nitrogen diffuses through in a given time than the heavier oxygen.
Neither of these partial separations of the nitrogen and oxygen in
common air could take place if the two substances were chemically
united,

. Finally, every chemical compound contains its constituents
not only in a fixed proportiom but also in weights which are some
simple multiple of the atomic weight of its constituents. Atmo-
spheric -air contains its nitrogen and oxygen in a constant propor-
tion by volume and weight, but not in simple atomic proportions,
The composition of air by weight 15 :—

Nitrogen . . i ) . 77 parts
Oxygen : ' . : -
100 parts,

and if we divide these numbers by the respective atomic weights
of the elements, we obtain the ratio :—

77 . 23

14 16
a ratio which, although it approaches 4 : 1, is far from being a
simple one, as it would be in a chemical compound. The difference
in the composition of the air, and of a compound containing four
atoms of nitrogen and one of oxygen, becomes more apparent if we
calculate the percentage composition of this unknown body [N,O].
We find it to be :(—

= §'8§ I IYd = 385 ! 1,
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4N = 56, g ; : = 77'8 per cent,

O = 16 . , ; . ; = B

72 1000

According to which the air contains o'8 per cent. nitrogen less,
and o3 per cent. oxygen more than this unknown compound,
a difference which is much too great to be ascribed to experi-
mental errors, especially as the methods employed for the analysis
of such simple gaseous mixtures leave nothing to be desired in exact-
ness, and indeed exceed in this respect almost all other analytical
methods.

A further and much disputed point is whether the atmospheric
air has always possessed the same composition which it does at
present, and whether its composition will not change in the course
of ages. The occurrence of nitrogen in the mineral kingdom as
nitre, with that which is contained in the substance of plants and
animals, is so extremely minute compared with the immense
quantities of nitrogen in the air that little change has probably
taken place in the absolute quantity of nitrogen present in the air,
But the same cannot be said of the oxygen.

Although we have no means of aen approximately estimating
the temperature of the earth when it was in the liquid state, still it
is more than probable that many of the oxygen compounds which
now form the crust of the earth were built up from their constituents
as the earth gradually cooled to the still extremely high tempera-
tures at which the compounds of oxygen with silicon, calcium,
hydrogen, &c., can exist. Experiment has shown that water is
not only decomposed by the eclectric current, but also when
raised to a very high temperature. If at any time the tempera-
ture of the earth was higher than that requisite to decompose
water, its atmosphere must have contained, besides nitrogen and
hydrogen, much larger quantities of oxygen than after it had
coo'ed down. Only when the temperature fell low enough could
the hydrogen and oxygen unite together with enormous explosions
to form water vapour. Possibly the protuberances of the sun’s
atmosphere, which are considered to be chiefly glowing hydrogen,
are produced by the union of immense quantities of hydrogen
and oxygen at heights in the sun's atmosphere where the tempera-
ture is low enough to allow these two substances to combine
with one another.

il h o il el
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Whether the amount of carbonic acid present in the atmosphere
was ever greater than is now the case, cannot be satisfactorly
answered in the present state of our knowledge. We know that
during geological time immense quantities of carbonic acid, as
calcium carbonate (limestone), have become a portion of the solid
crust of the earth. A further quantity of carbonic acid has also
been fixed in the form of our deposits of coal, the remains of extinct
plants. At the same time it must not be forgotten that the air 1s
continually receiving carbonic acid from the interior of the earth
by volcanoes, active and extinct, and how far these two processes
balance one another we are at present unable to say. The luxu-
riant vegetation which produced our coal-fields seems to indicate
that the amount of carbonic acid then present in the atmosphere
was greater than now.

The quantity of oxygen contained in the atmosphere is propor-
tionally small, and must be continually diminished by the respira-
tion of men and animals and by the enormous quantities of coal
which are continually being burnt. At the same time the quantity
of carbonic acid in the air is increased by these processes. The
question thus suggests itself, Can this enormous consumption of
oxygen ever deprive the air of such quantities of this gas as to render
respiration impossible 7 We know the quantity ol oxygen which is
daily consumed by a man, from which we can easily obtain the
guantity of oxygen annually consumed by the entire human race
(reckoned at 1,500,000,000) ; and we can further calculate the total
guantity of oxygen contained in the air. Now, if we consider that
the oxygen consumed by animals, processes of putrefaction and
combustion, is even nine times more than that consumed by man,
then in 1,800 years the total quantity of oxvgen in the air would
only be diminished by about one-fifth per cent.  But the idea that
the air can ever become too poor in exygen for respiration may be
discarded when we remember the action of green plants on atmo-
spheric carbonic acid.  Green plants require carbonic acid for their
existence and growth as much as animals require oxygen ; under
the influence of sunlight their green parts decompose the carbonic
acid, assimilating the carbon and setting the oxygen free. Thus,
by the mutual action of plants and animals, the proportions of
oxygen and carbonic acid in the air remain practically unchanged
for a long time.

Water and air, once considered to be chemical elements, are
stll important elements in another sense, and especially for the
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science of health. The remains of Roman aqueducts illustrate
the importance which was attached to a good supply of pure water
2,000 years ago by a nation without our present scientific know-
ledge. Dut in this respect we are still far behind the Romans.
For centuries we have contented ourselves with impure well-water,
and only in recent years have cholera, typhus, and other epidemics,
together with a general high death-rate, been attributed to an
impure and insufficient water supply.

The question of ventilation, or the supply of pure fresh air, is
even more neglected. It is well known how detrimental it is for a
number of persons to remain long in a closed space where the air
becomes charged with carbonic acid, water vapour, and other
noxious emanations from the body, and it is also well known how
easily this great evil may be avoided by leading away the bad air
and supplying good air in its place. But, notwithstanding this
knowledge, public and private buildings are continually being
erected with insufficient ventilation, or, in some cases, with even
none at all.

COMPOUNDS OF NITROGEN WITH THE
HALOGENS.

Nitrogen combines with the halogens even less easily than with
hydrogen, and never unites directly with them. The halogen com-
pounds of nitrogen can only be obtained, like ammonia, by indirect
methods ; unlike ammonia, which they resemble in composition,
they do not unite with acids, and they are further distinguished by
their great instability.

The elements in these compounds are so loosely combined,
that mere contact with some indifferent liquid or solid often suffices
to decompose them with a powerful explosion. They are therefore
dangerous substances to deal with, and their properties ought to
be known before commencing experiments with them. The best
known of these compounds are nitrogen chloride and nitrogen
iodide.

Nitrogen Chloride : NCl, (7). This compound, which may be
considered as ammonia in which the hydrogen is partly or entirely
displaced by chlorine, but of which the exact composition is un-
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known, is obtained by the action of free chlorine on ammonia, with
simultaneous production of hydrochloric acid.

Nitrogen chloride is a yellow oily liquid, with a specific gravity
of 16, and sinks in water. It possesses a powerful, piercing odour,
by which minute quantities of it may be detected.

The compound is easily obtained by passing chlorine into a
saturated solution of ammonium chloride at about 30° when the
following reaction probably takes place :—

NH.Cl + 3Cl, = 4HCl + NCL.

Aqueous ammonia is even more easily decomposed than the
chloride, but cannot be employed, as the nitrogen chloride is again
decomposed by free ammonia.

Owing to the great danger in experimenting with nitrogen chlo-
ride, it is not advisable to prepare large quantities of it. By the
following method, small quantities, sufficient to observe its odour
and explosive properties, may be safely obtained.

In a strong leaden dish about eight inches wide and four inches
deep is placed a second smaller dish, also of lead, and about three
inches wide, and the large dish then filled to about two-thirds with
a luke-warm saturated solution of ammonium chloride. A cylin-
drical glass jar is also filled with the same liquid, inverted in the
dish and suspended by a wire just over the smaller dish. Chlorine
zas is now led into the cylinder until the liquid is completely dis-
placed, when the apparatus is allowed to stand quietly. As the
liquid now gradually rises in the jar, small oily drops of nitrogen
chloride appear on the surface, which gradually fall inco the small
leaden dish. When nearly all the chlorine is absorbed, the small
dish is removed, a portion of the solution poured off, and the com-
pound exploded. The explosion is best brought about by tying
an oiled feather to the end of a long stick, and then bringing it
into contact with the nitrogen chloride ; the whole then instantly
explodes, while the liquid is shot up several feet high and the base
of the leaden dish pressed quite flat. .

The force of the explosion is so great that a drop of the chlo-
ride of the size of a pea, exploded under water in a porcelain dish
with an oiled feather, not only breaks the dish into small fragments,
but forces the piece immediately under the drop into the wooden
support,

The discoverer of nitrogen chloride, the French chemist Dulong,
who, being unacquainted with its explosive character, attempted to
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distil some in a retort, lost several fingers of one hand by the ex-
plosion.

If in any way larger quantities of nitrogen chloride have been
obtained than it is considered advisable to explode, the substance
may be left to itself under the liquid. After some little time, it will
gradually disappear owing to spontaneous decomposition.

Nitrogen chloride is also obtained by the electrolytic decom-
position of ammonium chloride. If two platinum plates are im-
mersed in a warm saturated solution of the salt, and a strong
current passed for a short time, the chlorine, which is evolved at
the positive plate, becomes converted into nitrogen chloride. A
powerful explosion then ensues if the two plates are brought into
contact.

Witrogen Iodide : NI, (7). This compound is a dark-brown
solid, closely resembling precipitated iodine. It is obtained when
a saturated alcoholic solution of iodine is mixed with excess of
strong ammonia. The precipitate is then brought on a filter and
well washed with water. As long as the substance is moist, it
bears pressure and contact with all those substances which so
easily explode nitrogen chloride ; but if dried, mere contact with a
particle of dust or the percussion produced by closing a door is often
sufficient to decompose it into its constituents with an explosion.

PHOSPHORUS.
Chemical Symbol : P.—Atomic Weight . 31.

Phosphorus is not found in the free state in nature, but occurs
in the mineral kingdom principally as calcium phosphate in the
minerals phosphorite, apatite, &c., and in coprolites. All soils
contain phosphorus, but usually in only minute quantities. From
the soil the phosphorus is taken up by plants, which produce very
complex organic compounds containing it, and is collected by them
in various parts of their structures, particularly in their seeds.
These phosphorus compounds then pass into the bodies of animals
with the nutriment contained in the plants; they form an impor-
tant constituent of the blood, nerve substance, &c., and undergo an
oxidation in the body, being again converted into phosphoric acid
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In combination with lime, this phosphoric acid forms the greater
part of the mineral substance of the bones, while a portion 1s
expelled from the body in the fieces, and a larger portion in the
urine, and 1s thus returned again to the soil.

Phosphorus was first obtained by its discoverer, DBrand, of
Hamburg (1669), from concentrated urine. A hundred years later
Scheelé recognized the fact that the urine as well as the bones
contain calcium phosphate, and that it is this substance which
yvields the phosphorus obtained from urine. The name phosphorus
is derived from its property of shining in the dark (¢as, light, and
héparr, to bear).

We are acquainted with phosphorus in at least two different
modifications, which are so difterent in appearance and in their
physical as well as in some of their chemical properties that they
might have been thought to be different elements if it were not
easy to convert one into the other, and if the products of their
union with other elements were not the same,

The variety longest known, and commonly called ordinary or
yellote phosphorus, is, when freshly prepared, a colourless trans-
parent solid, which is coloured yellow under the action of licht, and
has a specific gravity of 1'83. [t may be melted under water at
a temperature of 44° to a colourless liquid, easily solidifying again
and sometimes assuming a crystalline form. At the ordinary
temperature phosphorus is as soft as wax, but becomes brittle at
low temperatures. Phosphorus boils at 200° and when out of
contact with air may be distilled unchanged. Its gas is colourless,
and has a specific gravity (at 1,000°) of 4°5. From the density of
its vapour its molecular weight is 4'5 x 28-88 = 1299, or, in othas
words, the molecule of phosphorus in the gaseous state has the
composition P, and contains four atoms.

Phosphorus heated in the air slightly above its melting point
caches fire and burns, producing white fumes of phosphoric
anhydride. At lower temperatures, when exposed to the air it
oxidizes without the production of flame, forming phosphorous anhy-
dride. The white fumes produced when a stick of phnr;plmrus.iﬂ
exposed to the air, and which are luminous in the dark, are due to
phosphorous anhydride, and the garlic-like odour noticed at the
same time is produced by the same substance. Ordinary phos-
phorus is so inflammable that it catches fire when rui;[n:‘:i on a
rough surface ; it should never be held, even for a short time, be-

tween the fingers, as burning phosphorus produces very painful
- ,
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slowly healing wounds. This modification of phosphorus is always
preserved under water, in which it is insoluble. And although it
possesses a very strong affinity for oxygen, it does not decompose
water like potassium and sodium. It is slightly soluble in alcohol
and ether, but easily soluble in carbon disulphide, from which solu-
tion it again separates in crystals belonging to the regular system.
Phosphorus in this modification is extremely poisonous ; even small
quantities have been known to produce fatal effects.

A second modification of phosphorus is the »ed or amorphous
variety. This is a red-brown amorphous powder, of specific
gravity 2°2 (or heavier than common phosphorus). It does not
melt, even when heated up to 250° neither does it produce white
fumes when exposed to the air, nor is it luminous in the dark. It
catches fire in the air only when heated up to 260° is insoluble in
carbon disulphide, 1s odourless, and not poisonous.

This red modification is produced when ordinary phosphorus
is heated in an atmosphere of carbonic acid or hydrogen to a
temperature of 240° for some time; the change goes on more
quickly if the phosphorus is heated in sealed tubes to 300°. But
in all cases the weight of the phosphorus neither increases nor
diminishes. If iodine is mixed with an excess of ordinary phos-
phorus and the mixture heated, the portion of phosphorus which does
not combine with the iodine is converted into the red variety. A
small quantity of iodine suffices to produce the change in a large
quantity of phosphorus. The same change is also slowly produced
by the action of light. Phosphorus exposed to the light becomes first
yellow and then red. In order to purify the red modification from
common phosphorus mechanically mixed with it, it may be re-
peatedly shaken with carbon disulphide or boiled with caustic soda.

It is remarkable that just as ordinary phosphorus is converted
into the red variety on heating, so also the latter may be changed
into the former by the action of heat. Amorphous phosphorus
heated in a retort filled with carbonic acid to 260°—7e. to a
temperature only slightly higher than is required for its production
—is completely changed into the common form. And in this case,
too, no change in weight is observed.

Since phosphorus has been employed for important technical
purposes, particularly for the manufacture of lucifer matches, large
quantities are annually manufactured. The material employed
for its extraction is not urine, from which it was first prepared, but
is the calcium phosphate of burnt bones, or as one of the several
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forms in which the compound occurs in the mineral kingdom.
Although the attraction of phosphorus for oxygen is very great, itis
exceeded by that of glowing charcoal. Phosphoric acid, in the
proper form, when mixed with powdered charcoal and heated to
brizht redness, is completely reduced with formation of carbonic
oxide. But if the compound of phosphoric acid and lime, as it
occurs in nature or in burnt bones (calcium phosphate, Ca,(PO,),),
were employed, no reduction would take place. It is only the free
acid, or compounds of calcium containing more phosphoric acid
than the normal salt, which are decomposed on heating with
charcoal. In order to obtain such a compound the following
method is adopted. Finely powdered bone-ash, containing
normal calcium phosphate, is warmed with enough dilute
sulphuric acid to withdraw two-thirds of the calcium, which
unites with the sulphuric acid forming insoluble sulphate, while
the remaining third of the calcium remains combined with
the whole of the phosphoric acid as a soluble acid phosphate:

el PO (OH)
H,Ca(PO,), or p4q | D._.C;iL’ commonly called superphospliate of
lime 1 —
PO) : PO)(OH)
Lo . - 250,00 Seed Lo
PO, 0,Ca; + 250,(0H), 250,-0,Ca + PO | '0.Ca
The clear solution is next drawn oft and concentrated in leaden
pans, and the concentrated solution so obtained is then mixed
with powdered charcoal, dried, and heated to low redness. During
this process the acid phosphate loses water and becomes converted

* - =4 B
into calcium metaphosphate : Ca(PO,),, or i,:;-’:-ﬂ.ﬁ;h a com-

pound which contains more phosphoric acid than the normal
phosphate, and from which two-thirds of the phosphorus is ob-
tained on glowing with charcoal :—
ey , . PO . ~ .
3(PO,),0,Ca + 16C = P, + po | OsCay + 10CO,
the calcium being again converted into the normal phosphate.
The reduction is carried on in earthenware retorts connected with
earthenware vessels containing water. The gaseous phosphorus
distils pover and condenses under the water, while the carbonic
oxide escapes. The raw product is then purified by redistillation
from iron retorts and by squeezing the liquid through leather
under warm water. Phosphorus as it occurs in trade is usually

IJ-
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in the form of sticks ; this form is given it by the highly dangerous
practice of sucking up the molten substance under water into
conical glass tubes, from which it is easily removed on solidifi-
cation.

If a stick of phosphorus, one end of which is wrapped in paper,
is used to write on a board, the characters are luminous in the
dark. Small pieces of phosphorus are by this means rubbed ofi
on the board and gradually oxidize to phosphorous acid. The
luminosity of phosphorus or its oxidation to phosphorous acid is
always accompanied with the production of ozone. Various bodies
in the gaseous state when mixed with atmospheric air prevent its
slow oxidation and at the same time its luminosity ;: among these
are small quantities of oil of turpentine vapour, éther, ammonia,
and various hydrocarbons. Phosphorus is, however, much less
luminous in pure oxygen than in common air, or in oxygen diluted
with an indifferent gas.

Phosphorus unites as easily with the halogens as with oxygen,
liberating a large amount of light and heat. With chlorine it forms
either phosphorus trichloride or pentachloride according to the
relative quantities of phosphorus and chlorine which act upon one
another.

The affinity of phosphorus for sulphur is so great that by drop-
ping flowers of sulphur on to phosphorus melted under water the
union takes place with a very considerable elevation of temperature,
and dangerous explosions may often be produced. Phosphorus
does not appear to unite directly with hydrogen, nitrogen, or
carbon.

The principal use of phosphorus is in the manufacture of lucifer
matches, for which both modifications are employed. Common
matches are dipped in a mixture containing common phosphorus,
and ignite when rubbed on any rough surface, the ignition being
imparted to the wood by previously dipping the matches in melted
paraffin. In the other kind of matches, commonly known as
safety malches, the matches themselves contain no phosphorus but
only some substance which readily gives off oxygen (usually potas-
sium chlorate), while one side of the box is covered with finely
divided amorphous phosphorus put on with gum water. The
matches are then ignited by rubbing them on the prepared surface.
Their ignition is due to the change of the part of the amorphous
phosphorus rubbed by the match into the common form by the
heat of friction ; this then adheres to the match and causes it to
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catch fire. If phosphorus is rubbed up with fat a mixture is pro-
duced which is luminous in the dark, and which is used asa poison
for rats and mice.

COMPOUNDS OF PHOSPHORUS AND HYDROGEN.

Two compounds of these elements are known—viz. a gaseous
compound having the composition PH, and corresponding to
ammonia (NH,), and a liquid, P,H,, corresponding to amidogen
(NH)..

Gaseous Phosphoretted Hydrogen 0Or Phosphine: PH .

This compound is a colourless gas, with an exceedingly un-
pleasant garlic odour, and is nearly insoluble in water. [ts specific
gravity is 118, which corresponds to a molecular weight of
1’18 + 2388 = 3408, and its molecule is therefore represented by
the formula PH,,

The gas is not spontaneously inflammable, but at once ignites
when brought into contact with a flame, burning to form water and
phosphoric acid.

Phosphine is easily obtained by heating phosphorus with a
solution of a strong base, such as potash, soda, lime, or haryta
Although phosphorus possesses so strong an attraction for oxyeen
it cannot decompose water even at the boiling temperature, but the
decomposition goes on readily in the presence of a strong soluble
base, a portion of the phosphorus uniting with the base to form a
hypophosphite. The gas may also be prepared from solid calcium
phosphide, which, in contact with warm water, is rapidly decom-
posed into phosphine, calcium hypophosphite, and calcium hydrate.
But the gas obtained by either of these processes is always spon-
taneously inflammable. This is due to the fact that it contains
small quantities of the volatile liquid phosphoretted hydrogen,
which is spontaneously inflammable, and causes the gas to ignite
in the air just as it does when mixed with other inflammable gases,
such as carbonic oxide or hydrogen. The following equations re-
present the simultaneous production of the two compounds when
phosphorus is heated with caustic potash ;—
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(i.) 4P + 3KOH + 3H,0 = 3H,PO-OK + PH,

Potassium hypo-
phosphite

(i) 6P + 4KOH + 4H,0 = 4H,PO.-OK + PH,

The preparation of phosphine containing the spontaneously
inflammable liquid compound must be performed with care. If
phosphorus were heated in a flask half filled with caustic potash
and provided with a tightly fitting cork and delivery-tube, the
phosphoretted hydrogen would unite with the oxygen in the flask
and catch fire, and the heat so produced would be sufficient to
cause an explosion. It is better, therefore, to fill the flask nearly
up to the neck and to place the cork in loosely until the oxygen
contained in the small quantity of air present has been consumed.
The delivery-tube must be wide so that it may not become closed
with small particles of phosphorus carried over mechanically ; it
should dip under warm water.

In order to prepare the spontaneously inflammable gas from
calcium phosphide, this compound is broken into small pieces of
the size of a pea and dropped through a wide tube into a Woulffe’s
bottle half filled with warm water, the other tubulus of the bottle
being provided with a delivery tube, The wide tube must just dip
under the liquid and must be closed with a small cork. DBefore any
calcium phosphide is introduced, the air contained in the Woulffe's
bottle must be completely displaced by carbonic acid to prevent
the gas from catching fire inside the bottle.

The spontaneously inflammable gas when preserved over water
for some time, and particularly when exposed to the light, is found
to lose its property of catching fire when brought into contact with
the air, and at the same time the walls of the glass vessel become
covered with a yellow film.! This phenomenon depends upon the
instability of the liquid compound, which easily breaks up, espe-
cially in sunlight, into phosphine and phosphorus :—

sP.H, = 4PH, + 28

The spontaneously inflammable liquid may be easily separated
from the gaseous compound by passing the mixture through a
U-tube placed in a freezing mixture. By this means the volatile
liquid is condensed and the gas is no longer spontancously inflam-

mable.

! This vellow film is considered by some chemists to contain hydrogen and
to consist of a compound of 4 atoms of phosphorus united with 2 atoms of

hydrogen : PyH,. —ED.
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Pure phosphine may be prepared by dropping calcium phos-
phide into hydrochloric acid instead of into water, or by acting
upon phosphorus with alcoholic instead of aqueous caustic potash,
Hydrochloric acid and alcohol appear to prevent the formation of
the liquid phosphoretted hydrogen, or to decompose it immedi-
ately.

The pure gas when led into nitric acid mixed with a small
quantity of the fuming acid becomes spontaneously inflammable.
This is probably due to the abstraction of a portion of its hydrogen,
which is oxidized by the nitric acid, with the production of liquid
phosphoretted hydrogen.

Phosphine is distinguished from its analogue ammonia not only
by its insolubility in water, but also by its incapability of uniting
either with hydrochloric acid or with oxy-acids to form chemical
compounds, but it still possesses weak basic properties. If dry
phosphine and dry hydriodic acid are brought into contact with one
another they unite to form a compound called phosphoniun rodide,
PH,1 (p. 128), analogous in composition to ammonium 1odide,
which crystallizes in cubes, and may be sublimed unchanged. The
compound is, however, unstable ; it is decomposed by water into
hydriodic acid and phosphine.

Liquid Phosphoretted Hydrogen: [’ il .

This compound, which is prepared from the spontaneously in-
flammable gas by passing it through a freezing mixture, is a colour-
less, powerfully refractive liquid, does not mix with water, and at
once catches fire when exposed to the air. The liquid undergoes a
gradual decomposition, even in sealed tubes, into phosphine and
amorphous phosphorus. The gas finally exercises so great a
pressure on the tube as to produce an explosion. It is, therefore,
not practicable to preserve the uquid in scaled tubes.

COMPOUNDS OF PHOSPHORUS AND OXYGEN.

Although phosphorus i1s so closely allied to nitrogen, we are
only acquainted with two oxides of this element—viz. phosphorous
anhydride (P,0,) and phosphoric anhydride (P,O,), corresponding
tonitrous anhydride and nitric anhydride respectively. Compounds
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of phosphorus having a similar composition to nitric peroxide,
nitric oxide, and nitrous oxide, have not yet been prepared.

From these two oxygen compounds are derived the two acids,
common tribasic phosphoric acid and dibasic phosphorous acid.
Besides these, a third (lower) acid is also known, which is called
hypophosphorous acid and is monobasic. The following are the
formula of these three acids of phosphorus, all containing pentad
I]hDEl]]]ﬂl'l.lS P

f OH
Common phosphoric acid . i . PO{OH
|OH
. : »n [ OH
Phosphorous acid ; L ; v HEPD |OH

Hypophosphorous acid : ; . H,PO-0OH

A fourth acid of phosphorus has recently been discovered of

the composition : “:SESEE, and called hypophosphoric acid.

PHOSPHORIC ANHYDRIDE : P,0.

The white fumes produced when phosphorus burns with a flame
mn dry air consist of this compound. If the phosphorus is burnt in
a closed space—e.g. under a bell-jar—they then condense to a light
snow-white powder, which very readily attracts moisture from the
air and forms liquid phosphoric acid. When thrown into water
the anhydride hisses like a red-hot iron, and a large quantity of
heat is at the same time set free. In fact, there are few substances
which equal this body in its attraction for water. Unlike nitric
anhydride, it is not volatile at ordinary temperatures, and does not,
therefore, fume in moist air ; but it may be sublimed when strongly
heated in a glass tube.

The acid first produced when the anhydride unites with water
contains only one atom of hydrogen displaceable by a metal, and is
therefore monobasic. This acid is metaphosphoric acid: PO,-OH,
and its production is shown by the following equation :(—

Po:Jo + H,O0 = 2PO,-OH.
l"'l'mr:;hu:tri:: Metaphosphoric

anhydride acid

ErARERYS
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Besides this phosphoric acid, which corresponds to nitric acid in its
composition, we are also acquainted with a tri- and a tetrabasic acid.
Tribasic phosphoric acid, which has the composition PO(HO),,
and whose normal salts with monobasic metals contain three atoms
of the metal replacing the three atoms of hydrogen, is common or
orthophosphoric acid.  Only compounds of this tribasic acid occur
In nature.

Metaphosphoric acid, produced as we have seen from phos-
phoric anhydride and water, takes up a molecule of water when
boiled and becomes converted into common phosphoric acid : —

POOH + H,O = PUO(OH)

The change which has taken place may be readily proved by a few
simple reactions. Metaphosphoric acid coagulates white of egg,
common phosphoric acid does not ; on adding a little ammonia,
the former gives with silver nitrate a white precipitate of silver
metaphosphate : PO,-OAg, the latter with the same reagent gives
a yellow precipitate of silver orthophosphate: I'O(OAg),. The
conversion of metaphosphoric acid into common phosphoric acid
1s therefore complete when the liquid no longer coagulates white of
egg and gives a bright yellow precipitate with silver nitrate,

Preceding the formation of common phosphoric acid from meta-
phosphoric acid, when the solution is warmed, is the production of
tetrabasic pyrophosphoric acid, which may be recognized by the
fact that this acid does not coagulate white of ege but gives a white
precipitate of silver pyrophosphate when mixed with silver nitrate.
[ts production from the monobasic acid is shown by the following
cquation I—

: | PO{OH)
2P0O,-OH 0O = \ :
: & O POOH)
Metaphosphoric Pyrophosphoric
acid acid

All three acids may therefore be represented as compounds of
phosphoric anhydride with varying quantities of water, thus ;—

PO,
PD;|D + HO = 2PO,OH
]Iut.‘tphu-aphu,rriq;
acid
PO, | PO{OH),

) + 2 H._.':F.J' = O

PO, | | PO(OH),
Pyrophasphoric
acid
W0
i*{jﬁ‘f;” + 3H,0 = 2PO/OH),

Orthophosphoric
acid
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ORTHO- OR COMMON PHOSPHORIC ACID: PO(OH),

On evaporating the aqueous solution of common phosphoric acid,
when the temperature is not allowed to rise much above 150° the
acid remains behind as a colourless, thick, viscid liquid, of specific
gravity 1'88, from which large, colourless crystals "occasionally
separate out. It readily attracts moisture from the air and
deliquesces. When heated more strongly it loses water and
becomes first converted into pyro- and then into metaphosphoric
acid.

Common phosphoric acid is easily prepared by oxidizing
phosphorus with nitric acid. Sticks of phosphorus are heated in a
retort with pure nitric acid of specific gravity 1-2, when an energetic
reaction takes place and red vapours of the lower oxides of
nitrogen are given off. The retort is best provided with a cooled
receiver, so that the nitric acid distilling over may be poured back
into the retort. As soon as all the phosphorus has disappeared
the excess of nitric acid is driven off, which at the same time
oxidizes the phosphorous acid, also present, to the higher phosphoric
acid. Finally, the viscid liquid is heated in a platinum dish until
the temperature reaches 150"

Another and very easy method of preparing phosphoric acid is
from phosphorus pentachloride. If this substance is dropped into
water in small quantities at a time, it decomposes, with consider-
able rise in temperature, into phosphoric and hydrochloric acids,
phosphoric oxychloride being produced as an intermediate pro-
duct : —

PCl, + 4H,0 = PO(OH), + §HCL

Pure phosphoric acid may then be obtained by evaporating
the strongly acid liquid.

Since commercial phosphorus always contains arsenic, because
the sulphuric acid used in the preparation of the acid calcium
phosphate is always contaminated with arsenic, the phosphoric
acid prepared either from phosphorus or from phosphorus penta-
chloride always contains traces of arsenic in the form of arsenic
acid. In order to separate this impurity the phosphoric acid, after
being freed from the nitric or hydrochloric acid, is diluted with a
large quantity of water, gently warmed, and a stream of sulphu-
retted hydrogen passed through it as long as insoluble yellow
arsenious sulphide separates out. The whole of the arsenic is
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precipitated, when a small portion of the clear liquid again
saturated with sulphuretted hydrogen and allowed to stand for
some hours shows no further turbidity. The clear filtered liquid
then yields pure phosphoric acid on evaporation,

Phosphoric acid may also be prepared from the acid calcium
phosphate (superphosphate of lime), obtained by acting on bone-ash
or some other form of calcium phosphate with sulphuric acid.
The solution of the superphosphate, which still contains calcium
sulphate, is mixed with a solution of ammonium carbonate to pre-
cipitate the lime. The filtered liquid, which contains ammonium
sulphate and phosphate, is then evaporated to dryness and glowed
in order to drive off the ammonium sulphate and to expel the
ammonia from the ammonium phosphate. FPhosphoric acid pre-
pared in this way always contains, however, small quantities of
ammonium salts.

Phosphoric acid is one of the strongest inorganic acids., At a
high temperature it even expels sulphuric acid from its compounds,
being less volatile than this acid. Since it is a tribasic acid, it forms
three series of salts :—

(1.) Normal salts, n which all #iree of its hydrogen atoms are
displaced by a metal.

(0.) Monacid salts, in which fwe atoms of hydrogen are dis-
placed by a metal, and (iii.) Diacid salts,in which only one atom of
hydrogen is displaced.

In the normal salts the hydrogen may be either displaced by
three atoms of a monad metal, by one of a monad and one of a
dyad, or by one of triad metal, thus :—

Normal sodium phosphate ; . ) PO(ONa),
Normal sodium-ammonium phosphate . e I.l'_'[}]\?j:}::
| an I,
Normal ammonium-magnesium phosphate I*D-‘_ H.:'ﬁ
e i
Normal ferric phosphate . , " , PO-O,Fe"™

In the first class of acid salts the two atoms of hydrogen may
either be displaced by two atoms of a monad metal or by one atom
of a dyad, thus :—

Monacid sodium phosphate . : : PO ! '[';]]_?'“e'
(| L
Monacid calcium phosphate . . . PO [0,Ca’

(OH



218 Text-Book of Inorganic Chemistry.

And, finally, for the second class of acid salts we may take as an
example :(—

Diacid sedium phosphate \ y " PO ! ONa
| (OH),

The phosphates of the metals, particularly the normal salts,
are mostly insoluble in water, but easily soluble in nitric acid ; only
the phosphates of the alkalies can be obtained in a well-defined
crystalline state from their solutions.

Normal silver phosphate is a bright yellow amorphous precipi-
tate, easily soluble in nitric acid. It is obtained on the addition of
silver nitrate to a solution of common sodium phosphate. This
latter compound, the phosplate of soda of the shops, is not the
normal compound, but is monacid sodium phosphate—i.e. it con-
tains one atom of hydrogen undisplaced. The reaction by which
normal silver phosphate is produced when this salt is mixed with
silver nitrate i1s as follows :(—

((ONa
£ ﬁfm ]
Whence it is seen that nitric acid is at the same time set free, and
if the clear liquid is filtered off, it will be found to possess an acid
reaction, and to contain some silver phosphate dissolved in it.
We produce, therefore, from the two neutral solutions of mono-
hydric sedium phosphate and silver nitrate an acid liquid. The
phosphoric acid contained in this and other similar acid compounds
can, therefore, only be completely precipitated by silver nitrate by
neutralizing with soda or some other suitable base,

The insolubility of ammonium-magnesium phosphate in water,
especially in presence of ammonia, and the constant composition of
this compound, makes it well adapted both to detect phosphoric
acid and to determine its quantity, It is precipitated as a white
crystalline powder when a solution of sodium or any other soluble
phosphate is mixed with magnesium sulphate, ammonium chlo-
ride, and ammonia.

If monacid sodium phosphate is mixed with magnesium sul-
phate the acid magnesium compound is produced. Thus :—

((ONAq) O,Mg .
20 : S0,-0,Mg = 2+ »*(ONa),
IOlC}H + 50,-0,Mg = PO{qi; S0, +( 5
which is soluble in water, even in the presence of ammonium chloride.
If, however, ammonia is added in excess, the insoluble ammonium-
magnesium phosphate is precipitated :—

4+ 3N0,-OAg = PO(OAg), +2N0O,-ONa + NO,OH.

IR A

o
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PO .:g-ﬁ‘g 5

The addition of ammonium chloride is necessary to prevent the
precipitation of magnesium hydrate from the excess of magnesium
sulphate and ammonia. Magnesium hydrate forms an easily
soluble compound with ammonium chloride.

An excellent method of detecting and separating phosphoric
acid in nitric acid solutions containing iron, lime, &c., is furnished
by moelybdic acid. If such a solution containing free nitric acid is
mixed with a solution of ammonium molybdate in nitric acid, the
liquid first becomes yellow and then deposits a yellow crystalline
‘precipitate consisting of a compound of phosphoric and molybdic
acids. By this means a soil, for example, may be examined for
phosphoric acid, and its quantity, if present, determined.

[f solid monacid sodium phosphate is gently heated, it first of
all loses its water of crystallization. On further heating it gives up
the hydrogen which it contains, together with sufficient oxygen to
form water, and normal sodium pyrophosphate remains behind :—
((ONa), _ o | PO(ONa),
{OH "1 PO(ONa),

When diacid sodium phosphate is heated, water is also given
off, but the compound which remains behind is then normal
sodium metaphosphate :—

polYia
[ (OH),

The same compound is more easily obtained by heating acid
ammonium-sodium phosphate (microcosmic salt), which then vives
off ammonia and water :(—

(ONa
Po -l {'_I‘i‘{llﬂla = PO,-ONa + NH, + H.,O.
0

i 0, Mg
NH, = PO oY

2P0 H,O.

PO,:ONa + H.,O.

(PO(OH)

Pyrophosphoric Aecid : () | PO(OH)

*= H,P,0,.

This compound is obtained as a colourless crystalline mass,
easily soluble in water, when phosphoric acid is heated slightly
above 200%, until a portion when neutralized with ammonia gives a
pure white precipitate with silver nitrate. If sodium pyrophos-
phate, obtained as mentioned above, is dissolved in water mixed
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with silver nitrate, the white precipitate filtered off, washed well, and
then again decomposed by passing a current of sulphuretted hydro-
gen through water containing it in suspension, black silver sulphide
is formed, and the acid solution contains pyrophosphoric acid.
Such an aqueous solution of the acid cannot, however, be kept for
any time ; it combines with water and forms common phosphoric
acid, slowly when cold, more rapidly when heated :(—

(PO(OH), .
O {' [JOI:UHJ.', + HED g -PD(DH}:E.

Pyrophosphoric acid is a tetrabasic acid, its four atoms of
hydrogen may be displaced by the same or by different metals, and
besides the normal salts three classes of acid salts are also known
accordingly as one, two, or three atoms of hydrogen are displaced.

Metaphosphorie Acia : PO,-OH.

This acid is obtained in aqueous solution by allowing phos-
phoric anhydride to deliquesce in the air, or as a vitreous,
amorphous mass by heating common phosphoric acid to redness.
In the latter state it forms the gilacial phosphoric acid of the
pharmacists, In combination with sodium it is produced, as we
have already seen, by heating microcosmic salt to redness.

The acid and its soluble salts give with silver nitrate an
insoluble white precipitate of silver metaphosphate: PO,-OAg,
and are distinguished from the two other phosphoric acids and
their salts by their property of coagulating albumen (white of egg).

Metaphosphoric acid when in solution gradually absorbs water
and is converted into common phosphoric acid. The change goes
on slowly in the cold, but more rapidly when the liquidis heated.
Solutions of the metaphosphates also take up water in the same
way—e.g. i—

PO,-ONa + H,0 = PO{Jpnj.

2>
The recently discovered kypophosphoric acid : : %}gigm, IS a
tetrabasic acid intermediate between phosphoric and phosphorous
acids, and is produced with phosphorous and phosphoric acids,
when phosphorus oxidizes slowly in moist air. Its solution may be
evaporated at a low temperature, but is decomposed on boiling into
phosphorous and phosphoric acids.
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Phosphorous Anhydride : I' O

The white fumes produced when a stick of phosphorus is
exposed to the air consist principally of phosphorous acid. The
pure anhydride may be obtained by gently heating a stick of dry
phosphorus in a glass tube and leading a current of dry air over it.
The phosphorus then burns with a pale greenish flame, and the
anhydride is deposited in the cool end of the tube as a snow-white
powder resembling phosphoric anhydride. Phosphorous anhydride
has still a strong attraction for oxygen ; when exposed to the air it
catches fire and burns to phosphoric anhydride.

When phosphorous anhydride is brought into contact with
water, or when phosphorus is allowed to oxidize slowly in moist
air, the corresponding acid—phosphorous acid—is produced.

OH
Phosphorous Acid : H 'O OH

Although this compound contains three atoms of hydrogen,
only two of them can be displaced by metal, and it is therefore a
dibasic acid. 1t is best prepared by dropping phosphorus trichlo-

ride into water. The chloride then breaks into hydrochloric and
phosphorous acids, thus :—

PCl, + 3H,0 = 3HCI + HPO. QN
The strongly acid liquid is freed from the hydrochloric acid by
rapid evaporation, when phosphorous acid remains behind as a
clear, colourless syrup, which if preserved for some time over sul-
phuric acid in a vacuum changes into a crystalline mass.

I'ure phosphorous acid is obtained as a bye-product in the pre-
paration of acetyl chloride, when glacial acetic acid is gradually
added to phosphorus trichloride, contained in a retort, and the
volatile acetyl chloride together with the excess of acetic acid dis-
tilled off. TP'hosphorous acid then remains behind as a thick
colourless liquid, which solidifies on cooling. If we represent the
radical of acetic acid by the symbol A, acetic acid then has the
formula AOH, and the process is represented by the following
L’LlLl[I.'lII'I“ —

PCl, + 3A0H = 3ACI + HPO(OH),

Phosphorous acid melts at 707; if the acid is strongly heated it
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breaks up into phosphoric acid and phosphine, the latter catching
fire in the air : —

4HPO(OH), = 3PO-(OH), + PH,.

The phosphites when strongly heated undergo a similar change.

The strong attraction of phosphorous acid for oxygen and its
readiness to pass into phosphoric makes it a powerful reducing
agent. When an aqueous solution is gently warmed with solutions
of mercury or silver the compounds of these metals are reduced to
the metallic state. Similarly, when the acid is exposed to the air it
gradually takes up oxygen and becomes converted into phosphoric
acid.

Hypophosphorous Acid: (H PO OH.

This acid of phosphorus, which contains less oxygen than phos-
phorous acid, is monobasic. Its molecule contains three atoms
of hydrogen, but only one of these atoms can be displaced by
a metal. The acid is soluble in water, and on evaporating down
its aqueous solution remains behind as a syrupy liquid, which crys-
tallizes below o°. Most of its salts crystallize easily, and are all
soluble in water.

The hypophosphites are produced, as we have already seen
(p. 211), when an aqueous solution of an alkali is heated with phos-
phorus. Phosphoretted hydrogen is then evolved, and the hypo-
phosphite remains behind in solution. For the preparation of
hypophosphorous acid and its salts it is best to employ barium
hydrate (baryta-water), since the insolubility of barium carbonate
affords a ready means of removing the excess of alkali. After a
hot saturated solution of baryta-water has been heated with excess
of phosphorus for some time until phosphoretted hydrogen is no
longer evolved, the whole is allowed to cool, and carbonic acid
passed through the clear liquid until it no longer reacts alkaline ;
heat being applied towards the end. The barium carbonate is
then filtered off; and the liquid evaporated down, when barium
h}fpnphnsphne crystallizes out on cooling. The production of this
salt is represented l:-:, the following equation, which is similar to
that by which potassium hypophosphite is formed (p. 212) :—

6P + 2Ba(OH), + 4H,0 = :E }3010 Ba” + P,H,

— -

-
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Milk of lime (calcium hydrate) may be employed instead of the
baryta-water, when calcium hypophosphite is easily obtained in the
crystalline form. Calcium hypophosphite is also obtained when
calcium phosphide is decomposed by warm water (p. 211),

The free acid may be prepared from the barium salt by pre-
cipitating the barium with sulphuric acid and filtering off from the
insoluble barium sulphate. The aqueous solution can be evapo-
rated to a certain degree of concentration without decomposition,
but when more strongly heated breaks up (like phosphorous acid)
into phosphoric acid and phosphine :—

2H,PO-OH = PO(OH), + PH,

It possesses a strong attraction for oxygen, and, like phosphorous
acid, reduces various metals from their oxides or from solutions of
their salts.

COMPOUNDS OF PHOSPHORUS WITH THE
HALOGENS.

We are acquainted with two compounds of phosphorus and
chlorine—viz. phosphorus trichloride, PPCL, in which the phos-
phorus is triad, and phosphorus pentachloride, PCl,, in which the
phosphorus is pentad. Similar compounds with bromine are also
known. A corresponding phosphorus triodide, P1., also exists, but
the pentaiodide has not been prepared ; on the other hand, a com-
pound containing less iodine, of the composition (PL,), or P,1,—
phosphorus di-iodide—is known. Phosphorus forms only one com-
pound with fluorine—the gaseous pentafluoride, PF,. .

The attraction between phosphorus and the halogens is so great
that all these compounds, except the fluoride, can be easily pre-
pared by the direct union of their constituents : while the strong
attraction of phosphorus for oxygen and of the halogens for hydro-
gen is the reason why these compounds are easily decomposed by
water with a considerable evolution of heat.
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PHOSPHORUS TRICHLORIDE (Phosphorous Chloride).
Composition : PCl,,

This compound is a colourless liquid, fuming in moist air, and
which may be prepared in quantity in the following manner. The
bottom of a large tubulated retort is covered about half an inch
deep with dry sand, and when the air has been expelled by car-
bonic acid carefully dried sticks of phosphorus are introduced.
The neck of the retort is then connected with a cooled receiver,
and a rapid stream of dry chlorine led into it. The phosphorus
catches fire in the atmosphere of chlorine, melts, and burns with a
pale flame, forming the trichloride which distils over. The process
must be so regulated that the chlorine is not in excess, partly by
reducing the current of the gas and partly by heating the retort
more strongly. An excess of chlorine would produce the solid
pentachloride. But if too much phosphorus vapour is produced,
a portion distils over into the condenser and receiver. In the pre-
paration of large quantities it is best to employ several vessels
generating chlorine, when the trichloride can then be distilled in an
even stream.

The substance so obtained is never pure; either it contains
dissolved pentachloride or free suspended phosphorus. In the
latter case redistillation is sufficient to remove most of the phos-
phorus : in the former case the liquid must be digested with free
phosphorus, which converts the pentachloride into the trichloride,
and be again distilled. The phosphorus trichloride then only con-
tains small quantities of free dissolved phosphorus, for which it is
a good solvent.

Phosphorus trichloride is a clear, colourless liquid of 1-58
specific gravity. It boils at 76°% and its vapour has a density of
4'7, which corresponds to a molecular weight of 137, and its com-
position PCl,. It fumes in moist air and is at once decomposed
by water into phosphorous and hydrochloric acids with a consider-
able rise in temperature. With chlorine it unites readily and forms
the solid pentachloride.
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PHOSPHORUS PENTACHLORIDE (Phosphoric
Chloride).

Composition . PCl,,

The solid volatile phosphorus pentachloride is easily prepared
from the liquid trichloride by causing the latter to unite directly
with two further atoms of chlorine. A wide-necked flask is about
half filled with phosphorus trichloride on to which chlorine is led
by a wide tube passing through a glass plate closing the neck of
the flask. The tube must not touch the liquid or it will become
closed by the solid pentachloride. The chlorine is rapidly ab-
sorbed, a large quantity of heat is evolved, and the flask must be
kept cool throughout the operation. It is necessary to stir the
mass from time to time and finally to slightly warm it. The con-
version is complete when chlorine is no longer absorbed on allow-
ing the solid mass to stand in contact with the gas in closed
vessels.

Another method of preparation consists in dissolving phos-
phorus in carbon disulphide, and then passing chlorine through
this solution. Phosphorus pentachloride, which is insoluble in

- carbon disulphide, then separates out in indistinct crystals.

Phosphorus pentachlonde is a white crystalline mass fuming

in the air. It sublimes without melting at 100°% and melts under
| pressure at about 148.° Its vapour when inhaled is exceedingly
Irritating, a fact which should not be forgotten in experimenting
'with it.  All operations with it should be carried on in a good
vdraught of air. Its vapour density is 36, corresponding to a
I molecular weight of r1o4, which is only one-half that required for
i the formula PCl, (208'5). The reason of this is that one molecule
i of the pentachloride breaks up when heated (dissociates) into one
| molecule of the trichloride and one of free chlorine, which occupy
! twice the volume that one molecule of the pentachloride would
ttake up. On cooling again the two substances recombine and
i produce phosphorus pentachloride. When the pentachloride is
‘ thrown into water it is at once decomposed with a large evolution
of heat, while a colourless oil collects at the bottom of the vessel
and after a time disappears. This oil is phosphoric oxychloride,
0
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F(}Clm or the chloride of common phosphoric acid, PO(OH),. It
is decomposed by water into phosphoric and hydmchlnrlc acids : —

PCl, + H,0 = POCI, + 2HCL
POCl, + 3H.JCI = PO (DH}” + 3HCIL

The tendency of phosphorus pentachloride to exchange two
atoms of chlorine for one of oxygen makes it a valuable agent for
preparing compounds of chlorine which are difficult to obtain in
any other way. We have seen (p. 165) that when a mixture of
phosphorus pentachloride and sulphuric acid is heated, chlorsul-
phonic acid, phosphoric oxychloride, and hydrochloric acid are
formed.

PHOSPHORIC OXYCHLORIDE (Phosphoryl
Chloride).

Composition : POCL,,

This substance, which closcly resembles phosphorus trichloride
in its physical properties, is gradually produced from phosphorus
pentachloride when exposed to moist air. It is, however, better
prepared by heating the pentachloride with certain acids or with
compounds containing water chemically combined. The best
substance to employ for this purpose is ordinary crystallized boric
acid, which is then converted into boric anhydride :—

3PCl, + 2B(OH), = 3POCl, + B0, + GHCI

Boric acid Boric a Jindrnh_

Phosphorus pentachloride and boric acid are mixed in the
proportions shown in the equation—z.e. about five parts of the former
with one part of the latter—the mixture placed in aretort, and then
heated. Torrents of hydrochloric acid are given off, and phosphoric
oxychloride distils over into the well-cooled receiver. The boric
anhydride, which finally remains behind in the retort, may be
dissolved up in warm water, allowed to crystallize, and again used
for the same purpose.

Phosphoric oxychloride is a colourless liquid sinking in water,
by which it is soon decomposed. It has a specific gravity of 17,
boils at 110° fumes when exposed to the air, and possesses a

piercing odour. It is easily decomposed by water into hydrochloric:

and phosphoric acids.
Corresponding to phosphoric oxychlorideis a sulphur compound,
phosphoric sulphochioride : PSCl,, which is also a colourless liquid,

-
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of specific gravity 1'6 and boiling at 125°. It fumes in the air and

is slowly decomposed by water into phosphoric acid, hydrochloric
acid, and sulphuretted hydrogen. This compound is obtiained by
heating phosphorus pentachloride with certain metallic sulphides—
¢.¢. antimonous sulphide :—

.3PCl, + 8b5, = 3PSCl, + 25bCL.
Antimonous :"m!imu'_:--u.x.
sulphide chloride

BROMIDES OF PHOSPHORUS.

Phosphorus Tribromide (/losplorous Bromide): PDr,.
This is a heavy colourless liquid, of specific gravity 29, boiling

at 173°, and closely similar in its chemical properties to the
corresponding trichloride. It is best obtained by dissulving a
known weight of phosphorus in about eight times as much carbon
disulphide, and then dropping in the requisite quantity of bromine—
z.. three atoms of bromine for every atom of phosphorus.  As soon
as the reaction has ceased and all bromine has disappeared the
carbon disulphide is evaporated off on a water batli, and then the
phosphorus tribromide distilled over.

Phosphorus Pentabromide (/'losphoric Bromide) . PDr..

The pentabromide is prepared in precisely the same way as
the tribromide, except that five atoms of bromine for every atom
of phosphorus are employed.

It 1s a yellow, crystalline solid, less stable than phosphorus
pentachloride, decomposing even at 100” into phosphorus tribromide
and bromine. “When acted upon by water it behaves in a similar
manner to the corresponding pentachloride.

Phosphoric Oxybromide: 'ODr , is a crystalline solid, melting
at 43° and boiling at 195° It is obtained, together with acetyl
bromide and hydrobromic acid, by acting on phosphorus penta-
bromide with acetic acid :—

PBr, + AOH = POBr, + ABr + HBr
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IODIDES OF PHOSPHORUS.

We have already remarked that phosphorus penta-iodide is
unknown ; only the tri- and di-iodides have been as yet prepared.
Both are obtained in the same way—viz. adding the requisite
quantity of iodine to a solution of phosphorus in carbon disulphide.

Phosphorus Tri-iodide : PI,, is soluble in carbon disulphide,
but separates out as red crystals when the liquid, after distilling off
the disulphide, is placed in a freezing mixture. It melts at '55",
gives off iodine at its boiling temperature, and is easily decomposed
by water into phosphorous and hydriodic acids.

Phosphorus Di-iodide : P,I, can be obtained not only by the
method indicated above, but also by the direct union of solid phos-
phorus and iodine. For this purpose a flask is filled with carbonic
acid gas and the phosphorus and iodine introduced in the correct
proportions. On contact they combine energetically with one
another, forming a dark-coloured liquid, which, when the reaction
has been completed by slight rise in temperature, solidifies to a
crystalline mass on cooling. When this mass is dissolved in hot
carbon disulphide, phosphorus di-iodide is deposited on cooling
as bright orange coloured tablets or prisms. The di-iodide melts
at 110° to a bright red liquid, and is decomposed by water into
hydriodic acid, phosphorous acid, and amorphous phosphorus :—

3P,I, + 12H,0 = 4HPO(OH), + 12HI + 2P,

COMPOUNDS OF PHOSPHORUS AND SULPHUR.

Phosphorus and sulphur unite in several proportions with one
another. They have a strong attraction for one another, and their
union is accompanied with so considerable an evolution of heat
that if large quantities are employed disastrous explosions may
be produced.

But if amorphous phosphorus is employed, large quantities of
these compounds may be easily and safely prepared. Powdered




Arsenic. 229

sulphur and amorphous phosphorus are mixed together, and the
mixture heated in a closed Hessian crucible. The crucible is first
gently heated, and then more strongly after the reaction has
taken place. The two substances unite with one another at the
moment when the amorphous phosphorus passes into the common
form. A large quantity of heat is given off, but no explosion takes
place. If sulphur is in excess phosphorus pentasulphide: P,S,,
is produced, while with excess of phosphorus tetraphosphoric
trisulphide : P,S,, is formed.

Phosphorus Pentasulphide (Plosphoric Sulphide): P,S,,
may also be prepared by heating yellow phosphorus with sulphur
and carbon disulphide in sealed tubes at 210°. On cooling, the
cempound separates out in long yellow needles. It melts at 210°
boils without decomposition at about 5307, and is decomposed by
water into phosphoric acid and sulphuretted hydrogen,

Tetraphosphoric Trisulphide : I’ 5, is easily soluble in cold
carbon disulphide, from which it crystallizes in long, yellow, rhombic
prisms, which melt at 166° and are only slowly decomposed by
water into phosphorous acid and sulphuretted hydrogen.

Among other sulphides of phosphorus may be mentioned :
Phosplorus disulplide : PS,, or more probably P,S  which is also
prepared by heating a mixture of phosphorus, sulphur,and carbon
disulphide,

ARSENIC.
Chemical Symbol » As.—Atomic Weight : 7s.

Arsenic occurs in nature both native and in chemical combina-
tion with other elements. Native arsenic is sometimes found in
the crystalline’ state, but it generally occurs in rough lumps, which
easily break up into uneven laminwe. More common in nature are
its compounds, of which the following are the most important :
Arsenical fvon, FeAs, ; arsenical ivon pyrites or mispickel, FeSAs
Kupfer-uickel, NiAs ; sinaltine or tin white cobalt (Co,Ni,Fe) As,
realgar, As,S, ; orpiment, As,S,. DBesides these, arsenic is also
found in combination with oxygen as white arsenic: As,0,, and in

"
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the form of arsenic acid in various minerals, such as phenacolite,
cobalt-bloom, mimetesite, &c. Finally, it is a very remarkable fact
that arsenic, probably as arsenious acid, has been discovered in
many mineral springs, in those of Ems, Kissingen, Pyrmont,
Schwalbach for example. The quantity is, however, so extremely
small that the physiological action of the mineral waters can
scarcely be ascribed to its influence.

Arsenic (commonly called ¢metallic’ arsenic to distinguish it
from ¢ white’ arsenic, the oxide), when freshly broken, possesses a
steel-grey colour, and strong metallic lustre. It is very brittle,
and may therefore easily be reduced to powder. Its specific
gravity i1s 5'7. When heated arsenic sublimes and condenses
partly as an amorphous mass, and partly as rhombohedra ; it may
be melted under increased pressure. The specific gravity of its
vapour at about 860° is 102, which corresponds to a molecular
weight of about 300, or, in other words, its molecule in the gaseous
state contains four atoms. In this abnormal property arsenic re-
sembles, therefore, phosphorus and sulphur.

When exposed to moist air arsenic loses its metallic lustre, and
becomes dull in consequence of surface oxidation. It is insoluble
in water, but if the water contains air a small quantity of the
arsenic is oxidized by the oxygen of the air to arsenious acid, which
then dissolves in the water.

When heated in the air arsenic volatilizes and burns, forming
white fumes of arsenious anhydride. At the same time an unplea-
sant garlic-like odour is noticed, which is perhaps peculiar to
arsenic vapour, or is perhaps due to a lower oxide. Heated in
oxygen, arsenic burns with a large evolution of light and heat, also
producing arsenious anhydride. Finely powdered arsenic, when
shaken into a jar of chlorine, catches fire and burns to arsenious
chloride. Nitric acid oxidizes arsenic to arsenious or arsenic acid
accordingly as the arsenic or nitric acid is in excess. In the same
way concentrated sulphuric acid also oxidizes arsenic, and is itself
reduced to a sulphurous anhydride. Hydrochloric acid scarcely acts
upon it.

Native arsenic is never pure. It may be obtained pure by
sublimation from arsenical iron pyrites, which breaks up when
heated into ferrous sulphide and metallic arsenic.

Arsenic is chiefly used in the arts for hardening lead in the
manufacture of shot.




Arseniuretted Hydrogen (Arsine). 231

ARSENIURETTED HYDROGEN (Arsine).
Composition : AsH,,

This substance, corresponding to ammonia in composition, is
the only known compound of arsenic and hydrogen. In conse-
quence of the weak affinities of the two elements for one another
it cannot be prepared directly from its constituents,

Arseniuretted hydrogen is a colourless gas, with a repulsive
odour resembling garlic, and only slightly soluble in water. It is
condensed at - 40° to a colourless liquid, and burns when ignited in
the air with a livid flame forming water and arsenious anhydride.
The specific gravity of the gas is 2°7, corresponding to the mole-
cular formula : AsH, Arseniuretted hydrogen is one of the most
deadly poisons with which we are acquainted ; it is more poisonous
than any other compound of arsenic. The chemist Gehlen lost his
life by inhaling this gas, and fatal efiects have also been produced
in some other cases. Experiments with arseniuretted hydrogen
must therefore be undertaken with great care, and the conditions
under which the gas may be produced ought to be well known.

Arseniuretted hydrogen is produced in all cases when nascent
hydrogen and arsenic are brought together, especially in acid liquids.
In considerable quantities it may be obtained by acting on an alloy
of zinc and arsenic (prepared by adding two parts of arsenic to three
of meited zinc, and pouring the alloy into cold water) with dilute
hydrochloric acid. The reaction is illustrated by the followiny
equation :—

: aes: VEEH i 5
As,Zn, + 350, (OH = 350,'0,4n + 2AsH.

Since commercial zinc nearly always contains small quantities
of arsenic, the hydrogen which is prepared from zinc is nearly
always contaminated with arseniuretted hydrogen. On the other
hand, commercial hydrochloric and sulphuric acids also contain
traces of arsenic as arsenious acid, and when such acids are used
for the preparation of hydrogen, the nascent hydrogen reduces the
arsenious acid to arseniuretted hydrogen ;—

As,0O, + OH, = 3H,0 + 2AsH,

On adding a few drops of a solution of arsenious acid to an appa-
ratus evolving hydrogen from zinc and sulphuric acid, a mixture of
hydrogen with sufficient arseniuretted hydrogen to exhibit its most
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important properties is obtained. It is extremely dangerous to
prepare the nearly pure gas from the alloy of zinc and arsenic. The
production of the gas from a solution of arsenious acid and nascent
hydrogen is used to detect extremely minute quantities of arsenic.

The two constituents are so loosely combined in arseniuretted
hydrogen, that the compound is decomposed at a low red-heat into
arsenic and hydrogen. When led in a slow stream through a red-
hot glass tube, the inner walls of the tube just beyond the heated
portion become coated with a lustrous, nearly black mirror of re-
duced arsenic. The mirror of arsenic may be readily observed
when very minute quantities of the gas mixed with much hydrogen
are passed through the hot tube. The same decomposition takes
place when a jet of arseniuretted hydrogen is inflamed in the air.
By the high temperature of the flame the unburnt gas in its interior
is decomposed into hydrogen and arsenic, and it is this finely
divided arsenic which imparts to the flame its pale livid colour.
That free arsenic is really present in the interior of the flame may
be readily proved by pressing a piece of cold white porcelain,
such as a porcelain dish, down upon the flame. The cold porcelain
becomes coated with a round stain of black arsenic at the spot
where the flame has touched it. The same phenomenon is produced,
though less intense, if the gas is mixed with a large quantity of
hydrogen.

It is well known that wall-papers printed with colours (especially
bright greens) containing arsenic exercise an injurious influence
on persons living or sleeping in rooms so papered. The papers are
fastened to the walls with starch paste, which easily ferments and
sets free nascent hydrogen. And since the whole thickness of the
paper is saturated with the paste, this nascent hydrogen comes
directly into contact with the arsenic compounds, and reduces them
to arseniuretted hydrogen, which then poisons the air of the rooms.
The quantity of the gas produced is of course very minute, but
often sufficient to produce very injurious effects, and sometimes a
faint unpleasant smell may also be observed. The sale of such
papers ought therefore to be forbidden by law.

That the arsenic and hydrogen are only feebly united in
arseniuretted hydrogen is also shown by its general chemical
behaviour. Chlorine decomposes the gas at once into arsenious
chloride and hydrochloric acid, producing a large quantity of light
and heat. This is easily shown by leading the gas into a cylinder
containing chlorine.

o
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Arseniuretted hydrogen led into a solution of silver nitrate
produces a black precipitate of metallic silver, while both the
hydrogen and arsenic are oxidized : —

2AsH, + 12NO,-OAg + 3H,O
12NO,-OH + 12Ag + AsO,

il

With copper sulphate it precipitates copper arsenide.

COMPOUNDS OF ARSENIC WITH OXYGEN.

Two of these compounds are known—arsenious anhydride and
arsenic anhydride—both of which are soluble in water and then
produce the corresponding acids. The former is a weak acid only
slightly soluble in water, while the latter is easily soluble, and is a
strong acid. The two oxides possess an analogous composition to
that of phosphorous and phosphoric anhydrides, and arsenic acid,
like common phosphoric acid, is tribasic.

Just as when sulphur is burnt, sulphurous anhydride is produced
and not sulphuric anhydride, so too the combustion of arsenic always
produces arsenious anhydride and not arsenic anhydride. We can,
however, easily oxidize arsenic, or the lower oxide, to arsenic acid
by nitric acid, in the same manner as we obtain sulphuric acid from
sulphur or its lower oxide.

ARSENIOUS ANHYDRIDE. (wwhnite Arsenic.)
Composition : As,0.,.

This oxide of arsenic is found in small quantities in nature as
the mineral arsenic-6loom, and is produced on a large scale by
roasting various minerals containing arsenic in a free supply of air.
The volatile products so produced, which consist chiefly of sulphu-
rous and arsenious anhydrides, are led through long passages and
chambers, where the arsenious anhydride is deposited as a white
crystalline powder. It is brought into trade partly in this form,
and partly as a vitreous, amorphous solid.

Arsenious anhydride is odourless, both in the solid and gaseous
states. [t possesses a faint sweetish taste. Two modifications of
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this substance are known—the one amorphous and vitreous, the
other crystalline. The former is prepared from the latter by
subliming the white crystalline powder in upright iron retorts at
as high a temperature as possible, when the vitreous form is de-
posited in crusts on the neck of the retort.

Vitreous arsenious anhydride is a transparent, lustrous, amor-
phous solid, breaking with a conchoidal fracture. It has a specific
gravity of 372, and gradually changes from the exterior to the
interior into the crystalline modificztion and assumes the appear-
ance of white porcelain. Pieces of vitreous arsenious anhydride
which have been prepared for some time are found, when broken,
to contain only a small nucleus of the transparent kind, all the
rest having changed into the crystalline variety.

The crystalline modification has a somewhat smaller specific
gravity (3'62), and is less soluble in water than the vitreous kind.
One part of the former requires 355 parts of water for its solution
at the ordinary temperature, while one part of the latter dissolves
in 108 parts of water ; in boiling water more of each variety is
dissolved. A hot saturated aqueous solution, on cooling, deposits
arsenious anhydride in regular octahedra. The aqueous solution
faintly reddens litmus paper. It 1s remarkable that, although
arsenious anhydride is much less soluble in water than arsenic
anhydride, it i1s still far more poisonous than this latter compound.
Hydrochloric acid dissolves much larger quantities of arsenious
anhydride than water. Nitric acid oxidizes it to arsenic acid, and
is itself reduced to nitrous anhydride and nitric peroxide (p. 194).

Arsenious anhydride sublimes when heated without melting,
and is deposited on the cool walls of the vessel in brilliant trans-
parent octahedra. It is dimorphous, and sometimes occurs in
crystals belonging to the rhombic system.

The vapour density of arsenious anhydride has been found
to be 138, which corresponds to a molecule consisting of four
atoms of arsenic united with six atoms of oxygen. It is, however,
probable that if the vapour density were determined at a higher
temperature it would be found to be only one-half as great, or,
in other words, that the molecules of arsenious anhydride which
exist at comparatively low temperatures would break up into
molecules of half the weight, just as those of sulphur vapour,
which contain six atoms at a temperature of about 100° above its
boiling point, break up at a higher temperature into molecules
only one-third as heavy.
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Avrsenions Acid : As(OH),, is probably contained in an aqueous
solution of arsenious anhydride, but has not yet been prepared in the
free state. It is a tribasic acid. With the alkalies it forms soluble
salts ; its other compounds are insoluble or difficultly soluble in
water, but are easily dissolved by acids, even by excess of arsenious
acid itself. Its compounds are in general but little known ; many
are unstable because of the weak affinities of the acid. The
ammonium compound, obtained by saturating an aqueous solution
of the acid with ammonia, loses all its ammonia on evaporation
and finally leaves only arsenious anhydride behind. If to an
aqueous solution of arsenious acid silver nitrate is added, no pre-
cipitate of silver arsenite is formed ; because the nitric acid, which
is set free on the production of this compound, keeps it in solution,
But on the addition of one drop of ammonia, which neutralizes tha
nitric acid, a bright yellow precipitate i1s obtained, very similar to
silver phosphate in appearance. It is also soluble in ammonia,
and care must therefore be taken not to add too much of this
reagent. Arsenious acid or its salts are at once distinguished from
phosphoric acid or its salts by the production of a yellow precipi-
tate of arsenious sulphide, when sulphuretted hydrogen is led
through their slightly acid solution,

The double compound of copper arsenite and copper acetate
(Schweinfurt green), as well as an acid copper arsenite (Scheele’s
green), are brilliant green pigments.  Both are extremely poisonous,
and are therefore but little employed ; they should never be used
for paper-hangings, textile fabrics, toys, and other similar articles.

No substance has been for so long and so often the cause of
death by poisoning both accidentally and intentionally as arsenious
anhydride. Its external appearance, particularly its similarity to
common flour, its slight taste, and lack of odour combine to render
it particularly dangerous. Doses of o'12 gramme (2 grains), or
even less, often produce fatal efiects. Chemists have, therefore,
endeavoured to discover, firstly, some substance which, when taken
internally, shall counteract the action of the poison—/.c. act as an
antidote ; secondly, some method by means of which arsenic mav
be readily and certamly discovered in the bodies of persons who
are supposed to have been poisoned by it.  Both these objects have
now been attained.

Notwithstanding its poisonous properties, it is a remarkable
fact that some animals—e.g. horses—can take large doses of arsenic
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without any ill effects. On the contrary, it improves their general
appearance and makes their coats more glossy. Doses, even
as large as 15 grammes, have also been given to sheep without
apparent injury. In the same way man himself may become
accustomed to the use of arsenic. The so-called arsenic ecaters
of the Tyrol, who commence with small doses, at last take as much
as 3 gramme daily and even more. They thus become stouter,
look healthier, and can ascend mountains more easily. Symptoms
of arsenic poisoning only make their appearance when the use of
the poison is discontinued.

For more than 2,000 years it was vainly endeavoured to discover
some substance which should act as an antidote to arsenic. In
1834, however, Bunsen discovered such a substance in ferric
hydrate, which, when taken soon enough, nearly always entirely
counteracts the injurious effects of the poison, This discovery
was not the result of accident, but was due to simple deductions
from chemical facts. Bunsen found during his investigations on
arsenious acid that ferric arsenite is quite insoluble in water ; it
was also known that substances insoluble in water and the gastric
juice do not exercise any poisonous action on the animal body.
From this he argued that if ferric hydrate in a suitable form were
introduced into the stomach of persons who had taken arsenious
acid, this insoluble and innocuous ferric arsenite would be formed
and afterwards expelled from the body.

His expectations were realised in a remarkable degree, and
since then many valuable lives have been saved by the action of
this antidote. It is only the freshly precipitated hydrate which
possesses this action. If the hydrate is kept for long, even when
mixed with water, it undergoes a molecular change and becomes
much weaker in its action. One of the best methods of administer-
ing the antidote is as follows. A solution of ferric sulphate, pre-
pared by oxidizing ferrous sulphate, is mixed with calcined mag-
nesia (magnesium oxide). The substances then produced are the
red-brown insoluble ferric hydrate and soluble magnesium sul-
phate (Epsom salt), which remains in solution :—

(§0.),0,Fe, + 3MgO0 + 3H,O
= Fe (OH), + 350,-0,Mg.

The ferric hydrate combines with the arsenious acid, while the
accompanying magnesium sulphate acts as a powerful purgative
and rapidly removes the arsenic from the system.

il =W o TR
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DETECTION OF ARSENIC IN CASES OF
SUSPECTED POISONING.

In cases of suspected poisoning by arsenic, it is first necessary
to make a mechanical examination of the vomit or of the contents
of the stomach to discover, if possible, white grains of unabsorbed
arsenious anhydride. If such are found they are carefully collected
and subjected to a special examination.

One or two of these grains are placed at the end of a closed
lass tube drawn out to a fine point, above which a small splinter
of freshly glowed wood-charcoal is allowed to fall, as shown in

Fig. 48.

fig. 48. The splinter of charcoal is now gently heated in a gas
flame until faintly glowing, and the tube is then slightly inclined
so as to bring its extreme end into the flame. If the substance is
arsenious anhydride it is converted into vapour, which on passing
over the red-hot charcoal is reduced, its oxygen uniting with the
charcoal, the reduced arsenic being deposited in the cooler parts
of the tube above the charcoal as a lustrous black ring (fig. 49).

To be sure that this metallic mirror is really arsenic, the end of the
tube is cut off when cold, the piece of charcoal allowed to drop
out, and the mirror gently heated. The arsenic is then again con-
verted into vapour, recombines with the oxygen contained in the
warm air passing through the tube, and is deposited in the form
of arsenious anhydride as a white crystalline coating in the upper
and cooler parts of the tube. At the same time the garlic-like
odour, produced when arsenic is volatilized, is noticed at the upper
end of the tube.

The white deposit of arsenious anhydride must dissolve in one
drop of hydrochloric acid, and the solution, with the tube itself,
when dropped into a test-tube containing sulphuretted hydrogen
water, must give a bright yellow precipitate of arsenious sulphide.
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Whether white grains of free arsenious anhydride have been
found or not, it is usually necessary to look for the arsenic, which
may be intimately mixed or chemically combined with the organic
matter of the stomach and other organs. For this purpose it is
first necessary to destroy the organic matter in the following
manner.

The organs are cut into small pieces, placed in a porcelain
basin, and heated on the wafer-fath with chemically pure hydro-
chloric acid, while small quantities of potassium chlorate are added
from time to time. The chlorine which is liberated from the mix-
ture of hydrochloric acid and potassium chlorate destroys the
organic substances and oxidizes the arsenic to arsenic acid. The
mixture must not be heated over the naked flame, or at least not
hoiled, for if this were done arsenic chloride would pass off with
acid vapours and so be lost. As soon as the potassium chlorate
has been completely destroyed, which may be easily recognized by
the liquid no longer smelling of chlorine—the hydrochloric acid
being of course in excess—the liquid is filtered and the residue
well washed with hot water. All the arsenic, in the form of
arsenic acid, is now contained in the solution, together with small
quantities of organic compounds. From the clear liquid the
arsenic is thrown down as arsenious sulphide by a long-continued
stream of well-washed sulphuretted hydrogen. Arsenic acid, un-
like arsenious acid, is not precipitated af ence by sulphu-
retted hydrogen, but only after some time. The first action of
the gas is to reduce the arsenic acid to arsenious acid, free
sulphur being at the same time precipitated. The yellow precipi-
tate consists therefore of a mixture of sulphur and arsenious
sulphide.

As soon as the liquid smells strongly of sulphuretted hydrogen
and has been allowed to stand for about twelve hours in a warm
place, the precipitate—usually dark-coloured from organic im-
purities—1s collected on a 5111;-:11] filter and well washed. The
moist filter paper with the precipitate is then spread out inside a
small porcelain dish, carefully dried, and moistened with pure con-
centrated sulphuric acid. On gently warming the dish, the paper
is completely charred and destroyed, as well as the traces of organic
substances mixed with the precipitate ; a few drops of pure nitric
acid or a crystal of nitre then completely oxidizes the arsenious
sulphide again to arsenic acid. The filtered solution now con-
tains the whole of the arsenic originally present in combination
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with oxygen as arsenic acid, and it now remains to prove in a
certain manner the presence or absence of this substance.

This is done by means of MWarskh's apparafus, in which arsenic
acid or arsenious acid is reduced to arseniuretted hydrogen, a gas
easily yvielding free arsenic when decomposed by heating.

Marsh’s apparatus, so called after its discoverer, consists of a
two-necked Woulffe’s bottle (fig. 50) furnished with a funnel-tube
and a delivery-tube, both fitted gas-tight through good, sound
corks. The short, bent delivery-tube is attached by a sound cork
to a piece of difficultly fusible gas (called combustion-tube) which
has been previously narrowed in several places, and of which the
end is bent upwards at right angles, and terminates in a small jet.
The front part of this tube is packed loosely with cotton-wool or

Fig. 500

glass-wool, to retain any liquid which might be mechanically
carried over from the Woulffe's bottle by the gas. The tube is
supported in several places so that it may not bend when after-
wards heated.

After a quantity of granulated zinc, free from arsenic, has been
introduced into the Woulffe's bottle and the apparatus arranged
as described, a cold mixture of pure sulphuric acid with about
eight times its volume of water, prepared beforehand, is poured
into the flask throuch the funnel tube. The hydrogen, which is at
first evolved slowly, but afterwards more rapidly, is allowed to
pass through the apparatus until all the air has been expelled.
The gas is then ignited at the jet, and the tube strongly heated in
several places by separate powerful burners,
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This preliminary experiment is to decide whether the substances
employed—-the zinc and the sulphuric acid—are absolutely free from
arsenic. If either contains even traces of arsenic, this substance
is always converted by the nascent hydrogen into arseniuretted
hydrogen. This latter gas, even when mixed with a large excess
of hydrogen, is decomposed when heated to redness in the tube
into arsenic and hydrogen, and the former is deposited as a brilliant
black ring or mirror on the cooler parts of the tube just beyond
the portions heated.

Should the stream of gas be rapid, small quantities of arseniu-
retted hydrogen may remain undecomposed, but are at once de-
tected by pressing a cold white porcelain dish on the jet of burning
gas. If arsenic is present, that part of the porcelain dish in
contact with the flame becomes covered with a black stain of
arsenic.

If after ten minutes of continued heating no trace of a mirror
1s formed in the tube, and the porcelain dish when pressed down in
the flame remains perfectly white, it is absolutely certain that both
the zinc and the sulphuric acid contain no arsenic.

The dilute sulphuric acid solution which is to be tested for
arsenic is now gradually poured into the Woulffe’s bottle, while the
tube is continuously heated in several places and the jet at the end
kept ignited. The rate at which the gas is evolved is to be regu-
lated by pouring in acid or by placing the bottle in cold water : it
was for this purpose previously placed in an empty basin. The
rapidity of the stream of gas is known by the height of the flame at
the jet ; it should be regulated until the flame is about three centi-
metres (one inch) high. If arsenic is present, as many of the
mirrors as possible, both in the tube and on porcelain dishes,
should be prepared in order to prove by further experiments that
they really consist of arsenic. And when cold the glass tube is
afterwards cut up into as many pieces as it contains mirrors,

Even with all the precautions which have just been enumerated,
there is still a possibility of error. The oxides of antimony, like
those of arsenic, are also reduced by nascent hydrogen, producing
gaseous antimoniuretted hydrogen, which, like the arsenic com-
pound, is decomposed at ared heat into its cunstitl.lemﬁ—runtdinmn}-'
and hydrogen. If, therefore, the suspected liquid contains no
arsenic but antimony, mirrors of antimony are obtained in the
Marsh’s apparatus which can scarcely be distinguished by the naked
eye from those of arsenic.

Y O W A T e e
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And when it is remembered that in cases of suspected poison-
ing an emetic is nearly always given to remove the poison as quickly
as possible from the stomach, and that one of the most powerfully
acting of these substances is tartar emetic (a compound of tartaric
acid, potassium, and antimony), it will be at once seen that on
treating the contents of the stomach by the above process, mirrors
of antimony may be obtained indistinguishable from those of
arsenic without further experiments.

To be quite sure that the mirrors (if obtained) are arsenic and
not antimony, the following experiments may be tried :—

I. One of the pieces of glass tube containing a mirror is im-
mersed in a freshly prepared solution of sodium hypochlorite. 1f
the mirror is of arsenic it disappears almost immediately, while if of
antimony it remains unchanged in the liquid for more than twenty-
four bours.

2. A second piece of tubing containing a mirror is inclined at
an angle and gently heated. Doth antimony and arsenic are thus
oxidized, the former to antimony tetroxide, the latter to arsenious
anhydride, which are deposited on the upper and cooler parts of
the tube. Both these white deposits dissolve readily in a drop of
warm hydrochloric acid, but on dipping them into sulphuretted
hydrogen water, the antimony gives an orange-coloured precipi-
tate of antimonous sulphide, while the corresponding sulphide of
arsenic obtained in the same way is bright yellow.

3. The mirrors obtained by depressing a piece of cold porcelain
on a jet of the burning gas are treated with yellow ammonium sul-
phide (containing dissolved sulphur). Both arsenic and antimony
dissolve (the latter more quickly), and so preduce compounds of am-
monium sulphide with arsenic and antimony sulphides respectively.,
If, then, both are evaporated to dryness, yellow arsenic sulphide is
produced from the former and orange antimony sulphide from the
latter. The orange antimony sulphide is at once dissolved by a
few drops of warm hydrochloric acid, but the yellow arsenic sul-
phide remains unchanged,

Such investigations to discover the presence or absence of
arsenic are not of themselves difficult. But they require great
care and experience on the part of the chemist ; he must be abso-
lutely certain (i.) that small quantities of arsenic have not escaped
him, (ii.) that arsenic was not contained in the reagents or vessels
employed and so have been found when not really present in the
original substance ; and, finally, that antimony has not been mis-

R
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taken for arsenic. In criminal cases, where his decision may be a
question of life or death, the investigations should be conducted
with even greater care, and only chemists of long experience should
be employed.

Among the minor precautions which must be remembered and
attended to in such investigations are the following,

Pure diluted sulphuric acid and pure zinc evolve pure hydrogen
without a trace of sulphuretted hydrogen, even when the liquid be-
comes heated. But if concentrated sulphuric acid is added by a
funnel tube to a mixture of zinc and water, the hydrogen is found
to be mixed with sulphuretted hydrogen, the latter gas being pro-
duced by the action of the nascent hydrogen upon the sulphurous
anhydride formed under these circumstances (p. 160). If arsenious
acid is present in this liquid it is at once converted into arsenious
sulphide, upon which nascent hydrogen has no action.

If, therefore, concentrated acid is poured into the Marsh’s appa-
ratus—e.g. to accelerate the evolution of gas—and the solution to
be tested for arsenic then added, even if the latter substance were
present, no mirror or only a minute one of arsenic would be pro-
duced, because the arsenic would remain behind in the flask as
arsenious sulphide.

For the same reason granulated zinc which has lain in the
laboratory for some time and of which the surface has become
covered with a thin coating should first be digested with dilute
sulphuric acid and washed. This coating is not always simply zinc
oxide, but may contain zinc sulphide, which would produce sul-
phuretted hydrogen in the Marsh’s apparatus and lead to the forma-
tion of arsenious sulphide.

Since sulphurous acid, in acid snlutmns is reduced by nascent
hydrogen to sulphuretted hydrogen, care must be taken that the
liquid before introduction into the Marsh’s apparatus is perfectly
{ree from this substance. A mere trace of sulphurous acid would
form arsenious sulphide, and so be a source of error.

If the liquid to be tested contains organic matter suspended or
dissolved when introduced into the Marsh’s apparatus, it might
be volatilized or particles of it might be carried over mechanically
by the stream of gas, and become carbonized at the heated portions
of the tube. A dark lustrous deposit of carbon might thus be
produced similar to the arsenic mirror. It is, for this reason,
absolutely necessary to remove the whole of the organic matter
by treating the original substance with hydrochloric acid and
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potassium chlorate, and by acting on the sulphuretted hydrogen
precipitate with concentrated sulphuric acid.

In some cases the dried substance might be at once charred
with concentrated sulphuric acid to destroy organic matter, without
first acting upon it with hydrochloric acid and potassium chlorate.
This, however, is only permissible when the substance is free from
common salt or other metallic chlorides. In such cases hydro-
chloric acid 1s formed, which unites with the arsenious anhydride
to form volatile arsenious chloride, and this passes away with the
vapours, and is lost. And as the organs of the human body nearly
all contain common salt, this charring with sulphuric acid is in-
admissible,

It is of course of the utmost importance to test the various
substances employed in the investigation for arsenic. The sul-
phuric acid, zinc, hydrochloric acid, potassium chlorate, the nitric
acid or nitre and even the filter papers and water must all be
previously brought into the Marsh's apparatus for this purpose,
It is also better in all important (criminal) cases to employ exclu-
sively new vessels and apparatus which have never previously been
used for chemical purposes.

A further complication arises when the substance to be tested
for arsenic contains antimony. Mirrors are then produced in the
Marsh’s apparatus, but no definite result can be obtained, espe-
cially when only relatively small quantities of arsenic are present.
If the mirror does not apparently dissolve when dipped into a
solution of sodium hypochlorite, it does not follow that arsenic is
absent.

We owe to Fresenius a very simple and exact method of de-
tecting arsenic in presence of much larger quantities of antimony,
This method depends upon the fact that arsenic is easily volatilized
at a low red heat, but antimony only at a much higher temperature,
and that the sulphides of both metals are easily reduced when
heated with potassium cyanide, which is then converted into potas-
sium sulphocyanate. The practical details are as follows,

The substance to be tested for arsenic is treated as described
above, except that finally the antimony and arsenic are precipitated
as sulphides by a continued stream of sulphuretted hydrogen, and
the sulphides washed and dried. The dried sulphides are then
rapidly mixed in a warm mortar with about four times as much of
a mixture of 1 part of potassium cyanide and 3 parts of dry sodium
carbonate. This mixture is imru_luluf:u(i quickly (to avoid abstraction

K 2
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of moisture from the air) into a short piece of glass tubing open at
both ends and this slipped into a piece of combustion tube drawn
out at one end. A carbonic acid apparatus is connected with this
tube as shown in fig. 51.

As soon as all the air is expelled the stream of carbonic acid is so
regulated that it only passes quite slowly. Various positions of the
narrow portion are now heated to low redness, and then the mixture
of the two sulphides, with sodium carbonate and potassium cyanide.

Fig. 5.

Both sulphides are thus reduced to arsenic and antimony respec-
tively. The latter remains with the mixture, while the formeris
volatilized and deposited beyond the heated portions of the narrow
tube as ordinary arsenic mirrors which exhibit all the properties of
this element. At the same time a small quantity of arsenic is
carried over with the carbonic acid, imparting to the gas issuing
from the end of the tube the well-known intense garlic odour of
arsenic.

ARSENIC ANHYDRIDE : As,0,, and ARSENIC
ACID: AsO-(OH),.

On the combustion of arsenic in oxygen, the lower oxide, arse-
nious anhydride, and not the higher, arsenic anhydride, is always
produced, because the latter compound is decomposed at the tem-
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perature of combustion of arsenic into arsenious anhydride and
oxygen. We have already seen (p. 156) that for the same reason
sulphur always burns to sulphurous anhydride and not to sulphuric
anhydride. The oxidation can, however, be readily effected in
what is called the wet way by nitric acid, which easily gives up
oxygen to many substances.

When arsenious anhydride is heated with nitric acid large
quantities of red fumes consisting of nitric peroxide and nitrous
anhydride are evolved ; and if the strongly acid liquid is evapo-
rated down to a syrup in order to expel the excess of nitric acid,
crystals of arsenic acid united with water: 2AsO(OH), + H,O,
separate out on cooling in rhombic plates. These crystals are
very deliquescent ; they melt at 100” and lose their water of crystal-
lization, leaving pure arsenic acid.

Arsenic acid so obtained is a strong acid, and, like ordinary
phosphoric acid, is tribasic. It also loses water when heated 1o
about 1807, forming tetrabasic pyrearsenic acid : O :tiﬂf:;ﬂ} At
a higher temperature, about 2007 a further quantity of water is
given off and the acid becommes monobasic melarsenic acid:
AsO,-OH, which, finally, at a low red heat is converted into arsenic
anhydride : As ,O., thus :—

2As0,-0H - H,0 = As,0, = 0 !AsO,
? = S l,.:'L.'-;(_J'._.

The anhydride is a white amorphous substance, only difficultly
soluble in water, but which is gradually converted into ordinary
tribasic arsenic acid when allowed to stand for some time in contact
with water. At temperatures above a red heat arsenic anhydride
breaks up into arsenious anhydride and oxygen,

Even at ordinary temperatures arsenic acid in solution readily
gives up oxygen to many substances, as, for example, sulphuretted
hydrogen, sulphurous anhydride, stannous chloride, &c., and is
reduced to arsenious acid. Nascent hvdrogen evolved in acid
liquids reduces arsenic acid, as well as arsenious acid, to arseniu-
retted hydrogen. In consequence of the readiness with which
arsenic acid parts with oxygen, it is largely employed in the arts—
principally to oxidize aniline, and to convert it into the brilliant
aniline colour known as magenta or fuchsine,

Common or tribasic arsenic acid yields, like common phos-
phoric acid, three series of salts—the normal, monacid, and
diacid salts, The two former are mostly msoluble, or difficultly
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soluble, in water. Normal silver arsenate : AsO(OAg),, is thrown .
down as a chocolate-coloured precipitate on mixing solutions of
the sodium salt and silver nitrate. It is easily soluble in nitric
acid, and is at once distinguished from vyellow silver arsenite
by its colour. The monacid sodium arsenate corresponding to
common sodium phosphate has the composition ; —

{ONa), . ..
AsO | gy 72+ 12H,0,

and, like the phosphate, is obtained in fine clear crystals when its
solution is slowly evaporated.

Arsenic acid, like phosphoric acid, also produces a yellow
crystalline precipitate with a nitric acid solution of ammonium
molybdate, And the compound of arsenic acid corresponding to
ammonium-magnesium phosphate (p. 218), of the composition :

AsO ES'EI}IQ is, like the phosphate, insoluble in water containing
|ONH,

ammonia, and is therefore used for the quantitative determination
of arsenic.,

Arsenic acid, like arsenious acid, is precipitated as a yellow
sulphide by sulphuretted hydrogen. This precipitation is not,
however, produced at once, as is the case with arsenious acid, but
only after some time, and then consists not of arsenic pentasulphide
but of a mixture of the trisulphide and sulphur. By warming the
solution, which assists the reduction of the arsenic acid to arse-
nious acid, the precipitation may be accelerated. Arsenic acid is
poisonous, but, notwithstanding its much greater solubility in
water, is far less so than arsenious acid.

COMPOUNDS OF ARSENIC WITH THE HALOGENS.

Arsenic, like phosphorus, combines directly with the halogens,
but of these compounds only those are known which contain triad
arsenic. Compounds containing one atom of arsenic united with
five atoms of chlorine, bromine, or iodine have not yet been pre-
pared.
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Arsenious Chloride: AsCl, is a colourless, volatile, oily
liquid, boiling at 130°% and with a specific gravity of 2.2, It is
easily decomposed by water into hydrochloric and arsenious acids,
and is therefore very poisonous. Its vapour density is 6°3, corre-
sponding to the molecular weight represented by the formula :
:\.5{:]:5.

Arsenious chloride is produced by acting upon arsenic with
dry chlorine, or better, by heating an intimate and dry mixture of
4 parts arsenious anhydride and 7 parts common salt with an
excess of concentrated sulphuric acid in a retort provided with
a receiver ;—

As,0, + 6NaCl + 650,(0H),

sAECT, & 650,198 3H.O.

{ONa

The arsenious chloride then distils over, and acid sodium sulphate
remains behind. The water, which is produced at the same time,
is retained by the excess of sulphuric acid.

A simpler and better method of preparation consists in heating
a mixture of powdered arsenic (1 part) with dry mercuric chloride
(1o} parts) in a retort. The mercuric chloride then parts with one
half of its chlorine, and is converted into mercurous chloride :—

2As + ©6HgCl, = 2AsCl, + 3Hg.ClL.

The chloride is purified by redistillation ; it often possesses a
violet colour.

Arsenious Bromide : AsBr, is also produced by the direct
union of its elements, best by dissolving the dry bromine in per-
fectly dry carbon disulphide and then adding small quantities of
powdered arsenic. Dy slow evaporation of the clear liquid poured
off froin the excess of arsenic in a current of dry air, arsenious
bromide crystallizes out. It deliquesces when exposed to the air,
and is easily decomposed by water, like the chloride, into hydro-
bromic and arsenious acids.

Arsenious Xodide : Asl,, is prepared in a similar manner to
that employed for the bromide, and crystallizes on evaporation of
the solvent as brilliant red tablets. This compound is soluble in
alcohol, and may be crystallized from its solution in this liguid.
It is dissolved unchanged by cold water, but if the salution is
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warmed decomposition ensues with formation of hydriodic and
arsenious acids. Arsenious iodide is employed in medicine as a
remedy for cancer.

Arsenious Fluoride : AsF,, is produced as a colourless liquid
by distilling equal parts of finely powdered fluor-spar and arsenious
anhydride, with five parts concentrated sulphuric acid. It boils
at 60° and fumes strongly in the air. Water first dissolves it,
but decomposition into hydrofluoric and arsenious acids soon
occurs,

COMPOUNDS OF ARSENIC AND SULPHUR.

We are acquainted with three compounds of arsenic and
sulphur—viz., a disulphide : As,S,; a trisulphide: As,S,; and a
pentasulphide : As,S, ; of which the two former occur in nature.

Arsenic Disulphide : As,S,. This compound is found in nature
as fine red rhombic prisms as the mineral rea/gar. It may also be
prepared from its constituents by heating a mixture of arsenic and
sulphur in the proper proportions, or by heating a mixture of
arsenious anhydride and sufficient sulphur, sulphurous anhydride
being then evolved. It is insoluble in water, and is first decom-
posed and then dissolved by alkaline sulphides.

The substance which occurs in trade as a red vitreous mass
under the name of realgar, ruby-sulphier, red arsenic glass, and
which is used to some extent as a pigment, is not pure arsenic
disulphide. It is prepared by distilling a mixture of arsenical
pyrites (FeAsS) with common pyrites (Fe5,), and contains arsenic
trisulphide, arsenious anhydride, or even free arsenic. This crude
disulphide is employed for the manufacture of the so-called Bengal
fire. Amixture of 24 parts nitre, 7 parts sulphur, and 2 parts ruby-
sulphur burns with a penetrating white hght when ignited.

The corresponding oxide, of the composition : AsO or As, O, has
not yet been prepared.

Arsenic Trisulphide (Arsenious Sulphide): As S, occurs
in nature as yellow rhombic prisms and is then called o7p:-
ment. Artificially it is prepared by heating together arsenic and
sulphur in the proper proportions, or by passing a stream of sul-
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phuretted hydrogen though an aqueous solution of arsenious
acid, in the presence of hydrochloric acid. In the latter case the
trisulphide is obtained on drying as a pale yellow, amorphous
powder.

Arsenic trisulphide melts when heated to form a red liquid,
which solidifies to a red semi-transparent glass, It is more trans-
parent and gives a lighter coloured powder than the disulphide.
Water and hydrochloric acid do not dissolve it, nitric acid oxidizes
it to arsenic acid and sulphuric acid ; it is also converted into
arsenic acid by concentrated sulphuric acid, sulphurous anhydride
being then set free. When mixed with potassium cyanide and
heated in a glass tube it is reduced to arsenic, which sublimes, while
the sulphur unites with the potassium cyanide forming potassium
sulphocyanate, thus :—-

3KCy + AsS, = 2As + 3K(yS.

Arsenic trisulphid€ unites with basic sulphides to form sulpho-
salts. The majority cf these compounds are insoluble in water,
but those containing the alkaline sulphides are soluble. It is at
once dissolved by a cold solution of an alkaline sulphide, from
which solution hydrochloric acid again precipitates the whole of
the arsenic trisulphide. The potassium salt has the composition,
AsS5-5K, and its decomposition by dilute acids is shown in the
following equation :—

2As5: 5K 4+ 2HCl = 2KCl + AsS, + H.S

On mixing a solution of potassium sulpharsenite with solutions
of silver, copper, or lead nitrate, a precipitate, usually coloured, of
the corresponding silver, copper, or lead compound is produced,
thus :—

AsS-SK + NO,OAg = NO,OK + AsS:-SAg

Caustic alkalies and even the alkaline carbonates also dissolve
arsenic trisulphide, producing a mixture of an arsenite with a sulph-

arsenite. With caustic potash, for example, the reaction is as
follows :—

2A5,5, + 4KOH = AsO-OK + 3As5-SK + 2H,0.
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Arsenic Pentasulphide (Arsenic Sulphide) : As,S , is a yel-
low powder closely resembling the trisulphide in external properties,
but which does not occur in nature. It might be supposed that
sulphuretted hydrogen when led into a solution of arsenic acid
would give a precipitate of arsenic pentasulphide, but this is not
confirmed by experiment. The gas may be led into the acid liquid
for a considerable time without producing any precipitate or even
turbidity. Only after some time a yellow precipitate is gradually
produced, which is not the pentasulphide, but a mixture of the tri-
sulphide with free sulphur. That this is really the case may be
proved by digesting the dried precipitate with carbon disulphide,
which dissolves out the free sulphur, while yellow arsenic trisul-
phide remains behind.

Arsenic pentasulphide is best prepared by saturating a solution
of potassium arsenate with sulphuretted hydrogen, and then decom-
posing the potassium sulpharsenate, so obtained, with dilute hydro-
chloric acid. The following equations represent the process:—

(i.) AsO(OK), + 4H,S = AsS(SK), + 4H,0.
Potassium Potassium
ar-enate sulpharsenate

(i) 2AsS(SK), + 6HCl = As,S, + 6KCl + 3H,S

Arsenic péntasulphide combines with other sulphides and forms
the sulpharsenates, corresponding to the above potassium com-
pound.

ANTIMONY.
Atomic Weight . 120— Chemical Symibol : Sh.

Antimony very seldom occurs free in nature, but is usually found
combined with sulphur. Its commonest form is the trisulphide
(5b,S,)—the mineral called grey antimony ore or antimonite. This
trisulphide also occurs in nature in combination with other sulphides
as a sulpho-acid of which the minerals chalcostibite (Cu,S,5b,5,)
and dark red silver ore ov pyrargyrite (3Ag,5,5b,5,) are the com-
monest. In combination with nickel it is found as éreithauplite
{\Tl‘-‘:hj, and with silver as dyscrasite (Ag,Sb).

In its physical properties antimony so closely resembles the
metals, especially bismuth, that it is sometimes included in this
aroup of elements, Its chemical properties and the compounds

e
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which it forms show, however, that it is much more closely allied
to the nitrogen group of the non-metals. [t is a lustrous crystal-
line solid of a bluish-white colour, with a specific gravity of 67 |
melts at about 440°% and crystallizes on cooling in thombohedra.
When slowly cooled its fracture shows large crystalline laminae, but
when quickly cooled the fracture is granular. Itis volatilized at a
bright red heat, and may be distilled at a white heat in a stream of
hydrogen gas,

The antimony of commerce is obtained almost exclusively from
the trisulphide—grey antimony ore. The ore melts at a low tem-
perature and can thus be easily separated from earthy impurities
accompanying it. The purified ore which forms a dark grey,
lustrous, and crystalline mass, is then heated to redness in a cru-
cible with 42 per cent. of wrought iron scrap. By this means
ferrous sulphide and a regulus of antimony are obtained, and the
latter separates better from the slag if some dried sodium sulphate
(10 parts) and charcoal powder (3 parts) are added before heating,
These two substances form carbonic oxide and sodium sulphide,
the latter then uniting with the ferrous sulphide to form an easily
fusible slag,

Another method of extracting antimony consists in roasting the
ore in a reverbatory furnace and then reducing the antimony oxide
so formed with charcoal and sodium carbonate.

Antimony so prepared is never pure ; it usually contains lead,
iron, and copper, and nearly always traces of arsenic, from which it
must be completely purified before it can be emploved for pharma-
ceutical preparations, such as tartar emetic, antimony chloride and
oxide.

Crude antimony is purifhed by fusing 16 parts of it with 2 parts
of dry sodium carbonate and 1 part of antimony trisulphide in
a Hessian crucible for one hour, The reculus so obtained is
then again fused for the same length of time with 1} parts of
sodium carbonate, and finally a third time with 1 part of sodium
carbonate and a little nitre. The arsenic which was not converted
in the first fusion into sodium sulpharsenite is oxidized to potas-
sium arsenate by the nitre, leaving the antimony then free from
arsenic,

Antimony remains unaltered when exposed to dry air. When
small quantities are heated on charcoal before the blowpipe to
above its boiling-point antimony burns, forming white fumes of
antimonous oxide which are partly deposited on the charcoal. 1f the
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fused metal is then allowed to cool it becomes covered with a net-
work of transparent crystals of the oxide.

Powdered antimony burns brilliantly in chlorine gas, forming
one of its chlorides. It also unites directly with sulphur.

Hydrochloric or dilute sulphuric acid have no action on anti-
mony ; nitric acid easily oxidizes it to one of the oxides of antimony,
forming a white powder insoluble both in water and nitric acid.
Aqua regia alone dissolves it, producing either the tri- or penta-
chloride. Both these chlorides dissolve in hydrochloric acid, but
are precipitated by water as oxychlorides. Tartaric acid prevents
the precipitation of these oxychlorides.

Antimony is used for many other purposes besides the prepara-
tion of useful medicines. It enters into the composition of some
important alloys, such as Z/ype-metal (antimony, lead, and tin) and
Dritannia-metal (antimony, tin, and zinc).

ANTIMONIURETTED HYDROGEN (sStibine).
Composition : SbH,,

This gaseous compound very closely resembles the correspond-
ing arseniuretted hydrogen, but is less poisonous. Antimoniuretted
hydrogen is prepared, in the same way as the arsenic compound,
from an alloy of antimony and zinc, or better, by acting upon a
compound of antimony and potassium with dilute sulphuric or
hydrochloric acid. It 1s, further, always produced when nascent
hydrogen comes into contact with a soluble antimony compound in
an acid solution,

Antimoniuretted hydrogen is a colourless gas without odour, is
decomposed at a low red heat, and burns in the air with a greenish
flame, forming antimonous oxide and water. A piece of cold white
porcelain depressed on this flame receives a black stain of free
antimony. We have already described how this antimony stain
may be distinguished from a corresponding one of arsenic (p. 241).
It may be mentioned that when antimoniuretted hydrogen is passed
into a solution of silver nitrate a black precipitate of a compound
of silver and antimony is formed, while arseniuretted hydrogen
under the same conditions precipitates metallic silver and the
arsenic becomes oxidized to arsenious acid. )
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COMPOUNDS OF ANTIMONY AND OXYGEN,

Two compounds of antimony and oxygen are known, resem-
bling in composition the two oxides of arsenic—viz. antimony tri-
oxide, or antimonous anhvdride (5b,0,), corresponding to arsenious
anhydride (As,0,), and antimonic,anhydride (5b,0, ), corresponding
to arsenic anhydride (As,0,). DBesides these, a third compound
also exists, having the composition : Sb,0 , which may, however,
be considered as a compound of the other two, thus: 5b,0,,
$b,0, or (SbO,)0(SbO).

The general chemical affinities of antimony are considerably
weaker than those of arsenic, and antimony trioxide 1s in fact more
of a base than an acid, but is so weak a base that its compounds
with acids are immediately decomposed by water,

ANTIMONY TRIOXIDE.
Composition : Sb,0, or (SbO),0,

This compound occurs in nature in two distinct crystalline
forms. Firstly, as rhombic prisms in the mineral valentinite, and
secondly, in regular octahedra as senarmontile. Dioth forms may
be obtained by burning antimony in the air and condensing the
white vapours on a cold body. Both are isomorphous with the two
forms in which arsenious anhydride crystallizes, and the two sub-
stances are therefore said to be fsodimorphous.

In the wet way antimony trioxide may be obtained by acting
upon finely powdered antimony with dilute nitric acid, or by pre-
cipitating a solution of antimony trichloride with water and washing
the white oxychloride with sodium carbonate, when white insoluble
antimony trioxide remains behind.

The dried oxide becomes yellow when heated but is again
colourless when cold ; when more strongly heated it melts, and at
still higher temperatures it sublimes, taking up oxvgen from the
air and becoming converted into antimony tetroxide,

Antimony trioxide is insoluble in nitric acid and in dilute
sulphuric acid, but is dissolved by hydrochloric acid, concentrated
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sulphuric acid,' or tartaric acid, as well as by acid potassium tar-
trate. In the last case a soluble crystalline compound is formed,
called farfar emetic—potassium antimony tartrate,

With strong bases antimony trioxide behaves as an acid. It
dissolves, for example, in strong caustic soda, and the solution on
cooling deposits crystals of sodium antimonite, of the composition :
SbO-ONa + 3H,0. In most of its compounds the trioxide takes
the form of the monad radical : SbO.

The compound obtained on precipitating antimony trichloride
with sodium carbonate is not antimony carbonate but simply the
hydrated trioxide, which loses its water on boiling. Antimony tri-
oxide is too weak a base to combine with carbonic acid.

ANTIMONIC ANHYDRIDE. (Antimony
Pentoxide.)

Composition : Sb,0, or (5b0,),0.

Antimonic anhydride, obtained by gently heating either of the
antimonic acids, is a bright yellow powder insoluble in water, and
which when strongly heated does not melt but decomposes into
antimony tetroxide and free oxygen.

Corresponding to this compound are two antimonic acids, one
monobasic and one tetrabasic.

Antimonic Aecid : 5SbO,-OH + H,O, is a white powder, which,
though scarcely soluble in water, reddens litmus paper. It may be
obtained by acting on powdered antimony with aqua regia contain-
ing an excess of nitric acid, or by heating the metal for a long time
with strong nitric acid. On heating a mixture of powdered anti-
mony with four times its weight of nitre a deflagration takes place
and the saline mass, when afterwards extracted with luke-warm
water, leaves a white powder of potassium antimonate : 5b0,-OK,
This compound is only slightly soluble in cold water and can only
be slowly dissolved by continued boiling. If the solution so
obtained is then evaporated, the salt remains behind as a gummy

1 From the solution of antimony trioxide in concentrated sulphuric acid the
salt, antimonous sulphate : (504); Qg Sby, in which the oxide is a base, crystal-

lizes out. This salt is decomposed by water into free sulphuric acid and basic

sulphates.—LD,

e 1l
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mass. Nitric acid decomposes it, giving a white precipitate of
antimonic acid.

This form of antimonic acid 1s soluble in concentrated hydro-
chloric acid, and easily soluble in caustic potash, but it 1s not dis-
solved by ammonia. [Its salts, even those of the alkalies, are
mostly insoluble or difficultly soluble in water and are easily de-
composed even by weak acids.

{ SbO(OH),
| SbO(OH),

This tetrabasic acid resembles the preceding monobasic acid
in its external properties ; it is, however, more soluble in water and
acids and in ammonia. It is formed when antimony pentachloride
is decomposed by water :—

25bCl;, + 7H,0 = H/Sb,0, + 10HC],

or by acting on a metantimonate with hydrochloric acid. In both
cases it separates as an amorphous precipitate. In combina-
tion with potassium it may be easily obtained by fusing ammo-
nium or potassium antimonate with three times its weight of
caustic potash. The saline mass is then dissolved in water and
evaporated down, when potassium metantimonate separates out
as deliquescent crystals on cooling. A small quantity of cold
water decomposes this—the normal salt—into free alkali and the
diacid compound (H,K,5b,0. +6H,0) which remains behind as
a granular mass. Hydrochloric acid separates metantimonic acid
from both salts,

Metantimonic acid possesses the remarkable property of form-
ing a compound with soda insoluble in water. If a solution of
sodium chloride or of any other sodium salt is added to the above-
named solution of potassium metantimonate, containing free alkali,
a white precipitate of sodium metantimonate is formed. On
account of this reaction potassium metantimonate 1s sometimes
used as a reagent for sodium compounds. It is not, however, much
employed for this purpose, as the solution of the potassium salt
gradually changes into the ordinary antimonate, which does not
produce an insoluble salt with sodiuin compounds.

Metantimonic Acia:' H ,Sb.O.=0

! By analogy with the acids of phosphorus, this acid should be called
pyrantimonic acid and the preceding compound metantimonic acid, ‘The
names given above are, however, those in general use among chemists,—En,
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Antimony Tetroxide: 5b,0, = (5b0,)O(5b0O), 1s a white
powder which becomes yellow when heated, but neither melts nor
sublimes. It is formed when either antimony trioxide or antimonic
anhydride is heated to redness in the air, the former compound
then taking up oxygen and the latter losing it. When fused with
caustic potash or potassium carbonate, a mixture of potassium
antimonite and potassium antimonate is formed. '

COMPOUNDS OF ANTIMONY WITH THE
HALOGENS.

The haloid compounds of antimony correspond to those of
phosphorus. Two chlorides are known—viz, the tri- and penta-
chlorides—both of which, like the chlorides of phosphorus, are de-
composed by water into hydrochloric acid and the corresponding
oxygen compounds. An antimony compound corresponding to
phosphoric oxychloride with the composition SbOCI, has not yet
been prepared, but a similar compound of triad antimony--anti-
monous oxychloride : SbOCl—is known.

Antimony Trichloride (Antimonous Chloride): SbhCl,,

This compound, sometimes called bwtter of antimony from its
consistency, is a soft white, crystalline solid, which melts at 73°
boils at 223° and deliquesces in moist air,

It may be prepared by heating an excess of finely powdered
antimony in chlorine gas, or by distilling an intimate mixture of
1 part of powdered antimony with 3 parts of mercuric chloride.
The usual method of preparationis to dissolve antimony trisulphide
in strong hydrochloric acid, evaporate the solution to drive off the
water and excess of acid, and then to distil the residue. As soon
as the distillate begins to solidify the receiver is changed, and by
again distilling those portions which come over last, the compound
is obtained pure,

Antimony trichloride unites with some metallic chlorides to
form crystalline double chlorides—e.¢. sodium antimony chloride :
3NaCl,SbCl,. It dissolves in hydrochloric acid or in a small
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guantity of water; the addition of a large quantity of water to
either solution produces a white precipitate of antimony oxy-
chloride (algaroth powder). Tartaric acid prevents this precipi-
tation.

Algaroth poiwderis a white amorphous substance insoluble in
water. [t contains antimony, oxygen, and chlorine, but has no
definite composition. By boiling with water it gives up some
chlorine, and when boiled with sodium carbonate is converted nto
antimonous acid.

Antimony Pentachloride Antimonic Chleride : 5bhCI.,

Unlike phosphorus pentachloride, the antimony compound is
not a solid substance, but a pale yellow liquid, fuming in the air.
When distilled it undergoes partial decomposition into chlorine and
antimony trichlorice, and does not, therefore, possess any constant
boiling point.

Antimony pentachloride is obtained either by saturating the tri-
chleride with chlorine, or by passing a rapid stream of chlorine
over heated antimony. [t attracts moisture from the air, and then
solidifies to a crystalline mass. In a small quantity of water it
dissolves to a clear solution, which, on standing over sulphuric acid,
deposits crystals of a hydrate having the composition 5bCl, +
4H,0. Excess of water precipitates metantimonic acid, but tartaric
acid prevents the precipitation. If, however, its acid solution is
mixed at once with a large quantity of water, the liquid remains
clear.

The two atoms of chlorine which antimony pentachloride con-
tains in excess of the trichloride are only feebly united, and it is
therefore well adapted for imparting chlorine to many substances
—e.g. carbonic oxide, ethylene, and other organic compounds.
With dry sulphuretted hydrogen the pentachloride is converted
into hydrochloric acid and antimony sulpirochioride, ShsCl,, a white
crystalline, easily fusible substance,

Antimony Tribromide : SbbBr,, which may be obtained by the
direct union of its constituents, is a solid crystalline mass, melting
at 93", boiling at 280°% and subliming in colouless needles. The
pentabromide has not yet been prepared,

>
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Antimony Triledide : Sbl;, sublimes in large red crystals, !
which become darker when fused.

SULPHUR COMPOUNDS OF ANTIMONY.

Two of these compounds are known—viz. the trisulphide and
the pentasnlphide. They correspond in composition to the two
oxides, and closely resemble one another both in their external and
in their chemical properties. Both are insoluble in water, and both
unite with strong bases to form sulphosalts.

Antimony Trisulphide (Antimonous Sulphide): S5b.S,,
occurs in nature as the mineral grey antimony ore, stibuite, or
antimonite, and is the chief source of antimony and its compounds.
[t is found crystallized in long rhombic prisms orin fibrous crystal-
line masses of a dark grey colour with a metallic lustre. It easily
fuses and re-solidifies to a crystalline mass, forming the crude im-
pure sulphide of commerce (p. 251).

[t may be artificially prepared by fusing together antimony and
sulphur, and repeating the process several times with addition of
sulphur, or by precipitating an acid solution of antimony trichloride
with sulphuretted hydrogen. The trisulphide prepared in the
wet way 1s an amorphous orange-coloured substance, which when
fused and resolidified closely resembles the ordinary sulphide.

Antimony trisulphide is converted by nitric acid into insoluble
antimony trioxide or antimonic acid, while the sulphur partly
separates in the free state and is partly oxidized to sulphuric acid.
Hydrochloric acid easily dissolves it, forming antimony trichloride,
with liberation of sulphuretted hydrogen. It combines easily
with potassium or sodium sulphide to form a soluble sulphanti-
monite, from which hydrochloric acid again precipitates the orange
coloured trisulphide. Caustic soda also dissolves it, and the
solution then contains sodium antimonite as well as sodium sulph-
antimonite : —

2Sh,S, + 4NaOH = 35bS.SNa + 5bO-ONa + 2H,0O.

Sodium Sodium
sulphantimenite antimonite
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Not only caustic soda but also sodium carbonate dissolves
antimony trisulphide, and especially the orange-coloured, amor-
phous variety. The colourless solution when boiled with an excess
of the trisulphide takes up still more of it, the greater portion of
which is again deposited on cooling. This precipitate is not the
pure sulphide, but contains varying quantities of sodium antimonite
and antimony trioxide, and was previously used in medicine under
the name of Aermes mineral, or simply Aermes.  Ammonium car-
bonate does not dissolve antimony trisulphide, a property which
serves to distinguish it from the trisulphide of arsenic.

If antimony trisulphide is heated (roasted) in the air, a por-
tion is converted into sulphurous anhydride and antimony trioxide,
the latter substance then combining with the undecomposed tri-
sulphide to form a brownish vitreous, semi-transparent mass.
This mixture of the trioxide and trisulphide, prepared in this and
other ways, was formerly used in medicine and for the preparation
of other antimony compounds under the names antimony glass,
crocus antimontt, &c. It is now only employed for imparting a
yellow colour to glass and porcelain.

Antimony Pentasulphide : 5h,5 , sometimes called *the golden
sulphide,’ is a dark orange-coloured powder, and may be obtained
by passing sulphuretted hydrogen through an acid solution of
antimonic acid. It is, however, usually prepared by precipitating
a solution of sodium sulphantimonate (Schlippe’s salt) with dilute
hydrochloric acid.

Antimony pentasulphide forms with alkaline sulphides a series
of salts corresponding to a tribasic sulphantimonic acid. The
best known and most stable of these is the sodium compound :
Sb5-(SNa), + 9H,O, which is easily soluble in water, and from
which it crystallizes in colourless tetrahedra. This salt, called
Schilippe's salt, after its discoverer, is easily formed by boiling an
agueous solution of sodium sulphide with antimony trisulphide, and
sufficient sulphur to convert it into the pentasulphide. Instead of
Sodium sulphide, caustic soda and sulphur may be used, which on
boiling yield sodium sulphide and sodium thiosulphate, or, instead
of caustic soda, sodium carbonate and slaked-lime. To prepare the
compound g parts of crystallized sodium carbonate are boiled with
3 parts of slaked-lime, 3 parts of antimony trisulphide, 1 part of sul-
Phur, and sufficient water. The hot liquid is rapidly filtered off from

o
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the calcium carbonate and evaporated down until the salt crys-
tallizes out. The crystal so obtained must be preserved in well-
stoppered bottles, as the carbonic anhydride of the air decomposes
them, forming sodium carbonate, sulphuretted hydrogen, and anti-
mony sulphide. This causes the colourless, or, at most, pale yellow
crystals to become gradually covered with an amorphous brown-
coloured crust,

The potassium compound has a similar composition ; aqueous
solutions of these salts give with most other metallic salts inso-
luble precipitates of corresponding sulphantimonates.  The copper
compound, for example, has the composition : (SbS), (S,Cu),.

BORON.,

Chemical Symbol . B.— Atomie Weight : 11.

Boron, like phosphorus, is only found in inorganic nature in
combination with oxygen, either as the free compound—boric acid,
or united with bases as various borates. The most important
minerals containing boron are—sassolife (boric acid): B(OH),,
finkal or native borax : Na,B,0; + 10H,0, doracite : 2Mg,B,O,, +
MgCl,, borenatre-caleite (calcium and sodium borates), and dafolite
(calcium borate and silicate).

Boron can be easily prepared from anhydrous fused boric acid.
This substance is coarsely powdered, mixed with small pieces of
sodium (6 parts of sodium to 10 parts of boric acid), thrown
into an iron crucible which has been previously heated to bright
redness, and then covered with 5 parts of well-dried common
salt. As soon as the reaction in the closed crucible is over its
contents are stirred with an iron rod and poured, while still fluid
and red-hot, into dilute hydrochloric acid, in which everything
dissolves except the boron which has been set free by the sodium.
The residue is brought on a filter, washed, first with dilute hydro-
chloric acid, then with cold water, and dried at the ordinary tem-
perature on a porous slab, or over sulphuric acid.

Boron obtained in this way is an amorphous olive-green powder,
tasteless, and without odour, and a non-conductor of electricity.
It is extremely infusible. Water, even at its boiling point, does not
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attack it ; nor is it acted upon by hydrochloric acid. It is exidized,
however, to boric acid by nitric acid, aqua regia, or concentrated
sulphuric acid, as well as when heated in steam or when fused with
caustic soda. When heated in the air it burns easily, producing
boric anhydride ; in oxygen it burns with a brilliant light of a
greenish colour. [t also burns in chlorine, producing boron tri-
chloride. Boron unites readily with nitrogen ; when heated in this
gas to redness it forms a very stable nitride,

Boron can also be obtained in a crystalline form by dissolving
amorphous boron in fused aluminium. Amorphous boron is
stamped tightly in a Hessian crucible, and a hole made in the
middle, in which is placed a rod of aluminium. After the crucible
has been closed, it is placed inside a second large crucible, and
the space between them filled up with powdered charcoal ; the lid
of the exterior crucible is then cemented with clay, and the whole
heated to bright redness for two hours. On cooling, the surface of
the aluminium is found covered with crystals of boron, The
aluminium is dissolved by dilute hydrochloric acid, and the crys-
talline boron then remains, partly as dark brown translucent,
and partly as transparent yellowish crystals of specifiic gravity
=26, mixed with thin, opaque, six-sided, tabular crystals of a
compound of aluminium and boron, which may be easily removed
by washing.

Another kind of crystalline boron distinguished by its great
hardness is obtained by strongly heating a mixture of boric anhy-
dride and aluminium in a carbon crucible, air being excluded as
much as possible. These crystals, which approach the diamond in
brilliancy and hardness, are not, however, pure boron, but contaip
4 per cent. of carbon and 67 per cent. of aluminium.

No practical use has yet been discovered for boron. A com-
pound of boron with hydrogen is unknown, and in general the
number of the boron compounds is small. By far the most impor-
tant compound is boric acid, in which, as in all other compounds,
boron plays the part of a triad element.
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BORIC ANHYDRIDE : B,0,, and BORIC ACID: B(OH),

Boric acid crystallizes in colouiless lustrous tablets, with a
faint acid taste. It is soluble in water, especially when warm, and
also dissolves in alcohol. One part of boric acid dissolves in three
parts of water at 100° but requires twenty-five parts at 1¢°. A hot
saturated solution deposits therefore nearly all the boric acid on
cooling. The aqueous solution possesses both a faint acid and an
alkaline reaction ; it reddens blue litmus paper, and at the same
time turns yellow tiirmeric paper brown.

Boric acid occurs in such large quantities free in nature that,
until quite recently, other naturally occurring boron compounds
have been but little used for the preparation of the acid and its
salts. In some parts of Tuscany jets of steam (called suffioni, or
Sumaroli) issue from the ground, which then condense to form
bogs or marshes (lagoons). This steam carries with it small quan-
tities of boric acid, and although the condensed water rarely con-
tains more than ;. per cent. of the compound, many hundred-
weights of boric acid are annually prepared from this source.

The places where these jets of steam issue from the earth, or
where they have been artificially produced by boring, are built
round so as to form a large basin, which is then filled with water.
The water i1s soon raised to boiling by the condensed steam, from
which it abstracts the boric acid. After a certain time the water
is allowed to flow into a second somewhat lower basin where it re-
ceives fresh quantities of Loric acid, while the first basin is again
filled with fresh water. When the water has, in this way, passed
through four or more basins, from each of which it has received
boric acid so that it contains about one per cent., the suspended
impurities are allowed to settle and the liquid evaporated down to
crystallize.  For this purpose it is run into shallow pans heated
from beneath by other similar jets of sfeam. And in this way the
use of fuel, which it is difficult to procure in the district, is entirely
avoided. The boric acid which separates out on cooling the solu-
tion. when sufficiently concentrated, is contaminated with various
impurities, especially with ammonium and calcium sulphates. It
is purified by recrystallization.

Similar steam-springs containing boric acid are also met with
in other volcanic districts, for example in the Lipari Islands.
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| Recently considerable quantities of boric acid have been dis-
 covered in California, whence most of the American acid is now
« derived.

Several hypotheses have been proposed to explain the occurrence
¢ of boric acid in these hot springs ; it is most probable that the acid
1 is produced by the action of steam on boron nitride, which is then
 decomposed into boric acid and ammonia. Ammonium com-

pounds are always present in the hot springs.

The extraction of boric acid from native borax (tinkal) and from
other boron minerals, especially boronatro-calcite and borocalcite,
consists simply in decomposing them with hot hydrochloric acid
and purifying the boric acid which separates out on cooling by re-
crystallization.

Although boric acid is only slightly volatile even at high temn-
peratures, we have seen that it passes off with the steam when its
aqueous solution i1s boiled. Even when its alcoholic solution is
boiled considerable quantities are carried off with the alcohol
vapour, which then burns with a bright green flame when ignited.
This colour is, however, only imparted to the flame of the burning
alcohol by free boric acid, not by its salts. Alcohol, if poured on
sodium borate or any other salt of boric acid and ignited, burns
with a yellow flame ; but the addition of a drop of concentrated
sulphuric acid sets the boric acid free, and the flame changes at
once to a bright green.

When heated to 100° ordinary boric acid : B(OH),, loses water
and changes into metaboric actd, a white powder of the composition :
BO-OH ; by heating to 150°—160° in a stream of dry air a further
quantity of water is lost and an acid of the composition : H,B 0.,
pyrodoric acid, remains. Heated still more strongly, boric acid
froths up, and at red-heat melts to a clear viscid liquid, consisting
of boric anhydride, which solidifies to a hard transparent brittle
glass. On standing in the air, boric anhydride gradually becomes
opaque owing to the absorption of water, for which it possesses
considerable attraction.

Boric acid is a weak acid, as is shown by its behaviour with
litmus and tirmeric. It combines easily with the alkalies to form
salts soluble in water ; the other borates are difficultly soluble in
water, but easily soluble in acids.

The constitution of the borates is usually somewhat complex,
[?ﬂmpmmds are known of the ordinary tri-basic acid, B(OH),, par-
tcularly organic salts, in which the three hydrogen atoms are dis-
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placed by compound radicals. Salts have also been prepared from
the mono-basic metaboric acid : BO-0OH, in which the one atom of
hydrogen is displaced by an atom of a monad metal. Most of the
borates, including the commonest—sodium borate or borax—have,
however, a more complex composition, and correspond to the di-
basic pyroboric acid, H,B,0,—e.g. Na,B 0., and CaB,0O,.

The constitution of these pyroborates may be represented in
various ways. Formerly it was considered that borax, which may
be taken as representing this class, was a double compound of
sodium metaborate with boric anhydride : 2BO-ONa+B,0,. A

more probable formulais; O 'l Eg~g{:j, or, possibly, a portion
ghtg " W

-lill

T, e :
IS

b mece il .

of the boron may be present as acid, and a portion as base; but
until our knowledge is further advanced no constitutional formula
can be given with certainty,

Boric acid, like all weak acids, can unite with strong acids, and
forms compounds with sulphuric and phosphoric anhydrides having
the respective composition: B,0,50, and B,0,P,0,, in which
the boric acid plays the part of a base.

The chief use of boric acid is for the preparation of borax. It
is an excellent antiseptic, and has been considerably used for this
purpose in recent years. Whether, however, large quantities of
boric acid can be taken into the system without injurivus effects
remains as yet doubtful.

OTHER COMPOUNDS OF BORON.

Boron Trichloride : BCl,.—This compound is produced when
boron is heated in gaseous chlorine, or by strongly glowing an
intimate mixture of boric anhydride and charcoal in a porcelain
tube through which a stream of dry chlorine is passed. The
reaction which then goes on is expressed by the following equa-
tion :—

BO, + 3C + 3C, = 2BCl,, + 3CO.

The gaseous products are led through a U-tu*hf: surrounded by
a freezing mixture, in which the boron trichloride condenses to
form a colourless liquid, boiling at 17%, and having a specific gravity



Other Compounds of Boron. 263

cof 1°35. This liquid fumes strongly in the air, and is rapidly de-
tcomposed by water into boric and hydrochloric acids. Boron
i trichloride unites with ammonia to form a solid white crystalline
i compound of the composition : 2BCl,3NH,  This compound,
» when heated, sublimes, and is decomposed at once by water into
| boric acid, hydrochloric acid, and ammonium chloride.

Boron Tribromide : BBr,, is a colourless liquid, boiling at go°,
 and with similar properties to the chloride.

Boron Trifluoride: DI ,.—This body, unlike the two other
corresponding compounds, is a colourless gas, and can only be
condensed to a liquid with difficulty. It possesses a piercing
suffocating odour, fumes strongly in the air, and on account of
its strong attraction for water, chars many organic substances like
concentrated sulphuric acid. It is extremely soluble in water, one
volume of this liquid dissolving 700 to 1,000 volumes of the gas,
The gas may be obtained by heating an intimate mixture of 1 part
of boric anhydride (or 2 parts of anhydrous borax) with 2 parts of
fluor-spar and 12 parts of concentrated sulphuric acid in a glass
flask. The change which then takes place is as follows :—

B,0, + 3CaF, + 3S0,0H), = 350,-0,Ca + 2BF,; + 3H,0.

The large excess of sulphuric acid is required to absorb the
water produced in the reaction. Boron trifluoride may also be
prepared from boric anhydride and fluor-spar without sulphuric
acid if a mixture of these two substances is heated to bright red-
ness in an iron tube, the calcium then remaining behind as calcium
borate :—

2B,0, + 3CaF, = 2BF, + B,0,Ca),

On evaporating an aqueous solution of the fluoride, boric acid
separates out, and a monobasic acid remains, of the composition :
HBF, or HF,BF ,—fucboric acid—which may be considered as
a double compound of hydrofluoric acid and boric fluoride. The
same substance 1s also more easily obtained by dissolving boric
acid in hydrofluoric acid.

Fluoboric acid cannot, however, be obtained in the pure state.
If the aqueous solution is concentrated by evaporation, hydro-
fluoric acid is evolved. Its salts, having the general composition :
M’BF, (where M’ is a monad metal), are mostly soluble in water,
the most insoluble being the potassium compound : KBF,. On
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mixing aqueous fluoboric acid with a solution of a potassium
compound, a gelatinous precipitate of potassium fluoborate is
formed, which becomes a white powder when dried. From a hot
saturated solution in water, the salt separates out on cooling in
brilliant crystals.

Boron Sulphide : B,S,, is a white, vitreous solid, of piercing
ndour, which can be fused in a stream of hydrogen. It is pro-
duced by heating amorphous boron in sulphur vapour or in sul-
phuretted hydrogen, and then condenses in a well-cooled receiver.
Water easily decomposes it into boric acid and sulphuretted
hydrogen.

Boron NWitride : BN.—Boron is one of the few elements that
unite directly with nitrogen. The nitride is formed when amor-
phous boron is heated in a stream of nitrogen or ammonia, also
when a mixture of boric anhydride and charcoal is strongly heated
in a stream of nitrogen, or by glowing a mixture of dried borax and
ammonium chloride. By digesting the residue obtained in the last
method with dilute hydrochloric acrid, the nitride remains as a
white amorphous powder. Boron nitride is a stable compound,
and remains unchanged when boiled with water or when glowed
in the air or in hydrogen. It is, however, decomposed into boric
acid and ammonia when heated to low redness in a current of
steam ; the same change is produced by fusion with caustic potash.

SILICON.

Chemical Symbol : Si.—Atomic Weight : 28.

Silicon occurs most abundantly and is widely distributed in
nature, but never in the free state. It is always found, like phos-
phorus and boron, united with oxygen. Its only oxide, silica,is known
both free and in combination with bases as innumerable minerals.
Considering the wide distribution and great variety of the silicates,
it may be asserted that silicon plays the same part in inorganic as
carbon does in organic nature. Both are tetrad elements in almost

all their compounds.
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' Silicon may be separated from silica by potassium, but the
ddecomposition is always incomplete, and the product therefore
vimpure. Itis better to employ a compound of silicon fluoride with
rpotassium or sodium fluoride—potassium or sodium fluosilicate :
1K, SiF,—which can be readily obtained in the pure state. A
rmixture of one of these salts with sodium chloride and metallic
I:‘sndium cut into small pieces is thrown into a red-hot iron crucible,
iwhich is then closed and kept for a short time at a low red heat,
:After cooling, the contents of the crucible are boiled with dilute
thydrochloric acid. By this process fluorine is abstracted by the
ssodium from the double fluoride and silicon set free.

Amorplous silicon prepared in this way is a dark brown powder,
tinsoluble in water and in nitric or sulphuric acid. Aqueous hydro-
tfluoric acid dissolves it with evolution of hydrogen, and it also de-
t composes strong caustic potash, forming potassium silicate. Heated
1in the air it burns easily with a bright light, to form silica ; the com-
I bustion, however, is only incomplete, as the silica is fused by the high
I temperature, and so protects a portion of the silicon from the air.
" When heated in a stream of hydrochloric acid gas this form of silicon
t takes up three atoms of chlorine and one of hydrogen, and becomes
r converted into the substance called silicochloroform : SiHCIL, (see
' sequel). If amorphous silicon is strongly heated in a crucible out
of access of air, it contracts considerably, becomes of a chocolate
brown colour, and now no longer catches fire when heated in the
air. It has also lost its property of dissolving in hydrofluoric acid
or in caustic potash after this treatment,

Silicon may be prepared in the crystalline form by fusing
aluminium with thirty times as much sodium fluosilicate. The
black residue which remains is then treated first with concentrated
hydrochloric acid to remove the aluminium, and then with hydro-
fluoric acid.  Another and simpler method of preparing crystalline
silicon consists in throwing a mixture of three parts of potassium
fluosilicate, one part of sodium in small pieces, and one part of
granulated zinc, into a red-hot Hessian crucible, and then heatingr
for some time to such a temperature that the zinc remains I'ubcd
but is not volatilized. The zinc regulus, which contains the silicon,
is afterwards removed from the cr ucible, thoroughly boiled with
Water to remove the slag, and then the zinc dissolved out with
hydrochloric acid,

Crystalline silicon prepared in either of these ways consists
either of opaque, lustrous tablets of a dark grey colour, resembling
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graphite, or else of brilliant prismatic crystals of an iron grey
colour and considerable hardness. The specific gravity of this
modification of silicon is 2°5; it is a conductor of electricity, and
remains unaltered when heated in the air, but melts at high tem-
peratures. It is neither attacked by nitric nor by hydrofluoric acid,
but dissolves when heated with strong caustic potash, with evolu-
tion of hydrogen, and Lurns in chlorine to silicon tetrachloride.

COMPOUNDS OF SILICON., ¢

Silicon unites directly with oxygen and with the halogens to
form compounds, in which it exists as a tetrad element. An oxide
of silicon corresponding to carbonic oxide, with the composition :
Si0, has not yet been prepared. Otherwise its compounds are
similar to those of carbon, although the similarity is more in their
composition than in their properties. The following paiis of com-
pounds correspond to one another : —

Silica . ‘ i . Si0, Carbonic acid . : . COY
Silicon hydride - . S5iH, Methane (marsh-gas) . CH,
Silicon tetrachloride . SiCl, Carbon tetrachloride . ECH
Silicon hexachloride . Si,Cl, Carbon hexachloride . Gl
Silicon sulphide . . 515, Carbon sulphide . » €53
Silicochloroform . SiHCl, Chloroform . ; CHCl
Silicoiodoform 3 . SiHI, lodoform. : : . .CHIS
Silicoxalic acid . {:Egg Oxalicacid . . 158 gi{{

SILICA (SILICIC ANHYDRIDE): 5i0,
and SILICIC ACID.

Silicon forms only one oxide—silicic anhydride—or, as 1t 1s
briefly called, silica. This united in varying proportions with water
forms different varieties of silicic acid.

Free silica occurs in nature both crystalline and amorphous.
In the crystalline form chiefly as gwartz or rock crystal, in six-
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ssided prisms bounded at the ends by similar pyramids, and belong-
ting therefore to the hexagonal system, Quartz in its purest form
1is transparent and colourless, but is frequently coloured brownish or
L violet—in the former case it is known as smeky-guartz, in the latter
i as amethyst. Ordinary sand consists of particles of silica, which
- when united together by some cementing substance constitute the
« different varieties of sandstone, Quartz is also contained in the
free state in many important rocks —granife, for example, is made
up of separate crystals of quartz, felspar, and mica. The specific
gravity of this form of silica 1s 2°635.

Crystalline silica is also found in some rocks in minute crystals
belonging to the rhombic system, and has a specific gravity of 2°31,
or lower than that of quartz. This variety, which is called ¢idy-
miite, appears to be the most stable form of silica at a red-heat, as
both quartz and amorphous silica pass into it when strongly heated.

Besides these two crystalline forms, silica is also found in nature,
usually in combination with water, in the amorphous state. The
minerals agale, chalcedony, opal, jasper, flint, consist of amorphous
silica mixed to some extent with the crystalline modification,
Some of these—e.g. opal—are of attractive colours and are used as
jewels. Agate and chalcedony are celebrated for their extreme
hardness, and are highly valued for the manufacture of mortars.
The siliceons sinter, deposited during the evaporation of the water
from siliceous springs, and the so-called nfusorial earth, or the in-
organic remains of certain infusoria, consist essentially of amor-
phous silica. This infusorial earth— K7ese/guw/ir of the Germans—
occurs largely in certain localities in North Germany as a light,
extremely fine powder, mostly of a yellow colour. It is used for
many technical purposes, especially for mixing with nitro-glycerine
to form dynamite.

Silica is likewise found in the animal and vegetable kingdoms.
The glassy coating of the stems of certain grasses and other allied
plants, cereals, rushes, and especially of the Equisetaceae (horse-
tails) consist essentially of silica. The ashes of the feathers of many
birds contain as much as 4o per cent. of silica.

Much more widely distributed in the mineral kingdom than
silica are its compounds with various bases, called silicates, and of
which the greater part of the solid crust of the earth consists.
Among these the different felspars, double silicates of aluminium
and potassium or sodium, together with the clays, schists, &c.,
produced from them, take the first place.
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The properties of the various modifications of silica differ in

many respects. All are insoluble in water and in nitrie, hydro-
chloric, or sulphuric acid, as well as in aqua regia, but dissolve in
hydrofluoric acid, and possess in general none of the properties of
an acid. They remain unchanged at the highest temperatures of
our furnaces, but melt in the oxy-hydrogen flame and form a clear
transparent glass on cooling. The quartz modification is very
hard—it easily scratches glass—but the amorphous form is much
softer. The specific gravity of the former is 2:63, that of the latter

2:20; the specific gravity of both changing to 231 when strongly

glowed, owing to the conversion into tridymite. Crystalline silica
15 scarcely attacked even by boiling aqueous caustic potash
or soda, but when fused with an excess of either of these
substances in the solid form, or with their carbonates, silicates
soluble in water are produced (water-glass). Amorphous silica is
dissolved more or less readily by aqueous alkalies ; infusorial earth
1s very readily dissolved.

If a concentrated aqueous solution of an alkaline silicate pre-
pared by either of the above-mentioned methods 1s mixed with

hydrochloric acid, the silicic acid separates out as a gelatinous

mass, and the whole liquid becomes so viscid that the vessel may
be inverted without anything running out. This silicic acid is
soluble in water, especidlly in the presence of hydrochloric acid,
for if the solution of the silicate is sufficiently dilute, hydrochloric
acid produces no precipitate. It is this silicic acid which is con-
tained in the water of siliceous springs, and which is deposited as
siliceous sinter on evaporation,

Pure amorphous silica, as a light, finely divided powder, may be
easily obtained by the decomposition of silicon fluoride with water
(p. 275).

If this gelatinous soluble silicic acid is evaporated to complete
dryness on a water-bath, it loses its water, and there remains
amorphous silica, which is no longer soluble in water or hydro-
chloric acid, but which easily dissolves on warming in aqueous
caustic soda or in sodium carbonate. When heated to redness it
is no longer soluble in aqueous alkalies, and can now only be con-
verted into soluble water-glass by fusion with caustic alkalies or
alkaline carbonates.

Corresponding to these differences in solubility of the various
forms of silica are differences in the readiness with which the
various silicates are decomposed. Those which are poor in silica,
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tespecially those containing water (the zeolites), when finely divided,
.are decomposed by hydrochloric acid. Those, on the other hand,
+which contain more silica—¢.g. the felspars—withstand the action
1vof strong hydrochloric acid, and can be only brought into solution
by treatment with hydrofluoric acid or by fusion with sodium
| (potassium) carbonate in a platinum crucible. In the latter case
.an alkaline silicate soluble in water is produced, and the bases
| which were previously united with the silica—e.g. lime, alumina,
| iron—are converted either into carbonates or into oxides soluble in
acids. The fused cold mass is now digested with water and
hydrochloric acid added to slight excess, when a clear solu-
tion is obtained as soon as the carbonic acid has been expelled
by warming. If the quantity of water used was small, the solution
will contain gelatinous flocks of silicic acid. The liquid is next
evaporated to complete dryness, and best heated for a short time
to about 120° to render the silica completely insoluble, afterwards
moistened with strong hydrochloric acid to bring into solution any
| oxychlorides which might have been formed during evaporation
(e.o. of iron or aluminium), and finally extracted with hot water.
In this way everything goes into solution except the silica,
which can be easily separated by filtration, washed and weighed,
while the bases in the filtrate can be estimated by any known
method.

It is difficult to obtain a sélicic acid of definite composition. If
the gelatinous hydrate is dried over concentrated sulphuric acid, a
transparent vitreous mass is obtained, of which the composition is
approximately represented by the formula : 5i0(OH),—7.e. adibasic
acid corresponding to the hypothetical sulphurous acid. Tetra-
basic silicic acid of the composition : Si{fOH), has not yet been pre-
pared. We know, however, from the composition of numerous
silicates that salts of both these acids exist, as well as compounds
| 510-0H
(10 -0OH

To the salts of the dibasic acid may possibly belong the mineral
wollastondte : 5100 ,Ca, to those of the tetrabasic acid, efivine -
S1(0,Mg),. And a combination of the dibasic and tetrabasic acids

; 510
may represent sexpendine . E.iU j (O,Mg),.

of a dibasic disilicic acid of the possible formula : O

Similarly, those silicates containing three atoms of silicon—the
trisilicates—may be considered as compounds of two of these acids
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united together.  Oréhoclase (potash felspar: KAISi, +O0s) would'
thus be a compeund of dibasic silicic acid and disilicic acid :—

i S10 . f]'r
‘31{_} O -Al

l{_}J
bIUlU l'\,

O

and prefnite : Al,Ca,Si,0,,, a compound of tetrabasic silicic acid
and of a hexabasic disilicic acid of the hypothetical constitution :

0 lblfDHg-——ir. its formula would become :'—
[ Si})
| (O,A],
Y120 cal,

It must, however, be distinctly understood that these formula
are not the symbolic expression of established facts, but only re-
present an attempt to give a simple explanation of the very various
and often complex composition of the silicates. The chemical
constitution of these compounds cannot be deduced simply from
the results of analysis, but require extended researches similar
to those which are necessary to establish the constitution of any
chemical compound.

SILICON HYDRIDE.
Composition : SiH |,

This compound is a coleurless combustible gas, insoluble (or
nearly so) in water. It may be obtained by acting upon magne-
sium silicide with dilute hydrochloric acid :—

SiMg, + 4HCl = 2MgCl, + SiH,

This magnesium silicide (SiMg,) is prepared by throwing a
mixture of & parts of anhydrous magnesium chloride, 7 parts
of sodium fluosilicate, 2 parts of sodium chloride, and 4 parts
of sodium in small pieces into a red-hot Hessian crucible, which
is at once closed. The crude compound thus obtained always
contains free magnesium, whence it follows that the silicon
hydride prepared from it is always mixed with free hydrogen. In
this state silicon hydride catches fire spontaneously in the air,

‘I-

-I.---"l“l - . e
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Fburning with a luminous flame to form silica and water. If a clean
i;pcrcelain dish is depressed on the flame, brown amorphous silicon
liis deposited on it. Excluded from the air and heated to faint
rredness, the gas decomposes, like arsine and stibine, into amorphous
rsﬁlhcnn and fl ee hydrogen.

The pure compound may be prepared by acting on an organic
ssilicon compound of the composition : SiH(OC,H.),, with sodium.
IFour molecules of this compound are decomposed under the
iinfluence of the sodium, which remains itself unchanged, into
cone molecule of silicon hydride and three of the compound :
£51(0C.H,), :—

4SiH(OCH,)y = SiH, + 3S5i{(0OC.,H,),.

Silicon hydride burns easily in chlorine, producing hydrochloric
¢acid and silicon tetrachloride. With caustic potash, it gives a
s silicate of potassium and free hydrogen :

SiH, + 2KOH + H, 0 = 50(0OK), + 4H.

SILICON TETRACHLORIDE.
Composition : SiCl,.

This, the best known chloride of silicon, is a colourless mobhile
I liquid of 152 specific gravity and boiling at 38° It fumes in the
¢ air, and is energetically decomposed by water into hydrochloric
¢ and silicic acids.

Silicon tetrachloride is obtained when amorphous silicon is
I heated in a stream of chlorine gas, or more readily by strongly heat-
Iing an intimate mixture of silica and carbon in the same gas. A
¢ Stiff dough is made of finely divided silica, powdered wood-char-
coal, and starch paste, which is then formed into balls. These are
allowed to dry in the air, and then heated to bright redness
imhedded in charcoal powder. The porous mixture of silica and
¢ earbon so obtained is introduced while still hot into a dry porcelain
tbe, which can be heated to bright redness in a tube-furnace,
while a current of dry chlorine passes through it.  The reaction is
¢ expressed by the equation :

Si0, + 2C + 201, = SiCl, + 2CO0.

- & -

-

|
| The other end of the tube communicates air-tight with a
|
‘ ill.
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U-tube placed in a freezing mixture in which the silicon tetra-
chloride condenses, while the carbonic oxide and excess of chlorine
are carried away to the open air., At the bottom of the U-tube is
a small vertical tube (provided with a glass stopcock), through
which the silicon tetrachloride can be drawn off into bottles ur}
sealed tubes,

The corresponding silicon telrabromide, SiBr,, and the fcfrzh-f
dide, Sil, are prepared in exactly the same way as the chloride.
The bromide is a colourless liquid, boiling at 153° and solidifying |
to a crystalline mass at —12° The iodide is a crystalline s-::-lid._.'l,
boiling at about 290°,

Silicon Hexachloride : Si,Cl .—DBesides the abnve-mentioned
tetrachloride of silicon, a second compound—silicon hexachloride;
Si,Cl,—is also known. This is also a colourless liquid, but has a
specific gravity of 1'58, boils at 145° and solidifies at about — 4%
It is obtained by heating silicon in the vapour of silicon tetra-
chloride or by heating a mixture of silicon tri-iodide and mercuric
chloride. At 350° it decomposes into the tetrachloride and free
silicon, and this decomposition increases up to 8oo°. DBut at about
1,020° the hexachloride is again stable—z.¢. silicon and the tetra-
chloride again uniteto form the hexachloride. Water decomposes it
into hydrochloric acid and disilicic or silico-oxalic acicl:{g;g:gg

The corresponding silicon hexiodide 1s a crystalline solid, ob-
tained by heating the tetriodide with finely divided silver. Silver
iodide is then formed with the hexiodide.

SILICON FLUORIDE.
Composition : SiF ..

This substance is a colourless gas, fuming strongly in the air,
and with a suffocating odour. Its specific gravity is 36, and it is
at once decomposed by water with separation of gelatinous silicic
acid. It is produced when hydrofluoric acid acts upon silica in the

presence of de-hydrating substances.
For its preparation a mixture of powdered fluor-spar and fine
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\ddry sand, the latter in considerable excess (about equal parts), is
‘hheated in a thick glass flask with a large excess of concentrated
'ssulphuric acid, so that a thin liquid of the consistency of cream is
‘pproduced.  Silicon fluoride is then evolved, according to the equa-
fttion :—

I$8i0, + 2CaF, + 280,(0H), = SiF, + 250,(0,Ca) + 2H,0,

vwhile the water produced at the same time is absorbed by the
cexcess of sulphuric acid. If the quantity of sand employed in the
texperiment is insufficient, the glass flask is strongly attacked by
t the hydrofluoric acid, and may be completely eaten through,

FLUOSILICIC ACID.
Composition : H ,S1F .

This dibasic acid, which may be considered as a double fluoride
i of silicon and hydrogen, is produced by the union of silicon fluoride
* with nascent hydrofluoric acid. These conditions are fulfilled when
: silicon fluoride comes into contact with water. Decomposition
' then occurs according to the equation : —
SiF, + 3H,0 = SiO(OH), + 4HF.
- or,

SiF, + 4H.,0 Si(OH), + 4HF.
The silicic acid separates as a gelatinous mass, and the hydro-
fluoric acid unites at once with another portion of silicon fluoride,
forming fluosilicic acid, which remains in solution and can after-

wards be separated by filtration. The whole reaction may, there-
fore, be thus represented :—

35iF, + 3H.O

SIO(OH), + 2HSiF,

or,

3SiF, + 4H,0 = Si(OH), + 2H.SiF,

The glass tube leading the silicon fluoride into the water, even
when wide, becomes easily stopped up by the deposited silicic acid,
and so an explosion might be produced. In order to avoid such
an occurrence a little mercury is placed at the bottom of the vesse]
in which the fluosilicic acid is to be produced. The tube from the
flask evolving the silicon fluoride is made to dip under this mercury,

T2
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and the vessel then filled up with water. The decomposition of
the silicon fluoride then only commences above the level of the
mercury. The danger of an explosion may also be avoided by
connecting the end of the delivery tube with the neck of a glass
funnel, and dipping the large open end in the water, so that the
gas comes at once into contact with a large surface of water.

The aqueous fluosilicic acid, when separated from the silicic
acid by filtration, is a strongly acid colourless liquid. It may be
concentrated up to a certain point by evaporation at the ordinary
temperature of the air. But if this limit is exceeded, or if the
liquid 1is heated, it decomposes into silicon fluoride and hydro-
fluoric acid, both of which volatilize. On heating, therefore, a
solution of fluosilicic acid in a platinum basin, ultimately nothing
remains.

By neutralizing fluosilicic acid with bases or carbonates, its
salts—the fluosilicates—are obtained, having the general composi-
tion: R’,SiF, where R’ is one atom of a monad metal. These
salts are mostly soluble in water, except the barium compound :
BaSiF,, and those of potassium and sodium. As the strontium
salt is easily soluble in water, fluosilicic acid has been used as a
means of separating barium and strontium.

i T
P

In concluding this account of the compounds of silicon, brief
reference may be made to certain substances which are of interest’
on account of analogy with similar compounds of carbon usually =
included under the head of organic chemistry (compare p. 268). In
lack of suitable names for these compounds they are usually called
after the corresponding carbon mmpnunda ; thus the body corre-

sponding to chloroform (CHCI,) is called silico-chloroform,

gilico-chloroform : SiHCI,, is produced when amorphous
silicon is heated in a stream of dry hydrochloric acid gas. At the
same time a small quantity of the less volatile tetrachloride is also
produced, which can be separated by fractional distillation. This
compound is a colourless inflammable liquid, fuming in the air, with
a specific gravity of 1'65 and boiling at 36°. Chlorine converts it into
silicon tetrachloride and hydrochloric acid, and water, even at 0% into

hydrochloric acid and a compound of the composition : Si,H,Oy,

HCO)
corresponding to the hypothetical formic anhydride : HCO | 0.
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| HSI0) i

i Silico-formic Anhydride : HSiO 0, produced as just men-
)

stioned, is a white powder, which when heated in the air burns easily

to silica and water. Caustic soda easily dissolves it, with evolution

vof hydrogen, forming sodium silicate,

Silicoxalic Acid : :::ﬂ S H is obtained as a white powder by

‘ddecomposing silicon hexachloride with water, and is dissolved by
‘ccaustic soda to form sodium silicate. In composition it corresponds
I 5 " 1‘ l.__.{-] " [_.I t‘] # .

fts Y gcid? {~~ with which
o the carbon compound, oxalic acid | CO-OH i :
| 5 . - v *

ithowever, it has no other similarity ; it does not even possess the
pproperties of an acid.

CARBON.

Chemical Symbol . C.—Atomic Weight : 12,
|

l Carbon occupies a peculiar position among the other elements.
W Although it only combines directly with few other elements—
s with oxygen, sulphur, hydrogen, and iron, but neither with nitrogen
tnor the halogens—the compounds of carbon far exceed those of
sany other element both in number and variety. All organic com-
i pounds, including the constituents and products of all animal and
‘vegetable organisms, as well as the numerous substances which
tcan be artificially prepared from them, are compounds of carbon.

Organic chemistry has been defined as the chemistry of the
¢ carbon compounds, according to which a description of these sub-
* stances should find no place in a text-book of inorganic chemistry.
! But sharp lines of demarcation, which so completely separate sub-
* stances from one another asto make a strict classification possible,
¢are unknown in nature. Connecting links are everywhere to be
' found showing a gradual transition from one class of substances to
‘ the other. And although all organic compounds contain carbon,
* this by no means compels us to refer all carbon compounds to
¢ organic chemistry ; many of the carbon compounds, especially
' those of simpler composition, cannot be easily separated from the
" inorganic compounds of other elements,

Carbon occurs free in nature in three modifications, as different
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from one another in their physical properties as could be imagined,
We know it, firstly, as the diamond, crystalline, transparent, cha-
racterized by its great hardness and high index of refraction for
light, and a non-conductor of electricity ; secondly, as graphite,
with a dark grey colour, crystalline, lustrous, a conductor of elec-
tricity, and extremely soft ; and, lastly, as charcoal, the chief con-
stituent of common coal, amorphous, black, not much harder than
graphite, and a non-conductor of electricity.

The diamond is among the rarest of substances and is the most
precious of gems ; graphite is found in large quantities, but usually
in isolated spots ; amorphous carbon, as the various forms of coal,
occurs widely distributed and in immense quantities. The last-
named variety, althouzh by far the cheapest, is still by far the most

valuable and important. It furnishes the most important source of
our artificial heat, light, and power, and influences not only the
industrial, but also the entire social and political life of the civilized
countries in which it occurs.

Like their other physical properties, the specific gravity of the
three modifications of carbon is very different. That of the

diamond is 35, of graphite 22, and of amorphous carbon 16
fe 2'0,

/|

Greater similarity, however, exists between the chemical pro-
perties of the three forms. Although they burn in oxygen or air
with different degrees of readiness, they all produce the same pro-
ducts of combustion. Equal weights of either modification always.
produce equal weights of carbonic acid. And by the reduction of
carbonic acid, carbon is again formed, but only amorphous carbon
or graphite, never diamond. All attempts to prepare the diamond
by the reduction of carbonic acid or by any other method have, as
yet, been unsuccessful.

Carbon in all three forms is infusible at all temperatures, but
volatilizes at the high temperature of the electric arc ; it is insoluble
in any of our ordinary solvents. The only solvent at present known
is fused iron, which, however, only dissolves 1 or 2 per cent. of
it. On cooling, most of the carbon separates out in the form of
araphite. Should a liquid ever be discovered capable of dissolving
carbon at not too high a temperature, the carbon might be again
separated in the diamond form.

As was stated above, carbon does not unite directly with nitro-
gen nor with the halogens, and carbon compounds of these sub-
stances can only be obtained indirectly. Even with oxygen,
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ssulphur, and hydrogen, carbon has not the slightest tendency to
rcombine, either at the ordinary temperature or at 1oo”. DBut when
hheated to redness its affinity for oxygen and sulphur gradually in-
ccreases, so that at a white heat the affinity of carbon for oxygen
aand sulphur even surpasses that of phosphorus and potassium.
(Carbon when heated to redness is, therefore, one of the most
bepowerfully reducing substances known, and a very extended use
¢is made of this property in the extraction of metals from their
cores.

Hydrogen only unites with carbon at the extremely high tempe-
rrature of the electric arc.  When this is produced between carbon
jpoles in an atmosphere of hydrogen, small quantities of a com-
| pound of the two bodies, called acetylene: C_H,. are produced.

Under certain circumstances carbon can also unite directly with
I nitrogen when a substance—e¢.¢. potassium—is present with which
| the compound of the two elements (cvanogen) can combine. From
vearbon, nitrogen, and potassium carbonate we can thus obtain
| potassium cyanide.

The diamond is always found in alluvial deposits, which have
been produced by the disintegration of older rock masses, and from
which it is obtained by a process of washing. [amond-fields, or
districts which yield diamonds, occur especially in Brazil, India,
and at the Cape, as well as in California, Borneo, and in the Ural
Mountains. Diamonds have also been found in Brazil in a matrix
of a variety of talc schist rich in quartz—termed tacolumite, and
distinguished by the ease with which thin strips of it may be bent.
But whether this is the original matrix of the diamond, or whether
the itacolumite was built up from older rock with the diamonds,
remains as yvet undecided.

The diamond crystallizes in the regular svstem, and its faces
are often curved. The crystals may be readily fractured parallel
to the faces of the octahedron ; it is distinguished by its great
hardness and bright lustre. Diamonds are usually transparent
and colourless, or faintly yellow. They are sometimes found of a
bright yellow or brown colour, and sometimes even blue, green,
and black.

Diamonds used as jewels alw: ays require cutting and polishing,
which, on account of their great hardness, can only be done with
dlamuncl dust.  Small diamonds uﬁeirzss for other purposes—



280 Lext-Book of Inorganic Clemistry.

diamond-boart—are crushed in a steel mortar. Notwithstanding
the great hardness of the diamond. it is tolerably brittle, and g_-;-:ln
therefore be easily reduced to powder.

The form which the diamond receives when ground for a gem
depends partly upon its original form, and partly upon the use to
which it is to be put. The most valuable form is that known as the
oritliant (fig. 52), which may be described as two cones placed base
to base, of which the upper one 1s cut off at about half its height,
Doth pyramids are made up of a number of triangular

I oblong

faces (facets). The brilhant form is always held by its centre
parts in the setting, so that both upper and lower pyramids are
free. Differing from this 1s the /ladle or rosette form (fig. 53),
€

consisting of a flat base, on which rises a circle of oblong facets,

supporting a hexagonal pyramid.

The value of a diamond depends partly on its size, partly on its
transparency (water), and partly on its play of colours. The weight
of a diamond is expressed in carats (o'205 gramme, or 3'165 grains),
hut the value of a diamond, other things being equal, is not pro-
portional to its weight, but to the square of its weight. Thus, if
one diamond weighs ten times as much as another, its value will
be approximately a hundred-times as much,.

Large diamonds of 100 to 300 carats (20°5 to 61°5 grammes) are
very rare, and are mostly crown jewels, To these belong the so-
called Star of the South, found in Brazl, and weighing 127 carats,
and the Koh-1-Noor, of 106 carats, found in India, and one of the
English crown jewels. Of the two largest diamonds known, one
weighs 194 carats, is of a yellowish colour, and is fixed at the end
of the Russian sceptre ; the other, weighing 277 carats, is in the
possession of the Nizam of Hyderabad.

Of the formation of the diamond nothing for certain is known,

except that it is not produced at a high temperature. Its optical
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| properties and microscopical observations seem to show that the

' diamond is of organic origin. All attempts to prepare diamonds
- artificially have as yet given no certain result, although it is always
more probable that a method might be discovered for converting
amorphous carbon or graphite into diamond, or of preparing the
diamond in some other way, than that the problem of the alche-
mists—the transmutation of common metals into gold—should
ever be solved.

The present high price of diamonds is due to their scarcity.
Should larger quantities of diamonds ever be discovered, or should
it ever be possible to prepare them artificially, their value would be
considerably diminished.

On account of its hardness, the diamond is largely used for
cutting hard stones, and for scratching and cutting glass. For
simply writing on glass, a splinter of diamond is sufficient, but 1f
the glass is to be cut, a deeper scratch is required, and a natural
convex edge of the diamond 1s necessary,

The diamond requires a higher temperature for its combus-
tion than amorphous carbon, but burns easily in the oxy-hydrogen
blowpipe with excess of oxygen, or when raised to redness by a
spiral of platinum wire connected with a galvanic battery in an
atmosphere of oxygen. In the finely divided state the diamond
burns readily in the air when heated on a piece of platinum foil
before the blowpipe. In absence of oxygen, for example, in an
atmosphere of hydrogen, the diamond may be heated to a high

* temperature without any appreciable change.

Graphite, plumbago, or blackiead, occurs in nature in nodular
or columnar masses, and occasionally in small tablets belonging to
the hexagonal system. It is of a dark grey colour, opaque, a good
conductor of electricity, feels greasy to the touch, and is so soft
that it easily marks paper. Its specific gravity varies fromn 2°5 to
1'8, according as it is more or less pure. Graphite usually occurs
in isolated spots, but often in considerable quantities. The mines
of Cumberland and Westmoreland are the oldest, but are now
nearly exhausted. It is also found in Passau and other parts of
Germany and Austria, in Bohemia, Greenland, Sicily, and Ceylon,
and, in large quantities of great purity, in California. Graphite
may be artificially prepared by solution of carbon in molten iron,
when it separates out on cooling.

Finely powdered and pure graphite can be easily compressed
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at a high temperature to a compact mass of the same sperific
gravity as that occurring in nature. Itis only necessary to remove
air as much as possible by an air-pump before compressing. Thin
plates or threads for black-lead pencils cun be easily sawn from the
blocks obtained by this process.

Compact graphite burns almost as difficultly and sometimes
more difficultly than the diamond.

If finely powdered graphite is mixed with three times its weight
of powdered potassium chlorate, and with enough concentrated
nitric acid to make a thin paste, then heated for several days to
6o0°, or placed in direct sunlight until yellow vapours are no longer
given off, it becomes changed to a bright yellow, transparent,
crystalline substance of the composition: C, H,0,. By repeating
the process several times the whole may be changed into this sub-
stance. It is slightly soluble in water and possesses a faint acid
reaction, dissolves readily in aqueous alkalies, and in general has
all the properties of an acid. This peculiar acid is called gra-
phitic acid.

The graphite which occurs in nature is never pure, but contains
smaller or larger quantities of inorganic constituents, which remain
behind as ash on burning.

Graphite is of considerable value in the arts. It is used for the
manufacture of black-lead pencils, and of crucibles which are to
withstand a high temperature, and which are made of a mixture of
powdered graphite and clay. It is further employed for polishing
the grains of gunpowder, for coating moulds of gutta-percha or
plaster to make them conductors of electricity in the process of
clectrotyping, and finally for blacking iron grates and other articles
of the same metal, which by receiving a coating of the material
are protected to some extent from rusting.

Amorplows carbon is produced from organic substances when
they are heated to redness, or when they decay out of contact with
the air. Wood charcoal may be chosen as representative of
amorphous carbon which has been produced by the first-named
process, As its name implies, this substance is obtained by char-
ring wood out of contact with the air, and is prepared either by
piling logs of wood together, covering with sods, and ‘[hEn slowly
burning them, or else by heating wood or sawdust in iron retorts.

by the first process only charcoal is obtained ; but by the second
and more modern, various volatile products of considerable value,
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' such as acetic acid (pyroligneous acid), wood naphtha, creosote, &c.,
. are obtained. According to the kind of wood used the charcoal
“may be more or less porous, and therefore of apparently difterent
: specific gravity.

The different varieties of wood charcoal are emploved for
different purposes ; large quantities are used for the manufacture
of gunpowder, Charcoal is also used (largely in some countries)
as a fuel. When heated to redness im the air, it burns without
smoke or flame, and produces a considerably higher temperature
than the same weight of wood. Wood charcoal is extremely
porous, and possesses the property of absorbing considerable
guantities of atmospheric air.  Gases which are more easily lique-
fied than common air—for example, ammonia, sulphuretted hydro-
gen, sulphurous anhydride, and carbonic acid-—are absorbed by
charcoal in even greater quantities. It thus possesses the power
of absorbing noxious gases from the air, and purifies or disinfects
the air,

Organic substances which may be suspended or dissolved in
drinking water and impart a disagreeable taste or smell are removed
when such water is shaken up with charcoal, or when the water is
passed through a filter of powdered charcoal. The water which
runs through such a filter is usually clear, odourless, and pleasant
to the taste, and charcoal filters are therefore often emploved to
purify drinking water,

Colouring matter of various kinds is easily removed from a
liquid by amorphous charcoal—claret, for example, is easily de-
colorized. This property is possessed in a much higher degree by
the charcoal obtained from animal substances —called animal char-
coal—than by wood charcoal,

Animal charcoal—known also as bone-black, animal-black,
ivory-black, &c.—is obtained by glowing blood, bones, and other
animal refuse, excluded from the air. It contains all the inorganic
‘subsmnces—-|.n-im:ipull}r calcium phosphateand carbonate—present
In the substances from which it was prepared. These two com-
pounds can be readily extracted by warming the charcoal with
hydrochloric acid, when, after washing with water, a form of amor-
phous carbon remains, which far exceeds wood charcoal in porosity
and absorption power. Animal charcoal purified in this way is
largely used for many technical purposes, especially to decolorize
the syrup in sugar refineries.

Wood charcoal contains less inorganic impurity than animal
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charcoal, but is still far from being pure carbon. When burnt
in the air it leaves behind a considerable ash, rich in potas- .
stum carbonate. Pure amorphous carbon may be obtained by
glowing certain organic substances free from nitrogen and inorganic
impurities. .Pure crystallized sugar or tartaric acid, for example,
when glowed in a platinum basin and afterwards lieated strongly
in a covered platinum crucible, yields a very pure form of amor-
phous carbon,

[mpure amorphous carbon is found in nature as the various
forms of coal which have been produced by the decay of vegetable
matter out of contact with the air, and sometimes also by elevation
in temperature and strong pressure. All varieties contain, besides
inorganic constituents—their ash which they leave behind on burn-
ing—varying quantities of hydrogen, oxygen, nitrogen, and sulphur,
which are mostly driven off when the coal is heated in closed
vessels. The heavy form of carbon produced by charring coal in
closed vessels is called code. Coke is an excellent fuel, and pro-
duces, when freely supplied with air, a higher temperature than
ordinary coal. It is very largely used for smelting iron and other
ores. Coke is of a dark grey colour, lustrous, and a conductor of
electricity.

The different varieties of coal may be classified according as the
charring process which they have undergone has been more or less
complete—r.e. according to their relative proportions of carbon,
hydrogen, and of oxygen and nitrogen. Coal 1s usually black n
colour, mostly of slaty fracture and fatty lustre, and when heated
in the air generally evolves combustible gases and therefore burns
with a flame.

Anthracite 1s the most highly carbonized form of coal. It is
distinguished by its hardness and conchoidal fracture : it pro-
duces very little gas when heated, and therefore burns almost
without flame. Anthracite is found in considerable quantities in
South Wales and in Pennsylvania, and is highly valued as a smoke-
less steam-coal and for metallurgical purposes. It does not soil
the fingers like common coal.

Bitwminons coal in its varied forms comes next to anthracite in
percentage of carbon. All the commoner kinds of coal belong to
this class. [t contains varying proportions of carbon and hydro-
gen, but always more hydrogen and less carbon than anthracite.
Bituminous coals rich in hydrogen evolve considerable quantities
of gas when heated, and are therefore used for the manufacture of
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gas. A vanety rich in volatile mater, and especially suited
bor gas making, is cannel coal. This is much more compart in

traseture than erdinary bituminous coal, and, like anthracite, has a
onchoidal fracture, but its surface is dull, not bright and lestrous
ke commem coal and anthracite,

Sirovon coal or lignite 1s always of more recent formation than
wdinary coal. 1t is mestly soft and of a brown colour, and often
xhibits distinct traces of woody structere net 1o be found in the
Bder coals. It contains considerably more bydrogen, osygen, and
trogen than ordinary coal and less carbon,

L et is a compact, black form of lignite, hard enouzh to take

igh polish, and largely used for ornamental anicles,

v Feat or turf is produced in marshy localities by the gradual
ieay of grasses, munses, and other marsh pianis. [t contains

arge quantities of inorganic constituents, and leaves a larye

; nt of ash when burnt. It is of much less value as 3 fuel than

any of the varieties of coal mentioned above.,

~ The following table ' gives the approximate percentage CEAmIT-
Ion of the orgzanic parts of wood, peat, and the different kinds of
bodl, omitting the ash in all cases :—
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The gas prepared in this way carries some of the volatile acid
with it, and should be freed from this by passing through several
wash-bottles filled with water.

Carbonic acid may be collected over mercury or over water, in
which it is only slightly soluble. At the ordinary temperature
water dissolves about its own volume of the gas. Since, however,
carbonic acid is considerably heavier than air, vessels are best filled
with the gas, especially when required dry, by leading the gas with
a long glass tube to the bottom of the vessel to be filled (fig. 54).
The carbonic acid then gradually displaces the lighter air until in
a short time the whole vessel is filled with the gas,

Carbonic acid has a specific gravity of 1'52, corresponding to a
molecular weight of 1-52 x 28:88 = 44, and its molecule is therefore
CO,. Itis thus considerably heavier than air, and diffuses from
an open jar so slowly that it can be poured like water from one
vessel to another. If two jars are taken, one filled with carbonic
acid and the other with air, the carbonic acid can. with care, be
poured almost completely from one into the other, as may be casily
shown by introducing a burning taper.

Carbonic acid neither burns nor supports combustion. A
burning candle is at once extinguished in a jar of the gas; even if
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fthe air only contains a small quantity of carbonic acid, a candle
cceases to burn.  Respiration in such an atmosphere is also impos-
ssible, and carbonic acid, without being actually poisonous, is fatal
vto the life of animals, because it takes the place of the oxygen
rnecessary to aérate the blood. Death therefore ensues simply from
ssuffocation. That carbonic acid is not a true poison i1s at once
eevident from the following considerations : we continuously inhale
ccarbonic acid, largely diluted it is true, into our lungs; carbonic
aacid is continually produced in considerable quantities by the slow
ccombustion going on in our bodies, and forms a large proportion
cof the air exhaled from our lungs ; finally, continued use of effer-
vvescing drinks, rich in carbonic acid, does not apparently produce
aany injurious effect.

Nitrogen, like carbonic acid, nzither burns nor supports com-
tbustion, nor can it be respired ; the latter zas may, however, be
¢ distinguished from the former by the fact that when brought into
ccontact with clear hme-water it at once produces a white tur-
tbidity or precipitate of calcium carbonate, insoluble in water, and
v which again dissolves with effervescence in dilute hydrochloric
aacid. Baryta-water is even better adapted than lime-water for the
¢ detection of carbonic acid.

Carbonic acid possesses the properties of a weak acid anhy-
¢ dride, and unites therefore with bases. The combination, however,
t takes place slowly, and but little heat is evolved. If a glass tube
¢ closed at one end is filled with carbonic acid and the open end
placed in a vessel of caustic potash, the liquid rises in the tube
s slowly, more quickly if shaken, until ultimately the whole of the
carbonic acid disappears. We employ this property of the gas not
only to separate it when mixed with other indifferent gases, but
1 also to determine its amount quantitatively,

The quantity of carbon present in an organic substance is
¢ found by heating it with some substance that readily gives up

oxygen (e.¢. copper oxide) in a tube of hard glass. By this process
* the hydrogen present is converted into water, and the carbon into

carbonic acid. These compounds are allowed to pass first through a
L U-tube containing calcium chloride to absorb the water, and then
* through a series of bulbs (called Liebig's potash-bulbs, fig. 53),
" which contain strong caustic potash, and absorb the carbonic acid.
! If the calcium chloride tube and the potash bulbs are separately
] weighed before and after the experiment, the increase in weight of
' the former gives the weight of water formed, and of the latier the
| u

1}
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weight of carbonic acid. From these weights the actual weightgi!
of hydrogen and carbon present in the substance can be easily
calculated.

The affinity of carbon for oxygen increases as the temperature
rises, and at a white heat carbon can
even exiract oxygen from potassium
oxide or carbonate and set free metallic
potassium. DBut at a red-heat, and when
the carbonic acid is in excess, potassium
can abstract oxygen from carbonic acid.
If a small piece of potassium is heated
in a bulb-tube of hard glass to low red-
ness while a stream of dry carbonic acid
is passed over it, the fused metal soon
begins to burn with a dark red light;

Fig. sk, and becomes covered with a coating of
potassium carbonate and amorphous
carbon. The following equation explains the process :—

4k + 3C0, = 2C0(0K), + C.
This experiment shows that colourless carbonic acid contains
black charcoal, and that it can be reduced to this substance.

Carbonic acid is the anhydride of an unknown dibasic acid,

the composition of which would be : CO ! 9T but which has not
\

yet been prepared. The majority ofits salts are insoluble in water;
the only soluble carbonates being those of the alkali metals:
potassium, sodium, lithium (ammonium, rubidium, and caesium), and
of thallium. Normal potassium carbonate (potashes) and normal
sodium carbonate (soda) possess an alkaline reaction, because
the strong basic properties of these oxides are not completely
neutralised by the weak carbonic acid. Its acid salts of these

: . (OH
two metals—e. 2. acid sodium carbonate : CO 0\.1-—1'Eactneulrat.
l - L

When carbonic acid is led into aqueous ammonia the chief pro-
duct is ammonium carbonate, of the composition : {ONH, "=

- .~ |ONH.,
CO, + z2NH; + H,O = {,(‘},LDN]_L:.

This salt cannot, however, be produced from dry ammoni
and dry carbonic acid, because the molecule of water necessa
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for its production is now absent. The two gases unite, however,
with considerable evolution of heat, and produce a salt, which
is ammonium carbamate, having the composition : LDi;EHI
(p. 186).

Carbonic acid can be condensed by a high pressure to a liquid
which, when allowed to evaporate in the air, produces a sufficient
diminution in temperature to freeze it. For the
preparation of liquid carbonic acid, the apparatus t
devised by Natterer is now almost universally em- .y
ployed. This consists of a compression pump,
which also acts as a suction pump, and a strong
wrought-iron vessel. The latter vessel (fig. 56) 15
screwed at its base to the top of the cylinder of the
pump, and is there provided with a small valve
opening upwards at the end of every stroke of the
piston, and otherwise kept closed by a weak spiral
spring. This valve, therefore, only allows gas to enter
the strong vessel, and prevents any from leaving it.
At the upper end of this vessel, a narrow tube, »,
is screwed on at right angles, which can be set in
communication with the interior of the vessel by
raising a conical valve attached to the screw, /.
This tube is to allow the liquid carbonic acid to
escape after about 250 grammes have been pumped
in. For this purpose, the receiver is unscrewed,
turned upside down, and the screw, /4, carefully
turned. :

If a jet of liquid carbonic acid is allowed to
flow out of the side tube into a metallic vessel,
which is so arranged that it receives a circular
motion, and therefore rapidly evaporates, a larce
portion of the carbonic acid freezes at the low tem-
perature produced, and fills the vessel as a light, snow-like mass.

Condensed carbonic acid is a colourless, transparent, mobile
liquid of 095 specific gravity at o”, and only 078 at + =
therefore expands under the influence of heat not only greater
than any other liquid, but also greater than the gases—a very
remarkable property,

Fig. 30,

~ The tension of liquid carbonic acid at different lemperatures
Is about as follows :—
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weight of carbonic acid. From these weights the actual weights -

of hydrogen and carbon present in the substance can be easily
calculated.

The affinity of carbon for oxygen increases as the temperature

rises, and at a white heat carbon can

even extract oxygen from potassium

the carbonic acid is in excess, potassium

in a bulb-tube of hard glass to low red-
ness while a stream of dry carbonic acid
is passed over it, the fused metal soon

potassium carbonate and amorphous
carbon. The following equation explains the process ;—

Ak + 3C0, = COO0K), + LC

This experiment shows that colourless carbonic acid contains
black charcoal, and that it can be reduced to this substance.
Carbonic acid is the anhydride of an unknown dibasic acid,
o : -~ OH :
the composition of which would be : CO. OH but which has not
\
yet been prepared. The majority of its salts are insoluble in water;;
the only soluble carbonates being those of the alkali metals:
potassium, sodium, lithium (ammonium, rubidium, and caesium), and
of thallium. Normal potassium carbonate (potashes) and normal
sodium carbonate (soda) possess an alkaline reaction, because
the strong basic properties of these oxides are not completely
neutralised by the weak carbonic acid. Its acid salts of these
(OH
two metals—e.g. acid sodium carbonate ;: CO ONa—Teact neutral,
|I n:
When carbonic acid is led into aqueous ammonia the chief pro-

, Gok ONH,,
duct is ammonium carbonate, of the composition: CO 10.\ H

(ONH,
|ONH,

This salt cannot, however, be produced from dry ammonia
and dry carbonic acid, because the molecule of water necessary

CO, + 2NH, + H,0 = CO

oxide or carbonate and set free metallic
potassium. But at a red-heat, and when

can abstract oxygen from carbonic acid,
If a small piece of potassium is heated

begins to burn with a dark red light,
and becomes covered with a coating of
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for its production is now absent. The two gases unite, however,
with considerable evolution of heat, and produce a salt, which

i1s ammonium carbamate, having the composition : CD{:;,I;I”
= I
(p. 186).

Carbonic acid can be condensed by a high pressure to a liquid
which, when allowed to evaporate in the air, produces a sufficient
diminution in temperature to freeze it. For the
preparation of liquid carbonic acid, the apparatus
devised by Natterer is now almost universally em-
ployed. This consists of a compression pump,
which also acts as a suction pump, and a strong
wrought-iron vessel. The latter vessel (hg. 56) 1s
screwed at its base to the top of the cylinder of the
pump, and is there provided with a small valve
opening upwards at the end of every stroke of the
piston, and otherwise kept closed by a weak spiral
spring. This valve, therefore, only allows gas to enter
the strong vessel, and prevents any from leaving it,
At the upper end of this vessel, a narrow tube, #,
is screwed on at right angles, which can be set in
communication with the interior of the vessel by
raising a conical valve attached to the screw, 7
This tube is to allow the liquid carbonic acid to
escape after about 250 grammes have been pumped
in. For this purpose, the receiver is unscrewed,
turned upside down, and the screw, ¢ carefully
turned.

If a jet of liquid carbonic acid is allowed to
flow out of the side tube into a metallic vessel,
which is so arranged that it receives a circular
motion, and therefore rapidly evaporates, a large
portion of the carbonic acid freezes at the low tem-
perature produced, and fills the vessel as a light, snow-like mass.

Condensed carbonic acid is a colourless, transparent, mobile
liquid of o0g; specific gravity at o°, and only 078 at + 25° Iy
therefore expands under the influence of heat not only greater
than any other liquid, but also greater than the gases—a very
remarkable property.

~ The tension of liquid carbonic acid at different lemperatures
Is about as follows ;—
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During free evaporation in the air its temperature falls to about
-79.

The solid, snow-like carbonic acid evaporates but slowly even
on a warm hand, and notwithstanding its low temperature produces
scarcely a feeling of cold. It does not, in fact, touch the hand at
all, but is separated by a layer of the gas which it is continually
giving off. The phenomenon is similar to that produced when a
drop of cold water is allowed to fall into a red-hot platinum dish ;
the drop then remains suspended by its own vapour and does not
touch the hot metal at all. If, however, a piece of solid carbonic
acid is pressed firmly on the skin, a burning pain is felt and a
blister is raised on the spot touched. The action is, in fact, the
same as when the skin is burnt with a hot body.

If solid carbonic acid is mixed with some volatile liquid —e.g.
ether—both evaporate with great rapidity, the mixture begins to
boil, and a sufficiently low temperature (about — 100%) is produced
to freeze mercury in a few seconds.

Carbonic acid is largely used for the manufacture of artificial
mineral waters. Pure water in which various salts are dissolved,
according to the mineral water required, is impregnated with
carbonic acid in thick metallic vessels. The gas is pumped in by
a special apparatus, and the liquid is kept constantly agitated. In
this way not only can many mineral waters be imitated, but other
compositions of any required kind can be prepared. Water in
which small quantities of salts have been dissolved retains its
carbonic acid when exposed to the air longer than pure water.

Carbonic acid is also used in the arts for the preparation of
white-lead, and of salicylic acid from phenol. Liquid carbonie
acid is now empioyed on a large scale by Krupp at Essen, in Ger-
many, for compressing cast-steel during solidification.

Y
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CARBAMIC ACID,
Composition of the hypothetical acid: CO : :jg

As previuusl}' mentioned (p. 290), dry carbonic acid and dry
. ammonia unite to form a salt which cannot be ammonium car-
" bonate, as the molecule of water necessary for the formation is
wanting.

The compound produced is the ammonium salt of a monobasic
- acid, which is as little known in the free state as the true carbonic

. ~ | OH
gcid : CO | OH°

It has the same relation to this dibasic acid as
chlorsulphonic acid (p. 165): 51}2”-']1!_{ has to sulphuric acid,
- except that carbamic acid contains an atom of amidogen, instead
of one of chlorine, in place of an atom of hydroxyl.

The production of ammonium carbamate may be easily under-
stood if we imagine one of the two molecules of ammonia which
unite with one molecule of carbonic acid to give up an atom of
hydrogen to the other. DBy this means amidogen is produced on
the one hand, and ammonium on the other, which then unite with

the carbonic acid as shown by the following equation :—

L 4 (NH,
CO, + 2NH; = LU|U'\H

Ammonium carbamate is easily obtained by leading carbone
¢ acid and ammonia, both perfectly dry, into absolute alcohol,
when the salt separates as a white, voluminous, crystalline mass.
When heated with absolute alcohol in sealed tubes to 100”
- and allowed to cool slowly, the salt separates out in large thin
- erystalline plates.

This salt is always contained together with ammonium car-
- bonate in the commercial carbonate of ammonia. In contact with
- water it gradually takes up a molecule of this substance, and after
© Some time is converted into ammonium carbonate. It is distin-
. 8uished from this latter compound by the fact that its aqueous
* solution when mixed with a solution of calcium chloride does not
* at once deposit a white precipitate of caleium carbonate, because
' the calcium carbamate which is first produced is soluble in water.

Calcium carbamate . (CONH,),0,Ca+ H,0, is produced when
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carbonic acid is led into a mixture of thick milk of lime and four
times its volume of strong ammonia. The filtered liquid is then
cooled too”and precipitated with absolute alcohol : the amorphous
precipitate thus produced soon changes into small prismatic crystals
of the above composition. Calcium carbamate is tolerably soluble
in water, but the solution soon becomes turbid from the calcium
carbonate produced by its decomposition with water. In aqueous
ammonia the salt remains longer undecomposed. When gently
heated it loses its water of crystallization, and then bears a tempe-
rature of 180° without decomposition.

Carbamic acid forms more stable organic compounds with the
alcoholic radicals, producing then a series of bodies called urethanes.

Ammonium carbamate, which contains the constituents of one
molecule of water less than ammonium carbonate, contains itself
one molecule of water more than carbamide, thus :—

Ammonium carbonate . . ; N :{Q}EE:
Ammonium carbamate . i s w i :E‘]‘&H 4
(N H

Carbamide or urea " " : s A NH

Carbamide not yet prepared in the free state is isomeric with
urea, a normal constituent of urine ; it may be considered either as
the hypothetical carbonic acid in which both atoms of hydroxyl
have been displaced by amidogen, or as carbonic anhydride in
which one atom of oxygen is displaced by two of amidogen. Am-
monium carbamate is converted with loss of water into carbamide,
which at once changes into urea, when heated in sealed tubes up
to 140°

CARBONIC OXIDE.
Composition : CO,.

The second lower oxide of carbon, which contains the element
as a dyad, is, like carbonic acid, a colourless gas, but is distinguished
from this compound principally by its combustibility. 'When heated
in the air it catches fire and burns with a blue flame, forming car-
bonic acid.

Carbonic oxide has a specific gravity of 0'968, corresponding to

|
4
1
|
|
1
|
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za molecular weight of 28, is scarcely soluble in water, and is only
ccondensed to a liquid under the greatest pressure combined with
:a very low temperature. The gas, although tasteless and odour-
Iless, is very poisonous; air containing only a few per cent. of it
iwhen breathed produces giddiness and intense headache, followed
I by insensibility, and after a little time by death.

Carbonic oxide does not occur free in nature like carbonic acid,
Ibut is always produced by the incomplete combustion of carbon or
tcarbonaceous substances—iz.«. when these are burnt with an insuffi-
i cient supply of air. It may also be prepared from carbonic acid if
i this gas is led over glowing charcoal. The blue flames seen when
. air flows freely over large masses of glowing carbon—for example,

when the door of the firebox of a steam-engine is opened —are due
to burning carbonic oxide, produced by the contact of carbonic acid
with the red-hot carbon.

For the preparation of carbonic oxide it is best to employ either
oxalic or formic acid, or else a salt of the last-named acid.

Oxalic acid, which occurs in nature in many plants, especially
the sorrels, and which can also easily be prepared artificially, is
a solid crystalline substance of strong acid properties, and having
the composition tt:gﬂ This body, when mixed with concen-

i X
trated sulphuric acid and warmed, breaks up into water, carbonic
acid, and carbonic oxide : —

Coon = HE = o, » B

The sulphuric acid first removes the water of crystallization from
the oxalic acid, and then, on account of its strong attraction for
water, abstracts a further two atoms of hydrogen and one of oxygen,
which unite to form water. As, however, the oxalic anhydride :

CO\)

CO, 0, which is thus produced, does not appear to exist, this hypo-

thetical substance at once breaks up into carbonic acid and car-
bonic oxide :—
20 -
CUJU = CO, + CO.
In order to purify the carbonic oxide from the large quantities
of carbonic acid mixed with it, the mixed gases must be passed
through a system of wash-bottles containing strong caustic potash,

which absorbs the carbonic acid, but allows the carbonic oxide te
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pass on unchanged. If the gases are evolved rapidly, it is difficult

to separate the whole of the carbonic acid from the mixture. [t is,
therefore, better to prepare the carbonic oxide from formic acid, =
which breaks up when heated with sulphuric acid into carbonic |
oxide and water only.

H

Formic acid is a monobasic acidof s ]
1Ic acid of the composition : |CO-OH,

and its sodium salt is: : gﬂﬂl\"a' On heating this compound
with concentrated sulphuric acid, formic acid is first set free, and
this is then decomposed into carbonic oxide and water. The fol-
lowing equation expresses the entire reaction :—

(H % (OH (OH
1CO-ONa ° SO, o - 50”0-};3. + CO + H,0.

The water produced is, as before, retained by the excess of sulphuric
acid.

This process easily yields considerable quantities of pure car-
bonic oxide, and is the best method to employ, now that formic
acid is artificially prepared in large quantities,

Carbonic oxide is an indifferent substance in so far that it
neither unites with acids nor with bases to form salts. And not-
withstanding the tendency of the unsaturated dyad carbon which
it contains to pass into saturated tetrad carbon by union with some
other element, it neither unites with oxygen, nor with sulphur, or
chlorine at the ordinary temperature. Combination with oxygen
to form carbonic acid or with sulphur to form carbon oxysulphide :
COS, requires a high temperature ; and to produce its compound
with chlorine—carbon oxychloride : COCIl,—either a high tempe-
rature or direct sunlight is necessary,

Although carbonic oxide does not unite with aqueous caustic
potash, the solid substance combines easily and completely with
the gas when the two bodies are heated up to 100” or over. The
sole product of this union is potassic formate :—

, H
s e SR {(:0-01{

We can, therefore, obtain carbonic oxide from formic acid by the
abstraction of a molecule of water, and reconvert the gas into

formic acid by the action of caustic potash.
If carbonic oxide is led into a concentrated hydrochloric acid

solution of cuprous chloride : Cu,Cl,, it is absorbed in considerable
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quantities, and a crystalline compound is produced which contains
he elements of cuprous chloride, carbonic oxide, and water,

CARBON OXYCHLORIDE (carbonyl Chloride).
Composition : COCI,

This compound, also known as phosgens gas, because formed
by the action of light, may be considered as carbonic acid in which
one atom of oxygen has been displaced by two atoms of chlorine,
nd has the same relation to this substance as sulphuryl chloride
(p. 164) to sulphuric anhydride. It is produced, without explosion,
when equal volumes of carbonic oxide and chlorine are exposed to
direct sunlight, the volume of the mixed gases diminishing to one
alf.

Carbon oxychloride is a colourless gas of peculiar, suffocating
odour, easily condensed in an ordinary freezing mixture to a
colourless liquid, with a specihc gravity of 1°43, and boiling at + §".
The specific gravity of the gas i1s 346, and its molecular weight
1346 » 2888 = gy-g, corresponding to the formula : COCL,. Its com-
position is also proved from the fact that two volumes (one
molecule) of carbonic oxide and two volumes of chlorine produce
1two volumes of the gas :—

CO + Cl, =« COClL,

T YOS, 2 viils. 2 vols.

In contact with water it is at once decomposed into carbonic acid
and hydrochloric acid.

OXALIC ACID.

CO-0H

LI'UH‘#HJ'H'.'TJH - CO-OH

Oxalic acid occurs in nature as the acid potassium salt in the
various kinds of sorrel and other plants, and also in combination
with lime as calcium oxalate.

It crystallizes in colourless rhombic prisms with two molecules
“of water of crystallization, which can be easily expelled on heating,
Oxalic acid possesses a strong acid reaction, and is tolerably
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soluble both in water and alcohol. Nine parts of water dissolve
one of the acid at the ordinary temperature, and a much larger
quantity when hot. When the anhydrcus acid is heated above
100°% a portion sublimes unchanged, but the greater part is decom-
pased into carbonic acid and formic acid :—

{CO-OH
(CO-0OH

B (H
= B+ lcoioH

which latter then further decomposes into water and carbonie
oxide,

Oxalic acid is not now obtained, as formerly, from the acid |
juice of the sorrel, nor by the expensive process of oxidizing canes
sugar with nitric acid, but is exclusively prepared from some form
of cellulose, generally sawdust. The sawdust is mixed with caustie
potash, to which a certain, not too large a quantity of caustic
soda may be added, and the mass heated until it fuses. The
cellulose is thus destroyed —oxidized—with evolution of hydrogen,
and a large part of its carbon converted into oxalic acid, which |
unites with the potassium and sodium,

The fused mass is then extracted with water, neutralized with
hvdrochloric acid, and mixed with a solution of calcium chloride.
The insoluble calcium oxalate which is thus produced is filtered
off, suspended in water, and digested with the requisite quantity of
sulphuric acid. DBy this means slightly soluble calcium sulphate
(eypsum) is formed, and the oxalic acid remaining in solution is
deposited on evaporation ; the crude acid being afterwards purified |
by repeated crystallization,

Of theoretical interest is the fact that oxalic acid can be directly
obtained from carbonic acid by reduction. If dry carbonic acid is
led over potassium amalgam, a brisk reaction takes place, and
potassium oxalate is formed. The mercury of the potassium
amalgam undergoes no change, but serves simply as a diluent :— §
(CO-OK :
(CO-OK |
Oxalic acid is a dibasic acid, and is a chemical compound of two
atoms of the monad radical exaty/: CO-OH, just as a molecule
of hydrogen consists of two separate atoms, The oxalates are
mostly insoluble in water. One of the most insoluble is calcium;
oxalate, which is not even dissolved by acetic acid, and which
serves, therefore, for the detection and estimation of oxalic acid|
(and calcium),

2CO, + 2K
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Oxalic acid in its relations to nitric acid is very stable ; even
Yhen the two are boiled together it is only slowly oxidized to
arbonic acid. Other oxidizing agents, as potassium permanganate
r manganese peroxide, convert it easily and completely into car-
onic acid and water,

On heating oxalic acid to the point when it begins to sublime, a
ortion of it is converted into carbonic acid and formic acid, as
reviously explained ; and if the oxalic acid is dissolved in aqueous
Irlycerine, and then heated to 100° the change into these two sub-
stances is so complete and easy that this is employed as the best
ethod for preparing formic acid.

The conversion of oxalic acid into carbonic acid, carbonic oxide,
nd water, when heated with concentrated sulphuric acid, has been
Already referred to (p. 293).

Oxamic Acid and Ooxamide.

Just as the hypothetical carbonic acid becomes carbamic acid
when one of its atoms of hydroxyl is displaced by amidogen, and
carbamide on displacement of both atoms by the same radical, so
ithe same change in oxalic acid produces oxamic acid and oxamide
espectively :(—

alic aci [CO-OH

Oxalic : st

xalic acid . ; : : X . 1€0.0H

Oxamic acj 1CO-NH,
x_'lmu: acid ) ) ) ) . Sen bt

Oxamide , _ : ‘ | CONH,
e ' " EO-NH,

(CO-NH, .

Qramic Acid': CO.QH 154 white, crystalline powder, slightly

soluble in water. It is produced by heating acid ammonium
'oxalate :—

[CO-ONH, _ (CO:NH, H.O :

ICO0H ™ & (coiam *f Y

b or by boiling oxamide with aqueous ammonia ;—

({CO-NH, _ |CO:-KH,

co-NH, * ™9 = fjco.onk,

" and is separated from the solution of its ammonium salt thus
© obtained by hydrochloric acid,

Oxamic acid is a monobasic acid, and is easily dissolved by

i
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alkalies, but when boiled with these it takes up the elements o
water and is converted into oxalic acid and ammonia. Doiled wit
water, it gives acid ammonium oxalate,

, ( N . . .
Oxamide : hgg:g is a white crystalline powder, tasteles

and odourless, insoluble in cold water or alcohol, and only slightly
dissolved by these liquids when hot. It is produced when norm
ammonium oxalate is heated :— }+
{CO-ONH, . [CO-NH,
|CO-ONH, (CO-NH,

It is, however, better prepared from an organic compound 013:
oxalic acid—oxalic ether, a colourless liquid with pleasant ethe-
real odour and insoluble in water '—Dby shaking it with aqueous
ammonia. The oily liquid gradually disappears, and a crystalline j
powder of oxamide takes its place, with the simultaneous formation |
of alcohol : — |

2H,0. :

| CD-GC..]’E:_ . A . ! CU-NI'!._. - .
F{Cl::j{)c:]-f_‘ + 2:\'1[;; - .I L(]NH: + 2""‘:]"].‘. (]‘I’*
Oxalic ether Oxamide Aleohol

When carefully heated, oxamide may be sublimed, but quick
heating decomposes it into various products, among which cyanogen
may be recognized by its odour. Boiling with aqueous alkalies
changes it into oxalic acid and ammonia.

CARBON DISULPHIDE.
Composition : CS..

This compound, the anhydride of a sulpho-acid corresponding
to carbonis acid, was discovered by Lampadius towards the end of
the preceding century. It is produced in a precisely similar method
to carbonic acid—viz. by burning carbon in sulphur gas. A con-
siderably higher temperature is, however, necessary to cause carbon
to burn in sulphur than in oxygen,

Carbon disulphide is a colourless, mobile, very volatile liquid,
insoluble in water, in which it sinks, refracting light strongly, and

I Oxalic ether is prepared by distilling a mixture of dry oxalic acid and
absolute alcohol.
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ossessing an unpleasant ethereal odour. It has a specific gravity
f 1°29, boils at 467, and is miscible with alcohol and ether in all
oroportions. It is very inflammable, and burns with a bluish flame
o carbonic acid and sulphurous acid, with the separation of sul-
hur if the air supply is insufficient.

Carbon disulphide is prepared by heating freshly glowed wood-
Fharcoal in large tubulated earthenware retorts to bright redness
n a suitable furnace, and dropping in pieces of sulphur from time
otime. The neck of each retort is connected air-tight with a large
eceiver in which the uncombined sulphur condenses, and from
his the carbon disulphide vapours are led through well-cooled
ondensers. The crude product contains sulphur, sulphuretted
hydrogen, and other impurities, imparting to it a very unpleasant
our, and from which the carbon disulphide cannot be completely
reed even by repeated redistillation. It may, however, be efiec-
itually purified by shaking with mercury and with mercuric chloride,
and then distilling.

Carbon disulphide is employed for numerous technical purposes,
nd is now manufactured on a large scale and sold at a low price.
(It is an excellent solvent for many substances—e. g. for 1odine, sul-
phur, phosphorus, fatty and ethereal oils, resins, &c.—and in con-
sequence of this property is largely used to impregnate india-rubber
with sulphur in the manufacture of vulcanised rubber, to free the
\finer kinds of wool from fat, and to extract fatty oils from seeds
‘containing them.

Air containing small quantities of the vapour of carbon disul-
phide, when respired, acts in a similar manner to chloroform and
produces insensibility ; in larger quantities it is poisonous. At the
same time carbon disulphide possesses strong antiseptic properties ;
it prevents the putrefaction of meat, and stops the processes of
fermentation.

Pure carbon disulphide exposed to sunlight soon becomes of a
' yellow colour and acquires the unpleasant odour of the crude sub-
" stance. After some time 1t deposits a brown amorphous substance,
“ which apparently has the composition of carbon monosulphide :
. CS, and which is insoluble in carbon disulphide and most other
Hiquids. It is probable that the light decomposes the carbon
*disulphide into sulphur and the still unknown monosulphide, which
- then polymerises to form this brown substance.

Dry chlorine gas decomposes carbon disulphide with formation
of disulphur dichloride and carbon tetrachloride.

b
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Carbon disulphide is the anhydride of a dibasic sulpho-acid
sulphocarbonic acid ; CS { gg—'md as such can unite with aqueous
solutions of sodiumn or potassium sulphides, or other sulphides
soluble in water, to form sulphosalts—e.g. with potassium sulphide

. (SK
to form the compound ; CS | SK

The sulphocarbonates can only be obtained in the solid for i§
with difficulty, as they very easily decompose. The potassium
compound separates out from its concentrated solution in yellow
deliquescent crystals, containing water.

Aqueous alkalies also dissolve carbon disulphide and |;~1'Qduc%"-

—potassium sulphocarbonate.

a mixture of sulphocarbonate and carbonate :— I
st - accl9K (OK !
3C5;, + 6KOH = 2C5 |SK (B8 {OK + 3H20.‘. |

If aqueous ammonia is used, ammonium sulphocarbonatet
#
{SNH, . . A L4
- ‘:‘»;\:H: is also produced, together with ammonium sui|:=h|:~r:zm»_g~l
(Nl

bamate : CS IEP{_IIEI, and ammonium sulphocyanate : CSN:NH_.
Alcoholic potash when warmed with carbon disulphide dissolves
considerable quantities, and after a short time the liquid almos:'t
solidifies to a mass of small yellow crystals. This compound is
not potassium sulphocarbonate, but is the potassium salt of an
organic acid, termed xanthogenic acid. "

If a sulphocarbonate is mixed with alcohol and then hydro-

. - . {GH
chloric acid added, free sulphocarbonic acid : CbLSH separates

as a dark vellow oil, with a disagreeable odour. The acid readily
decomposes into carbonic disulphide and sulphuretted hydrogen.

CARBON OXYSULPHIDE.
Composition : COS.

This compound, which may be considered as carbonic acid in
which one atom of oxygen is displaced by sulphur, and is therefor
the intermediate compound between carbonic acid and carbon
disulphide, is a colourless gas, with an unpleasant odour, combus
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tible and easily inflamed. Water dissolves its own volume of the
s, but decomposes it on standing into carbonic acid and sulphu-
etted hydrogen.

Carbon oxysulphide is found in some mineral waters, and may
be artificially prepared by leading carbonic oxide with excess of
sulphur vapour through a glass tube heated to low redness, or by
eating a mixture of sulphuric anhydride and carbon disulphide.
The best method for its preparation consists in heated potassium
sulphocyanate with moderately dilute sulphuric acid. There are
ithen produced, besides carbon oxysulphide, acid ammonium sul-
hate and acid potassium sulphate as secondary products, together
with some hydrocyanic acid and sulphuretted hydrogen :—

E G v (H (OH (OH
CSNK + 280, gy :10NH, * 502 {0k

Alkalies, like water, decompose carbonic oxysulphide with
formation of carbonic acid and sulphuretted hydrogen ; thus, with
potash the change is as follows :—

+ H,O = COS + SO

{OK

CO5 + 4KOH = CO OK K.,S + 2H,0.
| Ok +

A second compound isomeric with carbonic oxysulphide, of the
composition : €50, may exist, but has not yet been prepared.

COMPOUNDS OF CARBON AND HYDROGEN.

Carbon and hydrogen, although they have little attraction for
¢ one another in the free state, unite together to form a large series
¢ of compounds—the so-called hydrocarbons. Nearly all these
! belong to organic chemistry, and we can here only refer to two of
¢ the simplest—viz. methane and ethylene.

—— e e e
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METHANE, or MARSH GAS.
Composition : CH,. ;

This, the most important compound of carbon and hydrogen, is
a colourless, odourless gas, insoluble in water, and burning in the
air with a pale, non-luminous flame. Its specific gravity is o055,
and its molecular weight, therefore, o-55 x 2888 = 15°g, cnrreapﬂndf
ing to the above composition. Its low specific gravity gave rise
to its old name Zight carburetted hydrogen, as distinguished from
heavy carburetted hydrogen, or ethylene. ;

Methane is found in nature as a product of the decomposition
of organic substances out of contact with air—for example, by the
putrefaction of vegetable matter at the bottom of stagnant pools
and marshes. The marsh gas thus produced rises to the surface
in large bubbles when the mud is stirred up with a stick. This
gas is, of course, not pure methane, but contains, besides, some
carbonic acid and nitrogen —the former being produced by decom-
position, the latter from the air dissolved in the water.

Methane is set free in immense quantities in some coal-mines,
owing to partial decomposition of the coal. A mixture of this
methane with atmospheric air, which is often produced in such
mines, explodes when ignited, even more violently than a mixture
of hydrogen and air. Two volumes of hydrogen, requiring for its
combustion one volume of oxygen, produce two volumes of water-
gas ; but two volumes of methane, requiring four volumes of
oxygen, produce, on ignition, two volumes of carbonic acid, and

1l

four volumes of water-gas :—
CH, + 20,

2 vols, 4 vols. 2 vols. 4 vols.

Il

0, <+ 2H.0O.

With a falling barometer—&.e. with reduced air pressure, large
quantities of this methane pass from cavities in the coal into the
workings of the mines, and, mixing with the air, produce an ex-
plosive mixture (fire-damp), which is readily ignited by the lamp
of the miner, and then produces those fearful explosions by which
so many lives are annually lost.

The safety lamp constructed by Dawyto avoid these explosions
consists of a small oil-lamp completely surrounded by wire gauze,
and its action depends upon the fact that an ignited and explosive
gaseous mixture when passing through wire gauze has its tempera-
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cure lowered below its point of iznition by the conductivity of the
metal for heat, and, therefore, does not burn on the other side of
the vauze. Various unforeseen difficulties have, however, prevented
tts weneral application, and it is often rendered useless by the
miner opening the gauze casing for purposes of his own,

Methane 1s produced, not only by slow putrefaction, but also
oy the destructive distillation of coal, and is therefoie one of the
Bhief constituents of coal-gas, The well-known lightness of coal-
7as and its use for filling balloons are due to this methane, and to
Lhe hydrogen which it contains. Other carbon compounds also
yicld methane when strongly heated.  Thus, the vapour of ordinary
alcohol : C,H, O, when driven through & red-hot iron tube, yvields
onsiderable quantities of methane, mixed however with carbonic
cid :—

aC.HO = 3CH, + CO,.

Methane may be obtained fairly pure by strongly heating an
intimate mixture of dry sodium acetate and caustic soda, or better
oda-lime' in a tube of hard glass. The products are then
ethane and sodium carbonate ;:—

(CH,
| CO- 'ONa + NaOH = ClH, + CO0ONa

‘:- sliam acetate

Chemically pure methane can only be obtained from an orranic
empound called zinc methyl : Zn(CH,),, and which is distin-
guished by its great tendency to unite with oxygen. This body is a
colourless, volatile liquid, which catches rire at once when exposed
ito the air and decomposes water with almost explosive violence,
Hf zinc methyl is boiled in a ¢lass flask, out of contact with air. and
its vapour then passed into water, it is at once decomposed into
methane and zinc hydrate, the latter separatine out as a white,
gelatinous solid, or remaining dissolved as zinc chloride, if hydro-
‘chloric acid has been previously added to the water ;—
Za(CH,). + 2HM0O = 2CH, + ¥ O0N).
Zine methy!

Methane is a perfectly indifferent compound, and unites with
no other substance without Llu-mnlnmilim'. Sulphurie, nitric, or
Phosphoric acid are without action on it, and even thie ;uumlu]
voxidizing mixture of potassium dichromate and sulphuric acid, as

! Quick-lime which has been slaked with eaustic soda solutic on instead of
with water, —Ep,

X
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well as caustic potash, leave it entirely unchanged. Chlorine
without action upon it in the dark, but if a mixture of the two.
gases is led into vessels exposed to direct sunlight, one or more
atoms of hydrogen, according to the volume of the chlorine, are
abstracted from the methane to form hydrochloric acid, while l
place of the hydrogen atoms in the methane molecule is taken by
an equal number of atoms of chlorine. The end product of the
action of chlorine on methane contains no hydrogen, but as many
atoms of chlorine as were originally present of hydrogen. i

of methane is as follows :—

Methane (Methyl hydride) i . . L
Monochlormethane (Methyl chloride) ;  EHA
Dichlormethane (Methylene chloride) ; « EHLL
Trichlormethane (Chloroform) . : ; . CHC, 8
Tetrachlormethane (Carbon tetrachloride) R

These compounds belong to organic chemistry,

-

Ethylene, also known as Olefiant gas, because it forms an oily
liquid with chlorine, contains in its molecule the same {|u;1ntit}'t%
hydrogen as methane but twice as much carbon, and has, there-
fore, the composition: C,H,. Ethylene is a colourless gas, of
peculiar odour, slightly soluble in water, and condensed to a liquid
under considerable pressure and at a low temperature. Its specific
gravity is 0'g68, and its molecular weight 0968 x 2888 = 2800,
corresponding, therefore, to the formula: C,H,. It is easily in- |
flammable and burns with a bright luminous flame,

Ethylene is easily obtained from common alcohol. This com-
pound, which, at a low red heat, breaks up into carbonic acid and |
methane, is converted by the abstraction of the elements of water |
into ethylene. Concentrated sulphuric acid is best employed for
* this purpose. Four parts by weight of the acid are gradually |
added to one part of strong alcohol in a large flask provided with |
a delivery tube. The mixture is then gently heated, and as soon |
as its temperature has risen to about 150" a copious evolution ufb
ethylene begins. To free the gas from alcokol carried over with §
it, it is passed through a wash-bottle containing water, and to
remove the sulphurous anhydride, produced towards the end of the
operation, a second wash-bottle containing caustic potash is used. |
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"he process is represented by the following equation, the sulphuric
cid remaining unchanged :—

CHOo = CH, + HO

If ethylene and chlorine are mixed in a large vessel and ex-
osed to diffuse daylight (in direct sunlight the mixture would
xplode), the two gases unite to produce a colourless, heavy oil, of
leasant ethereal odour, and having the composition : C,H Cl,—
Whylene dichloride. Ethylene also unites directly with bromine,
roducing ethylene dibromide: C,H Br, a liquid with similar
roperties to the chloride. The corresponding iodide : C,H,I,, 1s
v erystalline solid, but less stable.

Ethylene behaves, therefore, like a dyad element, and unites
without change with two atoms of chlorine, &c., just like copper,
inc, and other metals.

If a glass cylinder i1s half filled with ethylene over water, then
equal volume of chlorine added and a burning taper quickly
rought near the open end of the jar, the mixture catches fire,
d burns with an exceedingly smoky flame. The products are
ydrochloric acid and carbon. Even when excess of chlorine is
resent no chloride of carbon is formed, a proof that the attraction
f carbon for chlorine is not sufficient to cause the elements to
ite directly with one another.

Since the molecule of ethylene contains two atoms of carbon,
stead of one, like methane, it requires a larger quantity of oxygen
0 burn it than this gas. Two volumes of ethylene require six
olumes of oxygen for complete combustion, and produce four
lumes of carbonic acid, and four of water-zas :

CH, + 30, = 200, + 2H,0.
z vols, & vols, 4 vols, 4 vols,

Ethylene and oxygen mixed in this proportion—z.e. 113, explode
iolently when ignited, and easily burst a thin glass flask which has
en carefully enveloped in towels.

At first sight it seems strange that ethylene should burn with
A flame so much more luminous than methane, although the latter
138 contains half as much carbon and the same quantity of hydro-

i and connected with this point is the question, Upon what does
the luminosity of a flame depend ?

Experiment teaches us that under normal conditions only those
lames are luminous which contain a glowing solid body. The

X2
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scarcely luminous hydrogen and oxy-hydrogen flames give out
an intense light if a solid substance—e.g. platinum, lime, &c.—is
strongly heated in them.

In the same way the flame of burning ethylene contains a solid
substance—7z.e. carbon. And the presence of carbon in the flame
may be readily proved by holding a cold, white porcelain dish in
it. Those parts of the dish which come into contact with the
inner parts of the flame receive a black deposit of soot, just as
burning arsine deposits black arsenic on a piece of cold porcelain

(p- 232)

The constitution of a luminous flame is not, however, so simplé
as might be thought from the above statements. Three parts may
be distinguished in every luminous flame : an innermost
and cold portion, an intermediate and luminous, and a
less luminous and hot external mantle, as is illustrated
in fig. 57. The gas which streams out of the burner ats
A does not at once enter into combustion, because no.
oxygzen is present with which it can combine., The inners
cone, @’a, consists therefore of unburnt gas, and 1s cold.’
This may be readily proved by stretching a fine platinum}
wire across the flame, which will become red-hot at the:
two sides of the flame but remain dark, because cold, in
the centre.

The oxygen which rapidly diffuses from the exterior
to the interior portions of the flame not only causes the
sases to burn in the exterior mantle, but, by the hi
temperature produced during this combustion, dccom
poses the unburnt gases in the interior of the flame. The dc-;:n‘m
position which is thus brought about is the same as that whiel
ethylene suffers when passed through a red-hot tube out of con
tact with the air. It is then changed into methane and carbon
C,H,=CH,+C, and itis this carbon which is so Ii_hcmted, anc
which is heated in the interior mantle of the Rame f, ¢, ¢ (fig. 57
by the external burning wrases, that gives the flame its luminosit
Ethvlene is not, therefore, directly burnt in the flame, but rather th
prmiucts;intn which it has been changed-—viz. methane and carbor

The same process goes on when a candle burns. A hlfrm
body brought near to the wick produces the same chnn.gl:-s it
fat or wax as destructive distillation, and forms combustible gas€
which catch fire. The heat of the flame then continually melt

-
LF L]
-

Fig. 57.
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e solid fat at its base, which is sucked up by the porous wick to
he flame to be decomposed and burnt. It is not, however, the fat
self which burns, but the gaseous products into which it has been
ecomposed by the heat of the flame. The further course of the
ombustion then resembles that of ethylene.

A luminous flame may easily be made non-luminous if the
ombustible gases are mixed with enough oxygen to completely
xidize the whole of the carbon. This can either be done by
lowing air or oxygen into the luminous flame (as in the blowpipe),
r by previously mixing the gas with air. In the Buwusen burner a
ixture of gas and air is obtained in the following manner. The
as is allowed to issue from a small opening over which is screwed
1 brass tube, with two openings at the base, to admit the air. The
and air then mix so thoroughly in ascending the tube, that the
ixture burns at the top of the tube without smoke or luminosity.

The temperature of a flame is sometimes judged from the in-
ensity of the light which it emits, and although this may to a
grtain extent be true for solid bodies (iron is hotter when white-
ot than when red-hot, and when brightly giowing than when feebly
glowing), in the case of burning gases luminosity and temperature
re often inversely proportional to one another,

The non-luminous flame of coal gas burning in a Bunsen burner
ds much hotter than the luminous flame of the same gas burnt in
the usual manner. In the latter case the interior of the flame
icontains unburnt carbon, but in the former a// the constituents of
e gas are at once burnt.  For the same reason the external non-
duminous mantle &, &, ¢, of the gas flame (fig. 57) is much hotter
han the interior luminous portion,

CARBON TETRACHLORIDE.

Of the numerous compounds of carbon and chlorine which are
more closely allied to organic than inorganic compounds, we shall
‘here only briefly allude to the most important and at the same time
‘the simplest,

Composifion : CCl,.

Carbon tetrachloride is a colourless liquid sinking in water, but
‘MOt mixing with it. Its specific gravity is 1'6, and its boiling
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point 77°% The liquid possesses a pleasant, ethereal odour, and
when breathed acts as an anzesthetic like chloroform.
Carbon tetrachloride cannot be obtained by the direct union of
carbon and chlorine, but is readily produced from carbon clisulphid'
when this liquid is mixed with an excess of dry chlorine and
exposed to the light. A quicker method of preparing it consists i:
passing chlorine which has bubbled through warm carbon di-
sulphide through a red-hot porcelain tube, or by treating this last r-{f
named liquid with antimony pentachloride in the presence of
chlorine. In all cases the carbon disulphide is converted intgd
carbon tetrachloride and disulphur dichloride. These mixed
liquids are then digested with caustic soda, which decomposes the
latter, and the carbon tetrachloride then distils over with wate
vapour on heating. It has already been mentioned (p. 300) th
carbon tetrachloride can also be obtained from methane. .
Carbon tetrachloride is a very stable compound ; it is distin=
guished from most other inorganic chlorides by the fact that when |
boiled with aqueous potash it remains unchanged. Its alcoholie |
solution is not decomposed when a similar solution of silver nitrate |
is added to it—silver chloride is not precipitated. 1
If gascous carbon tetrachloride is led through a red-hot tube i
is decomposed into chlorine, and a liquid chloride of carbon con=
taining only one half as much chlorine. The molecule of this com=
pound does not, however, consist of one atom of carbon and two
of chlorine, but contains two atoms of carbon united with four atoms |
of chlorine, and has, therefore, a similar composition to the tetra- |
chloride as ethylene has to methane :(—

=

[
i
i
f

Methane ; . . CH, Tetrachlormethane . . CCH
Ethylene ; ; . C,H, Tetrachlorethylene . . C, G

This tetrachlorethylene, like ethylene, unites with two atoms
of chlorine, and yields a compound corresponding to ethylene
dichloride :—

Ethylene dichloride : C,H Cl.

Tetrachlorethylene dichloride (carbon hexachloride) : C,Cl,

Carbonic hexachloride is a volatile crystalline solid with an
odour resembling that of camphor, and which, like camphor, easily
sublimes on the walls of the vessels in which it is kept.

Carbon Tetrabromide : CBr,, closely resembles the tetrachloride
in its preparation and properties.




Cyanogen. 8

CYANOGEN.

Cyanogen is the name given to a compound consisting of one
atom of carbon and one atom of nitrogen, which is so similar in its
properties to an element, and especially to the halogens, that it
would certainly have been considered as such if it were not pos-
sible to produce it from its constituents, and to again decompose it
mnto them.

Cyanogen was discovered by Gay-Lussac in 1815 ; its name is
derived from xvarens, blue, because it 1s a constituent of Prussian
blue, which can be prepared from it.

Composition : CN.

The molecule of cyanogen consists of two atoms,’ just as the
olecule of hydrogen also contains two atoms, and the composition
of its molecule is therefore expressed by the formula : CN-CN, or
{CN),. Cyanogen may also be still more briefly expressed by the
symbol : Cy.

Cyanogen is a colourless gas of a peculiar odour, resembling
hydrocyanic acid, and with a specific gravity of 1°8. This gives a
imolecular weight of 1°8 x 28:88 = 32, corresponding to the formula
(CN),. At a low temperature, and under a strong pressure, it may
be condensed to a colourless liquid, boiling at —20°% or even to a
crystalline solid. Water dissolves about 4} times its volume ;
alcohol considerably more. It is easily inflammable, and burns
with a beautiful flame of a peach-blossom colour, which, as neither
glowing carbon nor nitrogen possess this colour, must be peculiar
1to glowing cyanogen,

Cyanogen is prepared by heating mercuric cyanide. This white
crystalline compound, which is easily soluble in water, is obtained
iby dissolving mercuric oxide in excess of aqueous hydrocyanic
% acid, and then crystallizes out on evaporating the clear solution.

b Strictly, it is, of course, incarrect to speak of an atom of eyanogen, since it
s not, like the atoms of the e'ements, chemically indivisible. It is, however,
¢ tonvenient to extend the word atom to the compound radicals of organic
» and inorganic chemistry, which play the part of elementary substances

instead of coining a new word such as semi-molecule.  When we speak of an
' Atom of cyanogen, ammonium, amidogen, or ethyl, we do not mean an indivi-
* sible quantity of the substance, but such a quantity which exactly correspands
* 10 the elementary atoms and can displace them in chemieal compounds,
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After being freed from traces of water which it contains, it breaks
up when heated to low redness into mercury and cyanogen, just
as mercuric oxide decomposes under similar circumstances into
mercury and oxygen. The gas can be collected over mercury. A
portion of the cyanogen remains behind in the tube as an amor-
phous brown substance called paracyanogen, which has the samel

substances indirectly. With the halogens it combines at once ash
soon as they liberate it from its compounds with hydrogen (hydro-
cyanic acid) or with the metals (potassium or mercuric cyanide.)

another when heated together alone, they may be made to combing
in the presence of a third substance which readily unites with:
cyanogen—e.g. potassium. Potassium carbonate and carbon, whe 1
heated to bright redness, form carbonic oxide and potassium, and
if nitrogen is led over the glowing mixture, a compound of potas=
sium and cyanogen is produced, called potassium cyanide : KC;-.%;
a white solid, soluble in water like potassium chloride, and, Iik@‘“!
this salt, yielding, when decomposed by sulphuric acid, an acid—
hydrocyanic acid—corresponding to hydrochloric acid. 5

The same conditions necessary for the production of potassium
cyanide are also present when nitrogenous organic substances,
such as blood, hair, horn, are mixed with potassium carbonate and
heated. Under these circumstances, the nitrogen and carbon of
the organic substances unite with the potassium to form potassium
cyanide. This process is that by means of which cyanogen coms
pounds are manufactured on a large scale. The first cmnpnpnd
always prepared is the so-called yellow prussiafe, or potassium
ferrocyanide, which may be considered as a double cyanide of
potassium and iron : 4KCy,Fe”Cy,, and which will be more fully
discussed under the compounds of iron. It is also produced when
an aqueous solution of potassium cyanide acts upon powdered
ferrous sulphide ; a portion of the potassium cyanide is then decom-
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sed, and forms potassium sulphide and ferrous cyanide. Irom
ts solution in water it crystallizes in large yellow tablets,

Potassium ferrocyanide forms the starting-point for the prepara-
gion of all the other cyanogen compounds—e.g. hydrocyanic acid,
tassium cyanide, potassiuim cyanate, &c.

HYDROCYANIC ACID. (Prussic Acid.)
Composition : HCN or HCy.

This compound, well known on account of its highly poisonous
character, is, when completely anhvdrous, a colourless, mobile,
volatile liquid, miscible with water in all proportions. It possesses
a strong stupeflying odour, and has a specific gravity of o7, lts
boiling-point is 277, and at — 135" it solidifies to a crystalline solid.
LIt is easily combustible.

Anhydrous hydrocyanic acid may be prepared in the same way
as hydrochloric acid by pouring concentrated sulphuric acid on
010 potassium cyanide, but the reaction 1s much tno violent, and, on
naccount of the poisonous nature of the gas, far too dangerous to he
eemployed. It is much better to tirst prepare the agueous aciud and
tthen to abstract water from it. For the same reason it is better
bto employ for the preparation of the dilute acid wot potassium
eeyanide, but its compound with ferrous cyvanide—/.e. potassium
f ferro-cyanide,

To obtain the dilute aqueous acid, to parts of powdered pntas-
8 sium ferrocyanide are covered with a mixture of 6 parts of sulphuric
dacid and 30 parts of water in a tubulated retort with its neck in-
¢ clined upwards. The end of the neck of the retort is connected
Y by a cork and a bent tube with a condenser, the other end of which
dips in a recziver carefully cooled in ice, and in which it is best to
place a little water at the commencement. The mixture in the
retort is then gradually brought to boiling, when a portion of the
L water-vapour condenses in the neck of the retort, while the volarile
' hydrocyanic acid passes over to the well-cooled receiver. The
« whole apparatus should he |:-I-|.r'm| in a good upward draught, and
* &very precaution taken, not only in the preparation of this hich Iy

Pmﬁhnmh volatile compound, but also in all experiments made with
it afterwards,

=

]
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In order to prepare the anhydrous compound from its aqueous
solution, a flask which is about one-third filled with the latter is
placed in ice and small pieces of fused caleium chloride gradually:
dropped in, which unites with the water and partially liquefies,
On no account must the aqueous acid be poured on to the calcium
chloride, as the heat produced by the union of the .latter with the
water would drive off large quantities of gaseous hydrocyanic acid.
After a few hours, the flask is attached to a long condenser and a
receiver immersed in a freezing mixture, and then gently heated
on a water bath. Anhydrous hydrocyanic acid then distils over as
a clear, transparent liquid.

Aqueous, and still more anhydrous hydrocyanic acid, undergoes
a change when kept for some time in closed vessels, with the
separation of a brown amorphous substance, known as paralydro-
cyanic actd, and probably a polymeric compound of h}’[h‘ﬂl’_‘}'alﬂﬂ?
acid. The decomposition is usually accompanied with an evolution
of gas, which sometimes exerts sufficient pressure to destroy the:
vessels in which it is preserved. It has been found that the addi--
tion of a few drops of hydrochloric acid materially diminishes this:
spontaneous decomposition, 1

Hydrocyanic acid is one of the most powerful poisons known.:
A few drops of the strong aqueous acid produce almost instanta--
neous death. Its vapour is also highly poisonous when respired § |
a pigeon dies in about half a minute when breathing air mixed with
the vapour from anhydrous hydrocyanic acid, even when the tempe-.
rature of the liquid is as low as o, <

Very largely diluted with water, hydrocyanic acid is a valuable
medicine. The strength prescribed by the ¢ British Pharmacopeeia’
is a 2 per cent. solution ; a 3 per cent, solution is also sometimes
used under the name Scheele’s prussic acid. Bitter almonds, and
the kernels of cherries, plums, &c., as well as the leaves of the
common or cherry laurel, contain a erystalline organic compound
of complex composition, called amygdaline. When these sub-
stances are crushed and moistened with water, the amygdaline
comes into contact with a ferment (emulsine) which they also con-
tain, and is then decomposed as sugar is decomposed by yeast.
One of the products of this decomposition is hydrocyanic acid,
which, when the water is afterwards distilled, passes over will! the
water-vapour into the receiver. The preparations known as bitter-
almond-water and laurel-water are obtained in this way:.

Hydrocyanic acid is so weak an acid that it does not even red-
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¢den blue litmus paper, and is expelled by carbonic acid from its
ccompounds with the alkalies. For this reason, potassium cyanide
rwhen exposed to the air smells strongly of hydrocyanic acid.

In many of its reactions, it shows a similarity with the hydrogen
ccompounds of the halogens—for example, when mixed with a solution
‘cof silver nitrate it gives a white, curdy precipitate of silver cyanide,
swhich, like silver chloride, is insoluble in nitric acid but dissolves
1in ammonia. Silver chloride may, however, be at once distin-
sguished from silver cyanide if heated; the former compound
ssimply melts, but the latter is decomposed into silver and cyanogen
cgas. As potassium chloride unites with platinic chloride to form
i a stable crystalline double compound, so also potassium cyanide
tunites with nearly all the metallic cyanides, and produces from
t these insoluble substances soluble crystalline double cvanides, of
twhich the stable potassium ferrocyanide may be taken as an
texample.

Chlorine easily decomposes hydrecyanic acid, uniting with its
ttwo constituents to form cyanogen chloride and hydrochloric
s acid. :

In order to detect hydrocyanic acid in a liguid, advantage is
ttaken of the readiness with which Prussian blue may be formed
tfrom it. Prussian blue may be considered as a double compound
cof ferric an