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OPINIONS OF THE PRESS ON THE FIRST EDITION,

From e Analyst.

“In eoncluzion, it can only be honestly said of the work now under review that it is by
a long way the best of the small manuals for students (and especially for medical aspirants)
that has as yet appeared on the subject of inorganie chemistry.”

From The British and Colonial Druggist.

*. . . The several sections of the subject are for the most part dealt with by the authors
in a terse, incisive, and easily comprehended manner, whicﬂ puta to shame some of the
werbose and laboriously explanatory science text-books we could name. . . . Waean
cor liglly recommend this manual botn for school purpozes and as a good reference book,
it being up to date in most sections.”

From The Britizh Medical Journal.

“Thias little work is arranged upon =ound educational principles. . . . The explanations
of chemical and vhysical phenomena are lucid; and for the benefit of medical studems, the
physiclogical nction of the most important elements and compounds are described.”

From The Chemisé and Druggisi.

“It will be zern from this analysis that the plan of the boolk i excellent. They (the
authors) writa forcibly and racily, and express abstrusze facts in o remarkably clear way.
‘| he introduction is an excelient part of the boolke. . . . In chemistry proper, the authors
have succeaded in intusing somethine of freshness into the pages. This freshness is due
'p:'u‘;:y"tu their expressive diction, partly to now ideas and new processes that is new to text-
boulka,™

From The Chemical News.

*This manual differs favoarably from many of the elementary works on chemistry which
have appeared in snch alarming numbers. Though designated as *short’ on the title page, it
aloes not carry brevity to such an extent as to render meagreness uoavoidable. . . . Drs
Dupré and Hake may fairly be congratulated on the eminently lucid character of their
exposition of chemical truths. . . . The work before us may, in fine, be pronounced
ugeful, not merely as o text-book for the student in the narrower sense of the term.
Readers who may wish to no&mim i general knowledge of chemistry, apart from any special
or professional aimes, will find this volume well suited for their purpose.”

From The Hospital Gazette and Students’ Journal,

“YWa can cordially recommend the book as one which will compare favourably with any
of its kind hitherto written."”
From The Journal of Microscopy.
“Thia is a well-written and nicely-arranged text-book, which will be found useful to
chemical students of all classes. . . . We are pleased to be able 10 recommend it heartily.

From Knowledge.

“The conspicuons merit of this treatise on chemistry by Drs. Dupré and Halke is that it
beging at the very beginning, and fakes no preliminary knowledge whatever for granted
on the part of the stndent. The introductory chapters are particularly good, and the
information generally brought down to the very latest date,"

From The Lancet,

“There are, in truth, at the present time many—perhaps too many—excellent elementary
manunals, and the teacher finds it diffienlt to ehoose beiween them. Among these excellent
bools we shall in future reckon that of Drs, Dupré and Hake."

From Nature.
“ A good feature in the book is the arrangement of the properties, &e, of the substances
deseribed under different headings, which ara convenient for ready reference.”
From e Saturday Kevtew

A well-written, clear and accurate Elementary Manual of luorganic Chemistry. . . .
We agree heartily in the sysiem adopied by Drs. Lupré and dake. WiLL Make Exreni-
AMENTAL WORK THeBLY INTERESTING BECAUSE INTELLLGIHLE,
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PREFACE TO THE SECOND EDITION.

It iz with much pleasure that we issue a Second Edition of our
“¢ Manual of Inorganic Chemistry,” since, notwithstanding the multi-
plicity of text-books on this subject, our anticipation that there was
gtill room for another has been fully justified.

In preparing the new edition, we have strictly adhered to the
systematic method originally laid down—a method which specially
appears to have found favour at the hands of our critics.

Since the appearance of the first edition many important obser-
vations have been made in this branch of Chemistry, to which many
able Chemists are again devoting their attention. We have endea-
voured to bring the statement of facts up to date without increasing
the bulk of the work, and to remove those errors incidental to a first
edition to which our attention has been drawn.

We take this opportunity of thanking many scientific friends for
some valuable suggestions and for their kindly appreciation of our
efforts.

A. DUPRE.
H. WILSON HAKE,

WesTsisster Hospitarn Mepicat Scaoor,
CaxTos STREET, 3. W., Sepl., 1892,




PREFACE TO THE FIRST EDITION,

TrE appearance of a new Manual of Chemistry may give rise in the
minds of some Chemists to the question :—Why should another hand-
book on this subject be added to the many which already exist in the
language ?

In anticipation of this question, we may state, firstly, that we claim
the right of a somewhat lengthened experience as teachers to record
our own methods of instruetion; and that, secondly, we believe that
the very multiplicity of text-books already published tends to show
a want felt, but not yet satisfied.

As regards method, we are strongly of opinion that general prin-
ciples should precede what may be termed descriptive Chemistry;
and we have, therefore, given them precedence in this work. We
have found such an arrangement advantageous in teaching, for tha
following reasons, viz., general principles can be clearly comprehended
by a student who has no previous knowledge of Chemistry whatever,
but the deseription of the simplest phenomenon connected with the
chemical properties or preparation of any substance, cannot be under-
stood in its entirety in the absence of a knowledge of general
prineiples.

It is assumed by us in this work, that the reader has no pre-
vious knowledge of Chemistry whatever; therefore, in laying down
cencral principles in the introductory portion, we have proceeded
step by step, and have avoided, as far as possible, the supposition
that the student is in possession of any information not already im-
parted by us. In other words, we abstain from referring forward,
except in a few instances which do not affect the general plan.

The Introduction is intended to be read straight through, and in the
descriptive portion of the work which follows, it is further assumed
that this introductory portion has been previously mastered.
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In the descriptive portion, we have adopted, as far as was possible,
a uniform arrangement of the many facts relating to the properties of
each element or cumpuﬁnd, in order to facilitate their more ready
acquisition ; the general ‘outlines of this arrangement are tabulated at
the end of the Introduction (p. 83).

This systematic arrangement of facts will, we venture to hope, also
render the book more valuable as a work of reference than is usually
the case with a smaller treatise.

We have also given very briefly the prominent facts relating to the
physiological action of the more important elements and compounds, a
feature which, we trust, may prove of use, to medical students
more especially. The distinguishing tests of every element or compound
have also, as a rule, a special paragraph allotted to them.

In conclugion, we cannot refrain from expressing an earnest wish
that Inorganic Chemistry may, in the future, again receive its due
share of attention at the hands of Chemists; the field of research
which it offers is as boundless as that afforded by Organic Chemistry,
and the number of facts, relating even to the best-known and
most common elements, which still require confirmation, correction,
or elucidation, is far greater than would be believed by any one who
has not had the special opportunity of examining them which of
mecessity oceurs in teaching.

A. DUPRE.
H. WILSON HAKE.

WesnuxsTER Hospitar MEeDican Scuoor,
Caxton STREET, 8.W., February, 18586,
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CHAPTER L
INTRODUCTORY.

Definition of Chemistry.—Before commencing the detailed study of
any science, the intending student, not unnaturally, desires to possess
some general idea of its nature and its aim; he looks for a definition
of the subject, but, finding it, must of necessity fail to comprehend
its full force and meaning. For, since a definition is the outcome of
the ripe knowledge and complete grasp of the adept, how shall a
beginner perceive in it the adequate expression of facts with which he
is unfamiliar? He must at first, therefore, rest content with an imperfect
understanding of a statement whose meaning will gradually develop
itself as he gains a more and more intimate acquaintance with the
science.

\\f]]nua::misi:rj':"l then, the science to be considered in the following pages,
is a branch of Natural Science, and treats of certain properties of
matter called into action while it is undergoing changes which involve
a more or less considerable and permanent alteration of its previous
characteristics.

Matter.—The first question which presents itself to us in connection
with this definition is the meaning of the term Matter, and this alone
is one of the most difficult and abstruse questions which can engage our
attention. DBut, without entering into any metaphysical speculations
involving its very existence, we may define matter as that which can be
perceived by the senses.

Reflecting on this definition of matter, we can scarcely fail to per-
ceive the enormous variety in which it presents itself to our senses,
whether solid, as in the multitudinous forms of the animal, vegetable,
and mineral kingdoms ; or liguid, as water ; or gaseous, as steam or air
At one time we are attracted by its shape, as in crystals; at another,
its most prominent feature is some particular colour or smell, as in a
flower ; now its lightness, as in a cork, or its weight, as in lead, forces
itself on our attention, Or, again, like wood, it may be used for

¥ Xnuue, Egypt. Chamistry, 1., Egyptian Art,




o INTRODUCTORY.

obtaining fire, or, like water, for extinguishing it. In short, we find
that every variety of matter possesses properties peculiar to itself, which
distinguish it from other kinds, and comstitute it a special kind of
matter.

Fundamental Properties of Matter.—The study of these characteristics
of matter, which we call properties,* constitutes Natural Science. None
of these special characteristics can be used for the recognition of
matter in general, for it is of their very essence to apply to special
kinds of matter only., There are, however, certain properties common
to all kinds of matter, characterising matter as such, and which, there-
fore, cannot be absent in any kind. These fundamental properties, as
we may call them, may be stated briefly as follows :—

1. Matter Possesses Weight—It is attracted towards the centre of
the earth. That is to say, if unsupported, it falls towards the centre
of the earth, and if supported, it exerts a certain pressure on its
support.

On a superficial view this seems to be in contradiction to certain well-known facts. Thuos,
@ balloon, when released from its moorings, ascends, moves away from the earth instead of
fnlling towards it; but, as we shall see later, the supposed eontradiction is apparent only
and not real,

2, Matter Occupies Space.—That is to say, it has dimensions in three
directions—length, breadth, and thickness. The amount of space so
occupied may, of course, vary to an almost infinite extent, but even the
smallest conceivable particle of matter still has dimensions in three
directions.

3. Matter is Impenetrable—That is to say, the space occupied by any
given quantity of matter is occupied to the absolute exclusion of
everything else.

Physical fmﬁ Chemical Properties of Matter.—The second question
which arises in connection with our definition of Chemistry is—Are all
the changes which are going on around us chemical changes? To
this we may at once answer, No. An attentive consideration of such
phenomena will show us that they may be distinctly classified under
two heads.

In the one class, the changes which are occurring are more or less
transient and superficial ; in the other class, they are more or less
permanent and deep-seated. The former kind are known as physical

* The term property, in its more scientiflc sense, may be deflned as o characteristic of
any substance, its behaviour to other kinds of matter, or the particular manner in which it
aflects the senses.




INTRODUCTORY. 3

changes, the latter as chemical. Let us first select a few examples of
physical changes. In winter water becomes solid, becoming liquid
again on the appearance of warmer weather. All water surfaces give
off vapour, and, owing to this fact, small quantities of water disappear,
and things that are wet become dry on exposure to the air, This
evaporation, though not so noticeable in large masses, goes on from
all water surfaces without exception, the vapour thus produced descend-
ing again in the form of rain, snow, dew, &c. To take another example:—
all iron structures have to be built so as to allow of a certain freedom of
movement, since all such are sensibly larger in summer than in winter;
the iron rails of our railways have for this reason to be laid down
with small intervals between each of them. These phenomena take
place without any permanent change oceurring in the matter itself.
Iron remains iron whether longer in summer or shorter in winter ; ice
or steam becomes reconverted into water with all its original properties
by a mere difference of temperature. In no case has anything been added
or taken away. Other examples of physical changes are the sounding
of a stretched string, or of a bell when struck; the magnetisation of
iron and many more will occur to all on reflection.

Let us now consider some chemical changes. Iron exposed to the
action of moist air becomes converted into a brown brittle material,
it rusts; animal and vegetable substances so exposed gradually dis-
appear ; the green leaves of spring and summer become brown in the
autumn, fall and rot away. In all these phenomena it will be found
that the changes have gone far deeper than in the former. Substances
have been produced differing widely from the substances from which
they were formed, and in each case something has been added or taken
away. Iron rust will be found to be heavier than the iron from
which it was produced ; brown leaves are lighter than the green, and
80 on,

Just as we speak of the physical and chemical changes of any sub-
stance, so also we may speak of its physical and chemical properties.
For instance, a piece of sulphur is yellow; it can be scratehed by
a knife, but scratches a piece of chalk—that is, it has a certain hardness;
when rubbed, it becomes electric—that is, it acquires the property of
attracting light bodies, which it had not before, When placed in a
test-tube to which heat is applied, it becomes liquid, and may even
become converted into vapour; but, on removing the source of heat,
the vapour condenses again to a liquid, the liquid solidifies, and assumes
the ordinary form of sulphur, with which we started. All these proper-
ties of sulphur are physical. During their manifestation the sulphur
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retaing its individuality as sulphur. The changes which it has under-
gone are transient and superficial,

If, however, we take a piece of sulphur and heat it in contact with
air on any suitable support, the sulphur will take fire, burn, and dis-
appear, its place being occupied by a colourless gas of very pungent
odour, which we must at once admit is something totally different
from sulphur, and which no one would think of calling sulphur any
longer. This property of sulphur—of taking fire when heated in
contact with air, and being converted into a gas (by addition of or
union with a part of the air)—is a chemical property, and during its
manifestation the sulphur has undergone a deep-seated and permanent
change.

Indestructibility of Matter.—Whatever the changes, physical or
chemical, which matter may undergo, it is in no case destroyed. Matter
is indestructible. This is not always easy to understand, when the
change is accompanied by a total visual disappearance of matter,
as in the evaporation of water, the decay of animal and vegetable
substances, the burning of sulphur or of a candle; but we may
well postpone further explanation of this subject at present.

Analysis and Synthesis.—We may now consider chemical changes
more especially.

From what we have said it will be seen that the number of chemical
changes going on around us in pature, or possible to be brought
about by artificial means, must be very vast; and it would also appear
that they must be very complex. That their number is vast, is true;
but their complexity vanishes very soon, for we learn by experience that,
notwithstanding their great number, they are of two kinds only. Either
two or more substances are coalescing to form some new substance
differing widely in its properties from those of its components (as in
the burning of sulphur, or in the rusting of iron in air); or the
reverse action is taking place, that is, some substance is splitting up into
two or more substances whose properties also differ widely from those
of the substance from which they are derived (as in the decay of
animal and vegetable matter).

The first kind of chemical change or action is called Synthesis;* the
second, Analysis.t All the multitudinous chemical changes occurring
in pature or produced by artificial means belong to the one class or
to the other.

Elements and Compounds.—If now we apply a system of analysis to

Y gur, logether; Bieis, a placing. t wvie, again; Adeis, @ selfing free.
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natural substances, we shall find that many of them, and these among
the most familiar, cannot be split up at all, and appear to consist
of one kind of matter only. Such as these are iron, copper, lead, tin,
silver, and gold, sulphur (or brimstone), diamond and black-lead,
phosphorus, &e. ;

By far the vast majority of natural substances, however, can be
gplit up into other and different kinds, but if we continue to apply
the process to the products which we obtain in the first instance, we
come in all cases, sooner or later, to substances which refuse to be
split up, and which appear to consist of one kind of matter only.
Two examples will suffice to make this clear:—*

If we take a red powder, known as mercuric oxide, and heat it
strongly, it splits up into two new substances, both very different from
the original substance. One is a gas called oxygen, the other is quick-
silver. But both oxygen and quicksilver refuse to be further split up,
The facts may be graphically represented thus:

Hercurijc Oxide

Q,ui.cklsilver Oxygen.

We may now take a more complex instance. A substanee known
as sal ammoniac or chloride of ammonium, when treated with sulphurie
acid (oil of vitriol), gives off a colourless, pungent-smelling, irritat-
ing gas, called hydrochloric acid, which turns blue litmus red, and
which is very soluble in water.

If we treat the sal ammoniac with lime instead of oil of vitriol, we
also get a colourless pungent-smelling gas, ealled ammonia, whose
odour is, however, not unpleasant and very different from the one
we obtained with sulphurie acid; it is also very soluble in water,
but it restores the blue colour to reddened litmus. Representing
this result as before, we have:—

8al Ammoniac

Ammonia Hydr::-chllurie Acid.

* Dietails of these experiments will be found in the portions of this work relating to the
substances mentioned
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If these two colourless gases are brought together, dense white
fumes are formed, and these white fumes finally condense to a
solid, which is evidently the sal ammoniac from which they were
obtained,

But these two pases obtainable from sal ammoniac may be further
split up or “ analysed.” If we dissolve hydrochloric acid in water, and
add zine to the solution, the zine dissolves in the acid, and a new kind
of gas called hydrogen is given off, which is colourless, has no smell,
and takes fire when a light is applied to it; but, if the hydrochlorie
acid solution be heated with black oxide of manganese, a green gas
is obtained called chlorine, of peculiar odour and properties. If
hydrogen and chlorine are brought together and a light applied, they
explode, and form hydrochloric acid gas; but from hydrogen and
chlorine we can get nothing further by analysis. They refuse to be
split up.

The other kind of gas which can be obtained from sal ammoniac
by means of lime, and which we call ammonia, may, like the hydro-
chloric acid gas, be further ‘ analysed.” If it is subjected to the
action of a series of electric sparks, it splits up into two new gases—
one we recognise as hydrogen (which we also obtained from hydro-
chloric acid), the other is quite new, it is colourless, has no smell, but
will not take fire. It is called nitrogen. From this nitrogen we can
obtain nothing further by analysis. It also refuses to be split up.
Thus, sal ammoniac yields us ammonia and hydrochloric acid; ammonia
yields us hydrogen and nitrogen; and hydrochloric acid yields us
chlorine and hydrogen; but from chlorine, hydrogen, and nitrogen,
we are unable to obtain any new substance. Representing this resuld
as before, we have:—

Sal Amimnnia.ﬂ

Ammonia Hydruﬂhjuriﬂ Acid
| I : | |
| |
Hydrogen Nitrogen  Chlorine Hydrogen.

Those substances, which refuse. to split up or yield any different
kind of matter, and which, therefore, apparently consist of one kind
only, we call elements.

We do not wish to affirm that substances so arrived at ars in every, or even in any, casa
truly elementary, but what is meant to be implied is that they refuse, when subjected to our
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present methods of analysis, to yield anything different to themselves. This ia by no meaus
a proof that they are elements. As a general rule, the more complicated a substance is, the
more readily it yields to means employed to splitit up. The products so obtained are naturally
of simplar econstitation than the substances from which they are derived, and as we continus
the process of analysis we obtain simpler and simpler substances. With this greater sim-
plicity, however, arises in each case a greater difficulty of analysis, and our present elemenis
may, in raality, be substances ofssuch comparatively simple constitution that onr present

means of decomposing them are insufficient. "We are strengthened in this view by saveral
examplasa—notably that of the hydrated oxides of the alkali metals, which at the beginning
of the centory wera considered to be elemenis, but which in the hands of 8Sir Humphry
Davy yielded to the then newly discoverad foree of electricity, and were split up into three
kinds of matter, two. of which were known, and all thied now ranking as elements
The same remarks apply to uraniom, vanadiom, and some other substances, compounds of
which were taken for elements, but which later on were decomposed.

Any substance consisting of more than one element we term a
compound. By far the overwhelming majority of substances are
compounds, consisting of two, three, four, and sometimes more
elements. Considering the vast number of compounds known, the
number of elements appears very limited in comparison with them,
There are at present (A.D. 1892) only 70 known, and of these a very
small number, about 16, make up the bulk of the earth’s crust;* of the
rest some are less abundant, some are of rare, and others of very
rare occurrence.

On the following page is a complete list of the elements known up
to the present time, arranged in the order of their discovery.

* These are, approximately in the order of their abundance—oxygen, hydrogen, nitrogen,
gilicon, chlorine, sodium, aluminium, carbon, iron, potassinm, ealeinm, magnesium, sulphur,
phosphorus, iodine, and fiuorine,
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THE ELEMENTS
ARRANGED IN THE ORDER OF THEIR DISCOVERY.

NAME, DISCOVERER. YEAR.
Carbon........cctierieee..| Known to the Ancients............... waa
cﬂ{J BT vveecnnunrsnsasnsns:| JamOWR to the Ancients....c..ccveuene ads
e e e N i Known to the Ancients.............. ' .o
Iron......cooeinnivicnnea...| Known to the Ancients............
Lead.............cveneee..| Known to the Ancients............--.
Moty iiciiiniaiainsisos Known to the Ancients............... -
=i R SRR Known to the Ancients ........... 2
Sulphur...... e Known to the Ancients ...... ored 1
d b R e Known to the Ancients ..............

*Antimonyl...............| Basgilius Valentinua........coeeu.aen. 1440
Bismuth .........c.cc.....| Known to Agricola.....ccoeeeuninene. 16th century.

b T S S S Known to Agricola .....cccvvennninenns

T e e e e ol | R S AN ol b T 17th century.
Phosphors.......c.v0x.. ity S b e e BB Aol AR et 1669

*Arpanict it s Behtider. v iisssansnsniisass 1694
Marmemam .. | T e Ve wha R i anas 1695
Cobalt......... D e 1T R S e R T S R 1735
Pl . covsavivnains] VODOM osinsin atenihsenssuvasnnanes snsysuass 1741
Nivleel . ot o CFonmbalE s S cies svah = vanisanana siniss 1751
Hydropen . ..covrnasesses] COwenglah ... oueeionneonnensssnssiina s 1766
MAErOgem: ;. i iiveesvos:| DUBhETIOT - it i iirsinynsonnpninesassns 1772
R e R s e i ke e 1774
Chlorine ............ AR B ] 1 e e 1774

gt/ TR LR - 1 T LR e e 1774
OXyEEn® . iits senesess| Priestley, Scheels........cconnreneasss 1774
L5 EEg U SO [ 2 1 i R S S A e 1782
Tellurium .......eseees...| Miiller von Reichenstein............. 1782
Tungsten ......cesssseaee.| J. & F. 4’ Elhujar.......cccoovvanena. 1783
Uraninm®.....ceeees0c.| Klaproth................ 1789

1 Antimony.—The pigment used for the eyebrows mentioned in Ezekiel xxiii. 40, and
2 Kinge ix. 30, was, withont doubt, antimony sulphide. _ .

2 Zinc.—Brags is mentioned by Aristotle, but the presence of zine in it was not known till
much later. ;

3 Fluvrine—~Schwanhardt in 1670 showed that Auor-gpar mixed with a strong acid etched

Inss.

i Arsenic.—Arsenic compounds are mentioned by Aristotle. _

5 Magnesivm.—An account of a peculiar ealt (magnesinm sulphate) found in the springs
at Epsom, was first published by Nehemiah Grew, Secretary of the Royel Society, in 1655,
Among numerous other investigators of magnesium compounis, ?EIL?E;V first showed the pra-
sence of this salt in sea-water in 1710; Davy isolated the metal in 1808.

§ Barium.—Scheele first pointed out that heavy-spar contained a new earth. Further
investigations were made by Gahn and Bergman in 1775 Fourcroy ﬂ.nd_Vnu,quelm
sared the oxide in 1797. The metal was isolated by Berzelius and Pontin, and by Davy
n 1808,

7 Oxygen—Priestley and Seheele discovered oxygen independently. Lavoisier suggestad
the name oxygen. )

8 Molybdenum,.—Scheele in 1778, and Bergman in 1781, were aware of the existence of the
gulphide, and may be congidered co-discoverers with Hjelm, who first isolated the metal.

 Uranium.—Péligot in 1841 proved Klaproth's supposed metal to be an oxide.
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NAME, DISCOVERER. YEAR.
Zirconium?9,,............ |31 £ ) 1 R o e o e TR 1789
Titaninm........... R B R P P 1789
Strontium1.............. o, i e R e R 1790
VEErium ... vueeenns EE Galolin; . ....ochmhnmniites SRSy 1794
Chrominm......seoassress Vanguelin ......c. e 1797
Beryllium (Glucinum).| Vauquelin...c..cccocivveiiiiennianinnnen. 1798
Vanadinm??,............ del*Rio ;... oo s e e 1801
Iradiumm ....covcinivanrsnes anment.. ..o e 1802
Tantalum!? ,............. D1 c Lt T R S B e e 1802
Osminm..........oone e Tennant..... AT el s, S’ e 1804
Palladium................ R EEEON . ... S e SR L 1804
Bltediam .. ... .00 B e P i T S S 1804

L R Klaproth, Hisinger, and Berzelius.. 1804
*Polassium,......cconsnses Davy...... o B e i R 1807
g =101 1] PR RN . ot o et Sl R o e 1807

1573) ) s R L Davy, Gay Lussac, and Thénard... 1808
B TTC G TR T LT BT o ik TN T s oo 1808
L T s e |7 T e Sl e 1810
1 b T e ety | o] DR e R S 1811
Selenium.......cceeneere. Berzelius..... 1817
Cadmiam ™, .. ..ovnancon| BETOMGTOE ..« o0ine isvies i snsmsbacrsnss 1817
P P (7 T T I 1518
Bromine........... ERECE BRI o e i e ' 1826
Aluminium.......e..e..| WOBLEE coeserreresninoon s Dy I 1827
Ruthenium............... BN e i s s i e v i L 1528
Thorium ............ B I e L 1828
Lanthanum.............. Mosander.......coveressncensrnns S 1839
Didymium ............... [ T [ R e e v 1843
Brhaiomn:. .l e Mosander........ i i cais SRR 1843
Tarbiom ...........ce0iies Mobamder..... cuancie e ' 1843
Niobium, ............... T R S | 1846
5 RO R Bunsen and Kirchhoff................ 1860
Rubidiom................| Bunsen and Kirchhoff................| 1861
ERalBN ., e iy, [ e S | 15861
Indium......... SRR Reich and Richter ...... i ! 15863
L) 1111 SR Lecoq de Boisbaudran ... ............ 1875
Ytterbinm......ccoonvnees Marignac .......c.v.ue. <o S 1878
DPIeCIDINI . ... ncnvabas Delafontaine. . ....aueuieinnscsanninoea- 1879
Norwegium............... 1y ) AR R e R e e 1579
BEMATIOM «.....cooveernis Lecoq de Boishaudran................ 15879
Scandinm..........cooon: T O s i s e b s s s e 1879

10 Firconinm —The metal was first isolated by Berzelius.

11 Strontivm —Crawford first suggested the presence of a new earth in strenfianite, basing
hie opinion on experiments made by Cruikehank. In 1791 Hope, and in 1798 Klaproth, came
to the same conelosion, and, s it seems, independently. Davy isolated the metal in 1508,

12 Vanadivm.—Redigcovered by Sefstrim in 1820, and examined by Berzelius in 1831 bat
only first thoroughly investigated in 1867 by Roscoe, who fret obtained the metal,

13 Fantafum.—In 1801, Hatchett discovered o new metal in columbite from Mas=sachusetis,
which he called columbivm. This was for many years sopposed to be identieal with
tantalom, but was in all probability niohivm, rediscoverad by lRose in 1846,

J: gﬂr‘fm tum,—Digcovered independent]y and almost simultaneously by Hermann, Meissner,
and Karsten,

* The compounds of elements marked with an asterisk were more or less known in early
times.
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CHAPTER II.
STRUCTURE OF MATTER.

Molecules and Atoms.—[n many cases masses of matter are perceptibly
made up of a number of particles of greater or less size. For example, a
heap of sand is made up of particles of greater or less fineness, but still
of a size readily distinguishable to the eye or to the touch. Sandstone is
seen to be similarly constituted ; but, whereas, in the case of the sand the
particles are free to move, in the sandstone they are kept firmly together.
In a piece of chalk the unaided eye does not see any particles, but a mi-
croscope will readily demonstrate that chalk is also made up of particles.
1f now we examine a lump of moist clay we shall find that neither thesense:
of touch, nor the eye, even when aided by the most powerful microscope,
will enable us to recognise any particles whatever. If, however, we take
the piece of clay and stir it up with water, in which the clay is perfectly
insoluble, the water becomes turbid, the clay has in fact broken up and
become diffused through the water in the form of exceedingly minute
particles, too small to be individually recognisable, but clearly percep-
tible as turbidity or cloudiness. Here, then, we can neither feel nor
see the particles singly, and yet we can have no doubt of their
existence.

Now, let us go a step farther. Most kinds of matter appear to our
senses, aided or unaided, to possess a perfectly continuous or homo-
geneous * structure; and yet there are so many properties of matter which
admit of explanation only on the assumption that it is made up of
particles, that we have no hesitation in taking for granted that this is
really the case. To our mind’s eye the particles are as clear as are the
sand grains to our bodily eyes, or as the fact of a turbid mixture being
obtained by stirring clay with water proves to us that the clay is made
up of particles, although no individual particle is visible even with our
most powerful microscopes.

All matter then may be supposed to be made up in the first place of
individual particles (called molecules 1), not admitting of further sub-
division without destroying the character of the matter composed of
these particles; and, in the second place, these particles themselves are

* dwos, the same; pived, kind. t Molecula, a small mass

i e |
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supposed to be made up in almost every case of still smaller particles
(called atoms *), which are to our present means indivisible, 1

These molecules are of course exceedingly minute, far more minute
than the smallest particles visible under our microscopes, but having
nevertheless a definite size and weight.

The probable size, or, rather, the limits of size of these molecules has
been caleulated by Sir W, Thomson, who finds that their diameter ranges
probably between 0:000000001 and 0:00000000005 of a millimetre, or
something like from ten thousand to two hundred thousand times smaller
than the smallest particle visible under our best microscopes. In order
to convey some notion as to size, which the above figures entirely fail
to do, Sir W. Thomson gives us the following illustration :—Suppose
we could magnify an ordinary drop of water to the size of a globe
equal to our earth, then the molecules of the water would become
visible, and would be found to be larger than small shot, but smaller
than ecricket-balls.

Matter, then, is made up of molecules, not in actual contact, but kept
at certain distances apart. We have further every reason to believe
that these molecules are in unceasing motion (see ch. vi., p. 38).

Solids, Liquids, and Gases.—The special properties and conditions of
any particular kind of matter depend, as we shall see more clearly later
on, upon the nature of the atoms which make up the molecule, the dis-
tances at which the molecules are from one another, and the eharacter and
extent of their motion. The molecules of solids and liquids are held
together by a force of attraction called cokesion.I 1f this force is so power-
ful as to keep the molecules firmly bound together, a solid substance is the
result. In a solid the molecules are not free to move, but retain their
relative position; the solid has a definite shape which it retains unless this

® Zroges, uncul, indivisible.

t The molecales in any given compound or element are identical infer se, and this
identity as regards kind of matter, extends in the case of an element to the atoms, whereas,
the atoms in the molecule of a compound are essentially different, being composed of dif-
ferent kinds of matter. The fact may be disgrammatically expressed thus :—

©0) ©06

Element. Compound.

t Coheerao, I stick together.
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is forcibly altered. If the cohesive force becomes less, thus allowing a
greater freedom of movement to the molecules, a liguid is the result,
which has no shape of its own, but adapts itself to the shape of any
vessel in which it is placed, its free surface being always level.
When, finally, the cohesive force becomes nil, a gas results. A
gas always fills entirely and uniformly any vessel, great or small, in
which it may be placed. The molecules of a gas, instead of attracting,
have a tendency to recede from one another.

The indestructibility of matter (p. 4) presents itself in a clearer light
after the above considerations. Matter may be made to undergo various
changes and transformations, but in all of these the weight of the matter
acted upon remains unaltered, or, to express it in language which we
shall now be able to understand, the molecules of matter may be broken
up or their internal structure altered, but the atoms remain unaltered

throughout all changes which it may undergo.

CHAPTER IIL
CRYSTALLOGRAPHY.

Most substances, when passing slowly from the gaseous or liquid con-
dition to the solid, assume a definite geometrical form, bounded almost
always by plane surfaces.* ‘These geometrical forms are termed erystals.
Their number and variety is considerable, but an attentive study of
their characteristics has shown that they may ail be ranged under a
few classes, systems, or families, The members of each system have
certain characteristics in common, wherein they differ from the
members of all other systems.

In all systems the planes of the erystals are assumed to be disposed
round certain imaginary lines passed through the crystals in a symme-
trical manner. These lines are called axzes,t and while the crystals of
one and the same system differ from each other in the manner in which
the planes are arranged round the axes, the crystals of different systems
are distinguished by the inclination and the relative lengths of the axes.

* weusTahlof, (8,
T Most erystals show a tendency to split in certain directions (cleawvage), and the
surfaces so formed are also plane,
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There are in all six systems; in five of these three axes are assumed,
in one of them four. The relative position of the axes is supposed to
be such, that their point of intersection is the geometrical centre of
the crystal, that they pass in and out of the crystals at corresponding
points, and that the planes can be arranged in relation to them in tili}
simplest and most symmetrical manner.

We may now take them in order:—

L. Regular or Cubical System,—Three axes, all cutting each other
at right angles, and all of equal length.

Il. square Prismatic, Quadratic, Pyramidal or Tetragonal* System.
Three axes, all cutting each other at right angles, but one of them
shorter or longer than the other two.

III. Right Prismatic or Rhombic System.—Three axes, all cutting each
other at right angles, but all of different lengths.

IV. Obligue Prismatic or Monoclinict System.—Three axes, two
cutting one another at right angles, the third inclined to the plane
formed by these at an angle other than 90°, and all axes of unequal
lengths.

V. Doubly Oblique, Anorthict or Triclinic§ System.—Three axes, all
cutting each other at argles other than 90°, and all unequal in length.

V1. Hexagonal| or Rhombohedral¥] System, **—_Four axes, three in
one plane cutting each other at angles of 60°; the fourth at right
angles to the plane formed by the other three, the three axes in one
plane being equal in length, the fourth longer or shorter.

Behaviour of Crystals to Heat and Light.—('rystals of the regular
system expand equally in all directions when heated ; they also conduct
heat equally in all directions, and refract light singly in all directions.

Crystals of the other systems expand unequally in different directions
when heated, conduct heat differently in different directions, and,
except in certain directions, refract light doubly.

Size and Shape.—In the regular system simple crystals of the same
genus, having all axes equal and at right angles, may differ from each
other in size, but must always have the same shape; whereas, in all
other systems, in which the relative lengths and inclination of the axes

vary, they may not only differ in size, but also in shape or form (sece
figs. 7 and £).

* rirex, forr; v, angle. t pdvak, ome; mdive, Jincline
T kv, not; dallas, straight. § rptas, three: xdivaw, I incline,
I £E six; i, angle. W fhedof, a rhombus; (See, a face,

** We have given this syatem, with ite four axes, the last place, contrary to the usual order

(itis generally placed third) because we belleve that such an arrangement is far moro
easily remembared,
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REPRESENTATIVE ForMS oF THE SiX SYSTEMS.

A. Octahedra.

Natural crystals are not always absolutely symmetrical in shape, but
very frequently some of the planes are developed unduly at the expense
of the others; but, however great this apparent distortion may be, the
inclination of the faces towards each other remains always the same,
that is, as it would be in the perfectly symmetrical crystal.

Composite Crystals.—(Crystals rarely consist of a simple form, but are
generally a combination of two or more forms belonging to the same
gystem, and such are termed composite erystals.

Holohedral and Hemihedral Crystals.—Crystals in which all the faces
present have the same relation to the axes, and possessing all such
possible faces, are termed holohedral® crystals. Forms derived from
these by suppression of half the number of faces are termed hemihedral.t

The cube and the four-sided prisms have no hemihedral form ; three

= Saef, whole; Bew, a face. t s, ha{f;__'i;nii{-,fa:c.

A T —
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B. Prisms.
Ia. Ia. I,

\L

Vi,

. |
i

_.--""'-H-;

plane surfaces cannot inclose a space, but in the case of the prisms any
two alternate faces may be present in a composite crystal, and are then
called side or end faces, according to their position on the crystal.

Twin Crystals.—Not unfrequently two or more crystals of the samne
form are found grown into another in such a manner that part only
of each crystal is present. Such crystals are termed twin erystals, and
they always show re-entering angles or corners which are never found
in other crystals.

Common Forms.—The three simplest forms in the regular system are the
sube (fig.a),the rhombie dodecakedron® (fig. 1), and the oetahedront (fig. ¢).
In the cube each plane cuts one axis, and is parallel to the other two. In
the rhombic dodecahedron each plane cuts two axes at equal distances
from the centre, and is parallel to the third. In the octahedron each
plane cuts all three axes at equal distances from the centre. Figs. d

* Bddixe, fwelve; 1dex, @ fuce, t dmrd, eight.
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Fig. b.
Fig. d. ¥ig.e & Fig. f.

and e represent a combination of octahedron with the cube, and with
the rhombic dodecahedron respectively. Fig. f represents a combina-
tion of octahedron with cube and rhombic dodecahedron.

In the next four systems the principal forms are the octahedron and
the prism, which may be taken as the representatives of the cube.
These forms may vary, not only in size but also in shape, according to
the varying relative lengths (figs. g and 4), or lengths and inclinations
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of the axes; and, further, as to the position of the minor axes in
relation to the crystals, Thus, in an octahedron or a prism, the two
minor axes may terminate in the corners and angles, or in the middles
of the edges or side faces. In the first case the crystals are called
direct, in the second case inyerse (see figs.  and k).

Fig. i. Fig. k.

In the sixth system the principal forms are the double six-sided
pyramid (fig. V1), its hemihedral form the rhombokedron, and the siz-
sided prism (fig. Vla).

Dimorphism.*—Very many substances are capable of crystallising in
various forms belonging to the same system. Alum and common
galt, for example, may be obtained crystallised in cubes or octahedra of
the regular system, Diamond also erystallises in many forms of the
regular system. Cale-spar occurs in many varieties of the rhombohedral
system, and so on.

A less frequently observed property is, however, the power possessed
by some substances of erystallising, under varied conditions, in forms
belonging to two different systems. Such substances are called
dimorphous. This is the case, for instance, with earbon, which may
erystallise in the regular system, when it constitutes diamond, or under
different conditions in the rhombohedral system, when it constitutes
graphite or black-lead. Again, sulphur, when crystallising from its
melted condition, assumes the shape of neecdles belonging to the oblique
prismatic system, but when erystallising from a solution of bisulphide of
carbon, assumes the form of octahedra of the right prismatic system.
In some few cases, substances may crystallise in three different systems
and are then known as érimorphous substances,

Isomorphism. +—Frequently a special erystalline form constitutes a
characteristic property of a substance, and indicates a certain chemical
constitution. When this is the case, the process of crystallisation

* ig, lwice; peosgd, fornt. tires, equal ; egps, form.

2
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hecomes a most important means of obtaining the substance in a state
of purity.” In many cases, however, it is found that substances of dif-
ferent but analogous chemical composition, crystallise in the same form.
This phenomenon is termed isomorphism, the substances being called
isomorphous. Isomorphism may, in some cases, be a most valuable indi-
cator of a similarity of constitution in different substances, and, hence,
often enables us not only to fix the chemical relations, but even the
atomic weights of certain elements (p. 62).

As erystals of the regular system, belonging to the same genus may
differ in size but not in form, equality of form in the case of substances
erystallising in the regular system cannot be taken as showing isomor-
phism, i.e., equality of form accompanied by analogy in chemical
constitution.

Methods of Crystallisation. —Crystals may be obtained in a variety of
ways. In almost all cases crystals are the larger and more perfectly
formed, the more slowly they have been produced, the greater the mass
from which they are produced, or, as in case 3 (#), the more constant
the temperature during their formation. The following are the methods
in general use :—

1. By Sublimation.—Some solids, when heated, go off into vapour
without becoming liquid, and if the vapour is cooled, it condenses
crystalline. Such are iodine, arsenious acid, mercuric chloride.

2, By Fusion—Some solids, when melted by the application of heat,
solidify in crystalline masses on being cooled more or less slowly, e.g.,
sulphur and many metals.

3. By Solution.—(a.) If a solid substance is dissolved to saturation at
an elevated temperature in a solvent in which it is more soluble in the
hot than in the cold, the excess of substance dissolved at the higher
temperature frequently separates out in erystals when the solution is
cooled, the solvent not being able to retain it at the lower temperature.
Most salts, and very many organic substances, behave in this manner,
and this method of obtaining crystals is the one most frequently
employed. (b.) If from a saturated solution of a solid, the solvent is
gradually removed by evaporation (through application of heat or spou-
taneously), the solid is generally deposited in the crystalline form, in
proportion {o the removal of the solvent—e.g., common salt, &e., &e.

4. By Electrolysis—Many metals are deposited at the negative pole
of a powerful battery in a crystalline form.

Allotropy.*—In some cases dimorphous (p. 17) elements show

® Riheg, ollier; vedmes, form.

B e e A P .
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strikingly different characteristics, according to the erystalline form
which they assume. Thus, carbon, when erystallised in the regular
system, constitutes diamond, while, when it crystallises in the hexagonal
system, it constitutes graphite or black-lead. In other cases, as for
example, in the case of prismatic and octahedral sulphur, the diference
is more or less confined to the crystalline form.

Again, some elements exist, both in the crystalline and in the
amorphous or vitreous form, and in such cases the differences of
properties are often strongly marked. These remarkable differences
of condition assumed by certain elements, are known as allotropic
modifications. They are usually aceompanied by a difference in density.
This phenomenon of allotropy is not confined to solid elements, but is
also found, in one striking instance at least, among gaseous elements.
Oxygen, as will be shown later on, is known in a comparatively inactive,
and also in a highly active condition; and this case is of especial
interest, as it serves to throw a light on the probable cause of allotropy.
It can be shown that, whereas ordinary oxygen contains only two
atoms in its molecule, ozone or active oxygen contains three. Allotropy
in other elements is probably due to a like cause.

Variations similar to the above-mentioned allotropic modifications
ocecur also among compounds, as, for instance, in the red and yellow
varieties of mercuric iodide, and in the red and black varieties of
mercuric sulphide,

In erystals belonging to the quadratic and hexagonal systems there
is but one direction in which they refract light singly (uniaxial crystals);
and this optical axis coincides with the prineipal crystallographic axis.
In crystals belonging to the rhombic, obligue, and doubly obligue
systems, there are two directions in which light is singly refracted
(biaxial crystals).

CHAPTER 1V.

WEIGHTS AND MEASURES,

To measure is t6 ascertain how many times a quantity which is taken
as a unit or standard of comparison (a unit of measure) is contained
in another quantity of which it is desired to represent the amount.
Thus, to measure the distance between two cities is to ascertain how
many times the unit of length is contained in the distance to be
expressed. To express the weight of any substance, we determine how
many times a certain unit of weight is contained in it, &e., &e.
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The Metric® Bystem.—The metric system is a decimal system of
weights and measures, devised by a Committee of the Institute of
France at the request of the Government, and introduced into France
at the commencement of this century. Its convenience and simplicity
have caused its universal adoption in science throughout Europe.

The basis of the whole system is the metret or unit of length, the
English equivalent of whieh is 39-37 inches. From this unit all other
units are derived, as will be seen from the following tebular state-
ment :—

MEAsUREs OF LENGTH (Multiplier 10).

Metre = 39-370432 inches.
Decimeirs = 4 Metre = 3937 ,, = 4 inches nearly.
Centimetre ++s Metre -3937 inch = 4 inch nearly.
Millimetre = g4y Metre = -03937 ,, = }; = 7 inch nearly.

I
i

=T

MEASURES OF SURFACE (Multiplier 100).

Square metre — 100 square decimetres.
= 10,000 square centimetres.
= 1,000,000 square millimetres.

MEeasvres oF Caracity (Multiplier 1000).

Cubic decimetre or Litre = 1,000 cubie centimetres.
= 61:024 cubic inches=1-76 imperial pint.
Cubic centimetre = .\ litre.

Measures oF WeiGHT (Multiplier 10).

Kilogramme = 1,000 grammes = 15,432 grs. = 2:20 lbs. av.
Gramme } = 1oy kilogramme = 15432 grs,

¥ peiTgay, o WEASUIE,

t+ The governing festure in the introduction of the metric system was, flrstly, tha
establishment of o natural standar] which eould at any time be recovered, even assuming
all existing copies of the standard to have been lost. This condition the metre was devised
to fulfll, having been made equal to the 10,000, 000th part of a quadrant of the earth, measured
from the equator to the pole. Unfortunately, an error occurred in the measurement ‘The
metra i8 not exactly the 10,000,000th part of o quadront, and is now, like all other measures,
hased solely on the standard kept at Paris. The gecond feature aimed at was the intimate
relation of the various measures of length, surface, and capacity; and this it fulfils in the
most sdmirable manner, and it is chiefly this that constitutes its great value.

1 A gramme is the weight of 1 cubic centimetre of distilled water at 4°C.
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Decigramme = ,'; gramme.

Centigramme = {!; gramme.

Milligramme = (4 gramme = J; grain nearly.

1 cubic metre of water weighs 0-9842 ton = 1 ton nearly.

A crith * is the weight of 1 litre of hydrogen at 0° and 760 mm.
Bar. = 0-0896 gramme,

The following English weights and measures are often required : —

Avoirourols WEIGHT.

11b. = 16 ozs. = 7,000 grains,
1 0z. = 4375 grains.

APOTHECARIES WEIGHT,

11b. = 12 ozs. = 5,760 grains.
1 oz. = 480 grains.

1 gallon weighs 10 1bs. av., or 70,000 grains.
1 pint contains 20 fluid ozs.
1 cubic foot of water weighs 997 ozs. = 1,000 ozs. av. nearly.

CHAPTER Y.
SPECIFIC GRAVITY.

Specific Weight of different Substances.—Weight, as already stated
(p. 2) is a fundamental property of matter. If we compare different
bulks of the same kind of matter as regards their weight, it is self-
cvident that their relative weights vary as their respective bulks. Thus,
ten cubic inches of iron weigh ten times as much as one cubic inch
of iron.

This simple and obvious relation between bulk and weight, how-
ever, ceases to hold good as soon as we compare different kinds of
matter. In this latter ease, the least consideration will remind us
that often very bulky things possess but little weight, and that very
Lieavy things often occupy but a small bulk; that, although weight is
a fundamental property of matter, all kinds of matter are not equally

* xpulli, @ barley corn.
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heavy, bulk for bulk; they possess, in fact, a specific weight, gravity
or density.*®

This specific weight of different kinds of matter often constitutes
an important distinguishing property, and, for the sake of uniformity
and convenience, the weights of all solids and liquids have been
compared with the weight of an equal bulk of water taken as unity.
The resulting number tells us how many times heavier or how many
times lighter the substance is than water, bulk for bulk, and is most
commonly called the 8pecific Gravity of the substance.

In order to insure absolute uniformity in the statement of results, it has been
generally agreed upon to take one specinl substance, wiz., water for comparison with
nll the rest, and to expresa the specifle gravity of all solida and liguids in relation to
such n chosen standard ; now, inasmuch ag all sobstances alter in balk, and, consequently,
in the re’ative weight of equal bulks by change of temperature, it is not sofficient to fix
upon one specinl standard, but it is also necessary to fix upon a particular temperature at
which the comparison is made, Unfortunately we find here no longer a universal ngree-
ment, In England the temperature chosen is 1550 (60°T.) ; on the Continent it is 4¥C.+
Now, on heating water from 4°C, to 155°C it increazes sensibly im bulk, but of counrse
does not alter in weight. Thus, 10,000 volumes becomes 100089 at 15-5°C., and, therefors,
10,000 volumes measured at 15°5° will weigh less in the same proportion compared to
10,000 volumes at 4°, Or, taking the specific gravity of water at 4° a8 |, its specific gravity
at 1505 will bhe 0-099050; and, converzely, taking the specific gravity at 15-5° as 1, its specifle
gravity at 4% will be 1-.000835. The standard taken for comparizon on the Continent is, therafore,
glightly higher than in England, in consequence of which the speciflc gravities of substances,
as given in Continental boolis, are slightly lower than those given for the same substances
in English books.

Determination of the Specific Gravity of Solids and Liguids.—Ta
determine the specific gravity of any solid or liquid two data only are
necessary, viz.:—

1, The absolute weight (a) of any given bulk of the substance;

2, The weight (b) of an equal bulk of water;

then ;:- = the specific gravity of the substance.

To arrive at these data various methods have been devised. We may
consider the case of liquids first as presenting the least difficulty,

A, LIQUIDS,

(1.) By Weighing Equal Volumes of the Liquid and Water.—'I'his may
be effected by weighing the liquid and water successively in the same
vessel, care being taken that the vessel is completely filled each time.

= Btrictly speaking, densily means comparative mass, while specifle gravity or specifle
woight denotes comparative weight; but, as mass and weight are proportional to ons
another, the two terms moay be (and in chemical text-books froquently ars) used
indiMerently.

t This temparature has besn selocted as enrrespunding to the marimum densily of
water (q.v)

e o
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The aceuracy of the result depends chiefly on the degree of accuracy
with which the vessel can be filled, so as always to contain the same
volume., A variety of vessels, known as specific gravity flasks, has
been devised with a view to attaining sueh accuracy, most of which
have a capillary tube in the stopper, or at the side, so that the stopper
can be inserted without danger of retaining a bubble of air, the excess
of liquid escaping through the eapillary tube. The temperature of
both the liguid and the water must be carefully observed, and an allow-
ance made for deviation from the standard temperature, or both must
be brought to the standard temperature before weighing,

Speeific Gravity Flask. : Hydrometer. :
LEzample : *
Weight of specilic gravity flask + liquid at 15-5°C. = 816 grms.
Weight of specific gravity flask + water at 15-5°C. = 723 ,,
Weight of specific gravity flask = 223 |,
81:6-223 593

= 1-186.

Hence, specific gravity of 11-::11111.1=T2_::l ~993 50

(2.) By Hydrometers { or Areometers.]—A hydrometer or areometer is
an instrument by means of which it is possible to read off, or to rapidly
calculate, according to some scale of degrees, the specifie gravity of the
liquid in which it is placed. Its construction is based on the principle

* Strictly speaking, the so-called empfy bottle is full of air, and the weight of the empty
bottle is really the weight of the bottle plus the weight of air it contains. When the boitle
is Olled with liguid this air is expelled, and is not incloded in the weight of the fall bottle.
The weight of the liguid filling the bottle is therefore really too low. In accurate experi-
ments allowance for the weight of this air has to be made, and if the experiment is made
at other than the standard temperature, allowance must be made for the expansion of the
glags of the bottle, as well as for that of the liguid.

t Hydrometer, éae, waler; and wireor, @ measure,

i Areometer, &geics, thin, rare; and girgor, @ measure.
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that a floating body displaces a bulk of the liquid in which it floats,
such that the weight of the bulk of liquid displaced is equal to the
whole weight of the floating body. In shape it somewhat resembles a
fishing-float. It is made of glass or metal, and is so weighted as to float
upricht. A narrow stem permits it to indicate small variations in the
specific gravity of the liquids tested.

(3.) By Weighing a Solid in the Liquid and in Water.—This mecthod
is based on the principle that a body, when weighed in a liquid of less
specific gravity than itself, appears to weigh less than its weight in
air, by the weight of an equal bulk of the liquid in which it is immersed.

The following example will best illustrate the method:

Weight of solid in air = 254 grms,

Weight of solid in water = 189 ,,

Weight of solid in given liquid = 206 ,,

Loss of weight in water = 60 ,, = weight of bulk of water

equal to bulk of solid.
Loss of weight in given liquid = 4'8 ,, = weight of bulk of liquid
equal to bulk of solid.

“h

48
2 s

Hence, specific gravity of liquid = 55

B. SOLIDS.

(1.) By Weighing the Solid in Air and in Water.—This method depends
on the principle already mentioned (A. 3), that a body of greater specific
gravity than a given liquid, will, when weighed in the liguid, weigh less
than its whole weight by the weight of an equal bulk of the liquid.
Hence, the loss of weight of the solid in water, represents the weight
of an equal volume of water, and we have only to divide the weight in
air by the loss of weight in water to find the specific gravity,

Ezxample:
Weight of solid in air = 36-5 grms.
Weight of solid in water = 287 , .
Loss of weight in water = 78 ,, = weight of bulk of water
equal to bullk of solid,
Specific Gravity of solid = ?fgﬁ = 4:679.

(2.) By Weighing a Solid in Air and in a Bottle previously Weighed and
full of Water, —By this method the difference in weight gives the

weight of the water displaced, d.e., of an equal volume of water. An
example will best explain it.
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Ezxample:
Weight of bottle full of water (75:6) + solid (19-2) outside = 94-8 grms.
Weight of bottle full of water + solid inside =929 ,,
Difference = weight of water displaced by solid = 19 ,,
o s - 19-2
ence, specific gravity of solid = = 10-1,

(3.) By Calculation from Cubical Contents.—If the cubical contents of
a golid are known and the weight of the solid, it is easy to determine
its specific gravity by dividing its weight by the weight of an equal
volume of water, The volume may be found by direct measurement or
by immersion in water, and measuring the amount of water displaced,
or by measuring the volume of air displaced, which last may be done
with considerable aceuracy in a specially-devised instrument called the
volumenometer, especially suited for estimating the specific gravity of
powders or porous substances.

() Determination of Specific Gravity of a 8olid Lighter than Waler —This may be
effected by attaching the solid lighter than water to a piece of metal gufficiently heavy to
gink it, and whoee weight in air and in water is krown. An example will sullice: —

Weight of plece of cork in air = T3
Weight of piece of matal in air = 502
Weight of piece of metal in water = 10D
Loss of weight of metal in waler = 43
Fa——
Metal 4 cork in air = 877
Metal 4 cork in water = §4
Loss of weight of metal 4 eorl: in water = 34'3
Loss of weight due to metal only = 43
Loss of weight due to cork = 30~
PR

Henee, specifle gravity of cork = = = 025,

(%) Determination of Bpecific Gravity of €olid Soluble in Water, but insoluble in another
liquid, say turpentine (speciflc gravity of turpentine = 0-872),

Weight of solid in air = 170
Weight of solid in turpentine = 106
Loss of weight in turpentine = 070

— e a

, 050
Weight of equal volume of water = ﬁ'i:?-z = (802

146

.. Specifl = ol golid = - T
pecille gravity of solid 0 802 *1M,
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Determination of Specific Gravity of Gases.*—The specific gravity of
eases is usually compared with air or hydrogen as the standard or unit.
In estimating the specific gravity of solids or liquids, unless great
accuracy is required, the temperature may often be neglected, since the
differences of volume, due to changes of temperature within the ordinary
range, are not such as to materially affect the result: In gases,
however, owing to their greater expansive power, it is not only
necessary to take the temperature into account, but also the atmo-
spheric pressure at which all observations are made. Owing to their
areater bulk, corrections have likewise to be made, both for displace-
ment of air, and for the expansion of the vessel in which they
are contained (p. 27), which is usually a glass balloon. Since also
the temperature and pressure vary in different and even during the
same determinations, it is necessary, in all cases, to reduce by calculation
the observed volume of the gas to its normal volume (p. 51), that is,
to the volume it would oeccupy at 0° and 760 mm. bar. This normal
volume is often a theoretical quantity, since, as a matter of fact, many
vapours cannot exist as such at 0° but would become liquid or even
solid at that temperature.

This normal volume is further only true on the assumption that
the gases or vapours in question, expand equally for equal inerements
of heat, and that they obey Boyle’s law (p. 50). On the same
assumption the specific gravities of any two gases must preserve the
same ratio to each other as long as the temperature and pressure, what-
ever they may be, remain the same for both.

CHAPTER VI

PHYSICAL BEHAVIOUR OF SUBSTANCES TO HEAT.

AmoxG the characteristic properties which distinguish elements or
compounds from one another, we must include their physical behaviour
to heat.

Conduction.—By conduction is meant the transmission of heat through

* This paragraph, inserted here for convenience of reference, canngt be properly under-
stood without a previouns knowledge of the effects of heat and pressure on the volume of
gases, and will be best omitted by the beginner until after the perusal of ch. vi.

- ST R
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a body, without any simultaneous transportation of its particles. The
conductivity, or transmitting power for heat, varies considerably for
different substances. We distinguish roughly between good conductors
and bad conductors of heat. The metals, as a class, are distinguished
by their greater conductivity. The non-metals (p. 78), on the other
hand, are on the whole bad conductors, as are also, generally speaking,
liquids and gases.

Relative Conductivity of some Metals.

Silver, . . - « 1000 || Irom, . -

L ] # ]-19

[
Copper, . ‘ ; . 736 I Lead, . - - ; 85
Zine, . g . 5 190 | Platinum, . - . 54

{ Tin, ) g i . 145 | Bismuth, . . p 18
|

Convection.—If a liquid or a gas be heated from below, so that the
heated portions, which become specifically lighter, rise and give place
to cooler portions from above, a circulation is thus established in the
liquid, and a rapid distribution of heat ensues. This is called the pro-
cess of convection. * It is in this manner that large masses of a liquid
ora gas may be heated in a comparatively short time, despite their
bad conductivity.

Expansion.—Most bodies, when heated, expand, that is, inerease in
bulk; and, generally speaking, gases expand far more than liquids, and
liguids far more than solids, for equal increments of temperature.
But, whereas, for equal increments of temperature, the relative expan-
sion of solids and liquids varies very considerably, it is found that all
gases and vapours expand at sensibly equal rates (see below).

Expansion of SBolids. —In solids we distinguish between the linear,
superficial, and cubical expansion. The fraction of its length, surface,
or volume which a solid expands for 1°C. is termed respectively its
linear, superficial, and cubical coefficient of expansion.

For all practical purposes the superficial coefficient of expansion is
twice, and the cubical coefficient threc times, that of the linear.t

* Convectio, ¢ carrping togeiher,

t If the side of a cube of metal at (° be unity, and a its linear coefficient of expansion, then
at 17 iia pide will measurs 1 + a, its garface (1L + a)2 and itz volume (L 4+ a)®,

Now(l+a): =1+2a+an, and(l+aja=1+3a+ 3a’+ al

And since a is & very small quantity, a* and a* may be neglected.
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The following figures will suffice in illustration of the above :—

Coefficients of Expansion of some Solids,

Linear. I Cubical,

SUBSTANCE. : I
Between 07 and 100* Between 0° and S00¢ ; Between 0° and 100°

Lead, . . | 00000284 = z3l5% 0-0000296 0-0000839
Copper, .| 00000172 = zglse 00000190 00000550
Irom, . . 100000118 = 35 0-0000134 0-0000355
Platinum, .| 0-0000088 = (15 00000089 00000265
Glass, « | 00000086 = lsv 0-0000101 00000254

The rate of expansion of solids, which is practically uniform at
lower temperatures, does not proceed regularly but increases at higher
temperatures. IHenee, their coefficients of expansion are greater at higher
temperatures,

Expansion of Liquids.—In the case of liquids (except under certain
special conditions), the observed rate of expansion (apparent expansion)
is simply the difference between its actual expansion (real expansion)
and the expansion of the material of the vessel in which it is con-
tained.

The coefficient of expansion of liquids varies so considerably, even
at lower temperatures, that it cannot be aceurately expressed by a single
fraction,* but only by a formula sometimes even requiring separate
formula for various temperature intervals. Thus, if the volume of the
liquid at 0% be taken as unity, and V = its volume at ¢°, then for
mercury—

YV =1 + 0:000179007¢ + 0-:0000000252316¢.

For alcohol (from 0° to 79-8°),

YV =1 + 0:00104139% + 0-00000078356¢2 + 0-000000017618:2.

For ether (specific gravity 0-73658, boiling point 34:9%), from 0° to 35°,
V =1 + 0:00148026¢ 4 0-00000350316¢2 + 0-000000027007.

While water requires several formule between 0° and 100°,

* Expressed as o rough average, the coefficient of expansion of mercury would ba
000018, or T3rg: of aleohol 0001L, or giy; of ether 00013, or T
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Expansion of Gases."—As already stated, all gases and vapours expand

4 : : : 1
sensibly alike for equal increments of temperature, viz.: go= or 0°003665

of their volume at 0° for every degree Centigrade.tf The following
formula enables us, therefore, to calzulate the volume of a gas at any
required temperature, if we *know its volume at any observed tem-
perature :—
V, x { (o + 1)

2915 + L

Ve =

where V, = vol. at observed temperature ¢°,
and Vy = vol. at required temperature ¢,

Temperature and Quantity of Heat.— By the temperature of a body we
mean its sensible heat, and it is of great importance to distinguish clearly
between temperature or intensity of heat and quantity of heat. Two
substances are of the same temperature, if, when brought into contact,
neither parts with any heat to the other, yet these two substances may
contain very different quantities of heat.

This may be demonstrated by the following experiment :—Two balls of corper and lead
respectively, and of equal weight, are placed in a water bath heated to boiling (100%, and
then deposited at the same moment upon a cake of wax about a quarter of an inch thiclk. The
copper ball will guickly melt through the wax, while the lead ball will make buat litile
impression upon its surface. These two substances have absorbed very different guantilies
of heat, while atiaining the same temperatore or infensity of heat.

Measurement of Temperature— Thermometers,—Te ln]}er&tu re is usually
measured by the expansion or contraction of mereury in a speeially
constructed vessel. The Thermometer,t as this instrument is called,
generally consists of a hermetically sealed long glass tube, of regular
capillary bore whiech terminates at one end in a bulb, completely
filled with mercury, at or near the bmlmg point of the latter, to the
exclusion of all air.

To cffect its graduation it is plunged into melting ice, and the position
of the mercury column marked off on the stem. It is next immersed
in a steam bath,§ and the position of the mercury column again

* See also ch. viil, p. 51

t Regnaultand Magnus found that the more easily concensible gases expand rather more
rapidly, thos : =

Coefiicient of Krpansion (Regnanlt).

Carbonic Anhydride, Ay : . : 3 D-0057 05
Nitrouns Oxide, . £ : - . ; . : 000ET 19
Cyanogen @as, . . . « .+ « o« . (003876
Sulphurous Acid, . o e A e . 0003002

$ Oécpen, heal; pivger, @ measure.

4 That is of steam preduced from water boiling under a pressure of 760 mm. bar., or
corrected for that purpose,
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marked. These two jfized points, respectively known as the freezing
point and the Dboiling point, give us a standard interval which serves
as a basis for a scale of degrees.

For measuring moderate or very low temperatures an alcolol thermo-
meter is used. It must be graduated by comparison with a mercury
thermometer.

As the rate of expansion of mereury increases with the temperature,
the indications of the mercury thermometer are not absolutely correct
at higher temperatures; hence, where complete accuracy is required
(and also for high temperatures), an air thermometer must be used,
and this may be provided with a platinum bulb. The indications of
this instrument are perfectly aceurate, but involve with each observation
a somewhat complicated calculation, depending upon the fact that,
as the change of volume of any given bulk of air, for any known change
of temperature (and pressure) can be caleulated, it follows that the
temperature can be caleulated, if the change of volume is known
(p. 21).

The following are the ranges of temperature, for which these dif-
ferent kinds of thermometers are available :—Mercury thermometer,
from — 389 to 360°; aleohol thermometer, from — 100% to 409; while an
air thermometer is practicably available for any known temperature,

Very high temperatures may be estimated by immersing in the
gubstance whose temperature has to be determined, a known weight
of a substance, which does not melt at that temperature (generally
platinum), and cooling it in a known weight of water. The rise of
temperature being observed, and the specific heat of platinum known,
the required temperature may be caleulated (p. 31).

Or the variation of the conducting power of platinum for electricity,
which diminishes as the temperature rises, may be employed.

Conversion of Degrees of Different Scales.—There are three secales in
common use—that of Fahrenheit, used in England, that of Celsius
(Centigrade), used in France, and that of Reaumur, used in Germany
These are marked as to their freezing points respectively, 329 % (°,
and 0°; and, as to their boiling points, 212°, 100°, and 80°. Hence,
the standard interval in the Fahrenheit is divided into 180°, in the
Celsius into 1009, and in the Reaumur into 80°; hence, the relation
between their degrees is as 9 : 5 : 4.

*32° Fahrenheil.—A mixtore of ice and salt (frequently n=ed as a freezing mixture) atiaine
a tempoerature of 32° Fahrenheit below the freezing point of water, and Fahrenheit believed
this to be the lowest possible temperate, hence he took it for his zero. 'We now know thos
the real zero is far lower (sea Absolute Zero, p. 59).
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Owing to the common use of all these instruments, it becomes a
necessity to be able to convert degrees of the one into degrees of th&
other. The following rules will suffice :—

To convert Fahrenheit into Centigrade and Reawmur degrees, and vice
versa.—Since the Fahrenheit freezing point starts at 32° it is neces-
gary in converting Fahrenheit into Centigrade or Reaumur degrees,
to first subtract 32, and in the reverse operation to jfinally add 32.

If x = degrees required, then—

z° (Centigrade) = (F - 32) g; z? (Reaumur) = (I - 32]3—’

z° (Fahrenheit)* = E C. + 32; x° (Fahrenheit) = E R. + 32.

To convert Centigrade inlo Reawmur degrece, and vice versd.—let x =
degrees required.

L i s 4
Then z°® (Centigrade) = 5 R. =08 R.

e
and z° (Reaumur) = E G = 1250,

Measurement of Quantity of Heat—Calorimeters.—The instruments
used to determine quantily of heat are termed calorimeters.t They are
used in specific heat determinations (p. 32), or in estimating the
amount of heat evolved in chemical combination (ch. xii.). There are
two principal kinds—(1) the water-calorimeter (2) the ice-calorimeter.

In the water-calorimeter the rise in temperature produced in a known
weight of water, by the cooling, combination, &e., of a substance, is
estimated, all loss of heat being reduced to a minimum, and unavoid-
able loss allowed for.

If we call the unit of heat the heat required to raise 1 gramme of
water 1°C. (strictly speaking from 0° to 1° C.,) and the specific heat of
water 1, then if m = weight in grammes of the water contained in the
calorimeter (plus the water-valuel of the calorimeter, thermometer, and

* A rapid method, not commonly known, for converting Centigrade degrees into Fahren-
heit degrees, is as follows:—Double the Centégrade degrees, and sublract from them one-lenth
af their quantity, to the remainder add 32, and the resnlt is the corresponding number of
degrees Fahrenheit, Example—Convert 36-2°C. into F°,

dAnswer. T4 — 724 + 32 = 9716 .+, 36:20°C. = 97-16° I\,

t Calor, feat; winesr, @ measurc.

1 The water-valuve of the calorimeter, &c., is that quantity of water whose weight is equal
to the weight of the ealorimeter, thermometer (a8 fnr ns inmmersed), and stirrer, multiplied
by their respective specille heats (sec Specifc Meal, p. 32).
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stirrer), and ¢ its rise in temperatuare, it follows that m ¢ = number of
units of heat given up by the substance in cooling, combining, &c.

In the ice-calorimeter the amount of ice melted is estimated, and since,
in order to melt 1 gramme of ice, 79 units of heat are required, then if
x = number of grammes of ice melted, 79 z = number of units of
heat given out by the substance in the calorimeter.

Specific Heat.—By specific heat is meant the quantity of heat re-
quired to raise a given weight of any substance, through a certain range
of temperature, as compared with the quantity required to raise the
same weight of water through the same range of temperature. * Thus,
to raise a kilogram of mercury 1° requires about §; of the quantity of
heat required to raise a kilogram of water 1°; hence, we call the specific
heat of mereury (-033.

‘The specific heat of a substance varies according to its physical
state, being generally greatest in the liquid state, and increases at
higher temperatures, as will be seen from the following few examples :—

Specific Heats of some Substances under varying Cunditions.

BUBSTANCE. Solid. | Liquid. Gaseuus.i SUBSTAXCE. *-100° [l ("= S00°
Water, . | 0°5040 } 1-0000 l 0-45805 | Iron, . . | 0-1098 | 0-1218
Bromine, . | 00543 | 0-1051 00555 I Copper, . | 0°0949 ! 0-1013
Tin, . . |00362 00637 [ .. | Znc, . .| 00927 | 01015
Lead, . .| 00314 | 0402 | .. | Silver, . . | 00359 | 0-0611
Mercury, . | 0-0319 | 0-0333 I ! Platinum,. | 00335 !L 0-0355

e —————— e et = e = N

Dulong and Petit’s Law. —According to this law the quantity of heat
required to raise atomic proportions (p. 57) of all solid elements
through the same range of temperature is the same. In other words,
the specific heat of any solid element varies inversely as its atomic
weight. This law is in no case found to be absolutely correct, but is
mostly approximately so only; the observed variations are probably
due to variations in specific heat for various ranges of temperature,
difference of physical condition, &e.

The product of the atomic weight and the specific heat of an element
is called its atomic heat, and as will be seen from the following examples,
is a constant which averages about 6-3. If, therefore, we divide (-3
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by the specific heat of a solid element, we obtain an approximation
of its atomic weight which is sufficient to decide this point in doubtful
€ases,

Atomic Heat of some Solid Elements,

ELEMEXT. {bﬁg‘ﬁ% 8 I:;EEB Mn=n£+;x]:l£n,1
Aluminium, . " 2 2l 274 0-2143 87
Aptimony, . . - 2 122:0 | 0'0508 619
Copper, . . . ’ . 635 : 00951 603
0 R L N o 56°0 l' 01138 637
Lead, . : - 5 . 2070 i 0-0314 6-49
Mercury, : : = . 2000 i 070319 635
Lithium, : - . . | 7 0-0408 q G658
Phosphorus, . : - | 3l 01740 530
TET R S B T 00324 ’ 639
Biitvaes -0 1 RN 9 1080 00570 | 615
Sulphur, . . . : . 320 0-1776 ‘ 5°G8
Tin, . ! . . ‘ 1180 | 90562 ., 603
7R SR SR 650 000955 | 620

Neumann’s Law.—According to this law the specific heat of all com-
pounds of strictly analogous composition varies inversely as their
molecular weight. This law is also only an approximation, and for
much the same reasons as stated in the previous paragraph, as will be
seen from the following examples :—

The specille heat, in golids and liquida, also varies with the temperatare, being, generally
8peaking, greater the higher the temperature. Finally, it also differs in different allotropic
comlitions of the same element, and even when the physical conditions are but sl'ghtly
altered. Thus, hammered eopper has a less specific heat than cast copper.

Eubstance, Spec,. Hext. Substanee, Spec. Heat.
Octahadral Sulphur, . . 01776 Cast L opper, ; y (0851
Fri:matic Salphur, « o DriBd4 lammered Copper, . 00035
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Mol Molecular
CoMPouND, ) Formula.* #JE‘;‘:’ B ‘ﬂf"’ Sp-"::ﬁ?l nhé X

Silver sulphide, . : AgoS 248 00746 185
Copper sulphide, . . | Cu,S -|. 1588 | 0°120 191
Sodium carbonate, . | NasCOy 106 0-2728 289
Potassium carbonate, . K,CO4 138-2 0-206 285
Calc-spar, . . . CaCOy 100 0-206 206
Spathic iron ore, . , FeCOy 116 0182 21-1
Strontianite, . : ’ SrC0y 108 0-1445 21-3

| I '
Pyrolusite, . ' . MnO, 87 0-159 138
Quartz, . . & ; Si04 60 01913 115
Tin-stone, . ; ; Sn0, 150 0-0933 14:0

!

Latent Heat.—When in heating any substance, the melting or boiling
point has been reached, the thermometer which previously was con-
stantly rising, remains stationary in spite of the continued application
of heat. All that the addition of heat now accomplishes, is to convert
the solid into a liquid, or the ligquid into a gas, at the same temperature.
The heat which thus disappears and is not measured by the thermometer,
is called latent + heat. This latent heat is again rendered sensible
whenever the vapour or liquid respectively returns to the liquid or
solid state.

To convert a kilogram of ice at 0°, into a kilogram of water at 0°,
as much heat is required as would raise one kilogram of water through
79¢: for, if we mix one kilogram of ice at 0%, with one kilogram of
water at 79°, we obtain two kilograms of water at 0°. Hence, the
latent heat of water is equal to 79 units.

By the latent heat of a liquid is meant, therefore, the heat which
disappears at the moment of its assuming the liquid from the solid
form, or the amount of heat required to melt a unit weight of a solid,
that is, to convert it into a liquid at the same temperature. ‘L'he
following table gives us the latent heat of several liquids. Of all
liquids water has the greatest latent heat.

* For explanation of these formula, seo ch. xi. t Lateo, I lie hid; see also p. 40
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Latent Heat of some Liquids (Person).

Latent JTeat. l! Latent Heat.
SUBSTANCE. — BUBSTANCE.
In Units, |Water=1. ': In Units. [Water =1.
Water, | 7925 | 1000 | Sulphur, . | 9:368 | 0-118
Zine, a - | 2813 0-355 Lead, 5370 0067
Silver, . p i 2106 0-265 || Phosphorus, . 5340 | 0063
Tin, . I 1425 | 0179 | Mercury, ‘ 2:840 | G-035

DBy the latent heat of a vapour is meant the heat which disappears at
the moment of its formation, or the amount of heat required to convert
a unit weight of the liguid into vapour at the same temperature.

The steam from one kilogram of water at 100° will raise 5-37 kilo-
grams of water from a temperature of 0° to 100°.
steam is therefore equal to 537 units.

The latent heat of

The following table gives us the latent heat of some vapours. Of
all vapours steam has the greatest latent heat.
Latent Heat of somez Vapours.
- 1
Latent Heat. l] Latent Heat,
SUDSTANCE. il SUBSTANCE.
In Units. |Steam =1. In Units, |Steam =1.
Water, . 53667 | 1000 || Ether, 9045 0-168
Aleohol, . A 208-31 | 0-387 Bromine, - 4560 0-084
Acetic acid, 10191 | 0-189 ] lodine, , . 2395 | 0044
| i

Freczing Mixtures.—The action of so-called fressing miriures, for the production of
eold artifieially, depends upon the dieappearance of heat during the lignefaction of a solid
or the evaporation of a liquid. The following table includes some of those more commonly

Enown:—
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I;:ﬂ;';;ﬁ? Substances Employed. Tepiﬂll?:a a,
e s I
1:1 Water and Ammoniom Nitrate, . . . . . .| +10°t0c —16® |
B:5 Crystallizsed Sodinm Sulphate, and Hydrochlorie Acid, . + 19" %0 — 18"
1:1 Enow and Common Salt, g Rt g~ e LT 0* to —15°
1:1 Snow and Caleie Chloride, . AR~ A R e e 0 to — 457
Ether and Solid Carbonie Anbydride, . . . S s P to —77°
I Bisulphide of Carbon and Liguid Nitrous Oxide, e e 0 o — 140°

Summary of Phenomena Observable in Connection with Change of
Thysical State.— Theoretically all substances are capable of assuming all
three physical states, and frequently we are acquainted with a substance
in the solid, liquid, and gaseous forms. Let us follow briefly the familiar
instance of the conversion of ice into water, and finally into steam.
Supposing the ice to be somewhat below 0°, if we heat it, its tempera-
ture will be raised (specific heat, p. 32) until it reaches 0°, when it
will begin to melt (melling point). At this stage the temperature will
remain stationary until all the ice is melted {latent heat, p. 34), when
the temperature will again begin to rise, continuing to rise until bubbles
of vapour are seen to form below the surface, which collapse again,
at first, but finally rise to the surface and escape as steam (ebullition).
At this stage the temperature will again remain constant (boiling point—
see also latent heat, p. 35).

During all this heating some of the ice or water disappears (evapora-
tion)—the rate of evaporation increasing with the temperature ; and, if
the experiment is conducted in a closed vessel, it will be noticed that
the vapour evolved exerts a certain degree of pressure (vapour tension).
T'his pressure is constant for any particular temperature, but rises with
the temperature in a constantly increasing ratio, and when the tem-
perature is reached at which the water boiled in the open vessel, the
tension will be found equal to the pressure of the atmosphere.

What has here been briefly sketched in the case of water is true in
the case of all solids and liquids which admit of the same transforma-
tions. It only remains to make a few further observations in connection
with the above statements.

Melting Point.— DBy the melting point of a substance is meant the
temperature at which it changes from the solid to the liquid state.®
This temperature, which is constant for the same substance under the
same conditions, often constitutes an important distinguishing property,
and varies very considerably for different substances, as will be scen
from the following selected examples: —

* In some cazes such as glass, wax, wrought iron, the change from the solid to the liguid
atate takes place gradually, 8o that for o more or less considerable range of temperatura,
these bodies are neither golid nor liguid, but more or less plastic; in others, such as ice, tha
chapge is abrupt.




POYSICAL BEHAVIOUR OF SUBSTANCES TO HEAT. 37

Melting Points of some Solids,

SUBSTAXCE. MP?-‘H'RS -' SUBSTANCE. ﬁ;’euliltilﬁ
&
Wrought iron, . . :Ilﬁﬂﬂﬁ To, 5 - 235°
Gold, 1200° | Sulphors. . a mes |y KIS
Copper, - - » | 1090° || Phosphorus, . i | 4
Silver, . . | 1000° || Ice, . 3 : s 0°
Lead, . ; : : ! 334° || Mercury, -3

Most substances increase in volume on melting, but some decrease.
In the case of the former the effect of pressure is to raise, in the latter,
to lower, the melting point.

Vapour Tension.—If a liquid is introduced intc the vacuum of a
barometer tube, the mercury will be more or less depressed, accord-
ing to the degree of volatility of the liquid, the depression registering
the elastic force of its vapour, that is the vapour fension of the liquid
for that temperature. The amount of vapour given off from a liquid
is the same, whether the space is a vacuum or not, but evaporation
takes place much more rapidly in vacuo. Hence, the vapour tension
of a liquid for any given temperature is a constant quantity, The
vapour tension for all liquids at their boiling points is the same (see
foregoing summary), and as these differ greatly according to the nature
of the liquid, it follows that at the same temperature the vapours of
different liquids exert very different pressures, as will be seen from the
following examples :—

Vapour Tension of some Liguids.

TEMPEEATURE, Varoun Tession 18 MILLIMETRES.

! Water. Aleohol, Ether,

g S egs 650 113 2

0° 4600 1273 1823

g0 | 17-301 44-00 4348

349 41-527 102-87 7600
784 3300 7600

100° 760-0
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Boiling Point.—The boiling point of a liguid is, therefore, the tem-
perature at which its vapour tension is equal to the pressure of the
atmosphere (taken as 760 mm, bar.), and is a constant quantity for the
same liquid at the same pressure, increasing with inereased, and dimin-
ishing with diminished pressure.* In recording the boiling point of a
liquid it is, therefore, necessary to record the pressure at which it is
observed. The boiling point of a liquid at normal pressure (7060 mm.)
is termed its normal boiling point.

Normal Boiling Points of some Liguids.

e i
Licom s e |
i P
Sulphur, > . : 440° Benzole, : 3 | 804
Mercury, . 2 : 350° Aleohol, i i s e
Phosphorus, . . . 290° || Carbon Bisulphide, . 480
-“:‘l'rﬂ-tﬁl', ® - L] L] lmﬂ | Et!ler: L] L] - ® 1 3‘*.9

Distillation.—A liquid may frequently be purified from more or less vola-
tile admixtures, or from solid substances held in solution, by distillation,
i.., by heating it in a vessel and condensing the vapour so formed in a
tube surrounded by cold water, which communicates with another
vessel called the receiver, in which the distilled liquid is collected.

Sublimation.—Some substances, when heated, are converted im-
mediately into vapour without assuming the liquid form; such sub-
stances are said to sublime.

Dynamical or Mechanical Theory of Heat.—According to this theory,
heat is simply molecular and intra-molecular motion, and, like the
motion of all material particles, can consequently be represented by
its equivalent of mechanical effect or work. Thus, if the work done
by the falling of one kilogram of matter from a height of 424 metres
be, by suitable means, transformed into molecular motion in a kilo-
gram of water, it is capable of raising the temperature of the
water 19(!. This is called the mechanical equivalent of heat, which is
expressed as 424 kilogram-metres. Conversely, the molecular energy
of heat can again be converted into work, as is done, for example, in
the steam-engine. Here, however, the conversion is never complete,

* At ordinary atmospherie pressures a difference of 1 mm. in the barometric column
corresponds to a difference of 3'%°C. in the boiling point of water,
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and could, in fact, be so only if the condenser of the engine could be
kept at a temperature of—273°, the absolute zero.* But, although we
cannot convert the whole of a given quantity of heat into work, we
find, nevertheless, that for every unit of heat that disappears in the
steam-engine as heat, 424 kilogram-metres of work are performed.

Motion, even among the Jfree particles or molecules of gases, in
relation to which condition of matter the mechanical theory of heat
has been most completely investigated, may be of various kinds, It
may be intra-molecular motion, .., motion of atoms or simpler
molecules within a more complex molecule, or motion of molecules as
a whole, and this latter motion may be rectilinear translation or
progression, oscillation, and rotation.

The progressive motion is the most important constituent of the tem-
perature of a gas, and the wvis viva{ of this progressive motion bears,
in gases, a constant ratio to the total vis viva of all the various motions.
Now since, according to the law of expansion, the tension of a gasis
proportional to the absolute temperature,¥ it follows that the
absolute temperature must be proportional to the wvis wviva of the
progressive motion of the molecules; and, further, since this vis viva
bears a copstant relation to the total vis viva of a gas, the absolute
temperature must also be proportional to the total wis viva of all the
various motions in the gas.}

In a perfect gas no work is required to force the molecules asunder,
since there is no cohesion to overcome. The motions of the molecules
of solids and liquids are doubtless more complicated than they are in
gases, and there is not the same simple relation between the vis viva
of the varions motions, but some interesting results of the theory in
connection with the specific and latent heat of solids and liquids may
be pointed out.

* The tension of a confined volume of a perfect gas becomes nil when 1 4 0003665 = 0,
that is, when ¢ = — 273°. This temperatare is called the absolule zero, and temperatures
counted from this are callad absolute temperatures.

t Vispiva. A maoss projected upwards with o ‘I'ﬂ]'ULI.t-j’ of 32 feet per sacond, will rize
to a height of 16 feet, or, in other words, a velocity of 32 feet per second, enmables it
to do an amount of work, equal to lifting its own weight, 16 feet. If now, the velocity of
the mass be donbled, it will rise to 64 feet, or twice the velocity enables it to do four times
the amount of work. With triple the welocity, it will do nine times the work, and with o
quadraple velocity sixteen times, and so on. The energy, therefore, or capacity of doing
work stored np ina moving mass, is the produoct of ita weight and the square of its velocity
divided by 4, and this is called its vis viva.

t Ata tomperature of 0° (278° absolote temperature), the velocities of the molecules of
oxygen, nitrogen, and hydrogen, have been calculated as follows:—0 = 461 meires; N =
497 metres; H = 1,884 metres, per second, The velocities of gasegus molecules are inversoly
proportional to the square roots of their densities.
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In heating a solid or liquid, not only have all the various motions of
molecules and atoms to be produced, but, as the substance expands, the
molecules have to be moved further asunder against the force of
cohesion; and this separation involves the performance of a certain
amount of work, and, hence, expenditure of heat, just as the lifting of
a weight against the force of gravity requires the performance of a
certain amount of work or the expenditure of its equivalent of heat.
Since temperature is governed chiefly by the vis viva of the progressive
motion of the molecules, the heat required to produce other motions,
as well as that required to force the molecules further asunder, does
not appear as sensible heat, and therefore produces no effect on the
thermometer. ‘The proportion of the total amount supplied, which
thus disappears, differs in different substances, and hence the varying
specific heat found among solids and liquids.

As long as a substance does not change its state, the greater pro-
portion of the heat supplied is probably converted into molecular
motion, But, when a change of condition ocecurs, as when a solid is
melted or a liguid transformed into vapour, a more or less considerable
proportion of the heat supplied is required to force the molecules
asunder, that is to say, it is converted into work and disappears for
the thermometer; it is then said to become latent.

The heat which in either case disappears, appears again when the
reverse changes are brought about. The molecules again approach
each other, and in so doing, perform a certain amount of work which
is converted into heat, just as the work done by a falling weight
becomes, when the weight is arrested, converted into heat.

Sensible heat may, therefore, be defined as kinetic energy (cnergy
of motion) of the molecules, latent heat as potential energy (energy
of position), while specific heat is partly kinetic, partly potential.

We may, finally, consider some relations of this theory to chemical
action. The heat evolved by chemieal action may, in a certain sense,
be looked upon as latent in the substances before union, In the act of
union, the atoms or molecules, or both, lose either wvis viva, that is,
kinetic energy, or else potential energy, that is, energy of position ; and
the total energy of the compound kinetic and potential is less than the
total energy of the uncombined components had been, and this loss is
the cause of the heat evolved.

This theory also supplies a ready explanation of the fact that such
chemical changes only, as are accompanied by evolution of heat, can
proceed without the aid of external energy. Ivolution of heat means
loss of energy, loss of energy means descent from a higher to a lower
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level, so to speak, and this fall, when once started, is only arrested when
the lowest level possible under the altered conditions is reached.

On the other hand, absorption of heat in chemical action means
gain of energy, a rise in level, and this can only be accomplished by
an expenditure of energy which, as it is not supplied by the combining
substances, has to be supplied from without.

The following illustration may make this somewhat difficult subject
clearer :—If in a structure made up of parts, a steeple built up of stones,
for example, we disturb some of the lower layers, the whole structure
tumbles to the ground, each individual stone seeking to gain the
lowest level, or, in other words, to do the maximum amount of work
of which it is capable; when once started on its downward journey,
it proceeds by itself without further aid. If, on the other hand, we
wish to build a steeple from a heap of stones, each stone has to
be lifted to its place, that is, requires an expenditure of work upon it,
and none will rise to their places without such expeunditure.

‘* CHAPTER VII,
PHYSICAL BEHAVIOUR OF SURBSTAMNCES TO LIGHT AND ELECTRICITY.

WE must confine ourselves in this chapter to a few of the more
important facts and phenomena which have a special bearing on
Chemistry, dealing with them as briefly as possible, but sufficiently to
explain the meaning of certain terms and numerical data which we
shall find it necessary to employ in connection with the physical
propertieg of the elements and their compounds.

A bady is said to be translucent or semi-transparent, when it allows
some of the light falling on it to pass through it; tramsparent, when
it allows nearly all light falling on it to pass through it; and epaque,
when it arrests all light, allowing none to pass through it. No
substance can be said to be absolutely transparent or absolutely opaque.

Refraction.—When a ray of light passes from one medium to another
of different density® (say from air into water, or vice versd), it does not
proceed in the same straight line, but is bent out of its course, or
refracted.t The angle which the incident} ray makes with a line, per-

* By this term is here meant optical density, not ordinary spee. gr.
t Refractos, broken, 1 Locidens, falling upon.
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pendicular to the surface of the refracting medium, is called the angle of
incidence, and the angle which the refracted ray makes with this perpen-
dicular produced is called the angle of refraction. If the ray passes from
a raver to a denser medium, the angle of refraction is less than the
angle of incidence, but if the ray passes from a denser to a rarer
medium, the angle of refraction is greater than the angle of incidence.
Or, in other words, in the first case the refracted ray is bent towards
the perpendicular, in the second away from it, If, however, the incident
ray is perpendicular to the surfaces of both media, it is not refracted,
but continues in the same straight line.

Some substances possess the property of splitting the incident ray
into two. Among these are calc-spar, quartz, ete. (ch. iii,, p. 13).
This phenomenon is termed double refraction.

Index of Refraction.—When, in passing from one particular medium
to another, a ray is refracted, the angle of incidence bears a constant
relation to the angle of refraction, such that

wﬁfﬁﬁ%}iﬁil—[—lﬂ@ﬁ = a constant quantity,

sine of angle of refraction
This ratio is termed the relative index of refraction, for the one medium
from the other, and is very different in different substances. Thus,

the relative index of refraction of glass from air is %, that of water

from air g and vice versi; the relative index of refraction of air from

9
glass is —é, that of air from water 2.*

Y

* These are approximate values. In doubly refracling substances one ray only, the
ordinary ray, follows this law, the other, the extracrdinary ray, follows a special law.
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Take any point, Bin A B, one of the sides containing the angle A, from B let fall a perpen-

BC :
dipalar, B O, on the other side A C, then in™ the sine of the angle A.

Kow, if B A be the incident ray from air to water at a point A on the surface, and CA the
normal to the sorface, then BA C is the angle of incidence; and if A B’ represent the path

] :
of the ray after refraction, B’ A C is the angle of refragtion, and AR 18 its sine, Then, what-

gin. BAC i : ! BO 4
ever theangla B A O, -Ei;l,_ET\._U;' = Jion if A B® be taken equal to A B, then O = 3

. am.BAO BO BO BO
s oo W AG - ABT AR TFC

The sine of anangla of 0 is 0; the sine of an angle of 90° isl; and between these limits
the sine increnses or decreases 4s the anglo increases or decreascs.

The index of refraction, in one and the same medium, also varies with
the colour of the incident light, being smallest for red and greatest for
violet colour.

If the light is incident upon the substance from a vacuum, the index
of refraction of the substance must he greater than 1, and is usvally
termed its absolute index of refraction,® or, simply, its index of refraction.

Total Reflection.—If a ray of light proceeding from a denser to a
rarer medium, strikes the surface, separating the two media at such
an angle that the refracted ray would form a right angle (or any
greater angle) with the perpendicular, it cannot pass out of the denser
medium, but is completely reflected at its surface. This is termed fotal
reflection.

Dispersion.—It was first observed by Newton that, if a pencil of
white light is made to fall upon a prism of colourless glass (or other
refracting material), so as to undergo refraction, the refracted light
is not white, but consists of rays of different ecolours, viz., red,
orange, yellow, green, blue, indigo, and violet. Of these the red are
least and the violet most refracted, the refrangibility of the various rays
gradually increasing from the former to the latter. This decomposi-
tion of light was called by Newton dispersion. Not only white light
but most coloured light is thus found to be compound, and to consist
of rays of different refrangibility. If thrown upon a screen these
colours form a band known as a spectrum. If the prism is held
between the incident light and the eye, this spectrum is thrown on the
retina.

Spectrum Analysis. —In the speciroscope, an instrument for examining

® The abaolute index of refraction of air is 1000204, To find the absolote index of refrac-
tion of any substance, knowing its relative index of refraction from air, it is only necessary

to multiply this last quantity by 1000294, but the difference is very small, and may ordi-
marily be neglectad.

[N
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spectra, the incident light is made to impinge upon the prism through
a narrow vertical slit placed in the focus of a lens, and the refracted
light is examined by a telescope. Not only white light, but most
coloured light is thus found to consist of rays of different refrangi-
bility. If the incandescent body be either solid or liquid, its spectrun
is in nearly all cases, continuous, Ze., it contains light of every
refrangibility within its extreme limits. If, however, the incan-
descent body is a gas, its spectrnm is nearly always discontinuous,
t.¢., the light of which it consists is distributed in bright lines or
bands separated by dark intervals. These bright lines or bands
may include one or more colours of definite refrangibility, and
in some cases are very few, in others very numerous, but, for every
element they occupy, under definite conditions, definite positions in
the spectrum. It is, therefore, only necessary to determine the position
of the bright lines or bands in the spectrum of an incandescent gas
or vapour to know at once its composition, or, at least, to recognise
some element or elements contained in it. The examination of the
spectra of different substances by means of the spectroscope, with
the object of ascertaining their chemical composition, constitutes
spectrum analysis.

T'hus, every volatile sodium compound, if volatilised at a sufficiently
high temperature, yields a spectrum consisting of two yellow lines
very close to each other (so as to look like one line in spectroscopes
of small dispersive power) ; lithinm compounds yield two red lines,
barium compounds a considerable number of green lines, and all
these lines always oceupy definite positions in the spectrum.

The number of elements or their compounds that can be volatilised
in an ordinary non-luminous flame, such as a Bunsen burner, is small,
but it includes some of the most widely diffused metallic compounds
such as those of sodium, potassium, lithium, calcium, ete. In the
intense heat of the electric are, or of a powerful electric spark, nearly
all substances, however, can be volatilised, and made to yield a
spectrum,  But, at that intense heat the spectra frequently differ from
those obtained at lower temperatures, the difference being probably
due to decomposition. Generally speaking, at lower temperatures,
the spectrum consist of bands, at higher temperatures, of lines.

The delicacy of the spectrum reaction of some of the elements is
almost inconceivably great; thus, i of a grain of sodium, or ;e
of a grain of lithium can be recognised with absolute certainty when
introduced into the flame of a Bunsen burner on a fine platinum wire.
In consequence of this exceeding delicacy, not only have known
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elements (such as lithium, for example) been shown to be far more
widely diffused than was previously imagined, but a number of new
elements have been discovered by its means.

But spectrum analysis has done more than this—it has enabled the
chemist and astronomer to analyse the nebulm, the luminous atmo-
spheres of the sun and stars,'and in fact every luminons vapour the
light from which is visible in our telescopes. It would lead us too
far to go fully into this matter, and we must, therefore, refer the
student to special works on the subject for fuller information. A few
general principles may, however, be given. According to Kirchhoff,
every incandescent substance absorbs that particular kind of light
which, under the same conditions of temperature, it is capable of
emitting. If, therefore, we allow a very intense light from a source
yielding a continnous spectrum, to pass through a gas or vapour of
lower luminosity, the gas or vapour will absorb precisely that portion
of this light which it is itself emitting, while all other portions pass
through unaltered. As a consequence of this, the transmitted light
i3 deficient in those rays which the luminous gas or vapour has
absorbed; and, when now examined by a spectroscope, those parts of
the spectrum corresponding in refrangibility with the licht emitted by
the luminous gas or vapour, will appear dark by contrast with the
other and intensely bright portions ; the line or lines previously bright
on a dark back-ground will now appear dark on a bright back-ground.
It iz owing to this reversal, without change of position, of the luminous
lines which the atmospheres of the sun and stars themselves would
yield that their composition can be determined.

Many coloured media absorb light of definite refrangibility, and,
accordingly, when interposed between a white light and the slit of
the spectroscope, blot out certain definite portions of the previously
continuous spectrum, thus producing dark lines or bands in the other-
wise bright spectrum. These lines or bands, the position of which
15 definite for definite conditions, and which are termed absorption
spectra, may also frequently be made use of for the detection of
certain substances, more particularly coloured substances, in solution
or otherwise.

Thus, spectrum analysis, the discovery of Bunsen and Kirchhoff, by
means of which the composition of a substance may be determined from
an examination of its incandescent vapour through a glass prism, has be-
come a powerful agent of discovery in the hands of the chemist, and
hias shown that the material of his study is only limited by the visible
universe.
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Colour.—From what has been said in the previous paragraph, it will
be seen, that the phenomenon of colour is obviously due to a partial
absorption of the components of white light. Colour often forms an
important distinguishing property of a substance.

Physical Behaviour of Substances to Magnetism and Electricity.—
In connection with the subjects of magnetism and electricity, the
following definitions will suffice :—Substances are said to be magnetic
(or paramagnetic), when attracted, and diamagnetic, when repelled, by
a magnet.

Some substances, when rubbed with cloth, flannel, silk, &e., become
electrically excited (sulphur, glass, &e.)—i.e., they develop the temporary
power of attracting light bodies. Substances are said to be non-
conductors of electricity, if, when electrically excited, they do not
allow the electric fluid to spread over their whole surface, or if
they refuse to allow an electric eurrent to pass through them. On the
other hand, they are called conductors, if, when electrically excited,
they allow the electric flnid to spread over their whole surface, or
if they permit an electric current to pass through them.

Metals are among the best conductors of electricity as they are
of heat, and a remarkable relation exists between their conducting
powers for heat and eleetricity, viz., that these are (approximately)
directly proportional to one another, as will be seen from the following
table in which silver is taken as the standard in both cases :—

Relative Conductivity of some Metals for Heat and Electricity.

CoxDUCTIVITY.
MrTar i
For Haat, I For Electrieity.
Silver, . ; : : . 100 E 100
Capper, . ; . e e 7743
Gold, . - . R 5591
1 PRS- L T ARG
Iromn, . ; " ; . 11-9 144
Lead, . e I §5 7
Platinum, . . a 54 ‘ 1053
BRI, b o e S 18 : 1:19 |
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CHAPTER VIIL
SPECTAL PROPERTIES *OF SOLIDS, LIQUIDS, AND GASES.

Cohesion.—By colesion is meant the force of attraction exerted between
the molecules of a solid or liquid. In a gas this force is absent. This
force of cohesion, as already stated (p. 11), is greater in solids
than in liquids, but varies considerably in different solids and liquids.
The following definitions will suffice to illustrate this variation in the
case of solids :—

Malleability.—A solid is said to be malleable when it can be
hammered or rolled out into plates—e.g., gold, wrought iron, copper,
lead, &e.

Ductility.—A solid is said to be ductile when it can be drawn out
into threads or wire—e.g., plastic sulphur, copper.

Brittleness.—A solid is said to be Obrittle when it breaks readily
under a blow or under pressure—e.g., bismuth, glass.

Elasticity.—A substance is said to be elastic when, after stretching
or bending, it tends to return to its original form—e.g., india-rubber,
steel. Elasticity is often combined with brittleness—as in glass,

The fact, that liquids are capable of assuming the form of drops,
indicates that coliesion is by no means absent from their molecules, but
that this cohesive force varies considerably in different liquids, is a
matter of common observation. A liguid possessing great mobility of
particles is said to be lmpid—e.g., ether, alcohol, turpentine. If,
on the other hand, its particles move slowly and with difficulty, it is
said to be wiscous, e.q., glycerine,

Adhesion.—The term adhesion refers to the force of attraction often
exerted between the particles of different solids, or between solids and
liquids. The action of glue, gum, cements, &e., is due to adhesion.

Diffusion of Liquids.—[iquids which are miscible, will, when super-
imposed, or brought otherwise into contact, gradually interpenetrate
each other, even when differing greatly in density.

For example, strong sulphoric acid of specific gravity 18 (coloured with indigo to make
it more visible) if introduced carcfully into a cylinder of water, by means of a thistle
fonnel, s0 ag o form a separate layer at the bottem, will, in the course of o few weels,
graduoally mix itself with the water, and the final result will be the same as if the two

lignids had been ehaken together. This phenomenon is termed difusion. If a solution
of a substance is put into & vial 60 as to entirely fill it, and this vial is itzell immersed
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in o large beaker containing pure water, in such a manner, that the mouth of the vial is
coverad by the water, the substapnee contained in solution diffuses from the vial into
ihe water of the beaker, and the amount &0 diffusing can readily be estimated. Thia
amonnt depends on the character of the substance in solation, its concentration and its
temperature and upon the size of the mouth of the vial, inereasing with the increase of the
latter three items. From o solution containing 20 parts of substance, to 100 parts of water,
af o temperature of G60-5°F., the following amounts diffused ont of the vial in sight days:—
sodium chloride, 5565 grains; sodium nitrate, 5156 grains; magnesinm suiphate, 27-42;
cane sugar, 26 74; gum arabie, 1324; albumen, 0033 (vial diffusion—Graham),

Substances thus differ greatly in the rate at which they diffuse into
water, and may, to a certain extent, be even separated one from the
other by diffusion. In some cases this difference in rate even brings
about chemical decomposition, as when a solution of alum is made to
diffuse into water, the sulphate of potassinm diffuses more rapidly than
the sulphate of alumina.

Osmosis.¥*—Diffusion will also take place when the liquids are sepa-
rated by a wmembrane such as a bladder, under which circumstances it
becomes evident that some liquids diffuse much more rapidly than
others. The phenomenon is known as osmosis.

Dialysis t—A crystalline salt in solution will also diffuse through
the combined water of certain other substances, as readily almost
as it diffuses into water; as, for example, into a jelly, while sub-
stances which gelatinise (or pectise, as Graham called it), do not do
8o at all, or very slowly. (raham suggested the term crystalloids for
the former class, and colloids T for the latter class of substances. Use
is frequently made of this peculiar property of crystalloids and colloids
to separate or purify them, and the process is termed dialysis.

In dialysis, the solutions to be dialysed are placed in a shallow
vessel, the bottom of which is made of a colloid membrane, usually
parchment paper, and this vessel is floated on, or suspended in, another
vessel containing pure water, Crystalloids are capable of diffusing
through the combined water of the colloid membrane, and then into
the water beneath—colloid substances cannot do so.

Iyialysis plays an important part in the distribution of solids, liquids,
and gases, in the animal body, as in respiration, digestion, ete. An
excellent illustration is afforded by the behaviour of bluod-corpuscles
to water. The blood-corpuscles, when floating in the serum of the
blood, have a definite shape, depending on the rate at which diffusion
or dialysis takes place from the serum into the corpuscle, and vice versa.
if we disturb the established equilibrium, as, for example, by adding
water to the serum, more water diffuses or dialyses into, than out of,

® Jopos, an Gl t Bude, asunder; Ales, separalion, 1 xdddn, glue
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the corpuscles, and they burst. But if we add salt, the reverse action
occurs, and they shrink. When examining blood-corpuscles we must
place them, therefore, in a medium resembling blood-serum.

Solution.—All gases and some liquids are miscible with one another
in all proportions ; all gases are absorbed in greater or less quantity by
water or other liquids; some liquids are only partially miscible with
one another; most solids in contact either with water or some other
liquid assume the liguid condition; in all the above cases the resulting
mixture is called a solution. A solution is, therefore, a homogencous
mixture of heterogeneous molecules, which allows no separation of its
constituents by mechanical means, The solution of solids and their
separation from solution show great similarity to the processes of
evaporation and condensation. (See also p. 61.)

This dissolving power of water and other liquids is limited, both as
regards quantity and quality of substances brought into contact with
them; that is to say, some substances are not soluble (insoluble) in
certain liquids, and of those which are soluble, some are more so than
others, and in nearly all cases a point is reached beyond which further
solution is impossible. A liquid which contains the greatest possible
amount of the substance which it canhold in solution at a given
temperature is said to be saturated.

It is usnal to distinguish between ordinary solution, whereby the
nature of the dissolved substance remains unchanged (as, for example,
common salt in water), and chemical solution, whereby the dissolved
substance undergoes a change of nature in the act of solution (as, for
example, copper in nitric acid); but there is no real difference in
these cases, as regards the process of solution, since, in the latter case,
the substance is first acted upon chemically by, and fically dissolved in
excess of, the solvent.

In the case of solution of solids unaccompanied by any chemical
action, a fall of temperature generally takes place; if chemiecal action
occurs, a rise of temperature takes place, and this also happens when
chemical action oceurs between miscible liquids, or between liguids and
gases which are soluble in them.

As a general rule, but not always, solids are more soluble at higher
than at lower temperatures. In the case of gases the solubility decreases
as the temperature rises, so that (with few exceptions) a gas can be
expelled from its golution by heat.

Cocfficient of Solution of GGases.—The solubility of a gas, at least in
gases of moderate solubility, increases as regards weight directly with
the pressure exerted by the gas, and hence the volume dissolved is always
the same for the same temperature, Ilence, in a mixture of gases the

4
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amounts dissolved are proportional to the volume of each gas present
in the mixture. The volume of a gas which is dissolved by the unit
volume of any liquid at a given temperature and pressure (usually 0°
and 760 mm., Bar.), is called its coefficient of solution, or absorption,

Diffusion of Gases.—If two liquids of different density, which are not
miscible, in the strict sense of the word, be shaken together, they will
more or less quickly separate into two layers, the lighter liquid forming
a layer above the heavier one. But all gases are completely miscible
with one another, whatever be their difference in density, and if mixed,
will not again separate into layers, as in the case of liquids. Moreover,
complete admixture will take place when gases are brought into
contact with one another, even against the action of gravity. If, for
example, a bottle filled with the very light hydrogen gas be inverted
and connected with a bottle filled with the heavy carbonic acid gas,
Lelow it, these two gases will, in a few hours, be found to be completely
mixed in both vessels. This diffusion will also take place, even when
the gases are separated by a partition of a porous material, such as
plaster of Paris, or unglazed earthenware. The diffusion of gases,
however, takes place at very unequal rates, depending on the density of
the gas. The rates of diffusion, in fact, vary inversely as the square
roots of their densities; thus, hydrogen (density 1) will diffuse four times
as rapidly as oxygen (density 16). =

There is also a kind of diffusion of gases corresponding to the
process of dialysis in liquids. That is, some gases have the power of
uniting with, or diffusing into, a solid entirely devoid of pores, and
escaping again on the other side of the solid in contact with a different
gas, as e.g., carbonic acid and oxygen passing through a diaphragm of
india-rubber, or hydrogen passing through iron or palladium. It
has been suggested by Graham that this species of diffusion is due to
actual liquefaction of the gas at the surface of the solid.

Behaviour of Gases to Pressure—Boyle’s Law.—The volume of a gas
varies inversely as the pressure to which it is subjected. If V = volume
at pressure, P and v = volume at pressure p, then—

g i R S
hence, also the tension or elastic force of a gas varies directly as the
pressure to which it is subjected. Tor example, a gas measured at the
ordinary atmospheric pressure (760 mm., Bar.) is reduced to } its
volume, and its tension doubled by a pressure of 2 atmospheres, or
to !th its volume, with tension = x at z atmospheres,

This law is not absolutely but only approximately true for the less

* This is strictly true only when diffnsion talies place throuzh a minate hole in a very thin
plata.
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easily condensible gases, but for ordinary ecalculations relating to
change of volume, correspending to barometric variation, it is sufliciently
accurate, for practical purposes, for all gases.

Normal Volume of Gases.—By the normal volume of a gas is meant
its volume at 0° and 760 mm_, B. In order to calculate this volume for
purposes of comparison for any gas of observed volume at observed
temperature and pressure, it is necessary to combine the above formula
{Boyle's law) with the formula for calculating variations in volume due
to temperature only (see ch. vi., p. 29).

Thus :—

If Vpr = wol. at required temperature ¢ and pressure p/,
and Vj; = vol. at observed temperature ¢ and pressure p,

f\‘r’;f _K (-:7:.} + !I_) E}

L e e

And this formula holds good for all cases where change of volume,
due to change of temperature and pressure, has to be caleulated.

Liguefaction of Gazes.—There is no absolute distinction between gases
and vapours, beyond the fact that, by a vapour is meant the gaseous
form of a substance which is liquid at ordinary temperatures, whereas,
by a gas is meant the gaseous form of a substance which is only
liquid at low, or very low temperatures. Just as vapours may be con-
densed to the liquid form by cooling, so many gases under the same
circumstances may be made to assume the liquid state, the difference
being that, usually in the latter case, a much lower temperature is
necessary., Not all gases can, however, be thus liquefied, but most of
them can be condensed to liquids, even at ordinary temperatures, by
the application of more or less considerable pressure, while all gases,
with the exception of hydrogen, yield to the combined effect of eold and
pressure.

Up to the year 1877, five gases—oxygen, hydrogen, nitrogen, carbonic
oxide, and marsh gas had resisted all attempts to liquefy them, even at
extremely low temperatures, and enormous pressures exceeding (ab
least in the case of oxygen and hydrogen) 3000 atmospheres. A
discovery of Andrews, however, viz., that for every gas there was a
temperature (termed by him the eritical point), above which no amount
of pressure was sufficient to liquefy it, made the condensation of these
gases simply a question of temperature, and they have now all, with
the exception of hydrogen, been condensed at pressures, in most cases
below, or not much exceeding 300 atmospheres,
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CHAPTER IX.
CONDITIONS FAVOURING CHEMICAL ACTION.

‘WE have already learnt (ch. i.) that elements are 'ca,pahle of uniting
with each other to form compounds, and we shall further learn that
many compounds in their turn are capable of uniting with other
compounds or with elements. We have now to consider more fully the
conditions, qualitative as well as quantitative, which govern these
combinations. :

A.—Influcuce of Physical State.

Since chemical action can only take place between different substances
when there is intimate contact, the smallest appreciable space rendering
chemical action impossible, all conditions which favour intimate contact
also favour chemical action. Accordingly, we find that, as a rule, the
liguid state in the case of at least one of the acting substances is the
most favourable, and, if it is desired to bring about chemical action
between two or more substances, one of these at least should, if
possible, be brought to this physical state. This can be done either
by heating the solid so as to melt it, or by dissolving it in a suitable
liguid. If ome of the acting bodies be a solid, much depends upon its
mechanical condition ; if it be a dense compact mass chemical acticn
is slow, but increases in rapidity with the degree of division. Thus,
iron, which in a compact mass is permanent in dry air, and practically
incombustible, takes fire spontaneously, as soon as it eomes into contact
with air, when in a very fine state of division, as obtained by reducing
ferric oxide with hydrogen at a low temperature.

Action between solid and solid.—7This is, strictly speaking, probably
impossible, though a few phenomena are known which, at first sight,
scem to indicate its possibility. Thus, phosphorus and iodine readily
unite at ordinary temperatures, and iron filings and sulphur, when
mixed, unite readily, when the mixture is moistened with water, in which
neither of these two substances is known to be soluble.

Action between solids and liquids.—This 1s as above stated, very
common.

Action between solids and gases.—Thisis also not unfrequent, since the
particles of a gas readily admit of being brought into intimate contact
with a solid; among numerous examples we may mention the burning




CONDITIONS FAVOURING CHEMICAL ACTION, 03

of iron or carbon in air, copper in sulphur vapour, antimony in
chlorine, &e.

Action between Liguids and Liguids.—Liquids are for the most part
readily miscible ; their particles are thus easily brought into the
necessary contact, and chemical action, as a rule, therefore, takes place
most readily between them. *

Action between Liquids and Gases.—All gases are more or less soluble
in many liquids, or, in other words, are readily brought into intimate
contact with them; hence, action between liquids and gases is not
uncommon,

Action between Gases and Gases.—All gases can be mixed with each
other, and chemical action between them is by no means infrequent, in
spite of the fact that the absence of cohesion between their particles
tends to keep them asunder.

B. Other Special Conditions.

Action of Heat.—In the great majority of cases, substances have to
be heated to a greater or less degree, before they begin to unite,
while, on the other hand, a hich temperature destroys most or all
chemical compounds. As a rule, a moderate temperature favours, a
high temperature prevents, chemical combination.

Action of Light.—Light, like heat, sometimes favours chemical
combination, sometimes decomposition. Thus, ehlorine and hydro-
gen, when kept at ordinary temperatures in the dark, do not unite;
if, however, they are exposed to light, they at once begin to unite, the
rapidity of union being the greater, the greater the intensity of the
light; and in direct sunlight, in the electric light or in the light
produced by burning magnesium, they uunite instantaneously with
explosion, On the other hand, the halogen compounds of silver,* for
example, are decomposed by exposure to light, the more rapidly the more
intense the light, and this fact finds its application in photography.
Under the influence of sunlight the green parts of plants decompose
carbonic anhydride, oxygen being given off and the carbon assimilated.

Action of Electricity.—[lectricity also sometimes favours chemical
union, but more frequently brings about decomposition. Thus, under
the influence of a series of electric sparks, nitrogen, oxyzen, and water-
vapour unite to form nitric acid, and various gases may be made to
combine under the influence of the so-called silent discharge; on the
other hand, many gaseous compounds are broken up by a scries of

* Bllver compounds of chlorine, bromine, or iodino,
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electric sparks, and most chemical compounds are decomposed, if a
powerful eleetric current be passed through them.

Influence of Contact.—In some cases the mere presence (even in small
quantity) of a certain substance seems sufficient to induce chemical
action between others, action which but for its presence would not
have taken place, and as in the case of heat, light, and electricity,
this cause sometimes favours combination, sometimes decomposition.
Thus, many gases and vapours unite with oxygen at ordinary or but
slightly elevated temperatures in the presence of platinum, and the
more rapidly the more finely divided the platinum is. On the other
hand. potassium chlorate loses its oxygen much more rapidly in the
presence of manganese dioxide than when alone, hydric peroxide parts
with its oxygen in the presence of manganese dioxide or of metallic
silver, &ec. These and similar phenomena are supposed by some to
be due to a peculiar influence exerted by the substances in question,
called catalytic # action. In most, if not in all cases, this action can,
however, be explained as due to ordinary mechanical or chemical

causes.t

Nascent State.t—-1n many cases elements or compounds, at the moment
of their liberation from combination, possess much more active pro-
perties than when in their ordinary condition. Thus, hydrogen passed
through a solution of ferric chloride has little or no action on i, but,
when generated in the solution itself, reduces it to ferrous chloride;
again, silver chloride suspended in water is not acted upon by iree
hydrogen, but is rapidly reduced to metallic silver with formation of
hydrochloric acid by hydrogen liberated in the liguid in which it is
suspended.

All these phenomena find ready explanation in the assumption that
elements in the free condition nearly always cousist of molecules
formed by the union of two or more atoms; hence, their affinities are,
to a certain extent, satisfied, and in order to produce chemical action
this molecule has first to be decomposed. When, however, an atom
is liberated from a compound it may, for an instant at least, be
conceived to be unfettered by union with another atom, and hence,
its whole chemical energy is free to act, and it can readily be under-
stood that under such circumstances it would be more powerful to
effect chemical action,

» 2 ¥y foosing.

f'ﬁri:m;u‘:}? l{.’u'mm',.ﬁ is probably due to the condensation of the gases on the surface
of the metal whereby the molecules are brought into more intimate contact, heat being
simultaneonsly prodoced by the condensation ; both these effects favouring chemical action,
The effect of manganase dioxide on chlorate of potassium is probably dus to the alternate
oxidation of the dioxide by the chlorate and the decomposition of this higher oxide hy
heat. Irrespective of this, however, the presence of a third substance appears to ba
neceszary in many cases to enable two other substances to act chemieally on each other.
Thus, pure zinc is less readily soluble in acids than imrum zine, pura nitric acid acts far
less readily on metals than acid containing nitrous acid, notably in the case of copper.
Again, perfectly dry phosphorus does not burn in perfectly dry oxygen, and a perfectly

dry mixture of carbonic oxide and oxygen cannot be exploded by the electric spark.
1 Nascor, 1 am born.
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CHAPTER X,

ATOMS AND MOLECULES.

Observed Laws of Chemical Combination.— Having in the previous
chapter reviewed the various conditions which favour chemical action,
we must next turn our attention to the quantitative considerations
involved. In the first place, a given compound is always composed
of the same elements, however and wherever it may be produced. Thus,
water is always made up of oxygen and hydrogen, common salt of
sodium and chlorine. But by a compound is meant much more than
this, as will be seen from the following laws deduced from actual
observation :—

1. Law of Fixity of Proportions.—In a compound the elements composing
it are always united in the same proportion by weight. Thus, water is not
only always composed of oxygen and hydrogen, but these elements
are in water always united in the proportion of 2 parts by weight
of hydrogen to 16 parts by weight of oxygen. Common salt is always
composed of sodium and chlorine, and always of 23 parts by weight
of sodium and 355 parts by weight of chlorine,

2. Law of Equivalent Proportions.—Te proportion in which two clements
unite with the same weight of a third element, is generally also the proportion
en which they wunite with each other (or stands in some simple relation to
these latter quantities).

Thus, if xA and yB unite with z C, then if A and B unite with
one another, they unite in the proportion of zA toy B (or 22z A to 3
y B, &c.).

Thus, 71 parts by weight of chlorine unite with 56 parts by weight
oi iron, to form ferrous chloride, or with 16 parts by weight of oxyzen
to form hypochlorous anhydride, and iron and oxygen unite with each
other in the proportion of 56 to 16 parts by weight respectively, to
form ferrous oxide, or also in the proportion of 112 parts (twice 50) of
iron to 48 parts (thrice 16) of oxygen to form ferrie oxide, and so on.

3. Law of Multiple Proportions.—/f two elements unite with one another

in several proportions, then the quantities of the one element which unite with
the same weight of the other are generally simple mulliples of a common
factor.
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Thus, nitrogen and oxygen unite with each other in five different
proportions, viz. :—

In nitrous oxide 28 parts by weight of nitrogen are united with 16
parts by weight of oxygen ;

In nitric oxide 28 parts by weight of nitrogen are united with 16 x 2
parts by weight of oxygen ;

In nitrous anhydride 28 parts by weight of nitrogen are united with
16 x 3 parts by weight of oxygen ;

In mitric peroxide 28 parts by weight of nitrogen are united with
16 x 4 parts by weight of oxygen;

In nitric anhydride 28 parts by weight of nitrogen are united with
16 x 5 parts by weight of oxygen.

Copper and sulphur unite in two different propertions with each
other, viz.:—

In cupric sulphide 32 parts by weight of sulphur are united with
63-5 parts by weight of copper;

In cuprous sulphide 32 parts by weight of sulphur are united with
635 = 2 parts by weight of copper.

These laws, as thus stated, are simply expressions of observed facts;
they do not involve any theoretical speculations whatever, and remain
true, whatever the attempted explanations may be. It is highly im-
portant to bear this in mind, and clearly separate here, as elsewhere,
observed facts from their attempted explanation.

Atomic Theory.—The now almost universally accepted explanation of
these laws of combination by weight, first originated with Dalton in
1803, in his celebrated Atomic Theory. According to this theory all
matter is made up of minute particles or atoms (ch. ii., p. 10).* These
atoms are indivisible and unalterable. All atoms of the same element
are exactly alike in all respeets, but there are more or less considerable
differences between the atoms of different elements,

On these assumptions it becomes easy to understand why elements
unite only in certain fixed proportions, and why always in the same
proportions, these being nothing more nor less than the relative weights
of their atoms. The law of multiple proportions finds alse in this
theory a ready explanation, for, if one element unite with another in
several proportions, these proportions are determined by the eom-
binations of 1, 2, 3, 4, &ec., atoms respectively, and no compound is
possible which contains any other proportions, such as would corre-

* Tdeas on the atomic constitution of matter are to be fonnd in the writings of tha philogo-

phers of nnecient Greeee, but these ideas were first applied to the explanation of chemical
combination by Dalton.
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gpond to half or quarter atoms, &c., since these, according to the
theory, are impossible.

Atomic Weight,—By atomic weight is meant the relative weight of
the atoms of the different clements, that of hydrogen being taken as
unity. From what has just been said, and from the statement of the
three laws of combination by weight, it might be supposed by some
that the relative weights of the atoms of all the elements were either
identical with the proportions in which they combined, or that they
might easily be inferred from these proportions; but a little con-
sideration will show that, as we are unable to deal with individual
atoms, or even count the number of atoms econtained in the molecule
of any compound by direct observation, something further is neccssary
to fix these atomic weights. For example, hydrogen unites with oxygzen
in two different proportions, viz.:—

1 part by weight of hydrogen unites with 8 parts by weight of oxygen
to form water ;

1 part by weight of hydrogen unites with 16 parts by weight of
oxygen to form peroxide of hydrogen.

Now, which two of these three numbers are to be taken as expressing
the relative weights of the atoms of hydrogen and oxygen? Is the
weight of the oxygen atom 8 times that of a hydrogen atom, and have
we in a molecule of the first compound 1 atom of hydrogen united
with 1 atom of oxygen, and in the second 1 atom of hydrogen to 2 atoms
of oxygen? Or, is the weight of an atom of oxygen 16 times that of
an atom of hydrogen, and have we in a molecule of the first compound
2 atoms of hydrogen to 1 atom of oxygen, and in the second 1 atom
of hydrogen to 1 atom of oxygen? DBy the mere quantitative analysis
of these compounds we cannot answer these questions. It becomes,
therefore, clearly necessary to have recourse to some other guide in
deciding the atomic weights of the elements, and we are in fact
obliged to resort once more to theory.

But, before deseribing the methods in general use for fixing the atomic
weights of the elements, it is very necessary to clearly apprehend what
the unit of matter is with which the chemist has, as a rule, to deal.

Except in a very few instances, and whether we are dealing with
elements or with compounds, this unit is not the atom, but the
combination of two or more atoms called a molecule (ch. ii.). Atoms,
with few exceptions, are known only in combination ; it is the molecule
which is known in the free state. We have, therefore, in the first place,
to fix the weight of the molecule (molecular weight), and having done
that, we can deduce the weight of the atom (atomic weight).
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Molecules are individually so excessively minute (p. 11), that even if
we conld igolate one we should not be able to weigh it, nerther can we
take the weizht of a thousand, or a million, or indeed of any particular
number of molecules, since we have no means of counting them.

All we can do is to obtain their relative weight. In order to effect
this, it is only necessary to find a measure such that, whatever the
actual number of molecules may be which it will hold, it will always
hold the same number, irrespective of the substance put into it.
Avogadro has supplied nus with this necessary measure, for, according
to his law,® equal volumes of all gases and vapours under like con-
ditions of temperature and pressure contain the same number of molecules
(independent particles); or, in other words, the relative weights of
equal volumes of any gases or vapours, when measured under like con-
ditions of temperature and pressure, are also the relative weights of
the molecules of these gases and vapours.

Our so-called molecular weights, therefore, do not represent the
absolute weight of a molecule or of any particular number of mole-
cules ; they are merely relative weights—they tell us how many times
heavier a molecule of any element or compound is than an atom of
bydrogen, which, being the smallest proportion of matier known to
exist in any molecule, has been taken as the unit.

This law proves irresistibly the statement made at the beginning of
the chapter, viz. :—That, except in a very few instances, and whether
we are dealing with elements or with compounds, the unit with which
we deal is not the atom but the molecule. An example may make this
important fact clearer :—1 volume of hydrogen unites with 1 volume of
chlorine to form 2 volumes of hydrochloric acid. Assuming the composi-
tion of hydrogen and chlorine to be atomic, and supposing each atom to
occupy 1 volume, then the above result could be represented thus :—

H
- - -H Cl
Cl

This is, however, manifestly not the correct representation, if
Avogadro’s law be true, for, in the two volumes of the mixed gases

* This law is justifinble for varions reasons based on the mechanical theory of heat
svhich would lead us too far for our present purpose, but it may be mentiomed that the
following facts are explicable on the azsumption that all gases have a similar molecular
constitotion (Avogadro's law), viz.:—That all gases behave sensibly alike to variations
of temperature and of pressure, and that the mixture of two gases which have no
chemical action on one another, is unaceompanied by change of temperature.
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before union, we have two independent particles, but in the two
volumes after union only one, whercas Avogadro’s law requires the
presence of an equal number of independent particles in equal volumes,
The correct representation would, therefore, be as follows :—

I

HH Cl1 Cl HClL HCI
. |

We have now in the mixed gases before union two independent
particles, viz. :—1 molecule of hydrogen, and 1 molecule of chlorine,
and after union also, two independent particles, viz. :—2 molecules of
hydrochloricacid. A similar train of reasoning leads to the conclnsion that

the other elements consist, with few exceptions, of two-atom molecules.
Our standard of measure is, therefore, the molecule of hydrogz:u;

and the next question is what numerical value are we to give to it ?
Az previously shown (page58), assuming Avogadro’s law to be correct,
it follows that a particle of free hydrogen, as we know it, must be made
‘up of at least two distinct, but similar sub-particles, which, in the free
hydrogen are united and form what we call the molecule of hydrogen.
Now, when a molecule of hydrogen is chemically acted on by other
molecules, the hydrogen sub-particles are caused to separate and com-
bine with the other, and dissimilar sub-particles of these molecules to
form new molecules, no longer hydrogen, nor, indeed, elementary in
their character, but compound, for example:—When a molecule of
hydrogen is acted on by a molecule of chlorine the hydrogen sub-
particles separate and unite each with a sub-particle of chlorine to
form two molecules of hydrochlorie acid.

The free particle, or molecule, of hydrogen is, therefore, divisible
nto two parts, but, so far as we know at present, no further, and one
of these parts, or sub-particles, as we have termed them, is accordingly
called the atom of hydrogen, and is taken as our unit of weight in
expressing the atomic or molecular weights of other elements.or com-
pounds. The molecule of hydrogen, as above defined, will, therefore,
weigh two such units. The next question is—What volume are we to
assign to this molecule? The simplest assumption would seem to be
to call the volume occupied by this molecule unity. This, however, has
not been done; firstly, becanse confusion might arise if our standard
were taken as representing two units of weight and only one unit of
volume; and, secondly, because thers seems to have been some con-
fusion in the minds of many chemists in regard to the volume oceupied
by the molecule and atom respectively. It seemns to have been assumed
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that because the molecule of hydrogen has twice the weight of the
atom of hydrogen, that it also must occupy twice the volume. This,
however, was obviously a misapprehension, and there can be no doubt
tiat if we could obtain hydrogen in the atomic form its atom would
occupy the same volume as that occupied by the molecule, as, indeed,
any other atom would. To assume the contrary would be to take
Avogadro’s law as untrue as applied to what we now believe to be
elementary atoms,*

We know, indeed, at least three elements, namely—mercury, zinc,
and cadmium, in the atomic condition; and in these the atoms occupy
the same volume as that occupied by the molecule of other elements.

DBe this, however, as it may, the weight of a molecule of hydrogen is
taken as weighing two units and the volume it occupies as two unit
volumes; and we call the weight of any gas or vapour which, wnder lile
conditions of temperature and pressure, occupies the same volume as tiwo
parts by weight of hydrogen, the molecular weiyht of the sulstance from
which this gas or vapour @ derived, Or, in other words, the molecule of
any substance, in the state of gas or vapour, is assumed to occupy two
volumes like the molecule of hydrogen as above defined.

This unit of measure is twice that taken for estimating the specific
gravity of gases and vapours, and hence it follows that in order to
obtain the molecular weight of a substance from the specific gravity of
its gas or vapour as compared to bydrogen we must multiply this specific
gravity by 2,
Spee. gr. x 2 = molecular weight.

Molecular weight =2 = spec. gr.

The volume thus assumed to be occupied by molecules is obviously
not even the relative space occupied, or filled, by the actual substance
of the various molecules in the sense, for example, implied in the
statement that a kilogramme of water occupies, or fills a volume of
1 litre, but it is the volume occupied by the actual substance of the
molecule plus the free space in which the molecules move.f This free

* This atomic hydrogen would be the most logical unit, not only as regards atomic and
molecular weizhts, but also as regards specille gravity. The specifle gravity of ordinary
molecuiar hydrogen woul 1 then by 2, and the speciflc gravity of any gas or vapour would
than diree:ly express its molecular weight.

{1 To these we may probably add potassinm and sodiom and some others,

1 Beiter still, pechaps, it would be not to speak at all of the volume occupied by the atome
or molecule, of which we know nothing, but to speak always of tha volume occupied by
atomic or molecular proportions of the various elements and compoundg. Thiz, however,
would involve a considerabls change in our ordinary chemical langnage as wo then onght
never o speak of atoms or molecules, bat only of atomic or molecular proportions. Lt will,
therefore, be sufficient for the student to remember that our so-called atomic or molecular
yolumes are really the volumes occupied by atomie or molecular propo:tions of the elements

0. compounds,
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space is, relatively, enormously great in the case of gases and vapours;
it is far smaller in the case of liquids and solidss We may compare
this molecular oceupation of space with that of a country said to be
occupied by an army; the actual extent of ground covered by the
individual soldiers is very small, but the whole country is within the
sphere of activity of the army; "and the greater this activity the greater
the extent of country the army can oceupy.

This simple relation between molecular weight and specific gravity
enables us readily to caleulate the actual weight of any given volume of
any gas or vapour provided only that we remember the molecular weight
of the substance from which the gas or vapour is derived, and the
actual weight of any definite volume of any gas or vapour. The sub-
stance natarally chosen for this latter purpose is hydrogen. The first
definite constant proposed is the crith of Prof. Hofmann., A erith is
the weight of 1 litre of hydrogen measured at 0° and 760"m pressure,
- and is equal to 00896 gramme. The second constant in use is that
proposed by Prof. Williamson, viz., the weight of 11-19 litres hydrogzen,
which, when measured at 0° C. and 760™-= pressure (32° F. and 30 inches),
weigh 1 gramme. The weight of 1 litre of any gas or vapour measured
at the standard temperature, and pressure is, therefore, 1 erith ()-0896
gramme), multiplied by one half the molecular weight of the gus or
vapour; or the weight of 11-19 litres of any gas or vapour measured
at the standard temperature, and pressure is equal to one half the
- molecular weight expressed in grammes. Thus—

1 litre C 05 =0-0896 x 22=1-9712 grammes;
or 11-19 litre C O, =22 grammes.
Molecular weight of C Oy=44,

In cases in which Avogadro’s law is not available Raoult’s pro-
position or law may frequently supply tne deficiency. The law may
be stated thus:—Solids or liquids dissolved, in molecular proportions,
in a solvent on which they have no chemical action, produce equal
«depressions in the vapour pressure or freezing point of the solvent. Or
the depressions produced by 1 gramme of substance in 100 grammes of
solvent, are to each other inversely as the moleular weights of the
substances dissolved. The molecules of a solid or liquid, when dis-
golved in an inert solvent may be assumed to be, in some measure,
in the condition of a gas. Like the molecules of a gas they tend to
separate from each other to the greatest extent possible. A solution,
however dilute, is of the like composition in every part; hence,
solutions, like gases, show similarities in their behaviour. The more
dilute the solution the greater the resemblance to a perfect gas.
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Determination of Atomic Weights. —Having now considered the means
of {ixing the weight of the molecule, that portion of matter with which
the chemist has, as a rule to deal, let us return to the consideration of
atomic weight. The considerations which chiefly guide the chemist in
fixing the atomic weights of the elements are :—

1. The atomic weight wmust vepresent the smallest quantity of an element
which can be contained in any molecule ;

2, The atomic weight is that quantity of an element which at any given
temperature contains the same amount of heat as T parts by weight of
lithium (see p. 32).

Itule 1 is of course absolute, for, as the atom is regarded as indivis-
ible, no fraction of an atom can be contained in any molecule. Thus,
the molecular weight of hydrochloric acid, as determined by our
general law (p. 59), is 36°5, and analysis shows this to be composed
of 1 part by weight of hydrogen, and 355 parts by weight of chlorine
(see also p. 69). Now, we are not acquainted with any compound
wiich contains in its molecule less than this proportion of chlorine,
and hence we take 355 as the atomic weight of chlorine.

The molecular weight of mercuric bichloride is 271, and analysis shows
that in this substance 200 parts by weight of mercury, are combined
with 71 parts by weight of chlorine; and, as no compound is known in
the molecule of which there are less than 200 parts of mercnry by
weight, this number is taken as the atomic weight of mercury.

Again, the molecular weight of phosphoretted hydrogen is 34, and
in this gas 31 parts by weight of phosphorus are united with 3 parts
by weight of hydrogen; and, since no smaller proportion than 31 of
phosphorus is known to exist in any molecule, this number is taken
as the atomic weight,

In the case of all elements, the molecules of which consist, like the
molecule of hydrogen, of 2 atoms, the specific gravity of their gas or
vapour, compared to hydrogen, gives their atomic weight direct; but
this relation does not hold good in the case of those elements, the
molecule of which does not consist of two atoms. Taking our above
three examples, it will be found that the specifie gravity of the three ele-
ments—chlorine, mercury, and phosphorus, compared with hydrogen,
are respectively 555, 100 and 62, whereas their atomic weights are
355, 200 and 31 respectively, Hence, the molecule of chlorine con-
sists of two atoms, that of mercury contains one atom, that of
phosphorus four. These atomic weights are also in harmony with
all chemical facts known regarding these elements.
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It will thus be seen that the atomic weight of an element may be
determined without the necessity of volatilising the element itself ; nor
need the element be volatile, since its atomic weight can be calculated
from the molecular weight of a volatile compound. Unless, however,
we have some good reason to conclude that the molecule experi-
mented on contains the smallest possible quantity of the element,
the atomic weight of which has to be determined, something more than
the mere knowledge of the molecular weight and percentage compaosi-
tion of the compound is necessary to fix the atomic weight of the
eleinent, and in such a case rule 2 often comes in. The specific heat of
an element may, in fact, be taken as a valuable guide in fixing its
atomic weight, but, owing to its liability to variation, can only be used
as indicating approximately what particular simple multiple of a number
accurately fixed by other means should be taken as the true one.

Thus, the specific gravity of the vapour of ferric chloride is 162-5
(I = 1); hence, its molecular weight is 325, and analysis shows that
this compound contains 213 parts by weight of chlorine (6 atows) to 112
parts by weight of iron. This latter weight we might take as the atomic

| weight of iron, were it not for the fact that the specific heat points to 56

as the true atomic weight, and this being in harmony with the chemical
relations of iron is taken as such. The molecule of ferric chloride,

. therefore, contains two atoms of iron, and is not a compound containing

the smallest possible quantity of iron in its molecule.

In many cases the accurate analysis of any compound coupled with
a knowledge of the specific heat of the element, the atomic weight of
which has to be determined, is suflicient to fix the value of the atomic

weight apart from the necessity of volatilization (although this method

ghould always be resorted to where possible). Thus, analysis of
calcium chloride shows it to be a compound, in which the propor-
tion by weight of chlorine to caleium is as 355 to 20, Now the
specific heat of calcium is 01670, from which the atomic weight
would be calculated as 37-7;* and this ficure is sufficiently near to
20 « 2 as to leave no doubt on the mind, that the correct atomic
weight of calcium is 40, and that the molecule of chloride of calcium
eonsists of one atom of caleium united with two atoms of chlorine.
Occasionally, also, chemical analogy may guide us in determining a
doubtful atomic weight, and isomorphism (p. 18) may not unfrequently
assist us in the same object. The quantities which replace one another

. in isomorphous compounds, are also the relative atomic weights ; and, if

* The specifie heat divided into 63 (the mean atomic heat of the solid elements).
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we know the atomic weight of one element in such an isomorphous
series, the atomic weights of all the others become known.

Lastly, we may define the terms atom and molecule as follows : —

1. An atom is the smallest portion of an element which can exist in
the molecule of any one of its compounds.

2. A molecule is the smallest portion of an element or compound
which is capable of independent existence.

Valency" of the Elements.—A careful study of chemical compounds
has shown that the various atoms of different elements are by no means
equivalent to each other—they cannot each and all replace one another
in compounds, in exact atomic proportions, that is, atom for atom.
Thus, whereas, 25 parts by weight of sodium (1 atom) unite with
355 chlorine (1 atom) to form chloride of sodium, it is found that
40 parts by weight of caleium (also 1 atom) unite with 71 parts by
weight of chlorine (2 atoms), and that 210 parts of bismuth (1 atom)
unite with 106-5 parts by weight of chlorine (3 atoms). Or, again, we
find the following combinations by weight—35-5 chlorine with 1
hydrogen, 16 oxygen with 2 hydrogen, 14 nitrogen with 3 hydrogen,
12 carbon with 4 hydrogen, and so on.

Or, in other words, in order to replace 1 atom of bismuth, ealcium
or sodium would require 3, 2, and 1 atoms of hydrogen or chlorine
respectively, &e., &e.

This relative atom-replacing or combining power, or equivalence of
the elements, has been variously termed their quantivalence, valency,
or atomicity. Of these terms the second for many reasous is to be
preferred.  Elements which replace, or combine with, 1 atom of
hydrogen or chloiine are called univalent, and those which replace
or combine with 2, 3, 4, 5, 6, 7, and 8 hydrogen atoms are termed
bi-, tri-, quadri-, quinqui-, sex-, septe-, and octo-valent; or monads,
dyads, triads, tetrads, pentads, hexads, heptads, and octads respectively.
Elements of even valency are termed arfiadst those of uneven valency
perissads.i

Sometimes an element varies in its valency, but almost always by
differences of 2, and in such cases the highest valency is assigned to the
element, The sum of the valencies in any molecule is dlways an even
mumber. The table on p. 81 shows the elements arranged according
4o their valency, while that on p. 65 gives in the alphabetical list the
valency of each element.

* Alao callad atomicity, quantivalence or dynamicily.
t & prias, even. 1 migirres, uneven.
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Table of Symbols, Atomic Weights,* and Valencies of the Elements.

Atomic Atomie
Nave oF ELEMEST. S{uﬁm \!’:;:11;}:!: Nase or ELEMENT. Hirrﬁm ‘#;Eltit
Valeney. . Valeney.
Aluminium, , | Al 27°1 Molybdenum, | Mov 959
Antimony, Shv 120-3 Nickel, . Niviii 59
Arsenic, Asv 75 Niobium, . Nbv 942
| Barium, . ,| Bail 137 Nitrogen, . Nv 14041
Beryllium, .| Beil 9-1 Norwegium, . | Ngvi 214
Bismuth, . Bir 2080 Osmium, , ,| Osvii 192
Boron, . . Biii 1101 Oxygen, i 16
Bromine, . Brvii 79-963 || Palladium, Pdviii | 106
Cadmium, . Cdii 112:1 Phosphorus, ,| Pv 3103
1 Caesium, . Csl 132-0 Platinum, . Ptviii 194-8
Caleium, Cali 40 Potassium, Ki 3917
{ Carbon, Civ 12 " Rhodium, . Rhviii | 103
Cerium, Ceiii 1402 Rubidium, Rbi 854
Chlorine, . Cl¥ii 30453 | Ruthenium, By viii 1038
Chromium, Crvi 522 Samarinm, Smrvii | 1350
Cobalt, . Coviii a9 Seandium, - Seil 44°1
Copper, Cuil 633 | Selenium, . ,| Sev 79°1
Decipium, . Dpiit 159 Silver, . Agl 107-938
Didymium, Diii 144-75 || Silicon, . Siiv 284
Erbium, Eii 166 Sodinm, Nai 2306
Fluorine, . i 19 Strontium, Srii 875
| Gallizm, Gafii 699 Sulphur, Svi 3206
Germanium, .| Ge 72'3 || Tantalum, . Tav 183
Gold, Aniil 1972 Tellurinm, Tevi 125
Hydrogen, Hi 1 Thallium, . Tl 204°1
Indium, . Iniii 113°7 Thorium, . Thiv 2324
| Todine, . Ivii 126-86 || Tin, . Sniv 118-1
| Iridium, Tviv 1932 || Titanium, . .| Tilv 481
Iron, Feviii 56 Tungsten, . Wi 184
Lanthanum, ,| Laiii 1385 Uranium, . Ui 2394
Lead, Phiv 206-91 Vanadium, ,| Vv 51-2
Lithium, Lii 703 Y tterbium, Y biii 1732
| Magnesium, , | Mgii 24-38 | Yttrium, Yit 88-7
Manganese, .| Mnvii 55 Zine, Znii G635
Mercury, . Hgii 2004 Zirconium, Zpvi 907

* The above atomic waights are from the most recent aothorities, but wa have not
ghought it necessary to alter the figures given in the text which are frequently whola
numbers or more Ii."ﬂmmﬂﬂll' used.

b
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Molecular Combinations.—When two saturated compounds, .e., com-
pounds in which all atomicities are active, combine with each other,
the resulting compound is said to be a molecular combination. Water
of crystallisation, for example, is in molecular combination with the
salt. The combination might be explained on the assumption that
atomicities, which, even in ordinary so-called saturated compounds,
had remained latent, have become active, or in other words, by raising
the assumed maximum atomicity of the elements involved. Inasmuch,
however, as all such compounds seem to be less stable than ordinary
atomic compounds, it is assumed that they are not due to ordinary
aflinity between atoms, but are combinations of molecules.

Specific Volume,—As the volume occupied by a free atom or molecule,
in the gaseous condition, is in all cases the same, namely, 2 volumes
(the molecule of hydrogen being taken as occupying 2 volumes, see
page 6( ), substances in that condition possess, strictly speaking, no
specific volume. We shall, therefore, use this term only in relation to
the volume occupied by a weight of substance, in the liquid or solid
condition, proportional to its atomic or molecular weight either free or
when in combination.

Much difficulty has been experienced in selecting the conditions
most favourable for comparison, since the specific gravity, and hence,
also, the specific volume, of a solid or liquid, varies with the tempera-
ture, and in the case of a solid also, with its physical condition, whether
amorphous or crystalline, &ec., &e. It has, however, been found by
Kopp, who has specially investigated the subject, that, when the
specific gravity is taken at the boiling point for liquids, and at the
melting point for solids, the most concordant results are obtained. [
thern m is the atomic or molecular weight of any element or compound, and

- L) - m -
d its specific gravity at the desired temperature, then 4= specific volume,

Much work will yet have to be done before the subject of specific
volume can be thoroughly understood; but certain regularities have
already been observed, some of which may be briefly mentioned here,

(a.) The specific volume of isomorphous elements in the free state is
often, approximately, the same.

Name of Atomio Specific Specifle
Element, Weight. Gravity. Volume.
Cl 85D 1-38 252
Br 80 2:97 26-9
I 127 4-95 256G
S 32 2045 156
Se 794 48 16-6
Fe 56 78 72
Co ] 851 7
Ni 59 8-82 6-8
Mn ki) 801 6-8
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(I.) The specific volume of an element in combination is not always
the same as it is in the free state. Thus—

Dlement. O htn Froo, TE Combination.
Cl - 2032 22-8
Br . 269 27-8
5 256 375
K 455 302 in K,0,
Na 23-7 159 in NagO.

(e.) The specific volume of an element has also frequently a different
value in different compounds. Thus, on the assumption that the
specific volume of a compound is the sum of the specific volumes of its
constituents, the specific volumes of the constituents can be calculated

from a number of simple compounds, and the following values are
thus obtained, at least in the case of liquid compounds :—
Atomig -
Element. Volume,
C 11
H a5
Cl 22-8
Br 27-8
I G740
O 12-2 when both affinities are saturated by a single atom.,
O 78 when both affinities are saturated by two atoms.
S 286 when combined with a single atom.
S 226 when joining two atoms.
N 2:3 when united to three atoms,
N 17 when united to only 1 atom (C=11).
N 86 in the group NO, (0=12-2).

By meavs of these values the specific volumes of a great many com-
pounds may be calculated with a fair degree of accuracy. Thus—

Substance, Formula. mmﬁ’.’.fféﬂ" Volume.

Fonnd.
el N g Ce Hy 99 96 to 997
e AR A H. 0O 188 188
Aestic Moid, . . . CyH,0; 64 635 to 63-8
Chilgralomn, 0L @H O, 84-9 84-8 to 857
Nitrie Peroxide, , . (NOu), 33 31T to 324

(d.) The specific volume of isomeric substances ought, on the above
assumption, to be the same, and this is found to be the case; thus—

Acetic acid, H, Cy Hj; O, has a specific volume of 635 to 63-8, while
methylic formiate, C Hs C H Oy, has a specific volume of 63+4. :

(e.) In the case of solid substances the specific volume shows less
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regularities than in the case of liquids, but even here certain relations
have been recognised.

Thus, isomorphous substances have the same specific volume (ap-
proximately).

pristian Veme  ank R
ALUMS.
(SO0 ALK, 12 H, O, . 4746 1722 2756
(804); Cr NH,, 12 H, O, 4784 1-736 2786
(50,), CrK,12H,0, . 4995 1-845 2707
(504)2 Fe N H,, 12H, O, 482 1712 281-5
SULPHATES.
BOLMe. TH. O 0w 246 1685 146
80, Zn, THs Oy & oo 287 1:953 147
BT, T H s e o L 281 1931 1485
80, Fe, TH, 0. .. . . 278 1-884 1476

Here also, as in the case of liquids, the specific volume of an element

may vary in different compounds.
Thus, in some oxides, as, for example, in plambie and cuprie oxides,

the specific volome of oxygen, calculated on the assumption that the
specific volume of the metal in the compound is the same as it was in
the free state, is respectively 56 and 5-2; whereas in some other
oxides, on the same assumption regarding the metal, the specific
volume of the oxygen has at least three different values.

There are very notable exceptions to this law, however. Thus
sodium chloride (NaCl) and potassium chloride (K Cl) are isomorphous,
but their specitic volumes are 27-2 and 38°7 respectively.

CHAPTER X1

CHEMICAL NOTATION,

Symbols and Formul®.—The symbols of the elements form the basis
of chemical notation. Every element is represented by a symbol,
which is in all cases the first letter of the Latin name of the element;
to this is added, if necessary, the second or some other letter of the
name, in order to distinguish between different elements, the pames
of which begin with the same letter—e.g., C, Ca, Ce, Cu, for carbon,
caleium, cerium, copper.

The symbol of an element, however, does not stand merely for an
abbreviation of the name, but also for an atomic proportion of that
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element. Thus, the symbols H, O, N, Cl, K, Ca, mean respectively,
1 part by weight of hydrogen, 16 of oxygen, 14 of nitrogen, 35°5 of
chlorine, 39 of potassium, and 40 of calcium, and they imply all that
is implied in the conception of an atom.

Elements, as we know, combine with one another in atomic pro-
portions, and the compoundsg so formed are represented symbolically
by writing the symbols of the combining elements side by side--e.g.,

Hydrochloric acid, H Cl Potassic hydrate, KIIO
Caleium oxide, . CaO Plambie sulphide, P’bS

If the molecule of a compound contains more than one atom of a
particular element, this is indicated by a number placed to the right
of the elementary symbol—e.q.,

Calcic carbonate, CaCO, Ferrous sulphate, Fe SO,
Manganese dioxide, Mn O, Sulphurous acid, H, S, O,

If more than one molecule of a compound is to be notified, this is

done by placing a number to the left of the symbol, and on a level
with it—e.q.,

2HCl; SKHO; 3CaCl; 4H,0.

These jormuls, as they are called, are bazed, in the first instance, npon quantitalive
analysis, the results of which it is usual to express in pereentages. From these per-
eentages the atomie proportions may be calenlated and the formule constroeted.

For example, in hydrochlorie acid, we find 274 per cent. hydrogen, and 97-26 per cent.
chlorine, or 1 hydrogen to 3549 chlorine. The specific gravity of hydrochloric acid is 18-25
{H = 1); hence, its molecular weight = 365 (p.62), and the formula H Cl, on the above
asrumptions, represents all these facta

As already stated (p. 63) the molecular weight of & compound can sometimes be only
indirectly determined, bat the atomic weights of the constituent ¢lements being known, the
formula may be constructed from the percentage composition and from chemienl analogy.
Thus, black oxide of manganese has the percentage composition—manganese, 6322 per
cent.; oxygen, 3678 per cent. Taking the atomic weights of these two elements as 55 and
16 respectively, we have the proportions—

A G322::1:114
16: 3678 :=: 1 : 290,

As the flgures, 1:14 and 220, stand in the proportion of 1: 2 we conclude that in tho

mao'ecule of the oxide ther: are, at least, 1 atom of manganese aad 2 of oxygen, and write
1ts formula, Mn O-

The percentage composition of marble is—calcium, 40 per cent.; earbon, 12 per cent.;
oxygen, 45 per cent., by the same process as in the previous example; or, which comes to the
same thing, by dividing these pereentages by the atomic weigh's of their respective elements,
weget 1: 1: 3, and write ita formula, Ca COs,

‘The valency of an element (p. 64) may be indicated by dashes or Roman
numerals placed on the right to the top of the symbol, as H' (monad),

0" (dyad), B" (triad), C" or C" (tetrad). Elements, as alrcady
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stated, are not of the same valency in all their compounds, but the
variation almost always takes place by twos, and the maximum valency
can always be called forth. This variation can be indicated by represent-
ing the valencies active in the compound by dashes to the right, and
those which are inactive or * latent ” by dashes to the left—e.g.,

"N H,; *N,0"; N*H,Cl.

Chemical Equations.—Reactions taking place between componnds or
elements are represented by equations; the compounds or elements as
they exist before the change are placed on the left, those which exist
after the change being placed on the right. In either case the com-
pounds are separated by 4 signs—e.g.,

K, + 2H,0 = 2 KHO + 1,
3 Mn O, = Mn, O, + O,
P,+ 0,=P,0,

The equality implied extends only to the number of elementary
atoms and their respective weights, and, consequently, to the weight of
the substances before and after the reaction, but in no other sense is
there equality.

The - sign is used in equations in its ordinary sense, denoting sub-
traction—e.q.,

PH,0,- H.O=FHO,

Brackets are sometimes used to enable us to indicate readily a
multiplicity of molecules of any particular compound taking part in
a reaction, sometimes also for expressing chemical combinations between
elements or groups of elements placed vertically under each other—e.y.,

3(CaP;0,) + C, = Cay P, O, + P, + 10 CO;

NO0,0
Ba
N 0,0.

Empirical and Rational Formul®.—The ordinary chemical formulx,
such as those with which we have been dealing, are called empirical®
Jormule, and express a variety of information. They tell us—(a.) The
elements contained in the compound; (b.) the proportion by weight
and by volume in which they are combined; (c.) the number of atoms
in the molecule; (d.) the molecular weight of the compound. But,
formule may be constructed so as to represent with more or less

* iprugixos, experimental.
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correctness the manner in which the various atoms are united within
the molecule, or to indicate certain possible reactions or decomposi-
tions of the molecule of a compound, when acted upon by other
compounds or by certain forces. Ior example, the empirical formula
of sulphurie acid is H, 50,, but we may construct formulw to indicate
various facts relating to this compound. Thus, the formula SO, H, O
indicates that it may be broken up into sulphuric anhydride and
water, or the formula S0, 2 HO represents the assumption, that the
molecule of sulphurie acid contains two molecules of hydroxyl, and so
on. These last-mentioned formula are called rational *

The empirical formula of crystallised sulphate of magnesium is
Mg 50, H,,, If this substance is heated to 150°, it loses six molecules
of water ; to expel the seventh a higher temperature is required. These
facts may be indicated, as well as some of the other points connected
with sulphuric acid, by the formule—

Mg SO,, 7 H, 0, or SO,, Mg O,, H, 0, 6aq.

Sometimes the constitution of a compound may be most clearly
expressed by indicating the valencies of the various elements, and the
manner in which these are disposed in the compound. This may be
done, either as beforesaid, by dashes, or lines, sometimes called bonds,
may be attached to the symbol; thus,

£ o e e ab s sal brain
I A n
Sulphuric acid may then be represented—thus
0
H—O—-lst—D—H
H

indicating that the hexad sulphur is, in sulphuric acid, united directly
to the four atoms of dyad oxygen, to two of these with two bonds,
to two with one bond only, the latter two oxygen atoms being each
in their turn, united with their remaining bond to one atom of monad
bhydrogen.

* Ratio, @ sysiem. t Aqua, watler,
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CHAPTER XIIL
THERMO-CHEMISTRY.

THE subject of thermo-chemistry has, of late years, assumed great
importance. In alluding to it here, we must, however, confine our-
selves to its more prominent features only, and must refer the student,
who is anxious to pursue the subject in detail, to the celebrated works
of Berthelot, Thomsen, Naumann, and others.

All chemical changes are associated with changes of temperature.
These changes of temperature may either be positive (exothermiec.®
producing heat), or negative (endothermic,t absorbing heat); but,
whether positive or negative, the amount of heat produced or absorbed
is an invariable quantity for any given combination, though varying
very considerably in different combinations. The principal conclusions
arrived at may be shortly formulated as follows:—

(a.) The amount of heat evolved or absorbed during the formation
of any given compound, will be absorbed or evolved when the com-
pound is again decomposed.

(b.) All chemical changes, which, when once started, proceed with-
out the aid of external energy, are accompanied by evolution of heat.

(c.) All chemical changes, accompanied by absorption of heat, require
the addition of energy from without for their accomplishment.

(d.) Compounds, during the formation of which heat has been
evolved, do not decompose spontaneously, and are, generally speaking,
the more stable the greater the amount of heat evolved.

(¢.) Compounds, during the formation of which, heat has been
absorbed, are unstable ; they frequently decompose spontaneously, or
are decomposed by even feeble external causes, such as a slight eleva-
tion of temperature, a blow, catalytic action (p. 54), &e.

(f.) The quantity of heat evolved in a reaction is a measure of the
sum of the physical and chemical changes which occur in this reaction.

(g.) The total thermal value of any reaction is dependent only
on the initial and final stages of the changing system. This, like other
laws of thermo-chemistry, is simply a consequence of the conservation
of energy. It enables us to calculate the heat of formation of a com-
pound which cannot be estimated directly, if only we can assume it as
a link in a series of reactions, all the other heat factors of which are

iEw, without, out of; Oigeen, heat, t idew, within; Bipwen, heal.
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known. Thus, the molecule * of formie acid (C H,0,), when burnt in
oxygen, yields carbonic anhydride (CO,) and water (H,0), and
evolves 65,900 calories or units of heat (p. 31) in the process; and,
if we burn the same amount of carbon and hydrogen contained in
this molecule of formie acid directly to carbon dioxide and water,
the heat evolved amounts to 165,320 units. Now, according to ouar
law, the same amount of heat will be evolved if we first united these
elements into formic acid, and then converted this into carbon dioxide
and water, as if we burnt the carbon and hydrogen directly into these
compounds ; hence, it follows that the heat formation of formic acid
must be 165,320 - 65,900 = 99,420 units.

(h.) Every chemical change accomplished without the addition of
external energy tends to the formation of that body or system of bodies,
the production of which is accompanied by the evolution of the
maximum quantity of heat. This law is usually known as Berthelot’s
law of maximum work, but, although true generally, does not seem to
be so universally.

This law of maximum work is one of considerable importance. It
will often enable us to decide beforehand whether a contemplated
reaction is or is not possible by direct means, and if, because accom-
panied by absorption of heat, not possible in the direct way, it may
enable us to bring it about by making it one of a series of reactions,
the total effect of which is an evolution of heat.

The combination of silver with chlorine and with iodine respectively,
13 accompanied with the evolution of 29,380 and 13,800 units of heat;
and, accordingly, we find that chlorine ejects iodine from its combina-
tion with silver. On the other hand, hydrochloric and hydriodic acids,
in acting upon oxide of silver, evolve respectively 38,610 and 51,070
units of heat; in accordance with which we find that hydriodic
acid ejects chlorine from its combination with silver, with the for-
mation of iodide of silver and hydrochloric acid. The reversal of
the action is explained by the difference in the heat evolved; in both
cases, that compound is formed in the formation of which the greatest
amount of heat is evolved.

The presence or absence of a solvent has often considerable influence
on the amount of heat evolved in a reaction, and in consequence has
frequently a considerable influence on the ultimate result of a reaction

The production of peroxiae of hydrogen from water is accompanied
by absorption of heat, and cannot, therefore, be accomplished by

* All molecular or atomic quantities alluded to in this chapter must bo considered as
. expressed in grammes.

.'r
¥
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chemical means alone in the direct way; but we can effect it by
making it depend on the simultaneous formation of chloride of barium
from binoxide of barium, a reaction in which more heat is evolved than
is absorbed in the formation of peroxide of hydrogen from water,

The law of maximum work apparently does not hold good in the
case of combinations between acids and bases in aqueous solution, for,
according to Thomson, if to two bases only enough acid is added to
unite with or neutralise one, the greater part of the acid frequently
unites with that base with which it produces least heat,

CHAPTEER XTIL
CHEMICAL AFFINITY.

By chemical affinity is understood that force under the influence of which
substances combine with one another to form new compounds, differing
permanently in their properties from those of their constituents,

Differences between a Mechanical Mixture and a Chemical Compound. —TIt is important to
the beginner to be clear on the point that o ehemical compound is something very different
Trom a mere mechanical mixture. The following statement inelndes the more prominent
differences betweon them :(—

1. The properties of a mechanical mixture are the mean of those of its constituents;
whereas, in & chemical compound (with very few exceptions), they are widely different from
them. 2. The relative quantities of the constituent elements of & mechanical mixtare may
be varied, while those of o chemieal compound ars fixed and wnalterable. 3. From
mechanical mixture the constituents can be separated by mechanical means, whils in
a chemienl compound this is mot possible. 4. During the formation of o mechanical
mixture ho alteration of temperature necessarily occurs, whila this is always the case in
the formation of a chemical componnd.

The term **affinity ™ has not been happily chosen, for, so far from
indicating any close relationship, this force of atttraction is strongest
between substances most widely different from each other. The exact
nature of the force called chemical affinity is not known, but as a
force of attraction it differs from other similar foreces in various ways.
Thus, it differs from gravitation, inasmuch as it only acts when sub-
stances are in intimate contact; whereas, gravitation acts at all distances ;
and from cohesion, by acting mainly between dissimilar substances.

The strength of this affinity varies greatly ; it is strong between some
substances, feeble between others, and even varies in strength between
the same substances. Thus, steam (Hy0) passed over iron (Fe) heated
to redness yields hydrogen (H,), and produces oxide of iron (Fe, O,);
while hydrogen passed over heated oxide of iron produces steam and
metallic iron. Or, again, oxide of caleium (Ca O) acting on a dilute
solution of carbonate of soda (Nay COy), produces caustic soda-(Na HU)
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and carbonate of ecalcium (Ca CO;), whereas, in a strong solution, this

reaction is reversed. In these cases an alteration of the conditions has
been sufficient to reverse the relative strength of the aflinities.
Much also depends on the nature of the substances produced during

‘a reaction ; and, as a rule, if in a mixture of substances, a compound
- can be produced which is eithgr insoluble or gaseous under the con-

ditions of the experiment, this compound will be formed. Thus, in an
aqueous solution, the addition of acetic acid (Cg Hy O,) to carbonate of

- soda (Nag COy) yields acetate of soda (Na Cq Hy Os) and carbonie acid

(CO,): whereas, the passing of carbonic acid info an aleoholic solu-
tion of acetate of sodium yields carbonate of soda, which is precipitated

. (being insoluble in alcohol), and acetic acid. In agueous solution boric

acid is expelled from its salts by almost every acid, whereas, it drives
out the strongest volatile acids from their salts, if it can be heated
with these salts to redness.

Comparatively slight variations of temperature also frequently bring
about wvariations in the force of chemical affinity, Thus, mercury
heated in contact with air for some time near its boiling point, unites
with the oxygen and forms oxide of mercury, while this oxide of
mercury, when heated to a somewhat higher temperature, breaks up
into metallic mercury and oxygen.

When in a mixture of salts* in solution, no insoluble salt is produced,

- all possible salts will probably be formed, that is, every acid present

will combine with every base, but the relative quantity of any one of
the salts formed, compared to the total quantity which might be formed
if no other acids or bases were present, is not known. This quantity
does not however seem to be governed, in all cases, in accordance with
the amount of heat which might be evolved. In solution the amount
of any particular salt or compound formed seems, however, to increase
regularly with the increase of the particular substance added. In the
casc of gases this is not, however, the case. According to Bunsen, for
example, the quantities of carbonic acid and water, formed when
mixtures of carbonic oxide and hydrogen are exploded,with an insufficient
amount of oxygen, always stand to one another in some simple atomic
relation. This relation remains the same within certain limits of vari-
ation in the proportions of the gases exploded, and does not alter
proportionally to the alteration in quantity of one or other of the con-
stituents. When, however, certain limits are overstepped, the propor-
tion changes suddenly from one atomic proportion to some other,
which is, however, also an atomic proportion,

* Fide oxygen.
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Many of the foregoing alterations or reversals of the strength of
chemical affinities between given sets of substances, find their explanation
in corresponding variations in the heat relations of the compounds
formed. The variation in the strength of chemical affinity between
elements and compounds, and the possibility of their reversal under
certain conditions are among the most powerful means which the
chemist possesses for producing chemical changes. (See nofe, p. 78.)

Dissociation.—The term dissociation was first used to explain certain
apparently anomalous vapour densities. Thus, the accepted molecules
of chloride of ammonium (NH, CI), and of sulphuric acid (H,S0,) were
found to occupy 4 instead of the normal 2 volumes (p.60). Now the
formula of these molecules could not be altered so as to halve the mole-
cular weight, and so make the molecule occupy only 2 volumes, but some
other explanation of the facts observed became necessary. This was
found in the assumption, for which there is, however, some experimental
evidence, that these two substances, when heated, break up into two
molecules, each oceupying its normal 2 volumes, and together, therefore,
4 volumes. N H, Cl and H,S O, break up respectively into N H,, H Cl
and SO, H; 0. On cooling, these constituents reunite, and produze
the original compound. The decomposition thus assumed to take
place in the gaseous form of these substances at a higher temperature
was termed dissociation. The term has now, however, been extended to
all decompositions produced by heat in which, during cooling, reunion
of the separated constituents takes place.

If the substance is heated in a closed vessel so that the dissociated
product or products, some of which must be gaseous, cannot escape,
they will exert a certain pressure, and, under these circumstances, it is
found that the tension of the produects is definite for any given tempera-
ture, and is independent of the amount of substance present. If the
temperature is raised dissociation increases, if it falls partial reunion
takes place. Both high temperature and low tension favour dissociation,
low temperature and high tension favour union.*

These phenomena of dissociation are closely related to those of
evaporation, in both a similar correlation between temperature and
tension exists.

It will be easily understood that the temperature produced by the union

* 1f, for example, o relatively small amount of caleium earbonate is put into a vessel and
heated, almost tho whole of the compound may become dissocinted befora the necessary
tension of the earbonic anhydride due to the temperature is reached; if, on the other hand,
a relatively large amount of ealeium carbonate is put into the same vessel, a very small
part of it only will be decomposed at the same temperature, though the actual amount of
substance decomposed Iz the same in both cases.
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of two or more substances can never rise to that point at which complete
dissociation of the products of such union would take place. Supposing
the substances to have been heated to that temperature, union can only
begin when the temperature has fallen below that of dissociation.
Electrolysis,— The decomposition of chemical compounds effected by
an electric current is termed eleetrolysis.* The substance decomposed

is called the electrolyte,t the parts into which it is decomposed are called
éons,} and the parts of the circuit at which the ions make their appear-
- ance, namely, those parts at which the current enters and leaves the
electrolyte, are called electrodes.§ One electrode, the one connected

with the electro-positive plate of the battery, that is, the plate acted
on, is negative, and at it such substances as hydrogen, metals, and
alkalies make their appearance, which are, therefore, called electro-
positive: the other electrode, the one eonnected with the negative plate
of the battery, is positive, and at it substances like chlorine, bromine,

- oxygen, and acids make their appearance, and are called in consequence

electro-negative. Hence, the division of elements into electro-positive
and electro-negative respectively.

An electrolyte must be a liquid, and is generally composed of a con-
ductor and a non-conductor.

The amount of decomposition effected in an electrolyte is always
proportional to the quantity of electricity passing through it.

The same quantity of electricity decomposes equivalent quantities of
various electrolytes, or liberates equivalent quantities of the various
elements or compounds.

The laws given in the last two paragraphs were first established by
Faraday, and are known as Faraday's Electrolytic Law, the second part
of which may be stated in the Janguage of modern chemistry, thus:—
The same electric current is able to overcome the same number of
active atomicities, whatever the electrolyte may be; or the various
quantities of elements liberated are proportional to their atomic weights,
divided by their active atomicities, Thus, an electric current which
would liberate 1 part of hydrogen would liberate 355 of chlorine,
(1 atom); 80 bromine (1 atom); 108 silver (1 atom); 103-75 lead
(# atomic proportion); 8 oxygen (} atomic proportion), &e. In the case
of elements of varying atomicity, the proportion of the element liberated,
or of compound decomposed, varies with the atomieitics engaged.
Thus a current which will decompose 134-2 parts cupric chloride
{Cu" Cly) will decompose 197°4 parts of cuprons chloride (Cu'y Cly).

* Xieid, sepavalion, T ata, [ sed free
1 iaw, going. & d¥as, u way.
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Compound Radicals,—Elements are not only replaceable by elements,
but also, not unfrequently, by certain compounds or groups of elements
which in such cases play the part of a single element, and are then
termed compound radicals, Such compound radieals, though chiefly
oceurring in organic componunds, are also met with in inorganic. Thus
carbonic oxide (CO) frequently plays the part of a radical (called
carbonyl) combining directly with elements, as, for example, in
carbonyl chloride, CO Cls,

Other such compound radicals are—hydroxyl (HO);, ammoniury
(NH,)z. nitryl (NOy), sulphuryl (S0,), &e. These radicals, like the
elements, differ in their valency or atom-combining pewer, being uni-,
bi-, trivalent, &ec., as the case may be. Like the elements also, com-
pound radicals of uneven valency are unable to exist by themselves,
but combine with one another to form compounds analogous to the
molecules of elements, in which eases the radical itself, though strictly
speaking a compound, is often termed an atom to indicate this
analogy.

substitution.—The replacement of one or more atoms in the moleculs
of a compound by one or more other atoms, elementary or compound
(radicals), is known as substitution. The term substitution is, however,
more frequently used to denote the replacement of one or more atoms
or radicals in an organic compound without alteration of the generai
chemical characteristics of the original compound.

The mutual interchange between two compounds of part of their
constituents is known as double decomposition, and is perhaps the most
common of all chemical actions, as, for example, when a solution of
potassium sulphate is added to a solution of barium chloride, the result
being the formation of barium sulphate and potassium chloride, thus—

BaCl; + K, SO, = BaSO, + 2ECL

Even the direct union of elements may be considered as, in reality, a
case of double decomposition, as when hydrogen unites with chlorine
to form hydrochleric acid, thus—

H-H 4+ Cl-Cl=H-Cl+H - CL

“ Note. Sas p. T6.—In moany casca the presence of & third substance appears to be
necessary to enable two other substances to act chemically on sach other; thus, pura zine
is far less readily dissolved by acids than impure zine, and pore nitrie acid dissolves many
metals far less readily than when it conlaing some nitrons acid. Indeed, it appears that
perfectly pure nitric acid has no action on eopper, and that action only begins when a trace
of nitrons acid ie present.  Again, it has bean shown, that phosphoras does not burn in
absolutely dry oxygen, and that a perfectly dry mixture of carbonic oxide and oxygen
cannot be exploded by an electrie spark.
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CHAPTER XIV.

CLASSIFICATION OF ELEMENTS,
- ELevMeNTS have long been divided into two great classes—metalloids®
- (or, better, non-metals) and metals.t This division was based mainly, if
. not entirely, on physical characteristics. It was found later on that
the division coincided broadly also with certain well-marked chemical
. characters, but these chemical characters should be considered as
only of secondary importance in a classification based on physical
- peculiarities.} Non-metals, as a class, are bad conductors of heat
' and electricity, and have no characteristic lustre in common; metals, on
 the other hand, are, as a class, good conductors of heat and electricity,
and are characterised by a peculiar lustre by which they are readily
recognised as metals, even by an unskilled observer: this lustre is
| termed mefallic in default of any other standard of comparison. As
'a rule, the oxides formed by non-metals yield acids, and no well-
| marked bagic oxide is formed by any of them. On the other hand,
- the metals form basic oxides mainly (vide oxygen).

The following elements are commonly regarded as non-metals. Of
those included in brackets, hydrogen is now very generally regarded as
'a metal, and arsenic and antimony are only included by some among-
the non-metals, on account of their chemical relations to phosphorus,

Table of Non-Metals.

Oxygen, (Hydrogen), Nitrogen, Carbon,
Sulphur, Chlorine, Phosphorus, Boron,
Selenium, Bromine, (Arsenic), Silicon.
Tellurium, Todine, (Antimony),

Fluorine,

- The rest of the elements come under the general heading of “metals.”

According to other partial classifications the elements may be
| arranged in groups, frequently of three members, characterised by a
certain uniformity in chemical properties, and showing certain grada-

* wizairer, @ melal; and o ¥es, likeness.

t peiweidoy, a mine, mefal,

t The term metalloid is extremely inmappropriate, applied to the class of non-metals.
Tilden suggests (o include under the term metalloid a number of elements, whose pro~
phrl'.ic& are intermediate between those of non-metals and metals,
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tions corresponding to certain relations between their atomic weights,
such as the groups Cl, Br, I; Ba, Sr, Ca, &c. Again, elements may
be classified according to the r valency into monads, dyads, triads, &e.,
or into elements of even valency (artiads), and elements of uneven
valeney (perissads).

The most complete classification, however, as yet attempted, is that
proposed by Mr. John A. R. Newlands under the name of the * Law of
Uctaves." Newlands showed that, if the elements are arranged in the
order of their atomic weights (regarding elements with the same, or
nearly the same atomic weight as one), there is a regular periodic recur-
rence of similar characteristics ; that, in fact, the properties of the ele-
ments are a periodic function of their atomic weights. Broadly speaking,
this reappearance of similar properties occurs in every eighth element,
and, hence, the term ** Law of Octaves.” This periodicity, once recog-
nised, leads to most important conclusions, as clearly pointed out by
Newlands in his original papers.* Thus, accepted atomic weights
may be corrected in cases in which the character of the element does
not correspond with those indicated by its place in the series; the
existence of unknown elements may be inferred from the occurrence of
vacant places in the classification, and even the properties of unknown
elements may be. in great measure, predicted.

Mendelejeff, who has most completely worked out this law, and calls
it the * Periodic Law,” arranges the elements in eight groups and
twelve series, as shown in the table on next page.

The members of each group show similarity in their chemical and
physical characters, more especially of the even and odd series respec-
tively, as will readily be seen by an inspection of the table, in which the
even series is printed in italic type. On the other hand, the members of
one series show a regular gradation of properties, as we proceed from
one member to the other. Thus, as we pass from group 1. to group VII,
we pass from electro-positive by slow gradations to electro-negative
elements (p. 77), and from group L to group VIIL there is a regular
increas » of one in the number of atoms of oxygen with which each
element can combine, and we have, further, a regular alternation of
perissad and artiad elements (p. 63). In series 2 and 3 we pass
through all gradations, from positive to negative, in each series of seven
members ; in the other series, the eycle is only completed in two series
or fourteen members, not counting group VIII. Mendelejeff calls the
first two short periods, the other long periods., Group VIIL is some-

* Lately published in a collected form, entitled On the Discovery of the Periodic Law,
by J. A. k. Newlands, F.1.C,, F.C.5,, &. Spon, London, 1554,
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what anomalous, as each member of the group is, so to speak, repre-
sented by three elements. Mendelejeff calls them transition elements,
and places them between the even and odd series of the long periods.
Further, the atomic volume (p. 63) changes periodically with the
atomic weight, showing maxima and minima. Now, a comparison of
the maxima of atomic volume with the above table, shows, wherever
the comparison can be made, that these coincide with the first members
of Mendelejeff's short and long periods—e.q., Li, Na, K, Rb, Cs. This
eoincidence is all the more striking, because the periodic variation of
atomie volume was worked out by Meyer independently of the periodic
Jaw of Mendelejeff. The places where a ? is placed in the table
indicate the probable existence of unknown elements.

Many other relations might be pointed out, and will oceunr to every
one who studies the table carefully, but enough has been said to
demonstrate the truth of the law, that the properties of the elements
are a periodic function of their atomic weights. At present, we do not
know the cause of this periodicity, but, nevertheless, the discovery of
the law by Newlands marks one of the most remarkable advances in
the seience of chemistry.

In conclusion of this Introduction, we append a Scheme of Properties
of any given Element or Compound, which we believe will be of
considerable service to the student of chemistry. On a eareful exami-
nation, it will be seen to serve several purposes. In the first place, it
forms the basis of the arrangement of facts relating to the elements and
their compounds, as treated of in the following pages. It is, at the
same time, a summary of the foregoing Introduction, in which these
facts have been dealt with from a general point of view. It may also
form a convenient aide mémoire since, if committed to memory, it will
enable the student to recall the various properties of any given element
or compound which, unless arranged on some definite plan, may so
easily escape recollection.




SCHEME OF PROPERTIES, &c,
OF ANY ELEMENT OR COMPOUND.

Name or names ( Derivation of Name).

Symbol and At. Wt. (if an Element).

Formula, Mol Wt., and Percentage Composition (if a Compound).
Occurrence in Nature (if at all—abundant or rare—Distribution),

PHYSICAL PROPERTIES.

State of If Solid, Melting and Boiling Pt., Cryst, Form, if any.
Aff;ﬁj::zi;n If Liquid, Freezing and Boiling Pt., Vapour Tension.
Temperatures.  LE Gas, Temp, and Pressure for vequired Lig™ and Solid™

Specific Gravity (according to Physical Condition).
Colour, Odour, Taste,
Solubility,
Behaviour to Heat ( Expansion, Conduction, Latent and Sp. Heat).
» »» Light (Refraction, Transparency or Opacity, &c.)
» »» Electricity (Conduction, Magnetic or Diamagnetic, §e.)

CHEMICAL PROPERTIES.

IF AN LLEMEXRT.
Class or Group of Elements to which it belongs,
Chemical Behaviour to other Elements and Compounds,
Heat of Combustion.

Valency—Atomic Volume.

IF A COMPOUND,
Class or Group of Compounds to which it belongs.
Chemical Behaviour to other Compounds or Elements.
Analysis (Decomposition) and Synthesis ( Production).
Heat of Formation,
Specific Volume.

Distinguishing Tests.

FPhyslological Actlon (Application in Medicine).
Preparation or Manufacture.

Applcations (in the Arts or in Common Life).
Historical Matter.
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(6iv;, acid, yswwaw, I produce) O =16; 0, =32, Gas at ordinary
temperatures, Liquid at =18 ! under 1 atmosphere pressure, or at —-113°
under 50 atmospheres pressure (critical temperature and pressuret).
Specific gravity of gas 1:108 (air=1); 16 (H=1); of liquid at-182,
1124 (water=1). Dyad* 11-19 litres weigh 16 grammes.

Occurrence in Nature.—Oxygen is the most widely diffused and most
abundant element in nature. It is variously estimated to constitute
from { to 4 by weight of the earth’s crust, as far as this is accessible
to research. It forms 1 of the bulk, and rather more by weight, of
the earth’s atmosphere, and § by weight of water. It is found in
combination in nearly every mineral and rock (the chief exceptions
being rock-salf, fluor-spar, and pyrites), in all soils, and in almost all
animal and vegetable matter. The following very brief list of common
substances containing it, may serve to emphasise its diffusion and
abundance :—

Percentage of Oxygen in some Common Substances.

Albumen (white of egg), d . about 220 ; Cellulose {(Woody Fibra), « . about 49-3
RIE 0 L e R ][, s e T 5249
Irom Rust (Oxide of Iron), . . 400 | Flint, Quartz, &e., . . . . 533
Limestone, . .  « . . | W T R e e 500

Physical Properties.—Oxygen is a colourless, tasteless, and odourless
gas, which, until quite recenily, was considered to be * permanent,” i.e.,
incondensible. A pressure of 3000 atmospheres had failed to liquefy it
at ordinary temperatures. In 1877, however, Pietet and Cailletet
simultaneously succeeded in liquefying it by the conjoint action of
intense cold and pressure.

Oxygen follows DBoyle's law for moderately high pressures, but
departs from it at very high pressures. Thus, at a pressure of 1000
atmospheres, it is only reduced to g}, of its volume, instead of to ;5.

It is slightly soluble in water; 100 vols. water absorb 4-11 vols. at
07, 2:99 vols. at 15°. Its coeff. of absorption for water is 2:025 times
that of nitrogen (Bunsen): hence, air dissolved in water is richer in
oxygen than ordinary air. 100 vols, aleohol dissolve 2:84 vols. between
0% and 24°, 1t is also soluble in molten silver and platinum.

Its cocff. of expansion is 0-003674 between 07 and 100°. Its sp. heat
= 02175 under constant pressure (Regnault). Its refractive power is
less than that of any known substance, Its absolute index of refraction
=1-000272. It is magnetic (Faraday).

* Hexad, according to Mendelajell (p. 81).
t By critical pressure is meant the pressare exerted by a gzas atils critical temperatura.
{See critical point, p. 1)
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Chemical Properties.—The most striking chemical characteristic of
oxygen is its universal, and, generally, intense combining power.
Fluorine is the only element with which it is not known to form a
compound.

Thus, at ordinary temperatures it combines with moist iron, with copper when moistened
with hydrochlorie aeid, with phosphorus, with the metals of the alkalies and alkaline
earths, with alkaline pyrogallates, with an alkaline solution of indigo white, with nitrie
oxide, with moist ferrous and some analogous oxides, &c., the reaction in each case being
accompanied by an elevation of temperature, At higher temperatures it combines with
many more substances, often with intense heat and brilliznt light effects, as, for example,
with earbon, phosphorus, sulphur, zine, iron, magnesiom, &e.

Many of the above reactions are employed for the detection of oxy-
gen, for its removal from mixtures, or on account of the heat and light
evolved, and many of them—notably the burning of carbon, of sulphur,
and of phosphorus in pure oxygen—form some of the most familiar and
brilliant lecture experiments.

The compounds of oxygen are termed oxides. The term oxidation
means an addition of oxygen to, the term reduction, a removal of oxygen
from, any substance. Hence, the terms oxidising- and reducing-agents,
which are applied to substances capable of bringing about oxidation or
reduction respectively.

Distinguishing Tests.—OUxygen may be distinguished from all other
substances as a colourless gas, which causes a glowing splint or taper
to burst sharply into flame, which also forms red fumes with nitric
oxide (p. 121), and when exploded with twice its volume of hydrogen,
forms water only. These two last reactions distinguish it from nitrous
oxide (p. 119).

Physiological Action.—ZHespiration is essentially a process of oxida-
tion. The oxygen of the air, taken into the lungs, passes by diffusion
through the membranes of the capillary vessels into the blood, where
it combines with the hemoglobin, the red colouring-matter of the
blood, displacing an equal or nearly equal volume of carbonie anhydride.
In the course of circulation the oxygen combined with the hemoglobin,
oxidises some of the constituents of the tissnes, with the ultimate
formation of water and carbonic anhydride, which latter, on the return
of the blood into the lungs, is in its turn displaced by the oxygen
of the inspired air, the carbonic anhydride so displaced being expelled
in the air expired. The life of all the higher animals depends upon
this interchange of oxygen for carbonic anhydride,

Oxygen, when breathed in the pure state at ordinary temperature
and pressure, produces considerable stimulating effects; at low tem-
perature it produces narcotism, and eventually death.

It has proved useful as an antidote in cases of poisoning by carbonic
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anhydride. Many disease-germs lose their virulence by exposure to
the action of oxygen.

Preparation.— I'here are many methods of preparing this gas, most
of them being based on the decomposition of one or other of its
numerous compounds by heat, for, although present in large quantity,
and in the free state, in atmospheric air, the nitrogen with which it is
mixed cannot practically be removed, and to obtain it from this source
indirect methods have to be resorted to.

1. DBy heating mercuric oxide in a glass retort or tube, and causing the
oas given off to pass through a bulb-tube kept cool; the mercuric oxide
breaks up into oxygen and mercury, both of which are gaseous at the
temperature of decomposition; the mercury condensing in the bulb-
tube, the oxygen only passes on and may be collected over water.

Mercuric Oxide. Mercury.  Oxygen.
2HgO = 2Hg + Os.

 This mode of preparation has chiefly a historical interest, since it
was the process used by Priestley, the discoverer of oxygen; but a
further interest attaches to it from the fact that it was the germ, so to
speak, of the so-called indirect methods of obtaining oxygen from the
atmosphere, for mercury, when heated in contact with air to a tem-
perature a little below its boiling point, slowly absorbs oxygen, and
becomes converted into mercurie oxide, from which substance, at a
higher temperature, the oxygen may be regained.

2. By heating potassium chlorate.—This is the most convenient, and,
perhaps, the best method for obtaining oxygen for laboratory purposes.
The crystals are introduced into a dry retort or Florence flask, which
is connected by means of a perforated cork and suitably bent tubing
with a pneumatic trough. On application of heat, the salt first crackles
or decrepitates, melts, and then enters into apparent ebullition. As
the evolution of gas proceeds, the salt becomes less fluid, and the tem-
perature must be raised in order to obtain a further quantity of oxygen.
At this stage of the process, the salt has a great tendency to froth,
and the retort should therefore never be more than half filled.

The oxygen so obtained is very pure, especially if the heat has been
earefully regulated, so as not to evolve it too rapidly. The gas is
sometimes cloudy, owing to finely-divided particles of the salt being
carried over,

The first stage of the process may be thus represented—

Polassinm Potassinm  Potassinm
Chlorate. Perchlorate. Chloride. Oxygen.

2K Cl0; = KCLO, + KCL + Oy

R e S
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The second stage, during which a higher temperature is necessary,

thus—
KClOy = KCl + 20,

The beginning and the end of the operation are, however, generally
represented thus—
2K Cro; =2KCl + 30q

The temperature required to produce oxygen from the pure potassinm
chlorate is, however, so high, that few glass vessels will withstand it, and
it is therefore advisable, where the extreme purity of the gas is no eon-
sideration, to mix the salt with one-eighth of its weight of previously
ignited manganese dioxide (Mn Os). The oxygen is now given off
much more readily, and at a very much lower temperature, the salt not
even fusing; but the evolution of the gas may be very violent, and the
temperature should therefore be carefully regulated. The gas is always
contaminated with chlorine, and if the evolution has been tumultuous,
may contain oxides of chlorine, which render it explosive. The dioxide
of manganese undergoes no permanent change (p. 54).

Manufacture—3. By heating manganate of sodium allernately in steam
and air—This is an excellent process for the production of oxygen
from air on a large scale.

The manganate is placed on the perforated shelf of a cylindrieal
retort, similar to a gas retort. Two pipes enter the retort at one end
below the perforated shelf, one for the admission of steam, the second
for air; at the other end there are two exit pipes above the charge, one
opening directly into the air, which can be closed at pleasure, the other,
also capable of being closed, connected with a condenser, and this with
a gas-holder. The retort being charged and heated to a moderate
red-heat, and the air-pipes being closed, steam is blown in at one
end. In the current of steam the manganate decomposes as follows:—

Bodinm i Manganese
Manganate, Water, Soda. Dioxide. Oxygen.,

NagMnOy + H;O = 2NaHO + MnO: + O

The oxygen and excess of steam pass on through the condenser,
where the steam is condensed, the former only reaching the gas-holder.
When no more oxygen is evolved, the connections with the steam and
gas-holder are cut off, the other two pipes are opened, and air is blown
in. Re-oxidation then takes place as follows:—

2NaHO + MnO; + 0 = NagMn 0, + H.O.

R R e TR 5 L
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Other methods of preparationor manufacture.—4, By heating manzanese dioxidetoradnsss
in an iron ratort, 3 Mn Oy =Mn; O, + Oz 5 By gently heating a paste of bleaching powder,
10 which a few grains of cobaltous ehloride have been added, 2 Ca Cl, 0 =2 Ca Cl; + Oz (p.
1), 6. By electric decomposition of water, acidulated with sulphuric acid, oxygen appear-
ing at the positive pole, 2 H, 0 =2H, + 0,. 7. By acting with diluted sulphuri¢ acid on a
mixture of bichromate of potassium and barium dioxide in the cold, K, Cr; O; + 3 Ba O, +
TH,S0,=K,80, + Crs 350, + 3Ba80, + TH.0 + 30,. 8. By heating nitrate of sodiam,
2Na NOy =2 Na NO, + 0,. 9. By heating barium dioxide, 2 Ba 0z =2 Ba O + Oy, the baric
cxide formed reabsorbing oxygen from air at a somewhat lower temperature, 2 Ba 0 40, =
2 Ba0,. 10. By passing sulphuric acid over red-hot porcelain, 2 Hy S0y =280, + 2H; 0 + 04,
the bulk of the sulphurcus anhydride is removed in the liquid form by compressing the mixed
gases, the rest by water. 11. By heating sulphate of zine, 2 Zn 30, =2Zn0 + 2 80, + 0.
12. By heating subchloride of copper alternately in a eurrent of aiv and of steam. J[a air,
2Cu;0l; + 0;=2Cu; Cl; 0; in steam, 2Cu;Cly 0 =Cu, Cly + 0, 13. By dialysis of air
through thin sheet india-rubber. 14. By repeated solution of air in water under increased,
and expulsion by dimination of, pressure. 15. By the decomposition of carbonic anhydride
by the green parts of plints under the inAonence of light. 16, Brins® Process.—By heating
barinm monoxide, BaQ, to 700° C., and alternately exposing it to the action of dry air, fres
from earbonic anhydride, under a pressure of about 10 lbs. per square inch, and then sub-
jecting it to a reduced pressare of about 1 to 2 Ibs, per squoare inch. During the exposare
oxygen is absorbed, while, during the period of reduced pressure, this oxygen is evolved.

Combustion.—In all chemical combinations which proceed without
external aid, heat is evolved (p. 72). The amount of heat so evolved
varies considerably, from very little or nothing, up to 34,462 units of
heat evolved by the burning of 1 gramme of hydrogen in oxygen.

The amount of heat thus evolved in any given chemical action is
always the same, whatever may be the rate at which the action pro-
ceeds, but the degree of temperature attained, or the intensity of the
heat produced, may vary widely.

Thus, an iron wire, when burning in oxygen, not only avolves much heat but the tem-
perature attained by it is very great, as illustrated by the fact that the globules of meited
oxide, falling from the wire, burn themeelves into the glazing of the plate on which the
gas-jar stands, althongh the surface of the plate may be covered with o layer of water half-
an-inch deep, If, however, the saome weight of wire is allowed to rust in air, its temperature
never rises sensibly above that of ita surroundings, yet the amount of heat ultimately
evolved will ba as great as in the previons instance. The possibility of thus inereasing the
temperature by incréasing the rafe of combustion is practieally made use of in our ordinars
blow-pipes in tha blast furnoces for smelting iron, &c., and finds its highest expression in tha
oxy-hydrogen blow-pipe.

There is, however, a I'mit to the intensity of heat or temperature.
This limit depends (1) upon the units of heat evolved in the combus-
tion; (2) the specific heats of the resulting bodies; and (3) sometimes,
but not always, upon the temperature of dissociation of the latter,

Whenever the temperature produced during chemical action is suffi-
ciently high, light is also emitted, and the phenomenon is then called
combustion. Combustion, in its widest sense, may then be defined as
the chemical combination of two or more substances, attended by the
evolution of light and heat—as, for example, antimony burning in
chlorine, copper in sulphur vapour, or phosphorus in oxygen.
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In the case of all combustions taking place in atmospherie air (that is
to say, of all combustions, the practical object or result of which is the
production of light and heat) oxygen plays a part, and this term, ** com-
bustion, ™ is therefore not unfrequently used in a somewhat restricted
sense, meaning the chemical combination of some substance with
oxygen, accompanied by the emission of light and heat. Two sub-
stances at least are necessary to bring about the production of heat
and light by their combination, and, as in all chemical action, they
must be in actual contact. In the case of a solid and a gas, contact
can only take place at the surface of the solid; in the case of two gases,
at the point where one gas issues into the other. Ilence, in the case
of the solid and the gas (say coke and air), the heat and light produced
appear to proceed entively from the solid—in the case of the two gases
(say coal-gas and air), from the jet of the one gas issuing into the other.
The body from which the heat and light appear to proceed is termed
the combustible, the other body in which the combustion takes place
being then termed the supporter of combustion. This division is,
however, not strictly correct, inasmuch as both
substances are equally necessary to the chemical
action which results in this production of light
and heat, and each in turn may be brought
under conditions by which the heat and light
appear to proceed from it alone. Nevertheless,
as in all combustions which take place in atmo-
spheric air, the heat and lizht appear to proceed,
not from the oxygen, but from the substance
combining with it, the division into ¢ ecom-
bustibles " and * supporter of combustion ™ may
be a useful one. In this sense, then, oxygen
is called a supporter of combustion, the substance combining with it
the combustible.

The reversibility, so to speak, of these terms can be easily demonstrated
in the case of two gases. (It is obviously not possible in the case of a
solid and a gas.) A jet of coal-gas, for example, issuing into atmo-
spheric air, may be lighted, and will continue burning as long as there i3
air present; but, on the other hand, a jet of air issuing into an
atmosphere of coal-gas, may in its turn be lighted, and will continue
burning as long as it is surrounded by an atmosphere of coal-gas.

In the abova Oguore, let a represent a glass ehimney, sach aa i= ueed in a petrolenm lamp.
The lower end of the chimney is closed by a doubly-perforated cork, through one opening of
which passes a short metal tube, about -inch in diameter, and open at both ends; through
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the other opening passes a narrow glass tube bent at right angles. Round the apper end of
the lamp-chimney is placed a broad ring of brass or copper foil, projecting some distance
Aabove. The whole apparatus is supported in an apright position, the bent glass tube is con-
mected with a conl-gas supply, and this being turned on, the gas is lighted at the top of the
chimney, when, if the supply is adeguate, o large Bunsen flame will be obtained, 6. If now
@ small gas jet, ¢ burning at the top of a long narrow tube, be passed up the wider metal
tube, 7, into the lamp-chimney, it will be found that as soon as the little jet appears above
the mouth of the metal tube, the air azscending in this tube will take fire and burn with o
pale, searcely luminous flame, and will contione to born even after the small gas-jet, ¢, is
withdrawn., If we push the small gas-jet throngh the air-flame into the coal-gas, it is at
«onee extinguished (coal-gas being unable to burn in an atmosphere of coal-gas), but is
relkindled on slowly drawing it back into the interior of the air-flame (where it agnin meets
with oxygen). We can by this experiment show at one and the same time (1) coal-gas
burping in air; (2) air burning in coal-gas; and 13), agein, coal-gas burning in air.

All substances have to be heated to a certain temperature before they
begin to burn, This temperature has been termed the femperature of
fynition, and varies widely for different substances. In some cases the
temperature of ignition of a substance lies below the ordinary tempera-
ture; when this is the case, it takes fire as soon as it comes into con-
tact with air. Such a substance is said to be spontaneously inflammable,
In other cases this temperature is but little above the ordinary tempera-
ture. Phosphorus, e.g., takes fire a little above 44°. In most cases,
liowever, the temperature of ignition is considerably higher. Thus,
sulphur takes fire at a temperature of 250°, while marsh gas requires a
white heat. This considerable range of the temperature of ignition of
various substances may be well illustrated as follows : —

A fzirly red-hot poker will readily ignile a gas-jet or o Bonsen burner, but will no longer
ignite it when at o dull red heat only. In this condition, however, the poker will ignite a
piece of paper. Before long it will have cooled below the temperature of ignition of paper,
and will refuse to set fire to it, but will readily explode & small heap of gunpowder. The
polier may now be cooled by waving it in the air, or dipping it for a moment into water, and
4 temperature is soon reached when it is no longer able to explode gunpowder; but if it now
be introduced into & smoll glass jor, having some bisulphide of carbon at the bottom, the
vapour of this volatile liquid will at once take fire, and the poker must be ecooled consider-
ahbly belora it ceases to ignite the vapour. Buteven at this temperature a piece of phosphorus
wvill, on being touched with the polier, immediately burst into flame.

In most instances, when once the substance has begun to burm, it
will continue burning; the heat evolved by the combustion being
sufficient, and more than sufficient, to keep up the temperature. This
is a point of great importance, if combustion is to go on, and it may be
interfered with in various ways. A great deal depends upon the
physical condition of the burning substance. A compact solid, which
offers but a small surface to the action of the oxygen, and is at the
same time a good conductor of heat, will often cease to burn because
the heat is carried away by conduction faster than it is produced; the
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temperature of the substance sinks below the temperature of ignition,
and extinction follows. An iron wire, raised to a white heat in air,
begins to burn, but combustion very soon ceases when we withdraw
the external source of heat. If, however, we plunge the burning wire
into pure oxygen, we increase the rate of combustion; heat is now
produced faster than it is lost, and the wire continues to burn. A
similar effect is produced by increasing the points of contact by sub-
division; finely divided iron, e.q., becomes even spontaneously inflam-
mable. Other substances behave in a like manner. On the prineciple
that by cooling a burning substance below its temperature of ignition,
it may be extinguished, is based the miners' safety-lamps of Davy and
others, and the various safety-jets, &c.

If we press a piece of moderately fine iron or brass wire-ganze down upon the flam= of a
seandle or a Bunsen burner, it will be found that while the fame continues burning below
the gauze, no flame appears above it If now we apply a light to the upper surface of the
ganze, o lame appears over the flame below, proving that a quantity of combustible gas i3
passing through the gauze. The explanation iz simple, The burning gnses, passing through
the mezhes of the metallic gauze, part with their heat to the metal, their temperature is
redoced below the point of ignition, and combustion ceases. As long as the ganze is not
réndered too hot (nor its meshes injured) by the flame below, this cooling effect continues,
but the flame will pass through the gauze if this becomes hot enough. Fortonately, the
temperature of ignition of marsh gas (fire-damp) is a white heat, among the highest of all
guses, and no great degree of cooling is necessary to extinguish its flame. ;

The following table will be of interest in connection with the fore-
going remarks:—

Heat-units.
1 gramme of hydrogen when burnt in oxygzen evolves 4,000
1 % sulphur L o o 2,300
1 - carbon o = = 8,000
1 . phosphoras - o 5,747
1 2 iron - T - 1,575
1 o antimony P chlorine |, 707
1 5 copper = sulphur |, 285

Flame,—On observing the appearance produced by a variety of com-
bustibles, a great difference will be noticed as regards their manner of
burning. An ordinary coal fire, when first lighted, shows a considerable
amount of flame, but as time goes on this will become less and less,
until at last the grate may be filled with a mass of red-hot coal, giving
out much heat, but entirely without lame. Again, a candle burns with

flame, an iron wire without flame. In what does this difference con-

sist? What is flame? Flame is burning gas, and all combustible
substances which are gases, or yield volatile combustible products,
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when heated, burn with a flame. On the other hand, substances which
are neither volatile themselves, nor yield volatile combustible products,
when heated, burn without flame.

Among flames themselves great differences are also observable. Some,
like the flame of a candle, of an oil-lamp, or of coal-gas, give out more
or less light; others, like the flame of burning hydrogen, carbonic
oxide, or spirit, give scarcely any light at all. This difference is not
due to any difference in temperature, for while olefiant gas and marsh
zas give each a flame, the temperature of which is sensibly the same,
the former is a brightly luminous flamne, the latter alinost non-luminous.
To what, then, is this difference in lnminosity due? The most probable
explanation appears to be that of Professor Frankland,
according to whom a non-luminous flame is produced
by the burning of a gas of low deunsity, a luminous
flame by the burning of a gas of high density. Thus
hydrogen, when burnt under ordinary atmospheric
pressure, is non-luminous; whilst, when burnt under
a pressure of twenty atmospheres or more, it becomes
sensibly luminous. Our ordinary luminous flames are
due chiefly to the burning of hydro-carbons of great
density.

The hitherto generally received explanation, accord-
ing to which the luminosity of a flame is due to the
suspension of solid particles which become intensely heated, and emit
light, is open to objection, though apparently furnishing a ready
explanation of the phenomenon. That, however, intensely-heated
golids emit much light is demonstrated by the heating of carbon by
means of eleetricity in the various electric lights, of lime in the
oxy-hydrogen flame, or of a spiral of platinum wire in a hydrogen
or a Bunsen flame, &e.

All flames, with few exceptions, are hollow. This may be best seen
in a candle flame which, on investigation, will be observed to consist
of—(1) a central cone of unburnt gas; (2) a luminous envelope of
burning gas or zone of incomplete combustion; (3) a non-luminous
envelope of burning gas or zone of complete combustion—(2) and (3)
are often called inner and outer flames, or also the reducing and oxidising
Sames in reference to their properties,

These parts of a flame may easily be shown in various wavs. A
platinum wire remains cool in the inner cone, and is most strongly
heated in the outer flame. A piece of wire-gauze pressed down on the
flame will show the inner cone and luminous envelope very distinctly,
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If one end of a small tube be inserted in the interior of the flame, some
of the unburnt gases may be withdrawn and ignited at the other end.

Many substances, such as a candle, in burning, disappear entirely
from our sight. What has become of these combustibles? The matter
of which they consist cannot have been destroyed nor altered in weight.
It has only been changed by its union with the oxygen of the air into
invisible gaseous compounds. In reality these gaseous products weigh
more than the combustible which has disappeared, for they contain, in
addition to the elements of the combustible, the oxygen which has been
the means of their combustion (p. 4).

If we burn a candle in a long glass-tube, the top of which is flled with fragments of
caustic soda, kept in position by means of a plug of wire-gauze while air is drawn through
the tube by means of an aspirator, it will be found that, as the candle burns away, the
spparatus constantly increases in weight, the caustic soda ubsorbing the products of the
eombustion of the candle (carbonie acid and water).

Oxides and Salts,—At least one oxygen-compound of every element,
except fluorine, is known, and in the case of some elements many more
than one are formed. All these oxygen-compounds are called oxides,
and constitute a large and important class of substances. According
to fairly well-marked characteristics, they may be divided into three
groups, viz.:—

1. Oxides which alone, or in combination with water (when they are
termed hydroxides or hydrated oxides), yield, with acids, the compounds
termed salts, These oxides are called bases. Their hydroxides, when
soluble in water, impart to it a peculiarly nauseous taste and soapy
feeling; they turn yellow turmerie paper brown, and are without action
on blue litmus, but, by neutralising the effect of any acid, they restore
the blue colour to litmus which has been reddened by an acid. All
basic oxides are oxides of metals.

2. Oxides which, in combination with water, yield compounds
possessing, when soluble, a more or less sour taste, like vinegar, are
termed anhydrides® or acid-forming oxides, Their compounds with
water are termed acids.

As this nomenclature does not embrace acids which contain no
oxygen, a more general definition of an acid may be here given in
order to avoid confusion later on. An aeid, then, is a compound,
* gontaining one or more atoms of hydrogen which become displaced

by a metal when the latter is presented to the compound in the form
of a hydrate.” t

® "y, nol; CBup, waler t Frankland.
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An acid containing only one atom of displaceable hydrogen is termed
monobasie, if it contains more than one atom so replaceable, it is termed
polybasic (di-, tri-basie, &ec.)

Acids which contain oxygen may also sometimes be conveniently
represented as containing, according to their basicity, one or morg
agroups of the radical hydroxyl (H O), the hydrogen of which is
replaceable by a metal under the above-named conditions.

These acids, when soluble in water, turn blue litmus red and are
without action on turmeric. '

If an element yiclds two oxygen acids, the one containing the higher
proportion of oxygen is usually designated by a name ending in ic, the
name of the acid containing the less proportion of oxygen ending in
ons; as, for example, chloric acid H C1 0, and chlorous acid H C10,,
Should an element yield more than two acids the affix de or ous is
retained, and the syllables per and hypo prefixed according as the
compound contains more than the ic or less than the ous compound, as
perchlorie acid H Cl Oy, hypochlorous acid H C10. The various basic
oxides of one and the same metal are distinguished in a similar manner,
e.g., mereuric or mercurgns oxide. The non-metals, with one exception,
and some of the metals yield acid-forming oxides.

By the mutual action of acids and bases, compounds termed salts are
formed, e.g.,

Zine Bulphurie Zine
Hydrate, ﬂgid. Sulphate. Water.

Zn (H 0}2 + Ho Sﬂ'; = Zn S{}.-] + 2 Hg 0.

The final result of this and similar reactions is the replacement of
the hydrogen of the acid by the metal, and a salt may accordingly
be defined as an acid in which the hydrogen is replaced by a metal.

These salts may be formed in various other ways. The following

are typical examples :—

! Snlphorie Zine
Zine. Aeid, Sulpbote.  T1YOrOgen.
Zn + H:80, = ZnS80; + H,
Fino Sulphuarie Zine
Oxide, Acid. Sulphate. Water.
Zn0 + H.80, = ZnSD, + H,O.

The names of salts of acids ending in ¢ have the termination ate,
while those formed from acids ending in ous terminate in ite; thus, the
salts of perchlorie, chlorie, ¢hlorous, and hypochlorous acids are termed
respectively perchlorates, chlorates, chlorites, and hypochlorites.
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3. Oxides, which, when acted upon by hydrochloric acid, give rise
to the formation of peroxide of hydrogen or chlorine, e.g.,

Barium Hydrochloric Barium Peroxide of
Peroxide, Acid, Chloride. Hydrogen.
BaO; + 2HCL = BaCl, + H,O0,.

HOydrochloric  Manganeses :
i T " Dichjoride, Chlorine. Water.
MnQO, + 4 HCl = Mn(Cl. + Cl: +# 2H.0.

These are called peroxides; they contain less oxygen than acid-forming
oxides, but more than the basic oxides of the same clements, and
usually part with a portion of their oxygen with great readiness. They
may be used as oxidising agents or for the preparation of oxygen.

OZONE.

(§Cwe, smelling) O = 48. Gas at ordinary temperatures ; liguid at — 105
under 125 atmospheres pressure. Specific gravity, 1-658 (air = 1);,
24 (H = 1).

Occurrence in Nature.—(Qzone is found in traces in the atmosphere,
more especially over the sea and in the open country, rarely in the air
of towns, and sometimes occluded in some blue varieties of fluor-spar.

Physical Properties.—Ozone is at ordinary temperatures and pressure
a bluish gas, its colour being visible in a column several feet in length.
At considerable pressures it assumes a dark blue colour, It liquefies
under the conditions above stated, forming a dark blue liquid. If
rapidly compressed it explodes violently. It possesses a peculiar
odour resembling somewhat that of chlorine or phosphorus (phos-
phorous odour, see below), which is noticeable in air containing not.
more than ome volume in 500,000. It is but very slightly soluble in
water, and is gradually destroyed in contaet with it. Its absorption
spectrum contains eleven bands.

Chemical Properties.—OUzone has never been prepared in a pure state;
and, even in its most concentrated form, is mixed with at least three
volumes of oxygen. Ozonised oxygen occupies less bulk than the
oxygen from which it is prepared, but on heating to 250° or 300° the
original bulk is restored, and the heated gas contains no ozone, It is,
even at ordinary temperatures, an extremely active oxidising agent, It
oxidises most non-metals, all metals (except gold and platinum and its
allied metals), many oxides and salts, most organic matters, and, among
these, cork and india-rubber,
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When passed over manganese and other peroxides at ordinary
temperatures, it is destroyed and converted into ordinary oxygen.

When made to act on a solution of potassium iodide, iodine is
liberated. The ozonised oxygen does not diminish in bulk, and the
amount of iodine liberated is equivalent to an amount of oxygen equal
in volume to the diminution suffered by the oxygen during ozonising;
the residual gas is ordinary oxygen.

Oil of turpentine, which does not appreciably dissclve ordinary
oxygen, removes all ozone from ozonised oxygen, the gas diminishing
in volume by twice the shrinkage during ozonising.

From this it appears that in ordinary oxidising effects only one-
third of the ozone is active, and that ozone under such circumstances
breaks up into a molecule and an atom of ordinary oxygen, this atom
in the free or nascent condition possessing highly active properties.
The molecule of ozone, therefore, comsists of three atoms. This
conclusion is confirmed by the density of the gas derived from its rate
of diffusion, namely, 24. Hence, ozone is nothing else than an allo-
tropic modification of oxygen.

In the formation of ozone the heat reaction is negative (p. 72), 3555
heat units being absorbed during the production of 1 gramme.

Distinguishing Tests. — Uzone has a peculiar odour, turns iodized
starch paper blue, paper impregnated with tincture of guaiacum resin
blue, paper moistened with solution of sulphate of manganese or
thallinm brown, while paper stained black by sulphide of lead is
turned white. It oxidises mercury and even very minute traces
tarnish the metallic surface and make it adhere to glass; it also oxidises
silver. Paper moistened with chloride of gold is turned violet by it.
These three last are characteristic tests,

Physiological Action. — Ozone renders breathing difficult, powerfully
irritates and inflames the mucous membranes of the air-passages, and is
rapidly fatal to small animals,

Production and Preparation.—1. By the slow oxidation of phosphorus
and of various essential oils, peroxide of hydrogen being also produced.

2. By the action of the silent electric discharge on dry air or oxygen.
Ozone is best prepared from air or oxygen by means of a Siemens’
tube. This apparatus consists of a double tube, the inner tube
(through which a curreni of cold water may be kept constantly
passing) is coated on its outer surface with tinfoil, the outer tube
being similarly coated. Air or oxygen is slowly passed between the
two tubes, while their respective coatings are connected with the
wires from a powerful induction coil.
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At the best, oxygen can only be made to contain from 15 to 25 per
cent., of ozone. All contact of the ozonised oxygen with organic
matter, such as cork or india-rubber, must be avoided.,

HYDROGEN.

(Viap, water, and ysvew, T p;*aa'ucej H=1; Hy =2. Gasat ordinary
temperatures.  Caleulated eritical femperature — 240°, and caleulated
critical pressure 133, Specific gravity, 1-0 (H=1); 00693 (air=1);
of liquid hydrogen, probably 0°12 (water=1). Monad. 11-19 litres
weigh 1 gramme.

Cecurrence in Nature.—Ilydrogen occurs free in the gases of active
volcanoes, in nebuls, in the atmospheres of the fixed stars and of the
sun, and occluded in meteoric iron and in certain minerals (salt, coal).
It forms } by weight of water, It is very widely diffused, and abundant
In organic substances, i.e., in vegetable and animal matter, in combina-
tion with carbon.

Physical Properties.—Ilydrogen, under ordinary conditions, is a
colourless, tasteless, inodorous, gas, which has not yet been liquefied;
its supposed liquefaction in 1878 has now been proved fallacious.

Hydrogen follows Boyle's law at moderately high pressures, but
departs from it at very high pressures, thus, at 1015 atmospheres 1t 13
only reduced ;1; of its volume, instead of 7.

It is sparingly soluble in water, 100 vols. of which absorb 1-93 vols.
between 0° and 20°, the coefficient of solubility remaining constant
within these limits of temperature,

Hydrogen is absorbed by certain metals to a remarkable extent,

Thus, wronght iron will absorb an equal volume of bydrogen. Copper, silver, gold, and
platinum absorb more or less considerable quantities (from 0-2 to 1 wol), even at hizh
temperatures. Meteoric iron has been found to contain very large gquantities of oceladed
hydrogen. But the absorptive power of palladium for hydrogen is in enormous excess of
any of the foregoing. Thus, at ordinary temperatures palladium foil has been shown to
absorb 376 vols., at 97° 346 vols, at 245° 526 vols.; while electrolytically-deposited palladinm
absorbz, when heated in bydrogen to 100°, 932 vols., or 0°-723 per cent. of its weight, retaining
the greater portion of the gas even in vacuo.

Hydrogen is specially characterised by its low specific gravity, being
in fact the lightest of all known substances.

1t is nearly 14} times lighter than air, 11,160 times lighter than water, 87,700 times lighter

than irom, 151,700 times lighter than mercury, 240,000 times lighter than platinum. The
L
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difference belween its specifie gravity and that of air (1:143) is greater than the difference
between the speciflc gravities of water and mercury (1:131). The calculaled speciflc gravity
of hydrogen is 0:0691 {air=1), as against 00693 (nir=1), the specifle gravity found by
experiment. The former number is probably the most nccurate, and iz caleulated az
follows:—In water 2 vols. of hydrogen are united with 1 vol. of oxygen, their relative
waights baing as 1:8 exactly, or for equal volumes of hydrogem and oxygen, as 1:16
exactly; now, specific gravity of oxygen by experiment = 1°10563 (air = 1), hence, theoretically

specifle gravity of hydmgen:rlfgﬁ = 0069101,

For this reason it has been selected by chemists as the standard or
unit with which comparison is made of the specific gravity of all gases,
both elementary and compound, particularly as this also bears a simple
relation to their molecular weights, as compared to the same standard.
This low specific gravity is strikingly illustrated by its high rate of
diffusion, its comparative inability to conduet sound, and the ease with
which it ean be poured upwards from one vessel into unother. Its co-
efficient of expansion = (0036678 under constant pressure (Regnault)
between 0° and 100°. Its specific heat = 3-4090 under constant pres-
sure (Regnault). Its absolute index of refraction = 1:000138. Its
refractive power is greater than that of any other known substance,
and is more than six times as great as that of air at the same density.
It is eminently electro-positive,

Chemical Properties.—IHydrogen is an inflaimmable gas burning in
air, with a very hot and scarcely luminous flame, which, however,
becomes luminous at a pressure of 10 atmospheres. The product of its
combustion in air is water. By the burning of 1 gramme of hydrogen
to water, 34,462 units of heat are evolved. It will not support the
combustion of a taper, but oxygen and chlorine will burn in it. If the
gas before ignition is mixed with oxygen, the combustion may spread
instantaneously through the whole mixture, giving rise to an explosion
which is most violent when the proportion of hydrogen to oxygen is
that of 2 vols. to 1, the proportion in which the two gases unite to
form water. With air the explosion is most violent when the gases
are in the proportion of 2 vo's, hydrogen to 3 vols. air, but it is always
less violent than with the equivalent proportions of pure oxygen.
Hydrogen may be ignited in air or oxygen by a flame, by a red-hot
solid, by the electric spark, and also by the ageney of spongy platinum,
or even very clean platinum foil and wire, either slowly or quickly,
according to the condition of the platinum and the manner in which
the experiment is made. DPlatinum black, which is platinum in its

1'10563
e

s N.B— = r(GI2T.
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most finely divided state, brings about the combination instantly, If
hydrogen be allowed to impinge upon a piece of spongy platinum, this
first begins to glow, and finally becomes so hot that the hydrogen is
ignited. :

One of its chief chemical characteristics is its strong affinity for
chlorine. With chlorine, hydrogen unites instantaneously under favour-
able conditions, If equal vols. of hydrogen and chlorine be mixed and
exposed to diffused daylight, the green colour of the chlorine gradually
disappears; if exposed to direct sunlight or powerful artificial light,
combination ensues instantly, and with explosion, hydrochloric acid
being formed. Hydrogen will burn in bromine, forming hydrobromie
acid when a little air is present, but will not burn in iodine vapour.
It also combines directly, but with difficulty, and at a high temperature
only with sulphur, and at very high temperature, with carbon, forming
acetylene. This lastis one of the reactions by means of which chemists
have broken down the boundary between so-called inorganic and
organic compounds, It forms, however, numerous and important
compounis with all the non-metals,

Hydrogen is a powerful reducing agent, many metallic oxides yielding
up their oxygen to it at a red heat, c.g. :—

Cuoprie Oxide, Hydrogen. Copper. Water.
CuO + H, = Cu + Hjy O,

water being formed, and the metal left in a finely divided state.

It also decomposes some sulphides and chlorides of the metals at a
higher temperature, with separation of the metal and formation of
sulphuretted hydrogen or hydrochloric acid respectively, e.g. :—

Antimony Trisulphide. Hydrogen. Sulphuretted Hydrogen. Antimony.

Sbha S5 + 3H, = 3H,S + Sba
Ferrous Chloride. Hydrogen. Hydrechlorie Acid. Lrom.
2 FE Glg -+ Hﬂ - a H L:I -+ Fﬁga

Nascent hydrogen, or the hydrogen as absorbed, for example, in
palladium, has very great reducing power, even at ordinary tempera-
tures. Ferric salts are reduced by it to the ferrous condition ; nitrie
acid to ammonia, &ec,

Physiological Action,—It is not poisonous, but cannot be respired
pure, and brings about loss of muscular power and extreme weakness
of the voice,
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Great care shonld be taken that the hydrogen intended to be inhaled is pure, more
particularly that it is free from arseniuretted hydrogen, with which hydrogen evolved
from ordinary zine is very often contaminated.

Distinguishing Tests.—A wvery light, quickly diffusing, colourless,
tasteless, and (when pure) inodorous gas, burning with an almost invisible
very hot flame, water being formed, and exploding violently when mixed
with about half its volume of oxygen, with formation of water only,
Almost insoluble in water or other ordinary solvents.

Preparation.—Hydrogen is usually prepared from water or sulphuric
acid by the action of certain metals. °

1. By the action of Sodium on Water.—When a piece of the metal
spdium is thrown upon water, it floats to and fro upon the surface,
melts, rotates rapidly, assuming a spherical shape, its movements being
accompanied, and in fact caused, by a brisk evolution of hydrogen. If
the water has been coloured by reddened litmus, the colour will be
changed to blue, owing to the formation of a base (p. 93), viz, the
hydrated oxide of sodium (soda):—

Sodium. Water. Sodivm Hydrate. Hydrogen.
T e e R e R (s -

If & small piece of zodiom be depressed below the surface of the water by means of o
pleca of wire-gauze bent into the shape of a spoon, the hydrogen may be collagtad by
holding o tube filled with water over the gnuze. The experiment so conducted ia free Irom
danger of explosion, provided a small piece of clean sodinm only is taken.

The process is interesting as a chemical reaction, but is not adapted
for preparing any quantity of hydrogen, owing to the expense of the
sodium and the danger attending its use.

2, By the action of Iron on Water.—Iron and some other metals,
which, though not like sodium, decomposing water at ordinary tempera-
tures, will decompose it at a red heat. In the case of iron, if steam be
passed through an iron tube which contains iron wire or iron filings,
and which is heated to a red heat, the steam is decomposed, magnetie
oxide of iron is formed, hydrogen is set free and passes on, and may
be collected by displacement of water in a pneumatic trough. This is
a cheap method for preparing hydrogen, and has been used as a process
of manufacture for large quantities of the gas, The gas obtained is
not pure.

Magnetic
Trom. Water. Oxide of Iron, Hydrogen.
3Fe = 4 Hg (8] — FEE 'O.l + 4 Hg.

L]

‘h._ 31, ﬂy the action .r!f Zine on .?i.rg'j;?f!.rr&.‘ Aeid —This is IJ}’ far the most
W
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convenient method of preparing hydrogen. Sulphurie acid, diluted
with three to four times its volume of water, is poured upon granulafed
zinc* whereupon a brisk evolution of hydrogen takes place, zine
sulphate being simultaneously formed : —

Fine, Sulphuric Acid. Zine Sulphate, Hydrogen.
Zn  + H-_a 50.‘ = Zn HD; + HE-

The simplest form of apparatus is a Woulff’s bottle, which has two
necks fitted with perforated corks; through one of these a thistle-
funnel passes almost to the bottom of the bottle; through the other
a right-angled delivery tube which only just reaches below the neck.
The zine is placed at the bottom of the flask, and the dilute acid
poured upon it, or the zinc may be just covered with water, and strong

sulphuric acid added in small quantity, but this is not so advisable..

Great care must be taken that all air lLas been driven out of the
apparatus by allowing the evolution of gas to go on for some time
before the gas is ignited or collected, in order to avoid an explosion,
If both zine and sulphurie acid are pure, the resulting hydrogen is
pure.

Commereial zine aud sulphuric acid contain arsenides, phosphides, and sulphides which
give rise to gaseous compounds of hydrogen, viz ;—arsepinretted hydrogen (As Il;), phos-
phuretted hydrogen (P Hy), and sulphuretted hydrogen (S H,), each possessing its peculiar
odour which it impartsto the.gas. The first two impurities may be removed by passage of
the gas throogh | )-tubes containing mereuric chloride (Hg Clg), or silver nitrate (AgN O5),
the latter by means of caustic potash (K H O).

Manufacture—4. By the passage of steam over charcoal at a dull red
heat.—1If the temperature is carefully regulated, hydrogen and carbonic
anhydride only are formed, the latter being absorbed by transmission
through lime :—

Oarhonice
Water. Charcoal, Mydrogen, Anhydride,
oH o (] -+ (: - 2H 0 -4 Cﬂg

Other Modes of Production—5. By the action of Zinc on Hydrochloric Acid~The latter must
be sufficiently diloted to prevent its fuming. ¥n 4+ 2HCl =EZnCly + He. G By the aciion of
fron on Sulphuric Acid—Fe + H.80, =Fe 80, + Ha. The gas is always very impure, amd
containg hydrogen compounds of earbon. 7. By the action of fron on Hydrochioric Acid.—
Fe+2HCl=FaCly + H.,. 8. By the action of Zine for of Zinc and fron) on Cawsiic Polash,—
In+2KEHO=H; + E.0 Zn 0. 9. By the aciion of Aluminium on Caustic Polash.—Als+4

* Zine, which has been melted and poored in o thin stream into water, by which
treaiment it is separated into small lumps of irregular shape, which present a considerable

=

surface io the acld. -
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GEHO+8 HoO=Al, 0;3H, 04+6K HO+3H.. 10, By the action of Caustic Albalies on Aldeliydes
eg.—0 H 0+ KHO=KC; Hy 05 + Ha. 11. By heating Formale of Potassium with Polassic
Hydrate—KCHO; 4+ KHO=K,;C03 + H;, This preparation is interesting as having
been used in the liguefaction of hydrogen. 12. Pure hydrogen is best prepared by
electrolytic decomposition of water acidulated with about one-tenth of its volume of pure
sulphuric aeid; the positive pole consisting of an amalgam of zine and mercury, the
megative pole being a platinum plate,

WATER.

(Aryan root, wad, towell or gush out ) Hy0=18, [H-0-H]. Percentaye
composition, H = 11-11; O = 88:8). Liguid at oerdinary tempera-
tures; botling point, 100°; freezing point, 0°.  Specific gravity of
liquid, 1 (water = 1) ; of solid (ice), G-9175 (water = 1); of gascous
(steam), 0-625 (air =1); 9 (H =1). 1 cubic centimetre of distil'cd
water at 4°C. weighs 1 gramme. 11-19 litres of steam weigh
9 grammes.

Occurrence in Nature.—Water is one of the most abundant and
familiar compounds in nature. It occurs, in the solid form, as ice,
snow, hail, and hoar-frost, in combination with many substances as
waler of crystallization, &e., and in animal and vegetable matter; in the
liquid form as dew, rain, spring water, river water, sea water, and mineral
waters; in the gaseous form as steam, vapour, cloud, fog, mist. It is
one of the products of the combustion of most organic matters, and of
the respiration of animals,

Physical Properties.—Water, between 0° and 100°% is, when pure, a
colourless, or, in greater masses, a blue, transparent, mobile, taste-
less, and odourless liquid. At 0° it solidifies to a transparent,
colourless, or, in larger masses, to a blue crystalline solid. It evaporates
at all temperatures, and boils at 100°C. when the barometer stands
at 760 mm.

Dieing one of the most widely diffused and most familiar substances
in nature, and easily obtainable in a state of comparative purity, it has,
for these and other reasons been selected as the chief unit of comparison
for expressing the specific gravities of all known solids and liquids;
its boiling point at the normal pressure of the atmosphere, and the
melting point of ice have been chosen as fixed points of temperature
from which all thermometers in use have been graduated.

* Skeat.
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In some respects, ag will be seen immediately, it is, by no means, the
most perfect of standards, owing to its somewhat anomalous behaviour
to heat. Thus, although ice melts at a constant temperature,* water,
if cooled gradually and kept very still, may be cooled to as low as —20°
without solidification ensuing. The least disturbance is, however,
sufficient to cause solidification to take place, and the temperature rises
to (°. Further, when water'at 0° is heated, it contracts instead of
expanding, and continues to contract up to 4°, from which temperature
it commences to expand and goes on expanding regularly in a gradually
increasing ratio up to 100°, when it boils. One volume of water at
0°C. becomes 0-9998 volume at 4°, 1-000 at 8°, and 1-043 at 100°, At
4°, therefore, it attains its maximum density, and at 8° occupies the
same volume as it did at 0°.

Water in solidifying, instead of contracting, as is the case with most
substances, expands ¢y of its volume. Ice is, therefore, lighter than
water, and has a specific gravity of 09175 (water = 1), and, if
formed in a confined space, exerts a pressure which no ordinary
vessel can withstand. The crystalline structure of ice belongs to
the hexagonal system, and appears in very varied forms in snow.

One cubic inch of water at 60° F., weighs 2562°456 grains; 1 cubie
foot weighs 997 (mearly 1,000) ounces; 1 cubic centimetre at 4°C.
weizghs 1 gramme (15-432 grains); and 1 cubic metre weighs 1 million
grammes (1,000 kilos.) or 0-9842 ton (1 ton nearly).

Water evaporates at all temperatures. Steam, af and above 1007 is
an invisible gas, but becomes visible as vapour on partial con-
densation in contact with air. It occupies 1,700 times (1,696 exactly),
the volume of the water from which it is generated (1 cubic inch of
water generates about 1 cubic foot of steam). Its specific gravity
is 0-625 (air = 1).

Like most liquids, water is a bad conductor of heat. Its specific and
latent heat have already been dealt with in chapter vi. Doth solid and
liquid, it is a bad conductor of electricity. Ice becomes electric on
friction.

Chemical Properties.—\Vater, sometimes called monoxide of hydrogen,
15 a compound of oxygen and hydrogen. In 100 parts by weight,
8885 parts of oxygen are combined, with 11-11 parts of hydrogen,
a proportion which corresponds to 16 parts of oxygen united with

* The melting point of ice, though sensibly constant under all ordinary conditions, is not
g0 abzolutely, but i3 lowered by great pressure. Thus, ice at 0%, when sobmitted to great
pressure, in an hydraulic press, for example, can be pressed into a liguid, aud solidifies
aguin when the pressure is removed.
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2 parts by weight of hydrogen. The volumetric relations corresponding
to these weights are 2 volumes of hydrogen to 1 volume of oxygen; these
three volumes, if the experiment is conducted at above 100°, con-
densing to 2 volumes of steam.

The facts thus briefly stated have been conclusively proved by the
most rigid experimental methods, and are in complete consonance with
the theory which asserts that the molecule of water contains 2 atoms
of hydrogen, united with 1 atom of oxygen as expressed by the formula
H,0 or H-0 -H.

The following brief résumé of the more important of these experiments may suffice:—

1. If two platinum or carbon plates connected with the two poles of & Bunsen hattery of
threa or four cells (say of one pint capacity each) are plunged into water, to which one-gighth
of its volume of 2ulphuric acid has been previonsly added, & copious evolution of gas takes
place. If the gases be collected separately, that which is evolved at the negative pole, is
found to have twice the volume of that evolved at the positive pole, and the two gazes may
be respectively proved to be hydrogen and oxygen. If the gases are collected in the same
vessel, & mixture is obtained, which explodes violently on ignition with formation of water.

2, It has already been shown {p. 98) that when hydrogen is burnt in air water is formed,
andif 2 volomes of hydrogen be mixed with 1 volume of oxygenin a strong glass endiometer
over mercury (the whole being surrounded by a glass eylinder kept filled with the vapour
from boiling amylic aleohol, so that the temperaturs of the mixed gases is 132°), and an
electric spark be passed throongh the mixture, € volumes of steam are formed. Moreover,
whatever be the relative volumes of the two gases, combination, when the mixture is iznited,
always takez place in the proportion of 2 volumes of hydrogen to 1 volume of oxygen,
the residonl gas consisting, as the case may be, of oxygen or hydrogen, whichever zas has
been present in excess of this proportion. If the eudiometer is notzorrounded by a hot
jacket, an emormous condensation ensnes after combination, and the mercury fills the
vacunm formed. *

4, If perfectly pure and dry hydrogen is passed over dry ond pare cupric oxide, at o
gentle red heat, woater iz formed by the union of the hydrogen with the oxygzen of the
cupric oxide,

Cupric Oxide. Hydrogen. Water. Copper,
Cu O + . — H. O + Cu.

If this water be collected without loss and weighed, and the bulb containing the eupric
oxide be also weighed before and after the experiment, then the loss of weight of the eupric
oxide gives the guantity of oxygen by weight, which has combined with hydrogen to form
the water collected, and the weight of hydrogen with which the oxygen has combined, is
found by subtracting the loss of weight of the cuprie oxide from the weight of the water.
In this manner it has been proved that 85'83 parts by weight of oxygon combine with 11-11
parts by weight of hydrogen to form 100 parts by weight of water.

These three experiments are sufficient to prove the foregoing statements with regard to
the composition of water,

Water is a very stable compound, but, like all compounds, is

* 1,603 volumes of hydrogen unite with 848 volumes of oxygen to form water. In other
words, 2,544 volumes of the mixed gases unite to form 1,696 volumes of steam, and these
condense to 1 volume of water, Henece, o mixture of oxygen and hydrogen in the proportion
in which they unite to form water, if ignited, undergoes a condensation of 2,544 volumes
to 1,
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eapable of decomposition under certain conditions. In addition to
its decomposition by electricity (electrolysis) the following may be
mentioned:—

A. By heat. A suficiently high temperature will canse the dissociation of water. Thus,
if melted platinum is poured into water, & mixture of gases iz evolved. consistiog of oxygen
and hydrogen in the proportion in whigh they form water,

B. D'y chemiecal attraction. 1. At ordinary temperatures in contact with water the alkali
metals, potassiom, sodium (also Ca, b, and Li), combine with its oxygen, hydrogen being
evolved,

2, The same result is produced at a low red heat when steam is passed over earbon, the
earthy metals, ivon, zine (also Co, Ni, Mo, Cr, V, 8n, Cd), and at & bright red heat in the
case of antimony, bismuth, lead, and copper,

3. In the presence of an acid (hydrochlorie or sulphuric) this decomposition tales place
either at or a little above the ordinary temperatures with the earthy metals, iron, zine (alac
Mn, Cd, 8n, Fe, Co, and Ni.—See preparation of hydrogen, p. 100).

4. Chlorine dissolved in water unites, under the action of sunlight, with its hydrogen,

oxygen being evolved,
4. Triehloride (P Cly) and pentachloride (P Cl;) of phosphorus decompose water, the phos-
phornz combining with the oxygen and the chlorine with the hydrogen.

Water, then, is an oxide of hydrogen, but possesses neither acid nor
basic properties (p. 93) in the ordinary sense of these terms.

It combines with some elements (Cl and Br) forming compounds
termed hydrates, readily decomposed by heat into water and the
clement. With basic oxides it forms compounds termed hydrates or
hydroxides. In most cases these compounds, when heated, break up
more or less readily into water and anhydrous oxide, but in some
(hydroxides of the alkali metals and of barium) this decomposition
cannot be effected by heat. The molecules of the alkaline hydroxides
cannot, in fact, contain water, and, for the sake of analogy, it is
assumed that in all these hydrates or hydroxides the molecule of
water has suffered decomposition and is no longer present as suchj;
thus:—

Potarsiom hydroxide, S i e B e e =0 HHO

Sodiom bydroxide, . e, : . NosO 4 Hs O =2 NaHOQ,

Barjium hydroxide, . S M « Ba O+ H;0=EBaH,; 0, =Ba (HD)..
Caleium bydroxide, . . e - Ca0 4 Hy O=CaHs 0y = Ca (HO).
Ammoniom hydroxide, . . , , NH; + H,O=NH,HO=AmHOQ.
Ferric hydrate, . . = - FeaO3+3H0=Fe.H;0; = Fe, (HO),.

In some cases these hydroxides are capable of uniting with more
water to form erystalline compounds, in which the additional water may
be distinguished as water of erystallisation; thus:—

Crystallised barium hydrate, . s+ « « BaH;0.,8H,D
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It combines with many acid-forming oxides (anhydrides) with forma.-
tion of the corresponding acids (p. 93)—

Nitric
Anhydride. Water, Nitric Acid,
Ko O 77 H:0 = 2HNO,.
Bulphurie Bulphuric
Anhydride. Water. Acid.

B0y + HyD = |H:50,
Fhosphorice Metaphosphorie
.ﬁ.llhjﬁl]‘il]ﬂ. Water. pﬁﬂ?h

Pg G; o o Hg{.‘l' = 2H Pﬂ:;,

In many cases the acid, when heated, breaks up, more or less readily,
into anhydride and water; thus:—

Boracie Boracie
Acid. Anhydride. Water.
2BH; 05 = B0z + # HaO.

In others, part only of the water can be so expelled; thus, if ordinary
phosphorie acid is heated, it breaks up as follows:—

Tribasic Phos- Metaphosphoric
phoric Acid. Acid. Water,

H,PO, = PHO; + H;0
In others, again, this decomposition cannot be effected by heat at all.

Some acids are capable of combining with more water, forming compounds which may ba
wiewed oz hydrates or polybasie acids, breaking up more or less readily into water, and an
acid of lower basicity; thus: —

PHO;+ Hgﬂ:ll;[jﬂ4; I‘]:SG,*-I-H:G:H‘SD;: HgEG;F{*'EH-:GEH.;SﬂE.

Water further forms compounds which, in every case, are destroyed
by a moderate heat generally at or below 100°C. When present only
in the crystalline eompound, this water is often termed water of
cerystallisation, whereas, the water which is not bound to the erystalline
form, and which generally requires a higher temperature for its
expulsion, is often known as constitutional or saline water, and its
place may often be taken by another salt with formation of a so-called

double salt.

Cuprie sulphate, Ca 80y, § H, 0, when heated to 1007 loses its erystalling form and bloe
colour, four molecules of water being expelled; to expel the fifth molecule & temperature of

242 {s raquired,
Magnesium sulphate, Mg 50, 7 Hy O, when heated to 100°C,, loses five molecules of water,

at 150° it loses an additional molecule, while, to expel the last, a temperature of 250° is
NOCessary.
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The place of this seventh molecule of water may be taken by a moleculs of an alkaline
sulphate with the formation of a double salt erystallising with six molecules of water,
thus—ﬁig SG‘. 1':1 BD*. G H-g i,

Some salts lose the whole or part of their water of crystallisation in
moderately dry air, even at ordinary temperatures (such salts are said
to effloresce);* many more lose it in vacuo or over sulphuric acid, and all
do at 100°C. Other salts, when deprived of their water of crystallisa-
tion by heating, reabsorb it when exposed to moist air, or take it up
again without previous solution when acted on by water. Thus gypsumn
(Ca S0, 2Hg O), when heated, loses its two molecules of water, but
recombines with them when exposed to moist air or when mixed with
water (plaster of Paris). Other salts, again, when exposed to moist
air, attract moisture in indefinite proportions and liquefy in the water
so attracted ; such salts are called hygroscopict or deliquescent,f they
deliquesce, as it is termed. These last may be used for drying gases.

Water constitutes, perhaps, the most universal solvent, being capable
of dissolving a greater number and variety of substances than any other
compound known,

It dissolves all gases, without exception, but in very varying quantity, according to the
natare of the gas, the amount dissolved ineveasing with the pressure, but diminishing as the
temperature rises, For gazes of moderate golubility, the solubility increnses in proportion
1o the pressure exerted by the dissolving gas.

With regard to its golvent action upon lignids, a question which has been but littla
studied, we need only remark that water does not dissolve some (oils, &c.); that it dis-
golves others in lmited guantity (ether, acetic ether, chloroform); while, again, others
dissolve in water in unlimited quantity, or, in other words, are miscible with it in every
proportion (alechol),

Soma golids are also insolubla (all metals as such, for example); others, and that the
greater number are soluble in water to a greater or less extent; while, lastly, some at certain
temperatures ars soluble in water in any proportion (nitrate of ammonia at 100°0.)

In regard to the second of these clagses the following points may be noted :—As a rule
the solubility of a substance increases with the temperature, sometimes in a ratio exactly
proportional to the temperatores (ZnS0,, Mg S0,); but more generally the solubility
increases more rapidly than the temperature (KN Oy, Ba (N O3)5). In some cases the
solubility is almost the same at all temperatures (Na Cl); while in others the solubility even
diminishes as the temperature rises (Ca0, H; O and many calcium salts). A most remark-
able phenomenon is shown by sulphate of soda; the solubility of this salt at first increases
with the temperature, reaches a maximum at 38°, after which the solubility diminishes. In
most cases a solution which, at o higher temperature, has taken up or dissolved all the salt
it is capable of dissolving (saturated solution), when cooled to a lower temperature depozits
the salt, in excess of that which it is capable of holding at a lower temperature, in
crystalline form. Sometimes, however, this excess is not deposited but remains in
solution, but in a very unstable condition ; and if a speck of dust, but especially a solid
particle of the salt held in solution is dropped in, the whole excess crystallises out in o
very short time, the temperature rising perceptibly (latent heat of liquidity). Such a solu-
tion, which contains more salt in solution than under normal conditions it is capable of
holding at the temperatore at which it is, is ealled a supersaturated solution. Tha

* EfMoresco, J Wossom out. T dxeef, moist, and sxomin, { look.
1 Deliquesco, T Higuery,
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phenomenon is readily shown with either the sulphate or hyposulphite of sodinom. A
similar phenomenon is observed with gome solids in o state of fusion ; they refuse to solidify
at temperatures at which they are ordinarily solid, solidifleation at onee ocenrring when they
ara touched with a solid particle of the same substance (sulphur, phosphorus, gallinm),
This phenomenon is called superfosion.

Preparation of Pure Water.—Ikor ordinary purposes water may be
sufliciently purified by simple distillation—the first and last portions
of the distillate being rejected, and only the middle portion, say
three-fourths of the whole, collected.

For special purposes, and when absolutely pure water is required,
the water to be distilled is first boiled for some time with a strongly
acid solution of permanganate; it is then submitted to distillation, the
first portion, say one-fifth of the whole, being, as before, rejected; or,
better still, the water is distilled through red hot tubes con-
taining oxide of copper, and redistilled, being the second time con-
densed and collected in vessels of pure silver or platinum and kept out
of contact with air.

Distinguishing Tests.—A colourless, tasteless, inodorous, neutral, and
non-inflammable liquid, which, on evaporation, leaves no trace of residue.

Natural Waters.—From a strietly chemical point of view any foreign
substance dissolved, or held in suspension, in water must be looked
upon as an impurity, and in that sense all natural waters are more or
less impure. In this respect they may be ranged in the order of purity
as follows:—rain water, and water from melting ice or snow, river
and lake water, ordinary spring and well water, sea and mineral waters.
Considered, however, in relation to its use for drinking and other
domestic purposes, it is more or less misleading to call every such
substance, dissolved or suspended, an impurity, but only such as are
distinetiy harmful should be regarded as such.

All non-poisonous mineral matters, then, unless they amount to
say more than 50 grains per gallon, may as regards the potability of
a water be as a rule disregarded. The only exception to be made
is in regard to such mineral matters as are indicative of, or are
derived from, organic matter with which the water may have been
contaminated; these are chlorides and phosphoric acid, frequently
derived from urine of men or animals, and nitrates and ammonia,
derived from nitrogenised matter of similar origin.

For some domestic uses, as washing, for example, a water containing
but little mineral matter, especially salts of lime and magnesia, is
desirable, since these bases form insoluble salts with the fatty acids of
goap, or, in familiar language, they curdle the soap. In this respect
waters are divided into hard waters, containing much, and s¢/7 waters,
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containing little, of these in solution. A water may be considered soft
if it contains less than 10, hard if more than 10, grains of carbonate of

lime or its equivalent per gallon,

We distingnish between femporary and permanent haidness in water. Temporary hard-
mess is due to carbonates of caleium or magnesinm, which, although of themselves insoluble,
are dissolved by water containing free carbonic acid. On bolling or on addition of lime-
water they are precipitated, and the water is rendered softer. Permanent hardness is that
due to ecalciom and magnesivm salts, other than carbonates (chlovides, nitrates, or
sulphates): such water can only be rendered soft by addition of sodium carbonate (washing
goda), but not by boiling.

There are, of course, more distinetly poisonous mineral matters
sometimes found in water, the presence of which, even in minute
quantity, renders the water unfit for drinking. Lead is not unfre-
quently found in soft water which has been passed through lead pipes
or stored in lead cisterns, and is often a little suspected source of lead
poisoning. Copper and arscnic are also occasionally found in the
waters of certain districts,

The chief impurities, however, to be guarded against are so-called
organic impurities; these may be divided into two or, better, three
heads . —

Vegetable Tmpurities.—These may be derived from plants growing in
the water, vegetable matters, such as leaves falling into the water,
chiefly in autumn, vegetable matter washed from the surface by rain
or dissolved from the soil during the percolation of the water through
it.  Vegetable wmatter, when present in, relatively speaking, large
quantity, is objectionable, but, when in moderate quantity, need not
be objected to on the score of unwholesomeness, although it may
render the water less pleasing to the taste and sight.

Animal I'mpurities.—These may be considered under two heads—
(a) impurity derived from men and animals not suffering from any
specific infectious disease, and (#) impurity derived from infected
men or animals, There is reason to believe that contamination of the
former kind (a), although objectionable and having an injurious effect
on consumers of it by lowering their state of health, and rendering
them more liable to infection, does not produce any specific disease,
whereas, even excessively minute traces of the second () are liable
to reproduce the disease in all those drinking the water. At pre-
sent, chemists have no means of distingnishing between these two
kinds of animal contamination, and it behoves us, therefore, to be
careful to point out the possible, nay, almost certain danger, incurred
in using a water In which animal contamination ean be traced; such

I
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water is at all times objectionable, and may at any time become
dangerous.

We eannot here enter at length into the complicated subject of water
analysis, and must content ourselves with emphasising the points
gpecially requiring attention as enumerated below,

Colour and smell of the water, hardness, lime and magnesin =alts, presence or ebzence of
mitrons acid, of phosphorie acid, of poisonous metals, of saline and albumenoid ammonia, of
nitrates and chlorides, of organic carbon and nitrogen, amount of oxygen absorbed from
permanganate, and character of tha suspended matter.

As regards the guantities of these various matters permissible in a drinking water no
deflpite rules ean be laid down, but every water should be judged by the characters of the
unpolluted water of the strata and district from which it iz derived; chemists, as before-
eaid, can only point out certain forms of pollution, the rest must be left to the Engineer or
Medical Inspector.

PEROXIDE OF HYDROGHEN.

Hy 0y = 34. [(HOYy]—Percentage composilion O = 9412 ; H = 5-88.
Fluid at ordinary temperatures.  Specific gravity, 1-45 (water = 1),

Occurrence in Nature.—I’eroxide of hydrogen is found in minute
quantities in the atmosphere, especially after a storm.

Physical Properties.—DPeroxide of hydrogen is a colourless, transparent
fluid, scarcely distinguishable in appearance from water, but is less
mobile and possesses a peculiar odour and taste. It is not frozen at
—-30°. It evaporates slowly in vacuo without decomposition. It is
miscible with water,

Chemical Properties.—D’eroxide of hydrogen is a very unstable com-
pound, being decomposed into water and oxygen at from 15° to 20°,
sometimes with explosion; organic substances, such as fibrin or blood
itself, decompose it on mere contact. Mixed with water or with hydro-
chloric acid solution it is more stable,

Its chemical behaviour is in every respect remarkable, It behaves
both as an oxidising and as a reducing agent. Thus, it oxidises arsenic
to arsenic pentoxide (Asy O;), sulphide of lead (Pb 8) to the sulphate
(Pb 50,), and sulphurous anhydride (S0;) to sulphuric acid (H, SO,),
and liberates iodine from iodides ; on the other hand, peroxide of lead in
contact with it yields up oxygen, being converted into lead monoxide,
the peroxide of hydrogen also yielding up oxygen, and being converted
into water.

Lead Peroxide. Hydrogen Peroxide. Lead Monoxide, Water, Oxygen,
Pl}ﬂg + Hg ﬂ‘g = Pbﬂ + .H.HU + Dg
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A similar reaction occurs with peroxide of manganese, chromic acid,
and permanganic acid. The oxides of silver, mereury, and gold, are
reduced by it to the metallic state under similar conditions,

Distinguishing Tests.—Liberates iodine from iodide of potassinm.
If peroxide of hydrogen is added to a solution of chromie acid, and the
mixture is shaken up with ether, the latter, after separation, assumes a
beautiful blue coloration, due’probably to the production of perchromic
acid.

Physiological Action.—Locally applied, it whitens the skin and acts
as a moderate caustic. It is a powerful antiseptic and disinfectant.
Internally it produces oxidising and stimulating effeets, and in large
doses acts as an irritant.

Freparation.—1. By acting on barium peroxide with dilute sulphuric
acid—

Barivm Snlphuoric Bariom Peroxide of
FPeroxide. Acid. Hulphate, Hydrogen.
Eﬂ-{]g -k HEBD* = Bﬂ- S{}i E Hg 02.

2. By the action of carbonic anhydride on barium peroxide in the
presence of water.

If a brisk stream of carbonic anhydride is passed through water to
which barinm peroxide is added from time to time, peroxide of
hydrogen is formed and goes into solution, barium carbonate being
precipitated.

Barinm Carhonic Barinm Poroxide of
Peroxide. Water. Anhydride. Carbonnte, Hydrogen,
B&DE + Hg D -+ G DE = HEGOa - HE 02

Other Modes of Produetion.—During many proceszes of oxidation in the prezence of water
at a comparalively low temperatore; for example, the oxidation of phosphorus or of oil
of turpentine, in which czone is simultaneously produced.

NITROGZE N.

(Nitrum, saltpetre, and, yevwaw, I produce) N=14; N,=28, Gas af
ordinary temperatures; liquid at-195° under a pressure of 1 atmo-
sphere, or at—146° under 35 atmospheres pressure (critical tempera-
ture and pressure), the liguid solidifies partially when allowed to
evaporate suddenly. Specific gravity of gas 0-971 (air=1); 14 (H=1);
of liquid at-195° 0-885 (water=1), Pentad, 11-19 litres weigh 14
grammes.

Occurrence in Nature.—Nitrogen constitutes nearly four-fifths of the
bulk of the atmosphere. Tt is also found abundantly and widely diffused
in combination with a few other elements, as in ammonia, in nitrates, or
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in carbon compounds of complex composition, in the air, in water, in
goils, in blood, in all animal tissue, in plants, and in some nebulze.

Physical Properties.—Nitrogen is a colourless, tasteless, and odourless
gas which, like oxygen and hydrogen, was considered to be permanent
or incondensible until 1877, when it was condensed to a liquid under
the conditions above mentioned. Like oxygen and hydrogen (which
is least compressible), it follows Boyle's law for moderately high
pressures only, becoming at first more compressible as the pressure
increases, but gradually diminishing again, and finally becoming less
compressible. Thus, under a pressure of 2,790 atmospheres, it is only
diminished to .1 of its volume at 1 atmosphere. It is slightly soluble
in water, but less so than oxygen. 100 volumes of water absorb 2-03
volumes at 0°, and 1-48 at 15° (Bunsen); or, at the temperature ¢, and
a pressure of 760 mm., if C = its coefficient of solubility, then

C = 0-020246 - 0-00053867 ¢ + 000001156 ¢*

[ts coefficient of expansion is -003668. Its specific heat = 0-2434
under constant pressure (llegnault). Its absolute index of refraction
= 100030,

Chemical Properties.—XNitrozen is neither a combustible nor a
supporter of combustion (see p. 39), and offers a marked contrast to
all other elements in its weak powers of combination. The formation
of its compounds can, with few exceptions, ouly be brought about
indirectly, and is attended with absorption instead of evolution of heat
(Berthelot).

With boron, magnesium, silicon, chromium, and titaniom, however, it enters into divect
combination at & high temperature. These compounds are termed nitrides,

Henee, it is often termed an inert gas, and its properties are aptly
deseribed as megative. 1ts compounds are, notwithstanding, numerous,
and many are of vast importance, but all are characterised by a greater
or less degree of instability.

Thus, with hydrogen, it forma a most powerfal base, ammonia (N Hj), and the hydro-
carbon derivatives of this compoond, the so-called organic asmmonins, constitute the
numerous vegatable alkaloids (quinios, morphia, strychnine, aconitine, thiin, caffiéin,
piperin, £c.). In direct combination with carbon, it gives rise to an important series of com-
pounds termed cyanides, and among these to prossic acid (HO K). It is a constituent also
of one of the most powerful aeids—viz , nitrie acid (HN Og).

Distinguishing Tests.—Nitrozen may be distinguished from all other
substances as & colourless, tasteless, and odourless gas, which is neither
inflammable nor a supporter of combustion, and which is not absorbed
by a solution of potassium or sodium hydrate, and does not turn lime-
water milky, These two last negative reactions serve to distinguish it
specially from carbonic anhydride.
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Physiological Action.—Nitrogen is not poisonous, but is not respir-
able unless mixed with oxygen. In atmospheric air it plays an
important part as a diluent of the oxygen, whose intense activity is
considerably diminished by the presence of this inert gas in such large
quantity. :

Preparation—1. From Air.—Nitrogen may easily be obtained from
air by the removal of oxygen. If air, which has first been passed
through a U-tube containing caustic potash to abserb the carbonie
anhydride, be next made to pass through a U-tube containing calcium
chloride or pumice-stone moistened with sulphuric acid, to deprive it
of its moisture, and is finally allowed to stream slowly through a strong
glass tube containing copper turnings or clippings heated to redness
in a suitable furnace, the copper combines with the oxygen to form
cupric oxide, and pure nitrogen passes on.

Nitrogen, Oxyren. Copper. Cuprie Oxide. Nitrogen.
gN + B 4 fn = @ £ =N

If the air is mixed with a little ammonia previous to its passage over
the heated copper, a small quantity of the latter will suftice for the
preparation of any quantity of nitrogen. In this case the copper
oxidised by the oxygen is reduced again to the metallic condition by
the ammonia; in fact, the oxygen of the air is transferred to the
hydrogen of the ammonia, water and nitrogen being the result.

Cupric
Ammonig. Oxide, Copper. Watar. Nitrogomn.
2NH; + 3Cu0 = Cugy + 3Hs0 + N,

Many other substanees will abstract oxygen from the air mora or less rapidly at ordinary
temperatures, such as phosphorus (see air, p. 143), moist iron Alings, ferrous and manganous
oxidss, an alkaline solution of pyrogallic acid, &c.; but the above method is the most
practical and convenient for the preparation of nitrogen from this source.

2. From Ammonium Nitrite.—Very pure nitrogen may be obtained by
heating a concentrated solution of ammonium nitrite, The salt breaks
up at a temperature a little below the boiling point of the solution into
nitrogen and water, thus—

Ammoninm
Witrite, Water. Nitrogen,

NH;NO;: = 2H.0 + N,.

Or, if to a concentrated solution of potassinm nitrite solid ammonium chloride be added,
ammonium nitrits and potassinm chloride are formed, thus—

Potassium Ammoninm Ammonium Potassium
Nitrite, Chloride, Nitrite. Chloride.

And the former salt decomposes on heating, as above described, the potassium chloride
remaining uachanged.
8
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3. By the action of Chlorine on excess of Ammonia.—If a stream of
chlorine be passed through a wash-bottle containing a somewhat con-
centrated solution of ammonia gas, the ammonia gives up its hydrogen
to the chlorine, and nitrogen is copiously evolved, thus—

Hydrochlorie
Ammonia, Chlorine. Acid. Nitrogen.
2NH; + 3Cl:. = 6HCI + N

If the ammonia solution is very concentrated the decomposition is
attended with slight explosions and flashes of light.

Caution.—The utmost care must be taken that the ammonia is in
e¢xcess, since when this is not the case chloride of nitrogen is formed by
the further action of the chlorine on the resulting ammonium chloride,
thus-—

Ammoniom Hydrochloric Nitrogen
Chloride. Chlorine, Acid. Chloride.
NE.Cl + 8Ch = 4HC <+ NC,;

and may give rise to a highly dangerous explosion.

NITRIC ANHYDRIDE.*

(Nitric pentoxide) Ny 0;=108. [(NOs)'s ], Percentage composition,
N=259; 0=T4-1. Solid at ordinary temperatures; melting point,
30°; Doiling point, 45° to 50°,  Specific gravity, 2:257 (water=1).

Physical Properties.—Nitric anhydride is a colourless, transparent,
erystalline solid (rhombie prisms). It is soluble in water with much
heat, and the solution is a chemical one, nitric acid being formed.

Chemical Properties.—Nitric anhydride is an acid-forming oxide. It
is a very unstable compound, decomposing spontaneously if kept for
any length of time. It is highly hygroscopic, and combines with water
with much heat, forming nitric acid.

Witrie £5tll s -
Anhydride, Water. Nitrie Acid.
NyOp + H, 0 = 2H N Oj.

If heated much above 45° it splits up into nitric peroxide and oxygen.
ﬂNgﬂﬁ = EHQD{ -+ ﬂg.

It is absorbed by nitric acid, and forms with it a erystalline ecompound,
having the composition 2 (L N Og) . N, O,

Preparation—1. From dry Silver Nitrate by the action of dry Chlorine.
—1If dry chlorine is passed over dry silver nitrate at a gentle heat, nitric

* Nitrogen and oxygen unite with one another in five different proportions (see p. 66).
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anhydride is formed, and passes on in the form of vapour, which may
be condensed and solidified by means of a freezing mixture, according
to the equation—

Argentic Argentic Nitric
Mitrate, Chlorine. Chloride. Anhydride. Oxygen,
2Ag N Oy <+ Cla - 2Ag Cl == N:O; - 0.

9. By mixing at a low temperature phosphoric anhydride and nitric
acid, and distilling the mixture at a gentle heat. -
3. By the action of nitryl chloride on nitrate of silver—

Argentic Nitryl Nitric Silver
Nitrate, j Chloride. Anhydride, Chloride.
AeNO; + NO.Cl = N;0; + AgCL

NITRIC ACID.

(Hydric nitrate, Aqua fortis) HN O3 = 63. [H O.N Oy]. Dercentage
composition, H=1-6; N=222; 0=76-2. Liquid at ordinary
temperatures; boiling peint, 84:53 freczing point — 50°,  Specific
gravity, 1-517 (water = 1).

Occurrence in Nature. —Nitric acid does not occur free in nature,
but is widely distributed in combination with ammoniom, potassium,
scdium, caleium, and magnesium. As ammonium nitrate it occurs in
the air, its formation being due to various causes, among which may
be mentioned the passage of electricity in moist air. As potassinm
nitrate (saltpetre) it occurs as an efflorescence on the soil in India,
and as sodium nitrate (Chili saltpetre) in the north of Peru, especially
where there is little or no rain. It occurs also in combination in
meteorites, and in plants, which latter extract it from the soil.

Physical Properties.—Nitric acid when pure is a colourless, limpid
liquid, but is not unfrequently yellow, owing to the presence of oxides
of nitrogen in solution. It has a characteristic pungent odour. It is
exceedingly hygroscopic, fumes in contact with air, and is miscible in
all proportions with water with considerable evolution of heat. The
boiling point of such mixtures rises with increasing dilution.

The bebaviour of diluted nitric acid to distillation is somewhat
remarkable ; if containing only a small proportion of water, a compara-,
tively strong acid distils over, and dilute acid remains in the retort.
If mixed with a large proportion of water, very dilute acid distils over.
The temperature gradually rises to 120-5° at 735mm. bar., and re-
mains stationary at this point, at which an acid containing 32 per cent.
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of its weight of water distils over. This is, however, no new hydrate,
as its composition varies with the pressure (Roscoe). In other words,
both strong and diluted acid are brought by continuous boiling to the
same strength (about 68 per cent. acid), subject to slight alteration,
according to the atmospheric pressure, and it is only acid of this
strength which is capable of distillation without change.

Nitrie acid obtained in manufacture has a specific gravity of from
12 to 1-5. If this is distilled with strong sulphuric acid, and air is
blown through the distillate to remove nitrous acid, pure colourless
acid, of composition HO .N O, is obtained of specific gravity 1-517
at 15'5°, and boiling at 86°, with partial decomposition.

Chemical Properties,—Nitric acid is essentially a monobasic acid, and
forms a large and important series of salts called nitrates.

Owing to the readiness with which it parts with its oxygen, it is an
extremely active substance and a most powerful oxidising agent. Thus,
it converts ferrous into ferric salts, lead sulphide into lead sulphate,
liberates iodine from potassium iodide, chlorine from hydrochloric acid,
&e. It attacks all organic tissues, and hence all animal and vegetable
fabries.

Exposed to light, it is decomposed with formation of nitrie peroxide,
and becomes yellow. The reaction may be approximately expressed as
follows :—

Nitrie Acid. Nitric Peroxide. Water. Oxygen.

SHNG =" eN0; & Mo S o

Even at moderate heat it is decomposed, but at a bright red heat its
molecule undergoes complete disintegration, thus :—

Witrie Acld. Nitrogen, Water. Oxygen,

SEN0, = 2N % o HaO o B

It absorbs nitric oxide, the solution assuming a different colonr,
according to the specific gravity of the acid; thus, acid of specific
gravity 125 becomes blue, of specific gravity 1-35 green, of specific
gravity 145 yellow, and of specific gravity 1-5 red. In acid of specific
gravity 1-15 nitric oxide produces no change of colour.

It will be well to consider some of its reactions separately :—

Action on non-Metals.—All non-metals (including arsenic), with the
exception of oxygen, hydrogen, nitrogen, flnorine, and chlorine, are
converted into their highest oxides when heated with nitric acid, the
acid suffering greater or less reduction,

Action on Metals.—This varies according to the strength of the acid
and the metal acted on. Gold and platinum and its allied metals, are
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not acted on by nitric acid of any strength. Strong acid has no action
on iroun, tin, or aluminium, converts antimony and tungsten into in-
soluble oxides, and dissolves all the other metals, with formation eof
a nitrate.  Moderately strong acid dissolves iron, converts tin into
insoluble oxide, and acts on the other metals as above. Diluted acid
dissolves tin with evolution of laughing gas, and acts on many of the
metals, such as copper, mercury, silver, only at higher temperatures.

All these reactions are accompanied by a greater or less reduction of
the acid, and with the formation of the various lower oxides of
nitrogen, and even of ammonia, the following examples are typical :—

1. With carbon the strong acid furnishes peroxide of nitrogen.

2, Silver, in the presence of an excess of dilute nitric acid, forms
nitrous anhydride, which dissolves, forming nitrous acid, thus :—

Silver. Nitrie Aecid. Nitronz Acid. Argentic Nitrate. Water.

Ags <+ dHNO; = HNO, + ?AgND,g + H,0,

3. The action of copper on acid of specific gravity 1-25 (see p. 121)
furnishes a mode of preparing nitric oxide, thus :—

Copper, Nitrie Acid. Nitrie Oxide. Cupric Nitrate, Water.
3Cu <+ SHNGS = 2NO 4 dCu2N O + inU.
4. Zine, with dilute nitric acid, yields nitrous oxide, thus:—
Fine, Nitrie Acid. Nitrons Oxide, Fine Nitrate. Water,
A o IDHN O = My e 480 3N 05 = 5Byt

5. Zinc or tin, with a somewhat stronger acid, may also give rise to
the production of ammonia, which combines with the excess of acid,
thus—

Zine, Nitrie Acid. Ammonia. Fine Nitrate, Water.
4Zn + 9HNO; = H;N + 4Zn2NO; + 3H;0.

Action on Organic Matter.—In some cases the action of nitric acid
(particularly of the strong acid) on carbon compounds is exceedingly
violent and destructive—thus, oil of turpentine is ignited and decom-
posed by it. In other cases the action is simply an oxidation, as in the
conversion of indigotine (Cg I; N O) into isatin (Cs H; N Oy); in other
cases, some of the elements of the acid enter into the molecule of the
compound acted upon, the group NO, being substituted for hydrogen,
as in the conversion of earbolic acid (C; H;0) into picric acid
[Cs Hy (N Oy)y O], or a nitrie ether is formed, as in the conversion of
glycerine (Cg Hg O3) into nitro-glycerine [ Hy (N Og);], or of cotton
(Cg Hyg Op) into gun-cotton [Cy H; O, (N O4)4].
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' Distinguishing Tests,—Nitric acid, when free, may be distinguished as
a colourless or yellowish liquid which fumes strongly in air, and yields
red fumes when brought into contact with copper, and which stains the
skin yellow.

Nitrates may be recognised as follows :—

If to a cold solution containing a nitrate a cold solution of
ferrous sulphate be added in a test tube, and strong sulphuric acid is
carefully poured in so as to form a layer at the bottom of the tube,
nitric oxide is evolved, and, dissolving in the ferrous sulphate solution,
causes an amethyst or brown-coloured ring to be formed at the point
where the liguids meet.

Physiological Action.—Its vapour produces spasmodic cough and
violent inflammation of the lungs when inhaled. 1t blisters and destroys
the skin, staining it yellow. It is a violent, corrosive poison.

Preparation—1. From Nitrate of Potassium by the action of Sulphuric
Acid.—Powdered potassium nitrate is placed in a retort with about an
equal weight of strong sulphuric acid. On heating moderately upon a
sand-bath or over wire-gauze, the nitrate is decomposed, acid sulphate
of potassium (hydric potassic sulphate) being formed and nitric acid
distils over, 'L'he vapours may be condensed in a suitable receiver
by cooling. The decomposition may be expressed as follows :—

Hydrie
Potassium Nitrate, Salphuric Acid. Potasgic Suiphate. Nitrie Aeid.
KNOg + Hy S0y, = KHSO, + H NO;.

Manufacture.—In the manufacture of nitric acid, sodium nitrate, as-
the cheaper salt, is generally used, and only half the proportion of
sulphuric acid. Neufral sulphate of sodium is thus produced, but the
process requires a much higher temperature, and may be considered to
take place in two stages:—

sodic
Bodic Nitrate. Sulphurie Acid. Hydric Sulphate, Nitric Acid. Sodic Nitrate,

2NaNO; + H:80, = NaHSO;, + HNO; + Na N Og.

In the second stage, at the higher temperature the undecomposed
sodium nitrate and the acid sulphate react upon one another, thus :—

Sodic
Sodic Nitrate, Hydrie h!u?phatu. Sodie Sulphate, Nitrie Acid.
N&Nﬂ'ﬂ + H&HEG’{ = NH.EED.; s HNU;;

Other Modes of Production.—1, By the passage of electric sparks through moist air,
together with nitrie peroxide, 2. By the decay and oxidation of nitrogenized organio
matter, in presence of alkalies and of a special kind of bacterium (nitrate bacterivm).
By these means nitrogenised organic matters are destroyed and converted into innocuaous
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eompounds; hence, the presence of nitrites and nitrates in our soils and well waters. 3. When
a mixed jet of hydrogen and nitrogen is burnt in air. 4. By the oxidation of ammonia,

Fuming Nitric Acid.—This is & name given to a highly-concentrated form of the acid, a
portion of which has undergone decomposition in distillation at a higher temperature than
120°, and which contains, therefors, nitric peroxide in solution. The presence of the nitrie
peroxide (7.v.) increases its oxidising powers, and imparts to it a deep yellow colour, and
causes it to emit dense red fumes, ]

Applications.—In anilin factories, in the manufacture of sulphuric

acid, picric acid, nitro-glycerine, and gun-cotton, in the separation of
silver from gold, &ec., &e.

NITROUS OXIDHE.

(Nitrogen monoxide, laughing gas) N, O = 44, Percentage composition,
0 =3623, N = 63:77. Gas at ordinary temperatures; liquid at 0°
witder 50 atmospheres pressure; boiling point of liguid —92°; freezing
point —99°, Specific gravity of gas, 1-527 (air=1); 22 (H=1); of
liguid, 0-90 (water=1). 11-19 litres of the gas weigh 22 grammes.

Physical Properties.—Nitrous oxide is a colourless gas, possessing a
peculiar sweetish taste and smell. At 7-2° it requires a pressure of 50
atmospheres, at 07, of 30 atmospheres for its liquefaction. In the liquid
form it is colourless and lighter than water, and, if allowed to expand
suddenly, may be frozen to a white crystalline solid, which (unlike solid
carbonic anhydride) melts in contact with the skin, producing a blister.
The liguid may also be frozen by blowing air through it. If liguid
nitrous oxide is mixed with bisulphide of carbon, a temperature
of —140° may be produced when the mixture is evaporated under the
receiver of an air-pump. The gas is somewhat soluble in cold water,
1 volume of water absorbing about 1 volume of the gas, but is less
soluble in a saline solution.. Aleohol also absorbs it.

Chemical Properties.—Nitrous oxide is a neutral oxide. The gas
bears in its chemical properties so striking a resemblance to oxygen
that it might possibly be mistaken for that gas. Thus, it is not in-
flammable, but ignites a glowing splint and supports the combustion of
many substances, such as charcoal, sulphur, phosphorus, magnesium,
iron, &c., which burn in it with a brilliancy scarcely inferior to that
produced by their combustion in oxygen. Red fumes (due to higher
oxides of nitrogen) are, however, generally formed. Exploded with an
equal volume of hydrogen, an equal volume of nitrogen is left after the
explosion. If passed through a red-hot porcelain tube it is decomposed
into nitrogen and oxygen. It may also be deprived of its oxygen by
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passage over oxidisable substances, and under these circumstances
yields its own volume of nitrogen.

Distinguishing Tests.—A colourless gas resembling oxygen in many
respects, but distinguished from that gas by its greater specitic gravity,
its sweet smell and taste, its far greater solubility in water, and by its
not forming red fumes with nitric oxide,

Physiological Action.—The gas owes its trivial name to its remarkable
intoxicating and exhilarating effect when inhaled, mixed with air. If
taken into the lungs, unmixed with atmospheric air, it rapidly produces
insensibility, without, however, the unpleasant after-effects of other
angesthetics, It has been much used of late years in dentistry; when
the inhalation of the gas is discontinued, the patient rapidly recovers
from the effects, but when such recovery, or partial recovery, has
taken place, it is not without danger to subject the patient again to
the influence of the gas unless an interval of at least several hours has
elapsed.

Preparation—1. From Ammonium Nitrate.—By gently heating fused
ammonium nitrate in a retort this salt splits up into nitrous oxide and
water. The gas must be collected over hot water, owing to its solubility
in cold, or over a strong brine. The reaction may be expressed as
follows:—

Ammoniom Nitrons
Nitrate. Oxide, Water.
NH,NOg = N, O = 2 H, 0.

If the salt is heated too strongly, the nitrous oxide may be decom-
posed into its elementary constituents with explosion, or higher
oxides of nitrogen may be evolved.

If the gas is to be used for inhalation, great care should be taken to
have the nitrate of ammonia employed free from chloride of ammonium,
otherwise the gas will be contaminated with chlorine. The gas may

be purified by passing it over hydrate of lime.

NITRIC OXIDE,

(Nitrogen diozide) N O = 30.* Percentage composition, N = 4667
O = 53-33. Guas at ordinary temperatures; liquid at —11° under 104
atmospheres pressure.  Specific gravity, 1039 (air = 1); 15 (H = 1).
11-19 litres weigh 15 grammes. Boiling point — 153°6.

*Nitrie oxide forms one of the very few exceptions to the rule that the valency of an
element changes, if it changes at all, by two or a maultiple of two. Nitrogen is generally &
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Physieal Properties.—Nitric oxide is a colourless gas which can be
condensed under the conditions above given. It is impossible to
say whether the gas possesses any taste or smell, since it unites

with the oxygen of the air by mere contact with it, forming red
fumes of nitric peroxide and nitrous anhydride. It is but very slightly

soluble in water, It is absorbed by a solution of ferrous sulphate,
with a deep brown coloration, being expelled from this solution
unaltered on boiling,

Chemical Properties.—Nitric oxide is specially characterised by its
attraction for oxygen, forming deep red fumes of nitric peroxide and
nitrous anhydride by mere contact with air. This reaction serves as
a means of detecting oxygen in a mixture of gases. Like nitrous oxide,
it will not burn, but supports the combustion of certain elements, if
these are strongly ignited beforehand. Thus, a taper plunged into the
gas is put out, but phosphorus, charcoal, sulphur, magnesium, and iron
will burn brilliantly in it, red fumes of higher oxides of nitrogen being
formed. Its action on nitric acid of different specific gravities has
already been alluded to (see nitric acid, p. 116). It combines also
with chlorine and bromine.

The quauntity of heat disengaged by the combustion of elements in

nitric oxide is greater than that produced by their combination with
oxygen, the combustion of nitrogen and oxygen being endothermie

(p- 72).

Nitric oxide saturated with the vapour of bisulphide of carbon pro-
duces an inflammable, or very feebly explosive mixture, which, when
ignited, yields one of the most intensely brilliant and chemically active
of luminous flames.

Distinguishing Tests.—Nitric oxide may be distinguished from all
other gases, as a colourless gas, which forms red fumes in contact
with air or oxygen. When heated with metallic sodium, a volume of
nitrogen equal to half the volume of the nitric oxide is left behind,

Preparation—From Nitric Acid by the action of Copper.—The nitrie
acid employed should have a specific gravity between 1-2 and 1-3, and
may then be poured upon the copper in a flask similar to that used in
the preparation of hydrogen. If the acid is of this strength, the
reaction goes on regularly and without violence, Red fumes are at
first formed in the flask, but when all the air has been expelled, the

perissad, but in nitrie oxide it is an artiad (p. 67). This difficulty cannot be overcome by
doubling the formula for all the properties of the gag, its permanence, compared 1o nitrous
oxide, its greater stability generally, as well as its specific gravity, all render the lornaly
N O imperative.




122 - NITROUS ANHYDRIDE.

gas remains colourless. It may be collected in the usual manner by
displacement of water. The reaction may be expressed as follows:

Nitrie Cupric Nitrie
Copper. Apid, Nitrate, Water, Oxide.
3Cu + 8HNO; = 3Cu2NO; + 4H.0 + 2NO.

2. By the action of silver or of mercury on nitric acid. 3. By heating
potassiwm nitrate with a solution of ferrous chloride in excess of hydrochivric
acid. 6FeClg + 2KN O3 +8HCl=3FesClg+2KCl +4 H, O + 2NO.

NITROUS ANHYDRIDE.

(Nitrogen trioxide) N, O3 = 76. Gas at ordinary temperatures, Per-
centage composition, N = 3684 ; O = 6310,

Owing to the unstable character of this compound it is impossible to
give more than an approximate account of its properties.

Physical Properties.—When free from nitric peroxide it appears to
be an indigo blue liquid, boiling at 2°, which does not freeze at — 30°,
but when mixed with nitric peroxide its boiling point rises from 2° to
22°. It gives off deep red fumes which are easily condensed by passage
through a |J-tube surrounded by a freezing mixture. It dissolves in
water below 0° with a blue colour, but above that temperature is
decomposed by water.

Chemical Properties. — Nitrogen trioxide is an acid-forming oxide
whose hydrate has the formula, H N O, (nitrous acid), and a large series
of salts are known, whose composition correspond to this hydrate,
although the hydrate itself can scarcely be said to be known except
in solution. In the presence of a small quantity of water (at a low tem-
perature) nitrous acid is formed—N, O3 + Ho O = 2HN O,.  In the
presence of an excess of water it forms nitric acid and nitric oxide—
3N, O3+H,0=4NO+2 HN Q3. If the vapours of nitrogen trioxide
are passed into a solution of potassium or sodium hydrate, potassium
or sodinm nitrite is formed—2KHO + N; 0, =2 KN 0, + H, O.

Distinguishing Tests.—A deep red gas, condensible by cold, and
yielding nitrous acid when mixed with a little cold water,

Physiological Action.—IHighly irritating gas readily producing inflam-
mation of the lungs (see also p. 125).

Preparation— 1. By mizing Nitric Ozide and Oxygen. — If four
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volumes of nitrie oxide are mixed with one volume of oxygen, nitrous
anhydride results, according to the equation—

4NO + 0 = 2N, 0;.

2. By heating Nitric Acid with Avsenious Aeid. — If nitric acid of
specific gravity 1-33 is heated with arsenious acid, red fumes are given
off in abundance, which aré a mixture of nitric peroxide and nitrous
anhydride.

The fumes may be condensed in a cooled receiver, and nitric oxide
passed through the liquid so obtained, and the fumes once more con-
densed by means of a freezing mixture. In this way comparatively
pure nitrous anhydride is obtained.

3. By heating nitric acid (of specific gravity 1:25) with starch.

NITROUS ACID.
HN 0, = 47— Percentage composition, H = 213, N' = 2979, 0 = 68-08.

Occurrence in Nature.—Nitrous acid occurs in the atmosphere in
combination with ammonia as ammonium nitrite (see ammonia), and
in well waters, contaminated by sewage. It is found accompanying
nitrates in rain and in the soil; in the latter, probably, owing to the
action of a specific bacterium or nitrogenised organic matter in presence
of alkalies.

Physical Properties.—A blue solution.

Chemical Properties.—The pure acid is unknown, and even its solution
is very unstable, being decomposed when slightly heated, with for-
mation of nitrie acid, nitric oxide, and water.

Nitrous Acid. Nitrie Acid. Nitrie Oxide. Water,
$HNO;, = HRKO; 4+ 2NO + H;0.

It forms, however, a considerable series of more or less stable salts
called nifrites.

Its most striking characteristic is that, according to circumstances,
it may act either as a powerful oxidising, or else as a reducing agent,
being with equal facility reduced to nitric oxide on the one hand,
or oxidised into nitric acid on the other. Thus, it liberates iodine from
iodide of potassium by oxidation, and rapidly decolourizes a solution
of permanganate of potassium by reduction,

Distinguishing Tests.—Nitrous acid in combination (nitrites) may
be detected by the addition of cold dilute sulphuric acid, and of
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ferrous sulphate solution which becomes brown by absorption of the
nitric oxide formed (distinction from nitrates). Warmed with dilute
sulphurie acid, nitrites give off reddish brown fumes.

If to a solution of a nitrite, iodide of potassium be added and a
solution of starch, on making the solution acid with acetic acid an
intense blue colour is produced. Solutions of a nitrite, after being
acidified with sulphuric acid, give a yellow or brown colour with a
solution of meta-diamido-benzol.

Physiological Action.—IExerts a powerful effect on the heart’s action,
and in the form of an alkaline nitrite is very poisonous in doses of even
a few grains,

Preparation.—Owing to the instability of the aecid, it is almost
impossible to prepare it in the free state. A comparatively stable
golution of it 1~ay be obtained by mixing liquid nitrous anhydride with
a little water at a low temperature, but this is decomposed eon boiling.

Preparation of Nitrites.—1. By heating nitrates alone or with re-
ducing agents. ®

NITRIC PEROXIDE.

(Tetroxide of Nitrogen, Nitryl) No Oy = 92. (N Og = 46.) Percentage
composition, N=30-44, 0=69-56. Gas at higher temperatures; liquid
at lmwer lemperatures; solid at —20°,  Specific gravity of liquid, 1-451
(water =1).

Physical Froperties.—Nitric peroxide is a vapour of an intense brown-
red colour, of somewhat sweet and very pungent odour and acid taste,
which, when cooled to a very low temperature by means of a freezing
mixture, becomes liquefied, und, in the absence of all moisture, solidified
to a erystalline solid. The crystals are said to melt at - 9°, and, when once
melted, do not again solidify till - 20° or even —30°. Slightly above - 9°
the liquid is said to be almost colourless; but, as the temperature rises,
the colour changes from lizht to ur:mée yellow ; at 222 the liquid boils,
giving off a dense vapour of a brown-red colour, which at 40¢ becomes
almost black, its specific gravity decreasing as the temperature rises,
until at from 150° to 180° its density is diminished by nearly one-half,
pointing clearly to the dissociation of the molecule, N, Oy, into two

* Nitrites are best prepared pure by double decomposition of silver mitrite obtained by
heating potassium nitrate for some time to fusion, dissolviog the fused mass in a little

waler and adding a solution of nitrate of silver; silver mnitrite is precipitated, and may be
collected, washed with o little water, and dried over oil of vitriol.

S gy

PR Sy

g el

TP R VAR, s Y

e .y

) i B Rl o T il et

i

B s L e R R e e Tt



KITRIC PEROXIDE. 125

molecules of the composition, N O,. It has a remarkable selective
absorbing power on white light, producing a spectrum crossed along
its whole length by many fine absorption lines. It is soluble in nitric
acid in considerable quantities. .

Chemical Properties.—The dense red fumes which are formed when
nitric oxide comes into contact with air or oxygen, consist of nitrie
peroxide, or of a mixture of nitric peroxide and nitric anhydride,
according to the quantity of oxygen involved in the reaction.

1t was formerly considerad to ba an anhydride, since it appears to form salts with cer'ain
oxides ; thuos, with lead menoxide, it apparently forms the compound Pb O, Ns Oy, or so-called

lead * hyponitrite,” and was itself ot one time called * hyponitric acld.” This lead * hyponi-
frite " is, however, a double salt of lead nitrate and nitrite, thus ;—

Lead " Hyponitrite" Lead Nitrate, Lead Nitrite.
2PhO N0y = Ph (N Oz + Ph (N Ouda.

Mixed with a small proportion of water it yields nitrous anhydride
and nitric acid, thus:— -

2N,0, o 5 H, 0 = Na. Oy == EHHDE.

With a larger quantity of water it yiel 's at first nitric and nitrous
acids, but finally nitric acid and nitric oxide, thus :—

NaQy + H:; O = HNO; -+ HNDg
3dHNO; = H, O - H N Oy + 2NO0.

It is a very powerful oxidising agent. When absorbed by nitrie acid it
imparts a still greater power of oxidation to it (acid nit. fumans, p. 119).

Carbon and phosphorus will burn in its vapour, but sulphur only
with difficulty. With chlorine it unites directly, forming a compound
of composition, N O, CI (nitric chlorodioxide, nitryl chloride).

Its atom or half molecule, N Os, acts as a univalent radical (p. 78),
and is capable of substituting hydrogen, in many substances yielding a
class of compounds known as nitro-compounds (see nitric acid).

Distinguishing Tests.—Concentrated solutions of the alkalies convert
1t into a mixture of nitrate and nitrite ; dilute solutions yield chiefly
nitrate with evolution of nitric oxide.

Physiological Action.—Powerful irritant, producing, when inhaled,
serious congestion and inflammation of the lungs. Its action, like that
of nitrous anhydride, being remarkable on account of the apparent
disappearance of the dangerous symptoms for a time, which, however,
may recur after some hours with increased violence, often resulting in
death. The highly dangerous character of the gases produced by
burning, or improperly detonated dynamite, gun-cotton, and similar
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substances, is in great measure due to the production under such con-
ditions of this and the preceding compound.

Preparation—1. By heating Lead Nitrate,—If plumbic nitrate be
heated in a hard glass tube to a red heat, and the vapours so produced
are passed through a U-tube, which is immersed in a freezing mixture,
a red liquid is obtained, which, if the receiver be soon changed, will
solidify in a crystalline form. Every precaution must be taken to avoid
moisture.

Lead Nitric Lead
Nitrate. Peroxide. Monoxida, Oxygen,
Ph(NOzs = Na@: 4+ PFPbO + O

2. By miring Nitrie Oxide with Oxygen.—If two volumes of nitrie
oxide are mixed with one volume of oxygen, red fumes of nitric per-
oxide are formed—

ZNO + 0 = Ny Oy;

and if the mixed gases are strongly cooled the liquid or solid peroxide
may be obtained.
3. By the decomposition of nilric acid (q.v.)

AMMONTIA.

(Sal ammoniae, first obtained in Libya, near the Temple of Jupiter Ammon)
N Hy = 17. Percentage composition, H = 17-65; N = 82-35. Guas
at ordinary temperatures; liguid at — 40°, or at (° under 45 atmo-
spheres pressure; solid at — 80°, Specific gravity, 0-589 (air=1);
85 (H=1); of liquid, 0-623 (water=1). 11-19 litres weigh 85 grammes.

Occurrence in Nature.—Ammonia occurs diffused throughout the
atmosphere as ammonium carbonate, nitrite, and nitrate (1 to 40 parts
in one million). It is, therefore, always found in rain-water and snow,
and since it is one of the products of decomposition by putrefaction or
decay of animal or vegetable matters, it also occurs where such decom-
position is going on. It is always found in soils, in plants, in the
animal body, &e.

Physical Properties.—Ammonia is a colourless gas, having a most
peculiar and highly pungent odour, which is by no means unpleasant
when the gas is diluted with air. It belongs to the more easily con-
densible gases, requiring only G-5 atmospheres pressure at 10° for its
liquefaction
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Or it may be liquefied by cooling to —40°. It solidifies at - 80°,

Liquid ammonia is & mobile fluid of higher refractive power than water. It has a
gpecifle gravity of 06234 (water = 1). It boils at = 35*7. Bubjected to the aection of a tath
of solid carbonie anhydride and ether, it freezes to o ervstalling solid, melting ot = 7% or,
if evaporated with sulphuric azid, & portion [reezes, and sinks through the liguid.

The liquefaction may be brought about in a Faraday tube,* one limb
of which contains silver chleride, or calcium chloride, saturated with
dry ammonia gas, the other limb being empty, and the whole her-
metically sealed. On heating the limb containing the chloride and
cooling the other limb, the gas condenses by its own pressure. '

Or charcoal may be saturated with the gas in a Faraday tube with
the same result. On cooling the tube after an experiment the liquid
ammonia is absorbed, and if water is present a crystalline hydrate is
often formed, owing to the rapid evaporation and the consequent pro-
duction of cold.

The solubility of ammonia gas in water is one of its most striking
characteristics, and exceeds that of all other gases. One volume of
water at 0° absorbs 1,050 volumes of ammonia; at 107, 815 volumes;
at 15° 727 volumes; at 25, 585 volumes. A vessel filled with dry
ammnonia, when opened under water, is filled almost instantaneously, so
Tapid is the absorption, and when of glass, is very liable to be broken
by the violent inrush of the water.

The specific gravity of the solution decreases as the safuration in-
ereases—thus, at 14° ammonia solution containing 10 per cent. by weight
of ammonia has a specific gravity of 0:959; containing 20 per cent. by
weizht, 00025; 30 per cent. by weight, 0-897; 36 per cent. by weight,
(884, A saturated solution at 15-5° contains one-third of its weight
of the gas, and occupies one-and-a-half times the original volume of
the water from which it was produced. The solution is known as liguor
ammoniz (spivits of hartshorn), and is a very important reagent in the
laboratory. A concentrated solution of the gas freezes at —40° to a
jelly-like non-volatile mass, losing its smell almost entirely.

Chemical Properties.—Ammonia belongs to the class of bodies called
bases, though, more strictly speaking, it only acts as a base when
combined with a molecule of water; thus, it neutralises all acids,
forming crystallinve salts (isomorphous with potassium salts), but,
instead of replacing the hydrogen, it combines with the whole mole-
cule of the acid, e.g. :—

L]

* A tube of strong glass, shaped like an inverted Vf, 8o that one limb eontaining the gns
(combined or absorbed) may be heated, and the other, in which the gas is condensed by its
own pres=ure, cooled if necessary.
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Hydrochloric Ammoninm
Ammonia. Acid, Chloride.
NH; + HC = NHC
Ammonia. Nitrie Acid. Ammoniom Niirate.
N H; £ HNO; = NHyNO;
Ammonia. Sulphuric Acid.  Ammonium Sulphate.
eNH, 4+ Hy80, = (NH)s80;.

The compound radical N H, thus plays the part of a metal; hence,
the name ammoniwm has been given to it, and it is frequently repre-
sented by the symbol Am. Thus, we may write—

AmCl = NH.;GL ﬂmNﬂ; = NH{N{J;;, ."'&.T'l'lg 304 = [N H;)g S'D.;;

and to complete the analogy with the alkali metals, the hydrate or
hydroxide is often written—

AmHO =NH,HO = N Hy, H, 0.

Ammonia gas is a non-supporter of combustion, and is combus-
tible with difficulty, except at a high temperature; but, when mixed
with air or oxygen, it burns with a green flame, yielding water and
nitrogen. Mixed with air and passed over heated spongy platinum it
combines with oxygen, forming nitrie acid.

If passed through a red-hot tube it is decomposed into its elementary
constituents, and the same oecurs when a series of electric sparks are
passed through the gas, its volume under these cireumstances becoming
doubled. Itis also decomposed into its elementary constituents if passed
over heated potassium, potassinm nitride being formed, and hydrogen
passing on, Its decomposition by chlorine with formation of hydro-
chloric acid and nitrogen has already been referred to (see nitrogen,
p- 114).

Distinguishing Tests.—Ammonia may be distinguished from all other
substances as a colourless gas, having a remarkably pungent odour,
and when moist a powerfully alkaline reaction; extremely soluble in
water, the solution being alkaline to test-paper : neutralising all aecids,
and forming a white cloud with the vapours of all the volatile acids.
It is evolved from its combinations with acids by boiling them with a
solution of potash or other fixed alkali, and may then be recognised as
indicated above.

Physiological Action,—Stimulant and irritant. If breathed undiluted
it inflames the bronchial tubes.

Preparation—1. From ammonium chloride by the action of caustic potash
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or lime. About equal weights of ammonium chloride and slacked lime
are mixed together, and sufficient water added to form a stiff paste.
On heating the mixture in a flask upon a sand-bath, ammonia gas is
copiously evolved, which, after washing in a small quantity of water,
may be collected by upward displacement of air or over mercury. If
required dry it must be passed over stick potash (K H O), or quicklime
(Ca O) in lumps.* .

Ammoniom Slacked Caleium
Chloride. Lime. Chloride, Ammonia, Water.
2NH;Cl + CaH;0: = CaCl: + 2NH; + 2H;0;

or the gas may be passed into water if the solution is required.

2. Itis also readily obtained by gently heating a saturated solution and
passing the gas evolved over stick potash.

Other Modes of Production.—3. When a mixed jet of hydrogen and
nitrogen is burnt in air, nitrate and nitrite of ammonium are formed.
4. By passage of hydrogen and apny lower oxide of nitrogen over
platinum sponge at a red-heat. 5. By the action of nascent hydrogen
on the oxides of nitrogen. 6. By the decay of nitrogenous matter,
7. By the destructive distillation of nitrogenised matters, particularly
in the presence of an excess of a hydroxide of an alkali metal or of
lime.

Manufacture.—1. By the destructive distillation of nitrogenised
animal matter absorbing the ammonia so produced by acids, and
decomposing the resulting ammonium salts by lime,

2, As a bye-product in the manufacture of coal-gas (p. 134).

Carre's Freezing Machine.—Liguid ammonia is obtained on & large secale by heating a
concentrated golution of ammonia contained in an iron boiler connectad air-tight with an
iron eondensing vessel, which is kept cool by water; the ammonia expelled from the solution
iz liguefled in the condenser by its own pressure. If the connection between boiler and
condenser is cnt off until the water in the boiler ia cold, and the stop-coek then opened, the
liquid ammaonia begins to boil, the gas being reabsorbed by the water in the boiler with pro-
duetion of great cold in the condenser. This alternate process of condensing the ammonia
gas, and reabsorbing it in the water in which it was previcusly dissolved, may be carried
on an indefinite number of times, and the apparatus i3 one of the simpleat and most
effective ice-producing machines.

* Tt enters into combination with sulphuric acid and with calcivin chloride, which are the
meual substances employed for drying gases.
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CARBON.
(Carbo, coal) C=12. Solid at all temperatures. Specific gravity
as diamond, 3°52, as graphite, 22 (water = 1). Tetrad.

Occurrence in Nature.—Iure carbon oeccurs in nature under two
very distinet forms—viz., as diamond in India, Brazil, Borneo,
and the Cape; and as graphite (plumbago, black-lead) in Cumber-
land, Ceylon, the United States, China, and S. Siberia. In the less
pure form, as the result of the gradual decomposition of vegetable
tissue, it forms the numerous and immense deposits of coal in various
parts of the world. In combination, carbon occurs as an essential con-
stituent of all animal and vegetable matter in its multitudinous variety,
and is present in a large class of commonly-oceurring minerals known
as carbonates. Its compound with oxygen, called carbonic anhydride
(CO;), is a never-failing constituent of the atmosphere (¢.v.), and is
always present either free or in combination in greater or less quantity
in natural waters.

Physical Properties of the wvarious Natural and Artificial Forms of
Carbon.—This element exhibits the phenomenon of allotropy in a
remarkable degree. In considering its physical properties, therefore,
it will be necessary to include its many artificial, in addition to its
natural, forms, and as these all differ greatly in their physical char-
acteristics they will be best considered separately. All are non-volatile,
infusible, and insoluble * in all ordinary solvents.

‘L he specific heat of diamond = 0-1128 at 10°, 0-4589 at 985°; of gas
coal = (0-32 at 20°, 0'5 at 2000°; of graphite = 0-1437 at 107, 03250
at 250°, so that at higher temperatures carbon obeys Dulong and Petit’s
law (p. 52).

A. Natural Forms.

1. Diamond.—This purest form of the element carbon is found
usually in colourless, transparent crystals (octohedra) of the regular
system. The surfaces of the crystals are usually convex, and their
edges blunt. They are sometimes found coloured yellow, blue, green,
rose-red, or dark-brown, owing to the presence of impurities, Its
specific gravity varies from 5-5 to 3:55. The diamond is not fusible
at any known temperature (air being excluded), but it swells and

* Animal charcoal disappears when heated with chlorine water, carbonic anhydride being
formed_ and is similarly oxidised Ly nitrie aeid, bat these are not gennine solutions of carbon

as sucl,
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becomes opaque in the electric arc. It is the hardest substance known,
being only approached in this respect by boron. It is not soluble in
any medium. It becomes electric by friction, and is a non-conductor
of electricity. It is especially characterised by its high refractive
power. Its refractive index=2-47 to 2:75. Its limiting angle* =23°42";
hence, all the light incident upon it in an arc of 180° is concentrated
within an angle of 47°22', » This and its great dispersive power and
durability constitute its high value as a gem. Some diamonds absorb
light, and become luminous in the dark.

2. Graphite.—This slightly less pure form of carbon (known also
as plumbago or black-lead) presents an extraordinary contrast to
diamond in its physical properties. It is a grayish-black, opaque, solid,
crystallising in six-sided plates of the hexagonal system, or appears in
amorphous masses of metallic lustre. It is very soft, leaving a black
mark when rubbed on paper; hence its familiar application in peacils.
Its specific gravity varies from 1-8 to 2-5, according to its purity, but
is much less than that of diamond. It is not soluble in any ordinary
medium, but is dissolved by molten iron, from which it crystallises on
cooling. Itis a conductor of electricity. It isinfusible, and combustible
with great difficulty only, hence its application for crucibles which have
to stand very high temperatures.

Coal.—Coal is the result of the gradual decomposition (or, more
accurately, of the slow but imperfect combustion) of vegeftable matter.
It contains, like all vegetable matter, carbon, hydrogen, oxyzen, and
some nitrogen ; but its preponderating constituent is carbon, of which
brown coal contains from 60 to 70 per cent., ordinary black coal from
70 to 90 per cent., and anthracite from 94 to 98 per cent. On complete
combustion it leaves an ash varying in quantity from 05 to 25 per
cent., consisting of silicate of alumina, or of calcium sulphate and iron
sulphide, together with carbonates of calcium and magnesium, small
quantities of chlorides, and a trace of iodides. The specific gravity of
coal varies from 1-25 to 1-75.

B. Artificial Forms.

Coke—Coke is the residue after the dry distillation of coal. Itis
characterised by great porosity and comparative lightness. It is a
good conductor of heat and electricity. Its specific gravity varies
from 1+6 to 2. It contains on an average from 85 to 92 per cent. of
carbon, and from 3 to 5 per cent, of ash,

Wood Charcoal—This is the residue from the destructive distillation

* Limiling Angle~The angle beyond which total reflect on takes place (p. 43).
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of wood, and is also characterised by great porosity and lightness. It
usually shows the structure of the wood from which it was obtained.
It has the power of absorbing gases in considerable but varying
quantity, as will be seen from the following tabular statement :—

ABSORPTIVE POWER oF CHARCOAL FOR (GASES (Saussure).

Gas, hr-in‘l‘!":-ﬁﬁ.f %{ﬂ,ﬁiﬂ
Charcoal
Ammonia, . 5 . . 5 - . a0
Sulphurous anhydride, . ; : . . G5
Hydrochlorie acid, . . gty . 85
Hydrogen sulphide, . . Wi B . 59
Nitrous oxide, . ; : . : \ 40
Carbonic anhvdride, . : . ; . a9
Carbonic oxide, 9-4
Oxygen, 9-3
Nitrogen, 75
Hydrogen, 175

It contains from 60 to 85 per cent. of carbon, according to its method
of preparation.

Animal Charcoal.—This is a black, gritty powder obtained by the
dry distillation of bones, and consists of about 10 per cent. carbon,
84 per cent. phosphate, and 6 per cent. carbonate of calcium. It
has the property of absorbing colouring matters from solution, and
even some mineral matters are removed from solutions by it—a property
usnally supposed to be due to its great porosity, This power is greatly
increased by the removal of the calcium phosphate by hydrochloric
acid,

Lampblack.—This is a somewhat pure form of finely divided carbon
separated from certain hydrocarbons (vesins), on incomplete combus-
tion. Seot is one of its many forms.
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All forms of charcoal have the power, in a greater or less degree, of
absorbing gases, and this power is the greater the more finely ground
the charcoalis. On this account charcoal acts as a powerful deodorant;
it not only absorbs offensive gases, but oxidizes them, burns them up,
by virtue of the oxygen alse absorbed in its pores. It also has the
power of removing many substances from solution, and is largely used
in sugar and other manufactories for removing colouring matters from
solution. For this purpose animal charcoal is chiefly used.

Chemical Properties of the Element Carbon.—(Carbon at somewhat
elevated temperatures possesses considerable combining powers, and.
unites directly with hydrogen, oxygen, sulphur, and with iron aund
some other metals. Its attraction for oxygen constitutes it a powerful
reducing agent (p. 85), for which purpose it is used in the laboratory,
in the form of charcoal, and in the manufacture of iron and of many
other metals from their ores, in the form of coal. It forms only two
compounds with oxygen—rviz., carbonic anhydride (C0O:), and car-
bonic oxide (C Q).

Its very varied natural and artificial forms may be proved to consist
of one and the same element, from the fact that they all, when burned
in oxygen, yield one and the same compound—viz., carbonic anhydride.
Diamond fused with potassium nitrate (KN O;) forms carbonate of
potassium. When so burnt, diamond leaves a minute trace of ash,
showing it to be almost pure carbon, and lampblack, when carefully
prepared, approaches the same purity; graphite leaves from 2 to 5
per cent. of ash, and coal from 05 to 25 per cent.

1 gramme of carbon when burnt in oxygen evolves 8,000 heat-units.

Carbon, in addition to its power of combining with other elements,
has also the power of combining with itself, so that with one and the
same element, it is capable of forming an almost infinite series of
compounds in which the carbon atoms are linked, as it were, one with
the other. In this manner it forms an almost endless series of
compounds with hydrogen, called hydrocarbons, and, from each of
these, innumerable derivatives may be formed. The facts relating to
these hydrocarbons and their derivatives constitute the immense branch
of chemical science known as organic chemistry.

Distinguishing Tests.—Carbon may be always distinguished as a black
golid (with the usual exception of diamond), infusible and non-volatile,
which, when burned in air or oxygen, yields a gas (C 0.), specially re-
cognisable by its forming a white precipitate (Ca C Oy), with lime water,

Physiological Action.—Animal charcoal has been used as an antidote
to vegetable poisons, which it absorbs and renders harmless (Garrod).
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Preparation or Manufacture of some forms of Carbon— Diamond,—
Diamond has not, as yet, been prepared artificially.

Graphite.—1. By dissolving charcoal in fused cast-iron; leaflets of
graphite are formed on cooling, 2, By heating diamond in the electric
are.
Vegetable Charcoal.—By heating wood in iron retorts or in heaps with
limited access of air, About a quarter of the weight of the original
wood is left as charcoal.

Animal Charcoal.—By heating comparatively fresh bones in iron
retorts or in iron pots.

Lampblack.—1. Very pure carbon may be obtained by transmitting
the vapours of alcohol, turpentine, &e., through a red-hot porcelain
tube. 2. A less pure form is obtained on heating sugar, starch, rosin,
pitch, &e., in iron vessels with limited access of air. 3. A very pure
carbon may be obtained by heating gas-carbon for some time to a red
heat, first in a current of chlorine, and finally in air.

DRY DISTILLATION OF COAL.

Among the numerous prodocts of this distillation, in addition to the residual coke, soma
are volatile at a high temperature, but condense to fluids or solids on cooling. Others are
and remain gaseous. These products are usually classified nnder four heads: —

1. Coke.

2. Tar.

3. Ammonia water.
4, Gaseons prodocts.

Tar.—This coneists mainly of a most complicated mixturoe of hydrocarbons and their
derivatives, among which may be mentioned, as being more especially separated and
employed, benzol (CgzHg), toluol (C; Hy), naphthaline (Cy, Hg), anthracine (Cy, Hyl,
phenol (CgHg0Q)., The separation and purification of thess substances constitutes an
immense industry in itself.

Ammonie Waler.—This congists chiely of carbonate, sulphide, sulphocyanide of am-
moniun,

GGaseous Products (Coal Gas).—These are also very nnmerous, but consist in the main of
hydrogen (often nearly 50 per cent.), marsh gas, and carbonic oxide, with small propor-
tions of oleflant gas (U Hy) and its allied compounds, the vapouras of benzol, and naph-
thaline, to the last thres of which the gas chiefly owes its illuminating power. DBesides
these are water vapour, sulphuretted hydrogen, ammoninm, earbonic anhydride, and
bisulphide of carbon. These last five are regarded as impurities, and are, as far as pos-
gible, removed by various purifying processes.

The water vapour is apt to freeze in the pipes. The sulphur compounis yield sulphorons
anhydride (305 on combustion, and the ammoniom compounds similarly give rise to
nitrous and nitrie acid. Although marsh gas, hydrogen, and earbonie oxide burn with non-
lominons flame, their presence is not considered objectionable, owing to their high tempera-
ture of combustion.

All these products are subject to more or less variation in guantity, according to the coal
psed, and the temperatore and other conditions of manufacture.

The distillation is effected in long semi-eylindrieal retorts of iron or clay. The residue in
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the retorts consist of coke, and the volatile products are first passed throvgh a series of
tubes, in which they are coocled and the tar is deposited; next they pass through varions
purifying apparatus, in which the ammonia, sulphuretted hydrogen, &ec., are absorbed, and
the remaining gaseons products are collected in large gas-holders for distribution, In order
to avoid excess of pressure in the retorts, &c., the gas is pumped out by an air-pump and
forced on through the receiving portions of the apparatus, and into the gas-holder.

CARBONIC ANHYDRIDE.

(Carbon dioxide, carbonic acid, fixzed air, choke damp) C 0, = 44,
Percentage composition, C = 2727, 0 =72-72, Gas at ordinary
temperatures; liquid at 0° wnder 36 atmospleres pressure; critical
point, 30°9° (p. 51). Solidat -70. Specific gravity, 1'529 (air = 1),
22 (H =1); of liquid at -10-8°, 0-99 (water = 1).

Occurrence in Nature.—Carbonic anhydride is a normal constituent
of the atmosphere, of which it constitutes, on an average, 004 per cent.
(4 in 10,000) by volume: air expired from the lungs contains from
4 to 5 per cent. It is found issuing from the earth in many places,
as, for example, in the well-known Grotto del Cane of Naples; it is
found in almost all springs, and in the form of carbonates constitutes
considerable rock formations, as carbonate of caleium in limestone,
marble, and chalk, and of calcium and magnesium in dolomite. The
following list includes some of the more important mineral carbon-
ates :—

Important Mineral Carbonates.

Cale-spar, arragonite, marble, limestone, chalk, &e., Ca C O,.
Strontianite, : . Sr COjz | Brown spar, . . MnCO;
Witherite, . : . Ba COj | Cerussite, . . . PbCO4
Magnesite, . . .  MgCOj; | Malachite, . Cug (HO) (COy)e
Calamine, . , . Zn COz | White lead, Pb; (HO),(C Og)a
Siderite, . : . Fe CO; | Hydromagnesite,Mg,(H 0),(C O3),

Physical Properties.—Carbonic anhydride is a colourless gas, having
a faintly acid taste and smell ; at 0° under 36 atmospheres pressure, it is
condensed to a colourless, oily liquid, which, if allowed to escape
suddenly into the air, freezes to a white snow-like solid, producing
great cold (- 79%) by its evaporation. The solid can also be obtained
by cooling liquid carbonic anhydride to - 70°.

Solid carbonic anhydride, which is very volatile, may be held in the
hand lightly, or even placed on the tongue with impunity, but if
pressed on the skin produces a blister. It is soluble in ether, and the
solution rapidly evaporates with great depression of temperature (- 100°),
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Liquid carbonic anhydride has a coefficient of expansion four times
as great as that of air. It is miscible in all proportions with ether,
alcohol, turpentine, and bisulphide of carbon, but is insoluble in water
and fatty oils. It is a bad conductor of electricity, and both in the
solid and liquid form is a bad conductor of heat.

The gas is slightly soluble in water. One volume of water absorbs
1:79 volumes at 0°, and 1-002 at 15° under a pressure of 1 atmosphere.
At greater pressures it dissolves the same volume; but, of course, the
amount by weight which is dissolved increases as the pressure (p. 49).

Chemical Properties.—Carbonic anhydride is apparently a true an-
hydride, but no definite hydrate of it is known, It forms, however,
a large class of compounds with basic oxides, called carbonates,
corresponding to the theoretical hydrate, H, C O, which may be
regarded as a dibasic acid, properly called carbonic acid,

An aqueous solution of litmus is reddened by the gas, but on heat-
ing the solution the gas is expelled, and the litmus resumes its original
blue colour. It is rapidly absorbed by the solutions of alkaline hydrates,
forming two series of salts, the acid carbonates (bicarbonates) cor-
responding to the formula M H C Oy, or neutral carbonates, M, C O;.
It is also absorbed by lime-water, or by milk of lime,* with formation
of the insoluble carbonate of calcium, Ca C Oy, and similarly by solu-
tions of the other hydrates of the alkaline earths, It is a weak acid, that
is, it is easily expelled from its compounds by most other acids,

It is neither a combustible nor a supporter of combustion under
ordinary conditions. Water containing it in solution acquires in-
creased solvent powers.

Heated to 1300°C. it splits up into carbonic oxide and oxygen.
Carbon, phosphorus, iron, &e., remove part of its oxygen forming
carbonic oxide. Sodium and potassium at a red heat remove its oxygen
entirely with separation of carbon.

As already stated, 1 gramme of carbon, in burning to ecarbonic
anhydride, evolves 8,000 heat units,

Distinguishing Tests.—A colourless gas which is heavier than air and
turns lime-water milky (c/. carbon, p. 1:33).

Physiological Action.—Carbonic anhydride is irrespirable, producing
spasm of the glottis when concentrated, but may be breathed with
impunity when much diluted with airj 3 to 4 per cent. in air acts as
a narcotic poison if the air is inhaled for some time, but in such an
atmosphere a candle continues to burn.t Owing to its high specific
gravity, it is very liable to collect in confined, badly ventilated places

* Milk of lime i3 slaked lime mechanically mixed with water.
1 An admixtare of 10 per cent. and upwards proves rapidly latal,
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in which it is produced; and, hence, no such places should be entered
without previous ventilation.
Preparation.—1. By acting on almost any carbonate with almost any acid.
2, The usual method of obtaining earbonie anhydride is to act upon
marble with dilute hydrochlorie acid, whereupon a brisk effervescence
ensues owing to the escape of the gas. Calcium chloride and water
are simultaneously formed, thus:—

Hydrochloric Caleic Carbonic
Marble, Acid. Chloride. Water. Anhydride,
CaCO; + 2HCL = Cﬂ.Clg A HQD e Gﬂg

Modes of Production.—By the combustion of carbon in all its various
forms, by the burning of all organic matter, by the action of nitric or
gulphuric acids on charcoal, in the process of respiration, in volcanic
action, by the decomposition of carbonates, by heat or acids, in the
process of fermentation, in lime-kilns, as choke-damp after the explosion
of fire-damp (p. 140).

CARBONIC OXIDE,

(Carbon monoxide) CO = 28. Percentage composition, ' = 42-56;
0 = 57-14. Gas at erdinary temperatures; liguid at —190° wnder
1 atmosphere pressure; solid at —211°; eritical point —139-5° (p. 51).
Specific gravity, 0967 (air =1); 14 (H =1). 1119 ltres weigh
14 grammes.

Occurrence in Nature.—Strictly speaking, carbonic oxide does nct
occur in nature, but it is found wherever carbonic anhydride comes into
contact with glowing carbon, as in all fire-places, furnaces, &e., and
especially in charcoal stoves, evincing its presence by its bright biue
flame and oppressive odour,

Physical Properties.—Carbonic oxide is a colourless, tasteless gas of
faint oppressive odour. It is not condensed to a liquid at a pressure
of 2,790 atmospheres at ordinary temperatures, but is easily liquefied
under the conditions above stated, and solidifies at a temperature
of - 211°.

It is very slightly soluble in water: 1 volume of water absorbs
0-0328 volume at 0°, and 0-02311 at 20°. It is more soluble in alcohol;
1 volume of alcohol (specific gravity, 0:792) absorbs 0:204 volume
from 0° to 25° 1t is easily soluble in an ammoniacal solution of
cuprous chloride,

Chemical Properties.—Carbonic oxide gas is inflammable, but not a
gupporter of combustion, It burns with a beautiful blue flame, forming
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carbonic anhydride; 1 gramme of carbon in burning to ecarbonic
oxide evolves 2,433 units of heat, and the carbonic oxide thereby pro-
duced evolves, when burnt to carbonic anhydride, 5,567 units of heat.

Owing to its affinity for oxygen, it is a powerful reducing agent. I
combines directly with oxygen, with explosion, under the influence of
the electric spark. It also combines directly with chlorine on exposure
to sunlight, forming phosgene gas (C O Cl;). It unites with metallie
potassium at a temperature of 80° forming a substance whose com-
position is represented by the formula C O K,. It is not absorbed by
a solution of potassium hydroxide, but combines with the solid at a
temperature of 100°, with production of potassium formate; KH O +
CO=HCOg K.

Distinguishing Tests.—A colourless gas of faint odour, almost insoluble
in water, insoluble in solutions of the alkalies, burning with a bright
blue flame, with formation of earbonic anhydride. Exploded with half
its volume of oxygen, it yields its own volume of carbonic anhydride.
Soluble in an ammoniacal solution of cuprous chloride. Blood shaken
up with air containing even a small proportion of the carbonic oxide
yields a characteristic absorption spectrum.

Physiological Action.—Carbonic oxide is a very poisonous gas, and
induces giddiness, faintness, and death, when present in the air in
comparatively small quantities. ® In contact with the blood, it forms a
compound with the hemoglobin, which shows two black absorption
bands in the green portion of the spectrum, almost identical with the
two bands shown by oxyhemoglobin, but not like them affected by
reducing agents.

Preparation—1. By the action of Sulphuric Acid on Ozalic Aeid.—
Finely powdered oxalic acid is mixed with about six times its weight
of strong sulphuric acid in a flask, which may be heated on a sand-
bath. Considerable effervescence ensues, the sulphurie acid splitting up
the molecule of oxalic acid (by the withdrawal of the elements of water)
into water, carbonic anhydride, and carbonic oxide. If these two gases
are led through a wash-bottle containing caustic potash solution, the
carbonie anhydride is fixed, the carbonic oxide passing on.

Carbonic Carbonic
Oxalie Aeid. Water. Anhydride, Oxida,
Ca HaOy - H. O = COq = & CO.

The gas may be collected over water. .
2, By the action of Sulphuric Acid on Potassium Ferroeyanide.—One
part by weight of ferrocyanide is heated with 8 to 10 parts by weight
of sulphuric acid., Here, again, a complete disintegration of the

* (-5 per cent. rapidly fatal; particularly in presence of gome COg; still smaller pro-
portions alter some time,
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organic molecule is brought about by the sulphuric acid, with
formation of carbonic oxide, and the sulphates of potassium, iron, and
ammoninm respectively.*

Potassium Ferrocyanide. Water, Sualphuaric Acid.
E;F@CENH,EHEG = EHED + ﬁHESO.; =
Carbonic Potassic Farrons Ammoninm
Dxide. Suniphate, * Sulphate. Sulphate,

00, $u 2E80; ¥ FaB0,. + B(NH,s80;

3. By the action of Carbon on Carbonic Anhydride—If carbonic
anhydride is passed over charcoal contained in a strong glass tube at
a red heat, it is deprived of half its oxygen, and the carbonic oxide so
formed may be collected as usual.

Carbonic Anhydride. Carbon, Carbonic Oxide,
C 0, + o = 2CO0.

Other Modes of Preparation or Production.—4. By heating fo redness a mixlire
of Chalk and Charceal in an irvon vessel, CaCOy + O=0Ca0 + 20C0. &5 By healing a
mixture of Chalk and Zine, or fron, CaC 03 + Fe=Ca0 + FeO + C0O. 6. By heating a
sniziure of Oxide of Zinc and Charcoal, Zn 0 + O=Zn + C0. 7. By passing Steam orer
Charcoal, C + Ho O =00 + H,. 8 By the action of Sulphuric Aeid wpon a Formafe,
2NaCHO, + Ho 50, =200 + Na, 80, + 2H,0. 9. By the action of Sulphuric Acid
epon Hydrecyanic Acid, Ha O + HCN + Ho 80, =C0 + Hy N . Hy 50,

MARSH GAS.

(Methane, light carburetted hydrogen, fire-damp) CHy =16, Percentage
eomposition, C =750; H = 250, Gas at ordinary temperatures.
Liquid at —164° under 1 atmosphere pressure. Specific gravity of gas
085 (air=1); 8 (H=1) of liguid at-164° 0-415 (water=1). 11-19
litres weigh 8 grammes.

Occurrence in Nature.—Marsh gas is found in coal-mines, and some-
times issues in large quantities from fissures in the coal (* blowers "),
It is also found in some few places issuing from the earth, and rises from
the mud of pools when this is stirred up—hence its name.

Physical Properties.—Marsh gas is a colourless, odourless gas, con-
densible to a liquid only at a temperature of -73:5° and a pressure of
50-8 atmospheres, or at -131° at a pressure of 67 atmospheres, It is
very slightly soluble in water; 1 volume water absorbs 0-047 volume at

* The water in this reaction is taken from that present in the sulphuric acid, even when
concentrated. The reaction would be more nearly expressed as follows :—

E;FeCye,3H,0 + 3H,0 + 2H,80,=600
+4EKEHSO0, + 6NH,HSO, + FeSO, + z—11H.S0,
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6-2°. It is more soluble in alcohol; 1 volume absolute alcohol absorbs
0-5 volume marsh gas.

Chemical Properties.—Marsh gas is inflammable, but requires a white
lieat for its ignition. It burns with a yellowish, scarcely luminous flame,
forming water and carbonie anhydride. It is a non-supporter of com-
bustion. Mixed with 2 volumes of oxygen or 10 volumes of air it is
dangerously explosive, but if mixed with less than 6 volumes, or more
than 14 volumes, of air it will not explode. If the air, however, containa
fine dust, even if this is not in itself combustible, a much more diluted
mixture becomes explosive. Marsh gas forms the first member of a
long series of hydrocarbons of the general formula, Cn Hpny4s, known
as paraffins.

It obtains the name, flre-damp, from its ocenrrence in coal-mines, where it frequently
gives rise to most disastrous explosions, which further give rize to a vitinted atmosphera
(known as after-damp), containing muech earbonic acid, which iz irrespirable. Sir H.
Davy’'s safety-lamp (p. 91) was designed to prevent these explosions.

Distinguishing Tests.—Inflammable; very slightly soluble in water;
insoluble in solutions of alkalies or in strong sulphuric acid; exploded
with oxygen, it yields water and its own volume of carbonic anhydride;
mixed with 2 volumes of chlorine, it explodes when exposed to the
action of sunlight or bright daylight.

Physiological Action,—Marsh gas is not poisonous, and can be
breathed, when mixed with air, with comparative impunity.

Preparation.—By heating a mixture of sodium acetate, soda, and lime
in a glass retort, the lime being added to modify the action of the soda
on the glass. The gas may be collected over water,

Marsh Sodinm
Sodinm Acetate. Soda. (Fas. Carbonats,
NaCoHzO0p + NaHO = CH; + NasCOs

9, It may be obtained chemically pure by the decomposition of zine
methyl by water.

Zine Methyl, Water. Zine Hydroxide, Marsh Gaz.
Zn l{: 1‘13]2 + EHED = EHUHQD ap E‘UH#
CYANOGEN.

(xizvef, blue, and yimas, I produce) € N or Cy'=26; Cy,=52 Sp. gr. 1'8 (air=1); 26 (/=1).

Properties.— A colourless gas of peculiar odour, rather soluble in water, condensed to o
liquid at a pressure of 36 atmospheres at 7°2°, or at ordinary pressures at a temperature of
— 18°, It eolidifles at - 40%, It is inflammable, burning with a peach-blossom coloored
flame (purple edged with rose). Combines indireetly with hydrogen to form hydrocyanie
or prussic acld (HC N). Cyanogenisaradieal like ammoniem (N H,) (see p.128); but, unlike
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ammoniom, it plays the part of a non-metal, showing a strong analogy to the halogens (p. 194),
It forms an immense series of compuunds termed cyanides, which belong properly to the
organic division of chemistry, It is peisonous. It owes its name to the fact that itis a
constituent of Prusgian blue.

Preparation—1. By heating mercuric cyanide [Hg (C N);]. This substance splits up on
heating into mercury and eyanogen gas,

2, If air is passed over a mixture of potassinm, carbonate, and chareoal, potassium
eyanide is formed—E.C03 + 4C + N =2KCHN + 300,

THE ATMOSPHERE.

Physical Characters.—Theatmosphere completely surrounds the globe,
forming, so to speak, an airial ocean, at the bottom of which we live, and
which, if it were of uniform density, would have a height of about 5 miles.
Air, however, being elastic, the lower layers, pressed as they are by
those above, are of greater density than the upper layers, the density
diminishing as we ascend. The rate of diminution is such that for
every 34 miles of ascent, the density becomes reduced by one-half.
Thus, taking the density at the sea-level as 1, it will be #, 4, 3, &e., at
heights of 3-4, 6-8, and 10-2, &e., miles respectively. The actual height
of the atmosphere must, therefore, be considerable, and has been
variously estimated at from 45 to 200 miles (calculated from duration
of twilight, or heights at which shooting stars or meteorites become
visible).

As we ascend, the femperature diminishes, though, owing to winds,
in a somewhat irregular manner. Everywhere, however, a height
is reached at which the temperature is at or below 0°C. all the year
ronnd. This line is at a height of about 15,000 feet in the tropics, at
about 6,000 here in England, and reaches the surface of the earth at
the arctic circles. Mountains reaching above that height will, as a rule,
be covered with snow all the year. The actual height of the snow-line
for any particular place is, however, also governed in great measure by
the bumidity of the air and consequent amount of rainfall or snow,
Thus, on the northern, cooler slopes of the Himalayas the snow-line is
several thousand feet higher than it is on the southern, warmer slope,
owing to the fact that the former is exposed to the dry winds which
Lave passed over Central Asia, while the latter is struck by the moist
winds coming from the Indian Ocean and Persian Gulf.

The weight of a column of air of one square inch section, reaching
from the sea level to the upper limit of the atmosphere, is about
15 1bs., and this is, therefore, the pressure exerted by the atmospliere
per square inch of surface at the sea level. This is equal to the pres-
sure of a column of mercury of 50 inches high (height of barometer at the
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sca level), or of one of water about 32 feet (extreme height to which
water can be raised by a perfect suction pump).

The total weight of the atmosphere has been calculated at
9,000,000,000,000,000 tons, or about 27,000,000 tons per square
mile of surface.

The specific gravity of air, or rather of air perfectly dry and free from
carbonic anhydride and other admixtures, used to be, and iz still
often taken as the unit with which to compare the specific gravity of
gases and vapours. One litre of such air at 0°C. and 760 mm. pressure
weighs, in the latitude of Paris, 1-2932 grammes. 100 cubie inches
weigh, at the same temperature and pressure, 32:586 grains.

The colour of the air in large masses is blue (explained as due to the
presence of ozone or of excessively minute particles, cause of the blue
colour of the sky). Aqueous vapour absorbs chiefly the blue constituents
of sunlight (cause of orange sunsets).

The cxpansion or contraction of air is equal to 0-005655 of its volume
at 0°C. for every 1°C. rise or fall respectively. It follows Boyle’s law
up to very considerable pressures, but departs from it at very high
pressures. It has been liquefied, and even solidified by aid of the
extremely low temperature produced by the evaporation of liquid
hydrogen.

Water, shaken up with an unlimited gquantity of air, dissolves relatively
more oxygen than nitrogen; the proportion existing between these two
gases in the dissolved air being as 32-5 to BT-E-:* as against the propor-
tion of 21 to 79 in atmospheric air. As oxygen passes more readily
through a caoutchoue membrane than nitrogen, the proportion of
oxygen to nitrogen can be increased to a considerable degree by making
the air pass through a series of such membranes.

Chemical Characters.—The composition of atmospherie air is of ex-
treme simplicity, as far as its main constituents are concerned, but of
extraordinary complexity, if its more minute, though not necessarily
less important, components are taken into account.

Average Composition of the Atmosphere by volume.

Oxygen, . : TS : - ! . 20-61
Nitrogen, . : g . . . 7795
Carbonic anhydride, . : : : . . 004
Aqueous vapour, : : . . : . 140
Nitric acid, . : . - 3 : . traces.
Ammonia, . . i ; . A . . traces,

100-00

* This is exactly in proportion to the solability of the two gases taken by themselves.
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Atmospherie air, then, consists mainly of a mixture of nitrogen,
oxygen, aqueous vapour, carbonic anhydride, and ammonia. Desides
these five, which we may term the normal constituents, being never
absent, there are often found, according to seasons, eircumstances, or
locality, ozone, nitrates and nitrites, hydrocarbons, sulphates, chloride
of sodium—the latter particularly near the sea, particles of carbon,
meteoric and other mineral dust, pollen of flowers, spores and germs of
a great variety of low organisms, innoxious and noxious, and, in towns,
particles of almost every solid material in use in the town. In the
neighbourhood of certain centres of industry we may find sulphurous
acid, chlorine, hydrochlorie acid, arsenious acid, &ec., &e.

Ozygen and Nitrogen.—The relative amount of these two gases varies,
under ordinary conditions, in the open air, within very narrow limits
only, at whatever part of the earth the air may be collected. This propor-
tion is nearly as 21 to 79 by volume. In confined places the proportion
of oxygen frequently sinks below this, but even a slight diminution
soon affects our senses. The two gases, notwithstanding the near
constancy in their proportion, are not chemically united, but are only
mechanically mixed, as is proved by the following facts: 1st, When air
is shaken up with water, each gas is dissolved in exact accordance with
its special coeflicient of solubility; 2nd, each gas retains its special rate of
diffusion; 3rd, the two gases are not present in any atomie proportion;
4th, oxygen and nitrogen, when mixed in the proportion in which they are
contained in atmospherie air, suffer no alteration, either in temperature
or in volume, and the mixture possesses all the characters of atmo-
spheric air.

The following figures will serve to give some idea of the proportion of oxyvzen found at
various times end places; they are taken from the works of Bunsgen, Regoault, Frankland,
and Angus Smith:—Marburg (1846), 200065; Paris, 200913 to 200099: Geneva, 200009 to
20-993 ; London (St. Bartholomew's Hospital), 200685 to 200099; London (18,000 feet high),
20885 ; Manchester, 20°830 to 20-080; Scotch Moors, 200999; Atlantic Ocean, 20018 to 2000835 5
Antarctic Seas, 2086 to 20-M : summit of Pinchincha (16,000 feet), 200948 to 20-988; pit of a
theatre, 11530 pom., 200740; small room with petrolenm lamp (6 hours), 200830; Court of
Queen's Beneh, Foel, 2, 186G, 200650 ; in sumps or pits in o mine, 20:140; when candles cense
to burn, 15-500; worst specimen of air in mine examined by Angus Smith, 18270,

Oxygen and nitrogen may be estimated by various means, carbonic
acid having previously been absorbed—

1st, By ubsorbing the oxygen by means of an alkaline solution of pyrogallic acid; 2nd,
by passing dried air over red-hot copper, weighing the nitrogen which passes on (by
eollecting it in a previously exhausted and weighted glass balloon, which also serves as
aspirator), and determining the inerease in weight suffered by the copper; 3rd, and most
accurately, by mixing a koown volume of air with hydrogen, exploding the mixture, and
measuring the diminution in volume produced—one-third of this is oxygen.
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In methods 1 and 3 the oxygen is estimated directly by measure, and the remainder is
taken as mitrogen; in method 2 both the oxygen and nitrogen are weighed.

Aqueous Vapour.—This varies greatly, but amounts on an average to
about 1} per cent. by volume, If too little moisture is present an un-
pleasant parching sensation is experienced, while if too much is present
it produces an uncomfortable feeling of closeness in warm weather, and a
chilly feeling in cool weather. The most comfortable feeling is experi-
enced when the air contains rather more than half the amount of
moisture it would be capable of holding, or, as it is generally expressed,
when the degree of humidity amounts to about 60 per cent. The
actual amount of moisture which air is capable of containing is
governed solely by the temperature—i.e., the tension of aqueous vapour
at the temperature of the air (p. 37). Air, which at any given tempera-
ture contains as much moisture as it is capable of holding, is said to
be saturated with moisture, and the proportion of this possible maximum,
which it may hold at any time, or its humidity, is expressed as a per-
centage of this maximum. Thus air, the humidity of which is 60 per
cent., contains three-fifths of all the moisture it could possibly hold at
the particular temperature at which it is ; humidity, therefore, expresses
a relative, and not an absolute quantity.

The actnal amount of moisture contained in air at any given time
may be estimated :—

1st. By passing a given volume of air through tubes containing chloride of ealeivm or
sulphuric acid, and weighing the increase in weight produced in these tubes. Znd By
fradoally lowering the temperatore of a bright metallic suvface until & Alm of moistore
begins to be deposited on it (dew point); the temperature at which the metal then is marka
the point at which the air experimented on would be saturated, and the amount present
may be found from any table giving the temsion of aqueowns vapour at that temperatora
(Megnault’s hygrometer), and by various other means.

Carlonie Anlydride.—The proportion of carbonic anhydride varies in
the open country between 5 to 4 volumes per 10,000 volumes of air;
over the sea it is slightly higher during the day, and slightly lower
during the night. In towns the proportion is generally higher, more
particularly during foggy weather, and in inhabited rooms it is higher
still, and in crowded places may rise as high as 30 to 50 volumes per
10,000. Air becomes unpleasant, and even unwholesome, when it con-
tains more than 10 volumes of carbonic anhydride per 10,000 volumes,
if it is produced by the breathing of men or animals, not because this
small amount of carbon dioxide is in itself injurious, but because under
these circumstances there are always present other emanations which,
although their actual amount cannot at present be estimated with any
degree of exactness, have an injurious effect. Carbonic acid affords
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thus a useful indirect measure of the amount of such substances
present which cannot be directly estimated. In order to keep the air
in inhabited places pure the amount of fresh air admitted per hour
ghould not be less than 2,000 cubic feet per person present in the
room,

Carbonic anhydride may be estimated by various means—

13t By passinz a known volome of air throogh eanstic potash, and estimating the increasa
in weight produced. 2nd. By shaking up a known wolume of air with a known amount of
lime or baryta water, and measuring the decrease in alkalinity produoced by means of &
very dilote standard acid. Srd. Roughly (a), by producing a certain standard degree of
furbidity in a given volame of baryta water, and measuring the amount of air necessary
for this; (&) by messuring the maximom quantity of air, which, when shaken up with a
given volume of baryta water, will not produce any appreciable turbidity. Thus, if when
§ ounce of baryta water (containing about } per cent. of baryta) be shaken up with air in &
Lottle of 7 onnees capacity, no tarbidity is produced if theair does not contain mora than
& ¥alumes of carbonic acid per 10,000 volumes; if no turbidity is prodoced with a bottle of
ooly 45 ounces capacity, the air doss not contain more than & volumes per 10,000, &e.
This furnishes a very unseful test for regulating the ventilation in hospital wards, &e. As
long as no tarbidity is produced by the shaking up of § ounce baryta water in a bottle of
25 ounces capacity, the air containg not more than 10 volomes of carbonic acid in 10,000
wolumes, and ventilation may be assumed to be good; if, howaver, a turbidity is prodoced,
and more than 10 volumes of carbonie acid are present, ventilation ia defective.

Ammonia.—Ammonia is present in the air, probably in the form of
carbonate, nitrate, or nitrite, in the proportion of about 5 volumes to
10,000,000 volumes of air. Nevertheless, minute as the quantity appears
in comparison with the other constituents, the vegetation on the globe
18, in great measure, dependent on it for its supply of nitrogen.

Ammonia may be estimated by passing a known volume of air
through pure dilute hydrochloric acid, and estimating the amount of
ammonia absorbed by the acid by means of what is known as the
Nessler test.®

Ozone.—This is always found in the pure air of the open country
or over the sea, rarely or never in the air of towns, owing to its power-
ful chemical affinities and the organic matters always found in town
air, The absolute amount has not been fairly determined, but it
probably rarely exceeds one part per 1,000,000  Qualitatively, its
presence can be demonstrated by the various ozone papers (Ozone,
p. 96). Its presence in air is due to electric discharges; hence, it is
always found in greater quantity directly after thunderstorms. Its
presence is also due to the oxidation of essential oils and other odori-
ferous compounds given out by plants and flowers. Although present

* Nessler Test.—A strongly alkaline solution of marcuric iodide in iodide of potassium
which strikes a brown colour when added to very dilute solutions of ammonia or its salts,
the depth of which depends on the amount of ammonia present,

10
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only in very minute quantity it has an important function as a purifying
agent of the atmosphere,

Solid Floating Particles — (a) Chloride of Sodium. — Sodium, no
doubt in the form of chloride, is almost always present in the air,
even many miles distant from the sea; occasionally, as after heavy
storms, in notable quantities at great distances inland, due to the sea
gpray carried off by the wind. Its presence is easily seen by examining
the flame of a Bunsen burner, which, in England, will always show the
yellow sodium flame.

(I) Other Solids.—A. bright beam of light passed through air almost
always reveals the presence of innnmerable floating particles (motes in
the sunbeam), by means of which the path of the beam can be traced;
air perfectly free from floating particles does not show the track of the
beam (Tyndall). They may further be demonstrated by various means—

1st. A large volume of air is passed, by means of an aspirator, through a tube locssly
plugged with collodion cottom; the particles are arrested by the cotton, and if, after o ofil-
cient volume of air has passed, this is disgolved in a mixture of two volomes of ether to (na
volume of alcohol, they remain behind, and can be collected by subsidence and examined
nnder the microscope. 2nd. A little glycerine is spread over the centre of & microscope
glide, which is then either simply put into the place, the air of which is to be examined
(glyeerine npwards), or & slight current of air is directed ageinst it by a glass funnel.  After
o time & cover glass is put over the glyeerine, and the particles adhering to it examined
with the microscope. 3rd. A small quantity of water iz put into 2 clean bottls and shaken
up, the stopper of the bottle iz removed, the air In the bottle renewed either by blowing

or sucking the air out by means of a bellows, the water again shaken up, and the process
repeated until the water has become sufficiently torbid to furnish a deposit, which can be

examined by the microscope.

Any one of these three methods will readily show the enormons variety of solid particles
constantly floating in the air, and will enable the careful microscopist to recognise many
definite forms.,

These particles, minute as they are, nevertheless represent some of
the most powerful and far-reaching agencies of nature. Without
their presence organic matters would not putrefy, vinous and other fer-
mentations would not take place, wounds would heal without sloughing
or production of pus; while, by their means, many infectious disorders
are generated and spread. It is to the recognition of the wonderful
effects of these ever-present, though minute, agents that we owe some
of the most important advances of modern surgery (the so-called
antiseptic treatment of Professor Lister, for example), and of preventive
medicine.

Estimation of Organic Matters in Air.—Many attempts have been
made to estimate the amount of organic matters present in atmosphieric
air under various conditions, but as yet without complete success;
three methods, however, may be briefly described—
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1st. Dr. Angus Smith proposed to estimate the relative amount of organic matters in air
by the reducing effect they exert on permanganate of potassium. For this object a perfectly
clean bottle is filled—best by means of a kind of bellows arranged for sucking ount the
air of the bottle—with the air to be examined, a small but known measure of o solution
of permanganate, acidulated with sulphuric acid, is intreduced, and the bottle shalken for
some minutes. If the red coloor of the permanganate has not been destroyed, the air in
the bottle is renewed by means of the bellows, and the bottle once more shaken; this
renewing of the air and shaking is repeated until the red colour of the permanganate is
discharged, the number of times the bottle has to be refilled to effect this being noted.
The purer the air the greater, the more impure, speaking generally, the smaller, the number
of times required to effect this.

2nd. According to a method devised by the authors, air is passed by suction fivst througha
tobe flled with previously ignited asbestos, to arrest the floating particles, the corrent is next
divided into two by means of a T pieca. One of these currenis is passed directly through
a Pettenkofer tube containing baryta water ; the other has to pass, firstly, through a heated
tube containing pure oxide of copper, and then throngh a second Pettenkofer tube also con-

. taining baryta water, the two currents being measured by carefully mgula};ed meters. The

carbonic acid absorbed in the two tubes is then estimated by special analytical methods;
the difference between the two amounts gives the carbonic acid produced by the
organic matter contained in the air. If desired, the organic matter arrestzd by the asbestos
tube may be burnt in o eurrent of oxygen, and the carbonie acid produced estimated. The
proportion of organic matter found by the aunthors in London air corresponds to about 5
volumes of C Oy for every 100,000 volnmes of air.

drd. A method for approximately estimating the amount of nitrogenized organic matter
contained in air is based on Wanklyn's process for waler analysis. A large volume of air
i3 shaken np with pure water, and the water is then distilled; st first by itself, or with
the addition of carbonate of soda only, & strong solotion of alkaline permanganate is then
added, and the distillation continued. This second distillate iz collected separately, and
the ammonia it containg estimated by Nessler's test. The purer the air the less ammonin
will be found in this distillate.

BORON.

(Arabian word burdg, white; whence Latin, boraz) B=11. Solid at
ordinary temperatures. Triad.

Occurrence in Nature.—Boron is not found free, but only in com-
bination with oxygen, as boric acid (g.v.), or as borate of sodium
(borax), magnesium, or caleium,

Physical Properties.—Boron occurs in the form of a brown amorphons
powder. It is very difficultly fusible. The so-called crystallised
form, prepared by dissolving boron in molten aluminium, has been
shown to be a compound of boron and aluminium, and not pure
boron. Boron is insoluble in water. The specific heat of boron,
which, at ordinary temperatures, is only 0:25, is doubled at higher
temperatures.

Chemical Properties,—Doron burns in air, forming boric anhydride.
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It is converted by nitric acid into boric acid. It burns also in chlorine,
forming boron trichloride, It is especially characterised by its power
of combining with nitrogen at a high temperature, forming boron
nitride (B N).

Preparation—1. Amorphous Boron.—DBy fusing a mixture of boric
acid and sodium. If to ten parts of boric acid six parts of sodium are
added, and the mixture thrown into a red-hot iron erucible and covered
with a layer of common salt, boron is set free, and may be obtained in
the amorphous form by treatment of the fused mass with hydrochloric
acid.

BORIC OXIDE.
(Boric anhydride) By Oy = T0.

Properties.—(Colourless, transparent, glass-like, deliquescent sub-
stance, becoming converted into boracic acid in contact with water.
Preparation.—By heating boric acid to a red heat.

BORIC ACID.

(Boracic acid, hydrogen borate) B O3 Hy = 62. [B(0H)3]. Percentage
composition, H=4-84; B=17T4; O =7742. Solid at ordinary
temperatires.

Occurrence in Nature.— The occurrence of this substance is wvery
remarkable ; it is found in solution in certain hot lagoons in Tuscany
and some other volecanic districts into which it is carried by jets of
steamn (called suffioni or fumaroli) issning from fissures in the soil. It
is also found as sodium borate (7%¥ncal, Na, O, 2 B Oy, 10 Hy, O) in
Thibet, and in combination with sodium and calcium as boronatrocalcite
[2(NaCa3B0,)3B; 04,18 II; O] in Peru.

Physical Properties.—DBoric acid crystallises in white tabular forms,
difficultly soluble in cold water but more easily soluble in hot. It is
also soluble in alcohol, which solution, if ignited, burns with a peculiar
green flame, The aqueous solution cannot be evaporated without loss,
owing to its characteristic property of volatilising with the escaping
steam, as strikingly illustrated by its natural occurrence.

Chemical Properties.—Boric acid is a weak acid, but, owing to its
stability at a high temperature, is capable of ejecting most acids from
combination at a red heat. It forms a large series of salts derived
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from three hydrates, namely, ordinary tribasic borie acid, B (O H,);
metaboric acid, BO . O H; and pyroboric acid, Iz By O;. Its sodium
salt, Na, By O,, is a common reagent in the laboratory. This com-
pound, when fused, forms a eclear glass which, at a red heat, dissolves
many metallic oxides with characteristic colours (borax beads).

Distinguishing Tests.—A white, crystalline substance, which swells
up on heating. Difficultly spluble in water., Soluble in aleohol, to
the flame of which it imparts a green colour. Its solution in water,
especially when acidified with hydrochloric acid, imparts to turmeric
paper a reddish tint, appearing more clearly on drying.

Physiological Action.—It has marked antiseptic properties,

Preparation.—By addition of hydrochloric acid to a hot concentrated
solution of sodium borate. On cooling, the boric acid crystallises out
and may be purified by recrystallisation.

Manufacture.-—1. In Tuseany the boric acid is obtained by condensing
the steam-jets (soffioni) in water; the solution of boric acid thus
obtained being afterwards concentrated to crystallisation by the heat of

the same steam-jets. 2., It is also manufactured from borax and borate
of lime by treatment with an acid.

NITRIDE OF BORON—EN = 25.

Properties.—Bcoron nitride iz a white, amorphous powder, insoluble in water or dilate
acids or alkalies, Heated with water to 200° in closed tubes, it is decomposed with formation
of boric acid and ammonia.

Preparation.—1. By heating amorphous boron in a eurrent of air or nitrogen. 2. By heating
borax with twice its weight of chloride of ammoniom in a platinum erocible, and extracting
the fuzed mass with dilute hydrochlorie acid.

SILICON.

(Stlex, flint) Si=28. Solid at ordinary temperatures. Specific gravity of
graphitic form, 2:49 (water=1). Specific heat, 0-203 at 232°; 0-138
at 1000°, Tetrad,

Occurrence in Nature.—Next to oxygen, silicon is the most abundantly
oceurring and widely diffused element known. The element does not
occur free, but always in combination with oxygen as silica (5i0,),
which substance, either alone or combined with various metals, forms
an immense series of well-known and widely distributed minerals, some
few of which are enumerated below. Silica is also found in the
vegetable kingdom, especially in the grasses and allied plants, and
exists in the feathers of some birds,
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Natural Forms of Silica (Si 0s).

Quartz or Opal.

Rock Crystal. Jasper.
Amethyst, Flint
Agate, .
Chaliedriis: Sand,
Onyx. Sandstone.
Cornelian. Infusorial Earth.

Of these, quartz and amethyst occur in well-shaped crystals
belonging to the hexagonal system (six-sided prisms). Agate and
chaleedony are a mixture of erystallised and amorphous silica.

The following compounds of silica are broadly classed as aluminic
and magnesic silicates, but mostly contain, in addition to these
elements, sodium, potassium, ecaleium, iron, manganese, &e. Their
formule are very varied and very complicated, and by no means
thoroughly known.

Some Common Stlicates.

Aluminie Silicates, Magnesic Silicates.
Beryl. Asbestos.
glﬁ“ Augite.
GE P Hornblende.
arnet.
Jade, Meerschaum,
Lapis lazuli. Olivine,
Mma-,_. Steatite (French Chalk,
Pumice-stone.
Slate. Soap-stone, &e.)
Topaz. Talc.

Physical Properties.—Silicon, like earbon, an element which it much
resembles in its properties, is known in three remarkable modifications.
As amorphous silicon, it presents the appearance of a dark-brown
powder. As graphitic silicon, it forms scaly crystals, resembling
graphite, which scratch glass and are infusible. As diamond silicon,
it resembles crystallised hematite in appearance, scratches glass, and
fuses at a temperature approaching that of cast iron. The specific
gravity of graphitic silicon is 2'49 (water=1). All three forms are
insoluble in water. The amorphous form is soluble in a solution of
hydrochloric acid, with evolution of hydrogen. 'The specific heat of
gilicon, like that of boron and carbon, follows Dulong and Petit’s law
only at higher temperatures.
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Chemical Properties.—Amorphous silicon, when heated in air, burns
and is superficially converted into silica. Heated in chlorine, it burns
and forms tetrachloride of silicon (5i Cly). If strongly heated out of
contact with air, it becomes much denser and is no longer combustible.
It is unacted upon by nitric or sulphuric acid, but is converted by
hydrochlorie acid at a high témperature into a chloride,

Preparation—1. Amorphous, Silicon.—By heating the double fluoride
of potassium and silicon (potassium fluosilicate, 2 K F, SiF,) in a strong
glass tube with its own weight of potassium, the silicon is set free, and
the reaction is accompanied with much heat. If the mass is treated
with water the amorphous silicon remains behind undissolved.

Potassiom Potassinm
Fluosilicate. Potassinm. Silicon. Fluoride.
oKF,8F;, + 2K; = %, + 6KEPF.

2, Diamond Silicon.—By introducing into a red-hot crucible three
parts of potassium fluosilicate, one part of sodium in small pieces,
and one part of granulated zine, and heating to fusion; on slowly
cooling a button of zine is formed, interspersed with needle-shaped
crystals, which may be freed from the zine by treatment with hydro-
chloric acid. 3. Graphitic Silicon.—By fusing in a Hessian crucible five
parts of potassium silicate (I, 5i Og) with ten parts of eryolite (3 NaF,
AlF,) and one part of aluminium, on treatment of the fused mass with
hydrochloric acid scaly crystals of graphitic silicon remain,

SILICA.
Si Oy = 60. Percentage composition, Si = 46:66; O = 53-34,

Occurrence in Nature (see Silicon, p. 149).

Physical Properties.—Natural silica, as already stated (p. 150), is
found either amorphous or in well-formed crystals. Artificially prepared
it is always amorphous, and either combined with water, when it pre-
sents the appearance of a jelly, or anhydrous, when it is a white powder
of specific gravity, 2:66, and fusible at only very high temperatures.
Its many modifications, with the exception of that form which is precipi-
tated from a solution of an alkaline silicate by hydrochlorie acid, are
insoluble in water and all acids but hydrofluoric.

The amorphous varieties are soluble in boiling solutions of the
alkalies, the erystalline varieties are insoluble in such.

Chemical Properties.—Silica is an acid-forming oxide, and combines
with water to form numerous hydrates, and in combination with
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various bases gives rise to an extensive and very complicated series of
salts, many of which constitute some of the more commonly occurring
substances of the mineral kingdom., The composition of these hy-
drates and of the silicates, as these salts are called, is very imperfectly
known; many silicates are known which correspond to the hydrate
Si 0, H,;O or [SiO (0 H),], many also which may be referred to a
hydrate 510,, 2H,0 or [Si(0 H),], and, again, others which ap-
parently belong to varions intermediate forms. A solution of silica in
water (see Preparation 3) has a feebly acid reaction; it is very apt
to gelatinise.

Distinguishing Tests.—A gelatinous substance or white powder,
which, after evaporation with hydrochloric acid to complete dryness
on a water-bath, is insoluble in all acids but hydrofluorie.

Preparation—1. Of hydrated silica by decomposition of silicon tetra-
Suoride with water.—If a mixture of powdered glass, fluor-spar (CaFy),
and strong sulphuric acid be heated in a flask, the delivery tube of
which dips into a cylinder containing water, the gaseous tetraluoride of
silicon which is formed is decomposed by the water with formation
of gelatinous silica and hydrofluosilicic acid. The reaction may be
expressed as follows :—

a. By the action of the sulphuric acid on fluor-spar hydrofluorie
acid is formed, which reacts on the silica of the glass with formation of
silicon tetrafluoride, thus—

Hydrofluorie Silicon
Acid, Silica. Water, Tetrafluoride.
AEW G B0 = S0+ BF,

b. The silicon tetrafluoride coming into contact with water is decom-
posed as follows :—

Silicon Hydrated Hydrofuosilicie
Tetrafluoride. Water. Bilica, Acid.
SHiE, | b A0 = HS80c 3 SHL SR

It is necessary to make the end of the delivery tube dip first into
mercury, over which water is standing, or else the mouth of the tube
becomes stopped.

2. OFf anhydrous silica by precipitating a soluble silicate with hydro-
chloric acid and evaporating to dryness.—If pure mineral silica, such as
rock crystal, is fused with sodium carbonate, soluble sodium silicate
(Na, Si () is formed, and from a strong solution of this salt silica may
be precipitated by hydrochlorie acid, and if the whole be evaporated
to dryness, and the dry residue extracted with hydrochlorie acid, pure
insoluble silica remains behind.
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3. Of a solution of silica in water by diffusion.—If a dilute solution of
an alkaline silicate be added to an excess of hydrochlorie acid, the silica
is retained in solution, and if this solution is subjected to dialysis
(p. 48), by placing it in a dialyser with a parchment paper bottom,
and floating in water, the chloride and excess of hydrochloric acid
diffuse through, leaving a solution of pure silica in the dialyser.

SIT.ICON HYDRIDE.

(Siliciuretted hydrogen) Si Hy = 32.  Percentage composition, Il = 12°5;
Si= 870, Gas at ordinary temperatures,

Physical Properties.—A colourless gas, insoluble in water.

Chemical Properties.—This gas, if impure, is (like phosphoretted
hydrogen), spontaneously inflammable in contact with air. If passed
through a red-hot glass tube it is decomposed into its constituent
elements with deposition of amorphous silicon.

Preparation.—By the action of diluted hydrochloric acid and
magnesium silicide (obtained by heating together magnesium chloride,
sodium silico-fluoride, common salt, and sodium),

Magnesinm Hydrochlorie Magnesinm Bilicon
Silicide. Acid. Chloride. Hydride,
MesHi & AEC = EMpcl, o+ @ SiH.

SULPHUR.

[Sal, salt, and =vp, fire, brimstone (brennstein, burning stone)] S =32;
Se = 64.  Solid at ordinary temperatures; melling point of octohedral,
114-5°; of prismatic, 120°; boiling point, 440°. Specific gravity of
solid octohedral, 20455 of prismatic, 1:98; of plastic, 1-957 (water
=1); of vapour at 850°, 2-2 (air=1); 82 (H=1). Dyad to
hexad.  Specifie heat of octahedral, 0-1 7765 of prismatic, 01814,

Occurrence in Nature.—Sulphur occurs in considerable quantities and
:ﬁ’idf]}' distributed in eombination, but somewhat locally, though also
in large quantity as an element. In this latter form it is found
in fine crystals, sometimes quite pure, sometimes intimately mixed
with gang, chiefly in Sicily and Iceland, but also in some other
parts of Kurope and in the craters of extinct voleanoes in the Pacific
Islands. In direct combination with certain metals it occurs in the
following well-known mineral sulphides known as pyrites or bendes,
iron pyrites (FeSs), copper pyrites (Cu Fe S;), galena or lead sulphide
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(Pb 8), zine blende (ZnS); as sulphates in gypsam (Ca S O,, 2 H, O),
heavy spar (Ba50,), &c., &c., in immense quantities. In the animal
kingdom it is found as a constituent of complex earbon compounds, in
albumen, hair, and bile; and in the vegetable kingdom it enters into
the composition of certain essential oils, as those of mustard, garlic, &e.

Physical Properties,—Sulphur is pre-eminently distinguished by the
variety of its allotropic modifications, each involving, and, in fact,
dependent upon, physical differences. To obtain, therefore, a complete
insight into its various physical properties, as a whole, it will be
necessary to deseribe each modification separately.

The following general statement regarding it may, however, be
made:—It is dimorphous. Its colour varies from white (when very
finely divided) to pale lemon and amber yellow. Ifis devoid of taste
and smell, In some forms it is transparent, in others opaque to light,
In all forms, with one exception (plastic sulphur), it is brittle. It is
insoluble in water and, according to condition, slightly soluble in
aleohol and ether, more so in turpentine, benzole, and (but sometimes
insoluble) in bisulphide of carbon. It isa bad conductor of heat and
electricity. It becomes negatively electric when rubbed.

The specific gravity of its vapour at temperatures a little above its
boiling point is about 96 (HL=1), a density corresponding to six atoms
in the molecule; but at the temperature of 350° to 1000° its specific
gravity =52, and this corresponds to two atoms only (p. 62).

Behaviour to Heat.—If any one of the more common forms of sulphur
be heated, it first melts at 114°-5 into a pale yellow, thin fluid of appre-
ciably less specific gravity than that of the solid sulpbhur. On farther
heating, the colour becomes gradually darker, and the liquid assumes a
more and more viseid consistency, until, at a temperature of 200°, it has
the colour of dark treacle, and is so thick that the vessel containing it
can be inverted without the sulphur flowing out; on still further
increasing the temperature, the sulphur becomes more fluid again, but
never so fluid as at the melting point. At 440° it boils, becoming con-
verted into a dark brown, heavy vapour, and may, in fact, be distilled.
On allowing the sulphur to cool gradually, it passes through these
changes in the reverse order. The temperature at first falls rapidly,
becomes stationary at 200°, again sinks rapidly, and the Huid finally
solidifies to prismatic sulphur.

1. Natural or Octahedral Modification.—This, as the first name implies,
is the variety of sulphur found native, and all the other varieties have,
at ordinary temperatures, a greater or less tendency to revert to this
form. It crystallises in the rhombic system, generally in octahedra,
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with end planes, has a specific gravity of 2:045, melts at 114-5°C.,
and boils at 440°C. 'When dissolved in bisulphide of carbon, or other
solvents, it crystallises from these in the same form.

2. Prismatic Modification.—Sulphur, when allowed to crystallise from
the melted condition, assumes the form of prisms belonging to the
oblique prismatic (monoclinic) system. In this form it has a specific
gravity of 1-98, and melts (according to Brodie) at 120°, but boils like
the first variety at 440°, At ordinary temperature the prisms, which at
first are transparent, become opaque, and are then found to have
changed, without alteration of outward shape, into a conglomeration of
octahedra, the prismatic having changed into the octahedral variety. On
the other hand, octahedral sulphur, when kept for some time at a
temperature of 100°C., gradually changes into the prismatic variety.

3. Plastic Modification.—If, however, the sulphur is cooled rapidly
from a temperature of about 4007, by pouring it in a thin stream into
cold water, it does not become hard and brittle, but assumes the form
of a soft, elastic solid, known by the name of plastic sulphur. In
this condition it has a specific gravity of 1:957, and is insoluble in
bisulphide of carbon, At ordinary temperatures this variety changes
slowly, at a somewhat higher temperature rapidly, into the octahedral
sulphur. This change, however, is never complete; but, when, after the
plastic sulphur has become hard, the mass is treated with bisulphide of
carbon, the greater portion (the octahedral part) dissolves, leaving always
more or less of an insoluble powder, known as amorphous sulphur.

4, Amorphous Modification.—If the brittle mass obtained by exposing
plastic sulphur to the air for several days is treated with bisulphide
of earbon, a portion of it is found to be insoluble, Itisa buff-coloured
amorphous powder.

5. Milk: of Sulphur.—Milk of sulphuris also an amorphous variety,
but soluble in bisulphide of carbon, Itis this variety which is chiefly
employed for internal use. Itis a white impalpable powder, made by
precipitating a solution of a soluble polysulphide with an acid. The
sulphide nearly always employed is the pentasulphide of caleium, and
if the acid used for the precipitation is hydrochloric acid, the precipitate
obtained is nearly pure sulphur; if, on the other hand, sulphuric acid
is employed, the milk of sulphur is obtained mixed with a large
proportion of erystalline sulphate of calecium up to 50 per cent., and
even more,

6. Flowers of Sulphur—This variety of sulphur is produced by rapidly
cooling the vapour of sulphur. It is obtained on a large scale during
the distillation of sulphur, while the chamber into which the vapour
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is passed is at a low temperature. It is in the form of globules, con-
sisting chiefly of crystalline sulphur, but containing always more or
less of insoluble amorphous sulphur.

7. Ordinary Roll Sulphur.—This, when first cast, is of the prismatic
form, changing in time to the octahedral.

8. Other Varieties—With regard to other varieties, we need only
mention that red (?) and black and blue modifications are said to exist.

All these modifications may be classified according to Berthelot
under two groups:—

1. Octahedral or native sulphur.
) 2. Prismatic sulphur.
L 3. Milk: of Sulphur (amorphous).

J’ 3. Plastic sulphur,

a. Electro-negative forms,
Soluble in carbon bisulphide.

4, Amorphous sulphur.
a. From plastic sulphur.
b. From chloride of
sulphur.

b. Electro-positive forms.
Insoluble in carbon bisulphide. l

Electro-negative sulphur includes all varieties of sulphur separated
from combination with electro-positive elements and such as are, like
these, soluble in carbon bisulphide. Electro-positive sulphur includes
all forms separated from combination with electro-negative elements
and such as are, like these, insoluble in carbon bisulphide.

Chemical Properties.—Sulphur resembles oxygen in many of its
chemical properties, forming, with other elements, compounds (sulphides)
analogous to both basic and acid oxides. It is both a combustible
and a supporter of combustion, Its vapour takes fire in air a little
above the melting point of the solid, and burns with a pale blue flame,
sulphurous anhydride (5 0,) resulting from its combination—a gas
recognised by its peculiar odour.

In pure oxygen sulphur burns with still greater brilliancy (see
oxygen), the same gas resulting. Sulphur also combines directly with
chlorine, hydrogen, phosphorus, with carbon under absorption of heat,
and with many metals—e.g., copper, silver, iron, sodium, &e., which burn
brilliantly in its vapour with evolution of much heat, sulphides resulting.

Distinguishing Tests.—Sulphur may be distinguished from all other
substances as a solid of somewhat varied form (see physical properties),
which, when heated, melts, ignites, and burns with a blue flame,
disappearing entirely, and forming sulphurous anhydride recognised
by its well-known powerful and suffocating smell.

Physiological Action.—Internally in small doses it acts as a gentle
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stimulant to the secreting organs, in larger doses, 3 to 4 drachms, as a
mild purgative. Externally, it forms a valuable application in various
skin discases, and is applied to plants as a protection or cure of various
fungoid diseases.

FPreparation.—DBy crystallisation, sublimation, distillation or pre-
cipitation,

Manufacture.—Sulphur is obtained from native sulphur by simple
melting or distillation, or is manufactured from iron pyrites by
distillation. Melted and cast into wooden moulds, it is known as roll
sulphur; or condensed in cool chambers in the form of coarse powder,
it is known as flowers of sulphur; precipitated from polysulphides (see
physical properties), it constitutes milk of sulphur, (see also p. 214).

SULPHUROUS ANHYDRIDE.

(Sulphur dioxide) 5 0y = 64, Percentage compasition, S = 50, O = 50,
Gas at ordinary temperatures.  Liguid under 3 almospheres pressure,
or at — 10°; solid at — 75°. Specific gravity, 2-247 (air = 1); 52
(H = 1); of liquid, 149 (water = 1). 11-19 litres weigh 32 grammes,

occurrence in Nature.—Sulphurous anhydride is found in voleanic
gases,

Physical Properties.—Sulphurous anhydride is a colourless gas of
pungent odour (familiar in the smell of burning sulphur) and of
unpleasant taste, and belongs to the easily condensible gases, requiring
only a pressure of 3 atmospheres at ordinary temperatures to condense
it to a limpid and very volatile liquid, which produces a cold of - 60°
by its evaporation, and becomes solid at — 75°. Itis very soluble in
water, which at 8° takes up 58-6 times its volume, at 15°, 43-5 volumes.

Chemical Properties.—Sulphurous anhydride forms no definite or
stable hydrate, but its salts correspond to the formula of the hydrate
H,504. If a saturated solution of sulphurous anhydride is exposed
to a temperature of 09, a crystalline hydrate is formed, the composition
of which is, however, not definitely known,

It is a non-inflammable gas, and eminently a non-supporter of com-
bustion in the ordinary sense. It is, in fact, used as a fire-extinguisher.

A piece of litmus paper plunged into the moist gas is first reddened
and then bleached. This bleaching action is very characteristic of
sulphurous anhydride; like chlorine, it bleaches vegetable colouring-
matters; but, unlike chlorine, which acts chiefly by oxidation, it
bleaches by forming colourless and, more or less, soluble compounds -
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with the colouring-matter (the colour being restored by addition
of a strong acid or alkali). It is used largely in the bleaching of straw
and woollen goods. Owing to its great attraction for oxygen it is a
powerful reducing agent. '
Physiological Action— O planis.—It is a most powerful poison to
plants, even when very much diluted with atmospheric air (1 volume
in 40,000). On man.—In the concentrated form it excites spasm of the
glottis when inhaled, and when diluted acts as a local irritant. It is
a most powerful antiseptic and deodorant, and the wost convenient
gaseous disinfectant. For the purpose of disinfecting rooms, 1 1b.
of sulphur should be burnt for every 1000 cubic feet of space.
Preparation.—1. For laboratory use. From sulphuric acid by the
action of copper. If sulphuric acid be heated in a flask with copper,
it is deprived of part of its oxygen with formation of cupric sulphate, .
water, and sulphurous anhydride, according to the equation—

Sulphurie Cuprie Sulphurouy
Copper. Acid. Sulphate, ‘Water. Anhydrida,
Cao + 2H.S 0; = Cu80y + 2H,0 + 80,

The gas may be first washed by passage through water, and then
passed into distilled water if a solution is required or collected over
mercury, after passage over chloride of caleium, if required dry.

Other Modes of Preparation.—2. From sulphuric acid by the action of
mercury. 3, From sulphuric acid by the action of charcoal, C +
20,80, =280, + CO;z + 2H; 0. 4. On the large scale by burning
sulphur in air or oxygen, S + O; =S5 0,. 5. By roasting iron or
copper pyrites, 4 Fe Sy + 11 0 = 2Fey; O3 + 85 0,.

SULPHURIC ANHYDRIDUE.

(Sulphur trivxide) S Oy = 80. Percentage composition, S = 40, O = 60.
Crystalline solid; melting point, 16°; boiling point, 46°, ]

Physical Properties,—Sulphuric anhydride ecrystallises in prisms,
which melt at 16°, the oily fluid so formed boiling at 46°. If heated
to 25° it is transformed into an isomeric modification which melts at
50°, and then resumes the ordinary form.

It is soluble in water, with evolution of much heat and formation of
the hydrate S O, H, O,

Chemical Properties,—Sulphuric anhydride is a true acid-forming
oxide possessing great attraction for water, and combining with 1t as
already stated, with great evolution of heat becoming converted into
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sulphuric acid. It hisses when plunged into water. If a drop of water
be let fall on some of the anhydride, explosion may occur, accompanied
with a flash of light.

If passed through a red-hot tube in the form of vapour, it is
decomposed into sulphurous anhydride (S O,) and oxygen.

Preparation.—1. By cautious distillation of Nordhausen aulphurle
acid. 2. By passing sulphurous anhydride and oxygen over heated
platinum sponge or platinized asbestos. 3. By distilling sulphuric acid
with phosphoric anhydride.

SULPHURIC ACID.

(Hydric sulphate, oil of vitriol) Hy S 0, =98. [SO0y. I, 0; § 0, (0 H)s].
Percentage composition, H = 2:1; 8§ =326; 0 =653, or SO; =
81:63; He O = 18:37. Liquid at ordinary temperatures; boiling point,
338° Specific gravity at 0°, 1-:804 (water = 1); of vapour, 245
(H = 1).

Occurrence in Nature.—Sulphuric acid occurs free in some springs
of voleanic origin, in very minute quantity. In combination with the
alkali metals, it is widely diffused in the animal and vegetable kingdoms,
and with the metals of the alkaline earths forms some common rocks,
such as gypsum, Ca$S 0, 2 H; O, and anhydrite, Ca S Oy, heavy spar,
Ba S Oy, and celestine, Sr S 0,.

Physical Properties.— Sulphuric acid, when pure, is a colourless,
dense, oily fluid, nearly twice as heavy as water; specific gravity 1'85.
It freezes at 0° and boils at 338° becoming more or less dissociated
into sulphuric anhydride and water vapour. At a somewhat lower
temperature, already it gives off dense white fumes of a highly pungent
and irritating odour.

It is miscible with water in all proportions, with evolution of great
heat, forming with it various hydrates (see below).

Chemical Properties.—Sulphuric acid is essentially a dibasic acid and
forms a large series of acid and neutral salts, called sulphates, by the
replacement of one or two of its hydrogen atoms respectively, but also
gives rise to salts corresponding to an acid of higher basicity (see
below).

A very characteristic property of sulphuric acid is its great attraction
for water. Thus, it is highly hygroscopie, attracting moisture from
the air, and is used, for this purpose and for the abstraction of water
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of crystallisation or for the drying of solids, in dessicators, or for the
drying of gases.

Its action on organic matter is highly destructive, generally causing
it to char, that is to earbonise, and, especially with respect to those
substances containing hydrogen and oxygen, which elements it abstracts
from them in the proportion in which they form water, e.q.—

Cane Sugar. Water, Carhon.
CizHe2 013 = 1M H;0 = G
Oxalic Cartonic Carbonic
Acid. Water. Cxide. Anhydride,
Cs Hs Oy - H, 0 - co + C Oq.

As already stated, it mixes with water in all proportions with
evolution of great heat,* and considerable contraction of volume ; thus,
50 cubie centimetres of sulphuric acid added to 50 cubic centimetres of
water yield only 97-1 cubic centimetres of the mixture after cooling. It
forms several hydrates; among these is one corresponding to the formula,
11, S 04. H, O, which, on cooling, yields erystals melting at 7-5°. The
hydrate, He S Oy . 2 Hz O may be produced by heating dilute sulphuric
acid in vacuo to 100° until it ceases to lose weight. It has a specific
gravity of 1:632, and boils at 175-5. This hydrate forms salts refer-
able to a hexabasic acid, g SO, or 5 (H O)g, and corresponds also
to the maximum contraction of a mixture of sulphuric acid and water,
amounting in this case to 8 per cent.

It is the strongest known acid, expelling all other acids from their
compounds when in aqueous solution.

The action of the metals upon it differs according to the metal and
the concentration of the acid. Thus, copper, mercury, and silver cause
the concentrated acid to yield sulphurous anhydride with formation of
the corresponding sulphates and water. Zinc causes it to yield a
mixture of hydrogen and sulphuretted hydrogen, but zinc and dilute
acid form hydrogen and zine sulphate (see preparation of hydrogen,
p. 100). Carbon, in the form of charcoal, acts upon the concentrated
acid with the formation of sulphurous anbydride, carbonic anhydride,
and carbonic oxide. Phosphorus separates sulphur from it and com-
bines with its oxygen.

Distinguishing Tests,—The strong acid is an oily, strongly-acid liquid,
which evolves much heat when mixed with water, chars wood and
paper, &c. The dilute acid acts similarly on concentration and yields,

# In mixing sulplhorie acid with water, ihe acid should always be added to the water in a
thin stream with constant stirring. Otherwise, thera is danger of spirting, or the heat
evolved may crack the vessel in which the mixture is madae,
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with soluble barium salts, a white precipitate, insoluble in acids and
which, fused on charcoal with sodium carbonate, is reduced to a
sulphide. The same precipitate is yielded by all soluble sulphates.
Physiological Action.—Concentrated, it is an intense corrosive poison,
but much diluted, it is used medicinally as a refrigerant and astringent.
Manufacture.—Lhe manufacture of sulphuric acid may be briefly

expressed as the ozidation of sulphurous anhydride by means of nitric acid
in the presence of water vapour, and excess of atmospheric air. These
substances are simultaneously introduced into leaden chambers of great
dimensions, often from 12 to 15 feet high, 15 to 20 feet broad, and
from 150 to 300 feet long. The sulphurous anhydride is formed by
burning sulphur or, more commonly, by roasting pyrites; the nitric
acid by the action of sulphuric acid upon saltpetre, the water being
introduced in the form of steam or spray. The reactions which ensue,
with the ultimate formation of sulphuric acid, are undoubtedly of a very
complicated character, but their simplest aspect may be represented by
the following equations:—

1. Oxidation of sulphurous anhydride by nitric acid to sulphuric
acid, with formation of nitric peroxide.

Sulphurons Nitric Bulphurie Witrie
Anhydrids. Acid, Arid Peroxide,
S{]‘g + EHN'DE = H,50, -+ EI‘ECIQ.

2. Oxidation of sulphurous anhydride by nitric peroxide in presence
of steam, and formation of nitric oxide,

Sulphurona Nitrie Salphurie Nitrie
Aphydride. Peroxide. Water, Acid. Oxide,
80, + NOg L H, 0 = H,80, + NO.
3. Oxidation of nitric oxide to nitric peroxide by atmospheric oxygen.
Nitrie NMitrie
Oxide. Oxygen. Peroxide.
NO + 0 = N O,

4. Repetition of 2,

Nitric oxide thus acts as a carrier of oxygen and, theoretically, is
capable of converting an unlimited proportion of sulphurous acid into
sulphuric acid in the presence of air and steam, but practically the
amount 8o convertible is limited.

This is owing chiefly to the necessity of having a constant eurrent of air passing through
the chambers, which carries off some of the nitric peroxide. In order to reduce this loss as
much as possible the following ingenions devices are resorted to:—The gases escaping from
the chambers are passed through a tower (Gay-Lussac’s tower) fllled with coke or pebbles,
down which concentrated sulphuric acid is constantly allowed to run, and thiz absorbs tha

11
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nitrie peroxide. The salphuric acid, after it has been satorated with nitrie peroxide in the
Gay-Lussac's tower, is mixed with chamber acid, and cansed to flow down a similar tower
(Glover's tower), through which the hot gases produced by the roasting of the iron pyrites
are forced to pass before entering the leaden chumbers. In this tower (Glover's) the
nitric peroxide absorbed in the Gay-Lussac tower iz reduced by the snlphurous anhydride
to nitric exide, which iz apain carried into the chamber, while the sulphurie acid (equation
2)is at the same time concentrated by the hot gases in contact with it

The manufacture is often accompanied by formation of white erystals, which, according
to more recent researches, have the composition, Ny 0y, 2805, or [23 04, 2N 0y, 0], and this
substanee forms erystalline compounds with varying proportions of sulphurie aeid; hence
its composition has been very variously stated. In contact with water, it is decomposad
into sulphuric acid, nitric acid, and nitric peroxide.

Whatever may be the nature of the reactions involved, their ultimate
result is the formation of sulphurie acid, of specific gravity about 1-5,
at the bottom of the chambers (chamber acid). This is drawn off and
concentrated by evaporation in leaden pans to a specific gravity of 1:71
(brown acid), and finally in platinum stills until of specific gravity 1-84.
This is the sulphuric acid of commerce and contains 98 per cent. of
acid (H, 5 O,), but also a number of impurities, such as lead, arsenic,
nitric acid, &ec. A

Preparation.—1. By the distillation of commercial acid and rejection
of the first portion of the distillate. 2. The manufacture of sulphurie
acid may be experimentally illustrated by passing into a large glass
flask, fitted with five openings, sulphurous anhydride, water vapour,
nitric oxide, and air, leaving one opening as a vent. If the sulphurous
anhydride and nitric oxide are first passed into the apparatus with
comparatively little moisture, white crystals are formed and coat the
gides of the flask, but are broken up in contact with steam, and dilute
sulphuric acid collects at the bottom of the flask,

NORDHAUSEN SULPHURIC ACID.

(Disulphurie, pyrosulphuric, fuming sulphuric acid) Hy S, 0. = 178.
[H: 804 . 8 03]

This acid may be regarded as a compound of sulphuric acid with
sulphuric anhydride, or, as derived from two molecules of sulphurie
acid, by the abstraction of one molecule of water. It is a brown
fuming liquid of specific gravity 1'9, freezes at 0° in colourless crystals,
and is split up easily by heat into sulphuric anhydride and sulphurie
acid.

Preparation.—It was formerly prepared at Nordhausen, in Saxony,
by the distillation of ferrous sulphate :—the salt (FeS Oy . 7113 0)
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is first dried, and then has the composition Fe S Oy . Ho O, _Thia on
heating yields, in the first place, snlphurous anhydride and water,
leaving in the retort hexabasic ferric sulphate—

Ferrona Hexabasic Eulﬁllmr_ﬂun
Sulphate, Ferrie Sulphate. Anhydride. Water.
EFESGi. H; O = FL-EE‘:-{J';; + 35 0s = Hs 0.

The hexabasic sulphate on further heating breaks up into sulphuric
anhydride and ferric oxide—

Hexabasic Ferrie Sulphurie
Ferric Sulphate. Oxide. Anhydride.
Fﬂg S Dg = FBE Dg -+ S {}3-

But the acid is now made by mixing sulphurie anhydride and sulphurie
acid in the proper proportions.

A salt corresponding to this acid may be obtained by careful heating
of the acid sodium sulphate—

Acid Sodic
Sodiom Sulphate, Water. Pyrosulphate,
G I S e ~

which salt, when more strongly heated, breaks up into sodium sulphate
and sulphuric anhydride.

Sodie Sodic Sunlphuric
Pyrosulphate, Sulphate. Anhydride.
HRE S‘E Df = Nﬂg S Di 4 S 03.

THIOSULPHURIC* ACID.

(Hyposulphurous acid) Hy Sa O3 = 114, [SO,.SH. O H].

This acid is only known in combination. If hydrochloric acid be
added to a solution of one of its salts, sulphur is precipitated, and
sulphurous anhydride is liberated. The alkaline thiosulphates (hypo-
sulphites) find an extensive use in photography, owing to the property
they possess of dissolving silver salts, and as an antichlore, i.c., for
counteracting the injurious action of residual chlorine in goods bleached
by the use of bleaching powder.

Preparation.—1. By digesting sodium sulphite with sulphur. If
potassium or sodium sulphite in solution is digested with sulphur, the
sulphur is dissolved, and the thiosulphate formed can be obtained by
erystallisation,

* feiar, sulphur,
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Sodiom Sodinm
Sulphite. Sulphur. Thiosulphate.
Nﬁg bs 03 + S = Nas 32 Ua-

2. By passing sulphurous anhydride into a solution of sodium
sulphide. The reaction takes place as follows:—

Sodium Sulphurons Sodium
Sulphide. Anhydride. Thiosulphate. Sulphur.
ENH.-Q 5 - 3809 = ‘.Z'Hﬂ.-g 52 D_g =+ So

3. By oxidising solutions of metallic sulphides in water, c.g.:
ZNagS +20 + H20 = Nag8, 03 + 2Na HO.

Other compounds of Eulphur with Ozygen and Hydrogen.—Besides the above acid, a great
many more exist, of which we may meotion the followiog :—

Hydrosulphurous acid (properly called Hyposolphurous),. . . . HaS0.

Dithionleaeld*. . . . « . . i i B S Hy 53 0.
Drittilonichadaldy 200 SERURRTALE S W SR R e D S MR B A H B
Totralbifonloaeld,. .+ -0 0w w0 Y s Seandeatorl i o be o BaByia.
Pentathionic acid, . g . SR . . ' . . HpB8;04

SULPHURETTED HYDROGEN.

(Hydrogen sulphide, Sulphydric acid, Hydvosulphuric acid) Il; S = 34
Percentage composition, H = 5-88; S =90412. Gas at ordinary
temperatures ; liquid under 15 atmospheres pressure; solid al — 89%,
Specific gravity, 1-177 (air = 1), 17 (H = 1).

Occurrence in Nature.—IHydrogen sulphide oceurs in certain waters
(Harrogate, &c.), probably owing to the reduction of sulphates by
decaying organic matter and subsequent decomposition of the sulphide
by carbonic anhydride ; it is a constituent of voleanic gases.

Physical Properties.—llydrogen sulphide is at ordinary temperatures
a colourless gas of a most offensive odour (somewhat familiar as the
odour of rotten eggs). At a pressure of from 15 to 16 atmospheres
it is condensed to a colourless, mobile liquid of specific gravity, 09;
at — 85° it freezes to a crystalline solid, which becomes gaseous with
explosive violence if the pressure be removed.

Water takes up 2 to 3 times its volume, according to temperature,
and this solution is much used as a reagent in the laboratory. Itis
more soluble in alcohol,

Chemical Properties.—IHydrogen sulphide is a combustible gas
burning with a blue flame, with formation of sulphurous anhydride
(S O3) and water, but depositing sulphur when burnt with an incom-

* Miew, sulphur,
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plete supply of air. Its solution, in contact with air, becomes milky on
standing, by deposition of sulphur, especially if the bottle containing
it is not filled entirely, but contains air (HyS + O = S + Hz O).
Under certain conditions it may be oxidised to sulphuric acid. Its
iguition-temperature is comparatively low, since it will take fire when
brought into contact with a glowing coal.

It belongs to the class of acids (moistened litmus being reddened by
it), and forms a large and i:ﬁpﬂrtant series of salts called sulphides. It
is a comparatively weak acid, its salts being decomposed by carbonic
anhydride,

In some of its chemical characters it resembles water. Thus, with
the alkali metals, it yields sulphydrates and sulphides analogous to the
hydrates and oxides, thus:—

E + Hg8 = EHS 4+ K
Ks + HeS = K;8 + H..

It iz decomposed by heat. Chlorine, bromine, and iodine decompose
it, forming sulphur and hydrochloric, hydrobomic, and hydriodic acids
respectively (¢q.v.). Potassium burns with great energy in the gas,
becoming converted into potassie sulphide, and leaving an equal volume
of hydrogen. Mixed with sulphurous anhydride, and the mixture ignited,
water is formed and sulphur deposited; in presence of moisture the same
change is produced gradualiy; hence the offensive smell of hydrogen
sulphide may be quickly removed in a room by burning sulphur or by
scattering a solution of sulphurous acid. With fuming nitric acid it
explodes with separation of sulphur and formation of nitrous anhydride.

Distinguishing Tests.—A colourless gas of very characteristic odour
which blackens paper moistened with lead acetate solution.

Physiological Action.—Hydrogen sulphide is an irrespirable and very
poisonous gas—a small percentage in air already producing serious
effects, It acts upon the colouring matter of the blood.

Preparation and Formation — 1. By acting on ferrous sulphide with
sulphuric acid or hydrochloric acid. The ferrous sulphide is introduced
in small quantities into any one of the forms of apparatus used for
generating hydrogen, and may be cither treated with sulphuric acid
diluted with three times its bulk of water, or the lumps may be just
covered with water and strong sulphuric acid added in small quantity.
A copious evolution of gas is obtained, double decomposition ensuing
according to the equation.

Ferrous Sulphurie Ferrons Hydrogen
Sulphide, Acid, Sulphata, Sulphide.

FeS S Hj SD{ = Fe Sﬂ* + Hg S,
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The gas may be collected over warm water, or, if a solution is
required, may be passed through a series of bottles containing distilled
water,

2. By acting on antimony sulphide with hydrochloric acid. Hydrogen
sulphide obtained as above is apt to contain impurities (among others,
hydrogen), so that if the gas is required absolutely pure, it is best to take
antimony sulphide and heat it in a flask with hydrochloric acid sufficiently
diluted to prevent its fuming.

The reaction may be expressed as follows :—

Antimo drochlorie Antimon Hvyd
Sulphide. e Chloride’ Suiphide,
AhH, '+ WHG = "sEhdy 4+ 9HSE

3. Sulphuretted hydrogen is formed when sulphur vapour and
hydrogen are led over porous substances (e.g., pumice), or when nascent
hydrogen and sulphur come into contact. 4. When hydrogen is passed
over some sulphides, 5. By the action of zinc on concentrated sulphuric
acid.

HYDROGEN PERSULPHIDE.
[?] H.8; = 66. Fluid at ordinary temperatures. Specific gravity, 1769 (water = 1).

Properties.—A yellow oily fluid of intensely irritating odour. It isinflammable. It decom-
poses spontanecusly, or on warming, into eulphuretted hydrogen and sulphur. 1t i3 an
extremely active chemical substance, and bears a most remarkable resemblance in its
properties to its analogue, peroxide of hydrogen (Hy0g). Its composition is, however, by no
means well known, and Jater researches seem to indicate the formula, HaS,.

Preparation.—By slowly pouring a sclution of a polysulphide of caleinm into an excess of
dilute hydrochloric acid, whereupon milk of sulphur (p. 165) is precipitated, and an impure
hydrogen persulphide is formed and collects at the bottom of the vessel.

CARBON BISULPHIDE.

(Carbon disulphide, Sulpho-carbonic anhydride) CS8, = 76. Percentage
composition, C = 15-79; S = 84-21. Liquid at ordinary temperatures ;
boiling point, 46°.  Specific gravity of liquid, 1271 (water = 1); of
vapour, 2:63 (air = 1); 38 (H = 1).

Physical Properties,.—Bisulphide of carbon is a colourless, mobile
liguid. It usually possesses a most repulsive odour, but this is said to
be due to impurities in the form of organie compounds of sulphur, and
if the liquid be shaken with mercury the unpleasantness is largely
removed. Its freezing point is very low, and is not known with
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certainty. It is very volatile, boiling at 46° and produces great cold
by its evaporation.

It is a highly refractive liquid, its index of refraction being 1-G8. It
is insoluble in water, through which it sinks when mixed with it, but
is soluble in alcohol and ether in all proportions. It possesses special
solvent powers, readily disselving sulphur, phosphorus, iodine, and many
organic compounds, such as oils and resins,

Chemical Properties.—DBisulphide of carbon is a very inflammable
substance, the ignition point of its vapour being as low as 150° and
burns with a pale blue flame, forming carbon dioxide (C O,) and sulphur
dioxide (S O,). Its vapour, when mixed with air, is highly explosive,
and the mixture is especially dangerous, owing to the low ignition point
of the vapour.

It is an analogue of carbonic anhydride, and forms sulpho-galts, called
sulpho-carbonates, on account of their analogy to carbonates, ¢.g., cal-
cium sulpho-carbonate, Ca CS;. It is generally reckoned to belong to
the organic division of chemistry.

Physiological Action.—Anmsthetic in small quantity, but poisonous in
larger quantity, when inhaled. It is sometimes employed for killing
insects. It possesses antiseptic properties.

Preparation.—By passing the vapour of sulphur over charcoal at a red

heat.
SELENIUM.

{etAivn, the moon) Se =79, Se;, = 158,  Solid at ordinary lempératures; melling point @ liltle
above 100°; boiling point about TO0P. Speeific gravity, 4°3. Dyad to hexad, Sp, heat, 00762,

Selenium oceurz in small guantity in certain pyrites. When these pyrites are used in
the manufacturs of smlphurie acid, the selenium is burnt with the sulphur, but is reduced
in the lead chambers, and is found among the rludge collecting at the bottom of the
chambers. This sludge forms the material for its preparation.

Belenium closely resembles sulphur, forming similar compounds with oxyzen and hydrogen,
&e., which are, in all respects, analogous to the corresponding sulphur compounds: but are
readily distinguished from these last by the ease with which their sslenium can be obtained
by the action of reducing agents and of certain metals, such as zine. Itis a very bad con-
ductor of electricity. This is especially the case with erystalline selenium, which is remark-
able for its varying conductivity under varietion in the intensity of light to which it is
exposed—the conductivity increasing with the intensity of the light. (Photophone.)

TELLURIUM.

(Tellus, the earek) Te =128, Tep = 256.  Solid af ordinary temperalures. Specific pravity, 62
(waler = 1); melting point about W0, Dyadio hexad. Specific heat, 0 0474.

This element is found, in very small goantity, native and in combination with certaim
metals, such as silver, gold, lead, and bismuth. Itclozely resembles selenium, and forms
analogons compounds,
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CHLORINE.

(xrwpos, green) Cl = 355, Cly =T1. Gas at ordinary temperatures,  Liquid
at — 40°, or at mean temperature under pressure of 4 atmospheres ; solid
at — 102°,  Specific gravity, 241 (air = 1); 355 (H=1); of liquid,
1:38 (water = 1). Monad. 1119 litres weigh 355 grammes.

Occurrence in Nature.—Chlorine does not occur free in nature, but
is found in large quantity, and widely distributed, in combination
chiefly with sodium, as sea salt or common salt in sea-water and in
almost all spring or river waters ; as rock salt in enormous deposits in
various parts of the world. In combination with magnesium and
calcium it is associated with the above, and is found in small quantities
combined with various other metals, Combined with hydrogen in
hydrochloric acid it occurs in the gases of voleanoes. As hydrochlorie
acid it is also a constituent of gastric juice.

Physical Properties.—Chlorine is a yellowish green gas of pungent
and irritating odour and peculiar taste, which may be easily liquefied
to a yellow liguid somewhat heavier than water under the conditions
above stated.

To obtain liquid chlorine, chlorine hydrate, which has been pressed
between blotting-paper, is enclosed in a Faraday tube (p. 127) which is
hermetically sealed. The hydrate, on heating to 35°, gives upits chlorine,
which is liquefied by its own pressure; or dry charcoal may be saturated
with chlorine gas in a Faraday tube, and will yield liquid chlorine
under the same conditions,

Chlorine is rather soluble in water (sufficiently to make its collection
over warm water necessary) ; at 10°, 1 volume of water absorbs 2-58
volumes chlorine, and at 15°, 2:36 volumes.

Chemical Properties.—Chlorine is characterised by great powers of
combination. lts attraction for hydrogen is particularly strong. Thus,
mixed with hydrogen, it combines with it, with explosion, under the influ-
ence of sunlight, the electric light, magnesium light, &e., or, in presence
of platinum sponge, or by the application of a spark or flame, or more
or less gradually in diffused light, forming hydrochloric acid gas, It is
even capable of abstracting hydrogen from many compounds containing
it, with formation of hydrochloric acid. It decomposes water with
liberation of oxygen.* The ordinary solution of chlorine in water,
known as chlorine water, decomposes gradually in the presence of

* Many oxidisable substances may ba oxidised indirectly by the action of chlorine in the
presence of water; thus, if chlorine is passed into a solution of sulphurous anhydride, it
converts it into sulphuric acid—

80, +C4+2H,0=H50, + 2HCL
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diffused sunlight—the chlorine combining with the hydrogen of the
water and oxygen being set free. Owing to this fact, chlorine acts
indirectly as an oxidising agent in the presence of water, and its
remarkable bleaching action on vegetable colouring matters is often
due to their destruction by the oxygzen so evolved, but sometimes also
to a replacing of their hydrogen by chlorine. If paper moistened with
turpentine (C;9 Hyg) be dipped into the gas, it combines with the hydro-
gen of the turpentine with’ much heat and flame, and carbon is
separated.®* For a similar reason a taper burns in it with a smoky
flame. Its action on ammonia has been already referred to (see Nitro-
gen, p. 114),

Chlorine is not inflammable, ie., it iz not a combustible in the
ordinary sense of the term. It will burn, however, in an atmosphere
of hydrogen. Its attraction is not confined to hydrogen. It unites
directly with sulphur. Phosphorus, sodium, copper, zinc, bismuth,
arsenic, antimony, &c., take fire in the gas-forming chlorides. With
water, at a temperature below 07 it forms a hydrate, having the com-
position Clg, 10 He O, 1t is rapidly absorbed by lime (see Bleaching
Powder, p. 174). Direct compounds of chlorine are called chlorides.

Distinguishing Tests.—Chlorine may be distinguished from all other
substances as a heavy yellow-green gas of pungent odour, somewhat
soluble in water, which explodes when mixed with an equal volume of
hydrogen on being exposed to direct sunlight or strong artificial light,
and which in the presence of water bleaches vegetable colouring
matters. It first reddens, then bleaches litmus paper in the presence of
moisture ; it liberates iodine from iodide of potassium; its aqueous solu-
tion dissolves gold.

Fhysiological Action.—Chlorine acts very violently upon the lungs,
producing even in small quantity violent cough and choking, with
tightness of the chest, and often inducing for some days many of the
symptoms of catarrh (known as a chlorine cold).

Owing to its action on organic matter, both as an oxidising agent,
or by the abstraction of hydrogen, chlorine is a valuable disinfectant or
destroyer of discase germs, for which purpose it may be most readily
prepared by method 4 (see below).

Preparation—1. IFrom Hydrochloric Acid by the action of Dioxide of
Manganese.—The dioxide is introduced into a flask, and strong hydro-

* When 1 volume of chlorine is mixed wit' 1 volume of ethylens (C, H,), the two gases
rapidly unite with formation of an oily liquid, ethylene dichloride (CaH, Cl,); but if 2 volames
of chlorine are mixed with 1 volume of ethylene, and the mixture is set flre to, the chloringe
and bydrogen combine, and all the carbon is separated (Ca Hy + 201, =4 HCL + Cy)
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chlorie acid poured upon it. Through the cork passes a delivery tube
and thistle funnel, by means of which more hydrochloric acid ean be
added if required. By heating the flask on a sand-bath chlorine gas is
copiously evolved, and after passage through a wash-bottle containing
a little water, it may be collected either over hot water or, more con-
veniently, by downward displacement of air. If required dry it may be
passed through a tube or tubes containing’ caleium chloride or pumice-
stone moistened with sulphuric acid. It cannot be collected over mer-
cury since it combines with this metal at ordinary temperatures.

In the reaction which oceurs it is probable that tetrachloride of
manganese is first formed, but, at the temperature of the action, splits
up into dichloride of manganese and chlorine, according to the
equations— :

Dioxide Hydrochloric Manganesa
of Manganesa. Acid. Tetrachloride. Water,
Mnd: + 4HC = Mn(l, + 2H.0
Manganese Manganese B
Tetrachloride. Dichloride. Chlorine.

2. From Common Salt by the action of Dioxide of Manganese and Sul-
phuric Acid—One part by weight of dioxide of manganese is mixed
with four parts of finely powdered common salt, the mixture is intro-
duced into a flask, and two parts of strong sulphuric acid are added.
The flask is heated on a sand-bath, and the gas collected as in the

previous experiment.

M ness Sodinm Bulphuric Hyidric Sodic Mangzaness
ﬂ?ﬂida. Chlorida, Acid. Sulphate. SBulphate,
MnO, + 2NaCl + 3H,80, = 2NaHS0y + MnS8O0,

Water. Chlorina,

T I T o
8. By heating Platinic Chloride—

Plati Platinum
Tetru.ﬂ::tli?gr!;]da. Dichloride. Chlorins,

4. Byacting on Bleaching Powder or its solution with excess of diluly
nitric or sulphuric acid (see p. 174). .

Manufacture.—1, Generally by preparation 1; the resulting chloride
of manganese is treated with lime in slight excess, and air is blown
through the mixture. In the presence of the calcium hydroxide the
precipitated monoxide of manganese is converted into manganese
dioxide, which may be used over again (Weldon's process).

2. By passing a current of hydrochloric acid and air through
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chambers filled with brick-work,at from 373° to 400°, impregnated with
a solution of subchloride of copper; the latter serves as a carrier of
oxygen from the air to the hydrogen of the hydrdehlorie acid, liberating
the chlorine (Deacon’s process).

(a.) 2Cug Clp+4 HCl4+0:=4 Cu Cl:+2 H; O.

{b.:l 2 Cu 'Glg=2 Cug Glg + Clg..

HYDROCHLORIC ACID.

(Muriatic® acid, Spiritus salis fumans) H Cl = 36-5. Percentage composi-
tion, H = 275, Cl = 97-25. Gas at ordinary temperatures. Liquid
at 10° under 40 atmospheres pressure, or at — 102°; solidifies at —1157°;
melts at — 112:5°, Specific gravity, 1-25 (air = 1), 1825 (H = 1).
11-19 litres weigh 1825 grammes.

Occurrence in Nature.—Hydrochloric acid is found in the animal body
as a constituent of gastric juice. It occurs in the gases of volcanoes.

Physical Properties,—Iydrochloric acid is a colourless gas of very
hygroscopic nature, forming a cloud in contact with moist air, and
possesses a penetrating and pungent odour. At 10° and a pressure of
40 atmospheres, or by exposure to a cold of - 102° at ordinary
pressures, it is condensed to a colourless, highly refrangible liguid.

Like ammonia, it is characterised by ifs extreme solubility in water,
but the specific gravity of the solution increases with increase of
saturation (¢f. ammonia, p. 127) ; 1 volume of water at 10° absorbs 418
volumes of the gas, forming 1-34 volumes of solution of specific gravity,
1-21, and containing about 42 per cent. of its weight of the gas. At
0% 1 volume water absorbs 500 volumes. It is also very soluble in
alcohol; 1 volume aleohol (specific gravity, 0-836) absorbs 327 volumes
of the gas.

A concentrated aqueous solution when heated first parts with some
of the dissolved gas, and when of specific gravity about 1-19 begins to
boil at 62°, the boiling point rising to 110°, at which temperature a
solution of specific gravity, 110, and corresponding approximately to
the hydrate, H Cl, 8 H, O, distils over unchanged. The solution of
the gas in water is colourless, very acid, fumes in contact with air,
and has a pungent and irritating odour.

Chemical Properties,—Hydrochloric acid gas is neither inflammable
nor a supporter of combustion, The moist gas and the solution redden
litmus strongly, and exhibit all the characteristies of an acid.

* Muria, brine,
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The aqueous solution dissolves many metals, such as the metals of the
alkalies and alkaline earths, magnesium, zine, aluminium, tin, and iron,
easily, at ordinary temperatures, with evolution of hydrogen and
formation of the corresponding chlorides. On heating it dissolves lead
and, in contact with air, also copper. With most metallic oxides it
forms the corresponding chlorides and water. With some peroxides -
(€.g., Ba Q) it forms peroxide of hydrogen and a chloride, and with others
(¢.9., Mn Q) it forms a chloride, free chlorine, and water (¢f. p. 95).
It acts on many sulphides at ordinary or slightly elevated temperatures,
with formation of hydrogen sulphide and the corresponding chloride.
It has a decomposing action on many organic substances.

The gas behaves with zinc and iron, &e., like the aqueous solution,
but liquefied hydrochloric acid is unacted upon by these metals.

If moist chlorine is transmitted through a red-hot porcelain tube,
hydrochloric acid is formed and oxygen liberated. If hydrochlorie acid
and air are passed through such a tube, chlorine is liberated and water
formed. The composition of hydrochloric acid gas may be analytically
determined by agitating the dry gas with sodium amalgam, when
sodium chloride is formed and the gas is reduced to half its volume,
the residual gas being hydrogen. Zinc and iron, as above stated,
yield hydrogen and a chloride in contact with the gas or aqueous solu-
tion. The presence of both hydrogen and chlorine in hydrochloric acid
may be demonstrated by passing the dry gas over dioxide of manganese
heated to redness, when dichloride of manganese, chlorine, and water
are the resulting products.

Distinguishing Tests.—The strong aqueous solution heated with bin-
oxide of manganese yields chlorine. Strong or dilute solutions yield
with nitrate of silver a white precipitate insoluble in nitric acid,
soluble in ammonia. Distilled with strong sulphurie acid and potassium
bichromate, it yields chlorochromic acid. Soluble chlorides give the
same reactions, the second only with strong sulphuric acid.

Physiological Action.—Powerfully corrosive and irritant poison, Very
destructive to vegetation, even when largely diluted with air.

Preparation—From sodium chloride by the action of strong sulphuric acid.
The sodium chloride must be fused before use as otherwise much
frothing occurs. The acid sulphate of sodium is formed at a moderate
heat, thus:—

Sodiom Sulphurie Acid Sodiom Hydrochlorio
Chloride, Acid. Sulphate. Acid,
NaCl + Hy80, = NaHBSO, -+ H Cl.

At a temperature approaching red heat neutral sodium sulphate is
formed, thus:—
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NaCl 4 NaHS 0Oy — Nag 8 04 + HCIl

The gas may be passed into water kept cool; or, if required dry,
must be collected over mercury, after passage over pumice-stone
moistened with sulphurie acid or over chloride of calcium,

Other Modes of Production.—Hydrochloric acid gas is formed with

“explosion when equal volumes of hydrogen and chlorine are ignited, or
heated to about 150°, or bropght into contact with spongy platinum,
or exposed to sunlight or to the light of burning magnesium (see also
Chlorine), with evolution of about 22,000 heat units.

Manufacture,—The gas is obtained as a bye-product in the manufae-
ture of sodium sulphate, from sodium chloride and sulphuric acid.
The commercial acid contains many impurities, such as sulphuric acid,

hlorine, arsenie, iron, &c.

NITRO-HYDROCHLORIC ACID OR AQUA REGIA.

Neither nitric nor hydrochlovie acid singly has the pywer of dissolving gold, which, how-
ever, is readily dissolved by a mixtare of the two acids, hence the name of this mixture,
This power depends chiefly on the formation of chlorine by the mutual action of the acids
on each other, particalarly when heated together; whereby, however, compounds contain-
ing eh'orine and nitrogen are also produced; pamely, chloronitric acid and chlonitrous
acid (nitric and nitrons oxychlorides),

HNO; + 3HClI = NOClI + 2H.O0 4+ Cl,
ZHNO; + G6HCI = 2NOCL + 4H,0 + Cl,.

The mixture is used for dissolvinz gold, platinum, and analogous metals. The best

proportion is 1 part of nitric to 3 parts of hydrochloric acids.

HYPOCHLOROUS ANHYDRIDE.

Cl; O = 87, Percentage composition, O = 18-41: Cl = 81'69. Gas af
ordinary temperatures. Liquid at —20°,  Specific gravity, 2:97 (air=1).

Physical Properties.—Under ordinary conditions a yellowish gas of
penetrating chlorine-like odour, It is very soluble in water; 1 volume
water at 0° absorbs 200 volumes of the gas. At-20° it is condensed
to a dark red liquid, which boils at +20°, and which is heavier than
water,

Chemical Properties. —Hypochlorous anhydride is a very unstable and
bighly explosive compound, even at ordinary temperatures or in con-
tact with various substances,

Preparation.— By passing dry chlorine over dry precipitated mercuric
oxide, which has previously been slightly heated, and cooling the
resulting gas to — 20°,

Mercurie Mercuric Hypochlorous
Oxide, Chlorine, Chloride. Anhydride.

HeO + Q0 = HgC, <+ CLO0.



174 HYPOCHLOROUS ACID,

HYPOCHL.OROUS ACID.

HCIO=525. [Cl.0H]. Percentage composition, H =1-92; 0=3046;
Cl=67-62. Liquid at ordinary temperalures.

Physical Properties.—The concentrated acid is a yellowish liquid of a
very volatile nature,

Chemical Properties.—This compound, which may be regarded as the
hydrate of hypochlorous anhydride (Cl, O), is a monobasic acid and is
fairly stable when dilute, but when concentrated it decomposes spon-
taneously even in the dark, and rapidly in sunlight, yielding chlorine
and chloric or chlorous acid. Heated with excess of hydrochloric acid
both hypochlorous acid and its salts yield chlorine (see below).

Its calcinm salt constitutes the active principle in bleaching powder.
It is a powerful oxidising agent; thus, carbon, iodine, sulphur, phos-
phorus, arsenic, and antimony become converted by it into carbonie,
iodic, sulphuric, &c., acids, sometimes with explosion. It forms a large
series of salts known as hypochlorites.

Preparation.—1. By passing chlorine into water containing chalk or
freshly-precipitated mercuric oxide in suspension.

’ Carhonic Caleinm Hypochlorons
Chalk. Water, Chlorine.  Anhydride, Chloride, Acid.
CaCO3 + H:0 + 2Cl3 = CO; + CaCls + 2HCIO.
Mercuric Mercuric Hypochlorous
Oxide. Chlorine. Water. Chloride. Acid,
2He@ =5+ 205 + ‘Hg®y = HgClg + 2HCIO.
2. By passing hypochlorous anhydride gas into water.
Hypochlore Hypoehlorous
AEE yili i-;In:«].']IB Water. mﬁcii

0,0 + H,0 = 2HJ6

3. By distillation of bleaching powder with not more than half its
equivalent of dilute nitric acid (see below).

BLEACHING POWDER (Chloride of Lime).
When chlorine is passed over moist lime at a low temperature, it is
absorbed in counsiderable quantity. The reaction which takes place is
often expressed as follows : —

Caleinm Caleinm
Lima, Chlorina, Chloride. Hypochlorite. Watar,

2CaHz 0 + 2Cly = CaCl;, + Ca(ClO)s + 2H; 0.




CHLOROUS ACID. 175

The compound formed is soluble in water, and, if the solution be
exposed to a freezing mixture, crystals of caleium hypochlorite
[Ca (Cl O)s, 4 He O] are obtained, while calcium chloride remains in
solution (Kingzett).

Distilled with excess of dilute nitric or sulphuric acid, bleaching
powder vields chiorine, since the hydrochloric and hypochlorous acids
at first liberated decompose one another, thus :—

Sulphuaric Caleium Hypochlorous Hydrochlorie
Bleaching Powder. Agid. Sulphate. Acid. Aceid.

G&CIQDQ,CECIE =+ 2H3$D4 = EC&SO; 4+ 2HCIO + 2HCI

Hypochlorons Hydrochlorie
Acid. Acid. Chlorine. Water,

HCIO + HCI = Cl; + HyO0.

Bleaching powder appears, however, not to be a true mixture of
calcium chloride and hypochlorite, but rather a compound having the
formula, Ca O Clg, or [Ca Cl1 (O Cl)] (Odling), since, when properly
manufactured, it is not deliquescent (while calciumn chloride is), and
yields very little calcium chloride to aleohol, and all its chlorine is
expelled by carbonic acid.

In bleaching, the goods are repeatedly dipped, first in a dilute
solution of the bleaching powder, and next in dilute sulphuric acid—
chlorine is evolved and exerts its bleaching action (cf. Chlorine,
p. 169).

CHLOROUS ANHYDRIDE.

The gas which was supposed to be chlorous anhydride of the eom-
position Cl; Oy, has been proved to be a mixture of chlorine peroxide
and chlorine.

CHLOROUS ACID.

H Cl 0;=6068'5. [Cl 0.0 H]. Percentage composition, I =1-46 ;

This acid is known only in admixture with chloric acid (see chlorine
peroxide, p. 177), but has not been isolated ; some of its salts are, how-
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ever, known and are called chlorites ; potassium chlorite, K Cl O,, for
example, is formed together with potassium chlorate, K Cl Oz when
potassium hydrate is acled upon by dioxide of chlorine ; the two salts
can be separated by crystallisation,

Chlorine Potassium Potassium Potassium
Dioxide, Hydroxide. Chlorite. Chiorata. Water.

2Cl0O; + 2ZKHO = KCIDE + KClO3; + H,O

CHLORIC ACID.

HCl0; =845. [Cl02.0H). Percentage composition, H=118 Cl=42-01;
0 = 56:81.

Physical Properties.— Lhe hydrate is a syrupy, very acid, yellowish,
almost odourless liquid.

Chemical Properties.—The hydrate as obtained below is a very
unstable compound. It first reddens, then bleaches blue litmus.
Heated above 40° it begins to decompose. Brounght into contact with
paper, linen, &c., it sets fire to them. It is a definite acid, and forms
salts (called chlorates), which are stable at ordinary temperatures, but
which, at higher temperatures, or in contact with various substances,
are decomposed often with explosive violence (see Chlorates).

Preparation—1. From potassiwm cllorate by the action of hydrofluesilicic
acit.—If a solution of potassinm chlorate is heated with a solution of
hydrofluosilicic acid, a precipitate of potassium fluosilicate is formed
and chloric acid goes into sclution. The liquid is decanted and
evaporated under 30°, with addition of finely divided silica t¢ remove
the excess of the hydrofluosilicic acid.

oRCl0; + M, 8iF, = K,8iF; <+ 2HCIO;

2. From barvium chlorate by the action of sulphuric acid, and con-
centration under the air-pump to a syrup, or on a water-bath at a
temperature not exceeding 38°,

CHLORINE DIOXIDE.
(Chlorine peroxide) €l Oy = 67-d.  Percenlage composition, 0 = 47+4;
E=b26.

Physical Properties, —This compound is a yellowish red fluid, boiling
at about 9% and giving off a yellow-green gas. Water dissolves twenty
times its volume of the gas,
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Chemical Properties,.—It is extremely unstable. The gas explodes
at about 60° with great violence.  The fluid is also decomposed
with explosion in contact with organic matters. Sunlight also
decomposes it. Its composition is very doubtful. It has probably
the composition Clg Oy in the fluid state. With water it forms a
mixture of hypochlorous and chloric acids—

Chlorina Chlorous Chloriz
Dioxde, Wader, Acid. Acid.

2Cl10; + H,0 = HCIO, + HCIO;

With bases it acts in a similar manner.

Many substances, such as phosphorus, sulpbur, cane-sugar, &ec.,
are spontaneously inflammable when brought into contact with
chlorine peroxide.

Preparation.—DBy extremely cautious distillation of potassium chlorate
and sulphuric acid on a water-bath at a temperature not exceeding 40°.

Potassiom Sulphurie Potassinom  Potassiom Chlorine
Chlorate, Acid, Perchlorate.  Sulphate. Dioxide. Watar,
3ECI ﬂ; + HE 3 ﬂ“ — K ﬂl 0’1 + IE: 5 D‘ + U’lg 'D‘ -he H-g CI.-

PERCHLORIC ACID.

H Cl 0;,=1005. [ClO;.0H]. Percentage composition, Cl= 3533 ;
H = 099; 0= 6368. Fluid at ordinary temperatures. Freezing
point — 38°,  Specific gravity at 15-5°, 1-78 (water = 1).

Physical Properties.—Perchlorie acid is a colourless oily fluid, resem-
bling sulphurie acid in appearance, of very acid taste and chlorine-like
smell. It fumes in air, being very hygroscopic. It cannot be distilled
without decomposition; at 75° it becomes darker in colour, the
temperature rises rapidly, and explosion may take place. When
dropped into water it hisses and causes considerable rise of tempera-
ture.

Chemical Properties.—DPerchloric acid, though not very stable in the
concentrated form, is, when diluted with water, one of the most stable
of the oxygen acids of chlorine. The concentrated acid is liable
to spontaneous explosion on long exposure to light. It explodes also in
contact with charcoal and with organic matters (such as wood, paper,
&c., which it ignites). It is miscible with alcohol, but is liable to
explode on mixing. With ether it explodes violently, The diluted acid
will dissolve certain metals (zinc and iron), with evolution of hydrogen,
and does not destroy vegetable colours. The concentrated acid has the
formula, HCl1 04, A crystalline hydrate, HC1 0, . H, O is also known.

It is a monobasic acid, and forms salts called perchlorates.
12



178 PERCHLORIC ACID,

Preparation.—1. By heating pure potassium perchlorate with four
times its weight of strong sulphuric acid.

Hydrie
Potassinm Salphurie Potassium Perchloric
Percilorata. Acid. Sulphate. Acid,

KCIG{ + H2504 ] E.HSO* - HGI’U,.

NITROGEN TRICHLORIDE—N Cl; = 120'5.

Properties.—An oily liguid of a most dangerously explosive character,
Preparation,— By inverting a wide-monthed bottle of chlorine gas over a sclution of
ammonium chloride (see also p. 114).

Ammoninm Nitrogen Hydrochloric
Chloride. Chlorine. Trichloride. Acid.
KH,Cl + 601 = NO; - 4HCL

This substance can only be experimented with under the most stringent precautions.

BORON CHLORIDE—BCI; = 117-5.
Specific gravity of Houid, 1-05 (water = 1); of vapour, 5875 (H = 1). Boiling point, 132",

Properties, —A fuming liquid decomposed by water with production of borie and hydro-
chloric acida.

Preparation, —By the action of dry chlorine on a mixture of boric anhydride and charcoal
at a high temperature.

SILICON TETRACHLORIDE—SiCly = 170.
Specific gravity of lguid, 1'52 (water = 1) ; of vapour, 85 (H=1). Boiling point, 50°,

Properties.—A colourlezs volatile liguid of pungent and irritating odour. Is decomposed
by water with formation of silica and hydrochloric acid,
Preparation —By passing chlorine over a mixture of silica and charcoal at a red heat,

CHLORIDES OF SULFHUR.

Three chlorides of sulphur are known, viz.:—

1. Disulphur dichloride, 82Cl;. A dark yellowish-red liguid which fomes in air, and
possesses an unpleasant and very penetrating odour; specific gravity 17, boiling point
138", It dissolves sunlphur easily. Itis decomposed by water, with separation of sulphur,
and formation of sulphurous anhydride and hydrochloric acid. Itis prepared by passing
dry chlorine over melted sulphur in a retort,

2, Sulphur dickioride, SCl;. A deep red, very unstable liquid of similar properties to
the above, and formed by satarating the above with chlorine at a temperature below 07,

3. Sulphur tetvachloride, 8 Ol,. A highly uustable, yellowish-red fluid, formed by
gaturating the disnlphur dichloride with chlorine at a temperatore below — 205

OXYCHLORIDES OF SULPHUR.
The following oxyehlorides of snlphar are also known :—

Sulphurous chloride (thionyl chloride), ! : 8 0Cls.
Sulphorie chloride isulphuryl chloride, ehloro-

sulphuricecid), . . . . o . . BOgUL.
Pyrosulphuric chloride, . . . . . . 830;0; [(B0:0N=0].

Sulphuric hydroxyehloride, . . . . . HOCIS0; [80:.HO.Cl)

e ol i i o
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BROMINE.

(Bpamoz, a stench) Br = 80, Br, = 160, Liguid at ordinary temperatures;
botling point, 59-5°. Solid at — 7-05. Specific gravity of vapour,
539 (air=1); 80 (H=1); of liguid, 296 at 15° (water = 1).
Monad to heptad.

Occurrence in Nature.—DBromine, like chlorine, is not found free in
nature, and it belongs to the class of rarer elements. It is chiefly
found in sea-water as bromide of magnesium accompanying chlorine,
but in very much smaller quantity, and in a very few mineral springs,
notably that of Kreuznach, and in the rock-salt deposit at Stassfurt.

Physical Properties. —DBromine is the only element besides mereury
which is liquid at ordinary temperatures. The liquid is of an intense,
red-brown colour and is extremely volatile, emitting at all temperatures
aheavy, deep red-brown vapour, having a quite peculiar, unpleasant, very
penetrating and irritating odour, somewhat resembling that of chlorine,
but quite distinguishable, and of a sharp and stringent caustic taste.
It is slightly soluble in water; 30 parts of water dissolve 1 part bromine
at 10°, It is much more freely soluble in alcohol and ether. It is best
kept covered with a layer of water. It is an absorbent of heat rays.

Chemical Properties.—Dromine resembles chlorine in its chemical
properties in almost every respect, but its action in nearly all cases is
less intense. Its vapour supports the combustion of a burning taper.
It combines directly with phosphorus and many metals, and has also a
special attraction for hydrogen. Its action on ammonia is similar to
that of chlorine; it acts as an indirect oxidising agent in the presence
of water, and bleaches vegetable-colouring matters in a distinetly
analogous manner. Its solution in water (bromine water) also under-
goes decomposition analagous to that of chlorine water, and it forms,
below 4°, a crystalline hydrate having the formula, Br,, 10 Hy O.

The direct compounds of bromine are termed bromides.

Distinguishing Tests.—DBromine is a deep red-brown, very volatile
liquid of peculiar and very irritating odour; forms an orange-coloured
compound with moist starch; liberates iodine from iodide of potassium;
I8 soluble in ether, forming a yellowish-brown solution; bromides
yield, with silver salts, a pale yellowish precipitate, insoluble in nitric
acid, soluble, though not very readily, in ammonia.

Physiological Action.—Its action on the lungs is similar to, but even
more intense than, that of chlorine; it stains the skin yellow, and is a
powerful caustic. It is also a disinfectant,
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Preparation.—1. From sodium (or potassium) bromide by the action of
dioxide of manganese and sulphwric acid. The reaction is analogous to
the preparation of chlorine (g.v., p. 170), according to the equation—

HSodium  Manganess Sulphuric Manganese Arid
Bromide.  Dioxide. Acid. Sulphate. Sodiom Sulphate. Water., Bromine.

2NaBr + Mn0O; + 3H, SO0y = MnSO; + 2NaHSOy +2Hy0 + Brs.

2, Ether Process.—DBalard used the following for extracting bromine
from sea water. The mother liquor from sea water or mineral waters
18 mixed with sufficient amount of chlorine water to liberate all the
bromine. The brownish solution is shaken up with ether, which dis-
golves the liberated bromine, and the ethereal solution is in its turn
shaken up with a solution of caustic potash or soda, to which it parts
with its bromine, bromide and bromate of potassinm or sodium being
formed (8 Br, + 6 KHO =-5KBr + KBr0O; + 3 H,0). The aqueous
solution is evaporated and the dry residue after ignition, which converts
the bromate into bromide, distilled with binoxide of manganese and
sulphuriec acid. The decolourised ether is used for the extraction of
fresh quantities of bromine.

Manufacture.—1. Bromine is extracted from the mother liquors of sea
or mineral water, by heating the same with dioxide of manganese and
sulphuric acid, and condensing the vapour which is evolved.

HYDROBROMIC ACID.

HBr=81. Percentage composition, H = 125, Br =9877. (as at
ordinary temperatures. Specific gravity, 271 (air = 1).  Liquid
at -73°; solid at - 87°,

Physical Properties.—Ilydrobromic acid is a colourless gas, of pecu-
liar odour. 1t forms fumes with moist air. It is, like hydrochlorie acid,
extremely soluble in water. The solution is colourless, very acid, fumes
in air, and when saturated has a specific gravity of 1-78. A solution of
hydrobromic acid, boiling at 126°, has a specific gravity of 1-486, and
contains 47 per cent. of its weight of the gas. Such a solution distils
unchanged.

Chemical Properties,—IIydrobromiec acid resembles hydrochloric acid
chemically in almost every respect, except that it is a weaker acid and
that chlorine is able to eject its bromine. It is like hydrochloric acid,
a monobasic acid. Its salts are called bromides,

Distinguishing Tests, —If chlorine water be added in small quantity to
hydrobromic acid, or to a solution of a bromide, bromine is ejected and
may be dissolved on addition of ether or bisulphide of carbon which it

——— e
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colours yellow. Nitrate of silver yields, with the acid or its salts in
solution, a pale yellow precipitate insoluble in nitric acid, difficultly
soluble in ammonia,

Physiological Action.—Potassinm bromide is a powerful alterative in
nervous and other diseases.

Preparation.—Hydrobomic acid cannot be prepared by the action of
sulphuric acid upon a bromide, owing to the simultaneous production
of bromine which occurs, but may be prepared by using phosphoric
acid. Other methods are, however, generally resorted to, viz.:—

1. By the action of water on phosphorus tribromide.—Water and red
phosphorus are placed in a retort, and bromine is brought gradually
into contact with them by means of a separating funnel passing through
the neck of the retort. Somewhat violent action ensues, tribromide
of phosphorus being formed, which in contact with water yields
phosphorous and hydrobromic acids respectively.

Phoaphorus Phosphorous  Hydrobromic
Tribromida. Water, Aid, Acid.
PBr; + 8H;0 = H;PO; + 3HBr.

The latter coming over in the form of vapour may be collected over
mercury after drying, or may be passed into water if a solution is
required,

2, By passing sulphurctted hydrogen through bromine waler.

Hydrozen Hydrobromic
Swphide.  Bromine. Acll, Sulphur.
H:3 + Br; = 2HBr + 8.

Sulphur is deposited, and the hydrobomic acid formed goes at once
into solution.

OXYGEN ACIDS OF BROMINE.

Hypobromonaaeid, . . . =« &« «w =« « HBrQ.
Bromlgmeid: < & W s W W L o oca 'k HEBrf
Perbromic acid, . Ao 18 o T O H BrQ,.

Thesa gubetances, of which bromie ocid is the best known, may be obtained in a strictly
analogons manner to the eorresponding chlorine compounds and possess very similar pro-
perties,

Sodium Hypobromite.—A strongly alkaline solution of hypobromite of sodium prepared
by dissolving 2-2 e.c. bromine in 23 ¢.e. canstic soda solution (containing 1 part of soda to
21 parts water) is now frequently used in the estimation of wrea [CO (N Hy)a] in wrine.
The following reaction occars:—

Sodinum Sodinm Sodiom
Urea. Hypobromita, Soda. Nitrogen. DBromide. OCarbonate. Water.

CON,H; + 3NaBrO 4 2NaHO = N, 4+ 3NaBr + Na,CO0; + 3H,O0.

The nitrogen is collected, and forms o measure of the area present in the urine examined
The solution of sodinm hypobromite is very unstable, even at or inary temperatures, being
gradually converted into bromide and bromate, 3 Na Br 0 = 2 Na Br + Na Br 03 — and can
then no longer be used.
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TODINE.

({adng, violet colowred)—1I = 127, I = 254, Solid at ordinary temperatures ;
melting point, 107°; Doiling point, 180°. Specific gravity of solid, 4-95
(water = 1); of vapour, 8:65; (air = 1), 127 (H = 1). [At very high
temperatures, 84-66 (H=1)]. Monad. Specific heat, 0-0541.

Occurrence in Nature,—Iodine is not found free in nature, and, like
bromine, belongs to the class of rarer elements. It occurs (chiefly as
iodates) in minute traces in sea water, from which it is absorbed by
sea-weeds, and in Chili saltpetre, the mother-liquors from the erystallisa-
tion of which constitute one of the chief sources from which it is
obtained. It is also found in a few mineral springs, and in some rarer
minerals. In very minute traces it is very widely diffused in most
spring waters, in the air, &c.

Physical Properties.—At all ordinary temperatures iodine is a gray-
black soft solid, having an almest metallic lustre and crystalline
structure (rhombic octahedra). It is very volatile, emitting even at
ordinary temperatures a violet vapour of peculiar edour, resembling
somewhat that of Cl and Br, and can be sublimed at a temperature
considerably below its melting point. If sublimed slowly, well-formed
crystals may be obtained. Its vapour is of a fine violet colour; hence
the name of the element. It is very slightly soluble in water—one
part of iodine requiring 7,000 parts water, to which it imparts a yellowish
tint. It is, however, soluble to a considerable extent in water, con-
taining potassium iodide (or some other salts), and freely soluble in
alcohol, ether, chloroform, and bisulphide of carbon—in the former,
with a brownish colour, in the two last with a beautiful and intense
rose or pink colour., It is a non-conductor of electricity. A strong
solution of ilodine in bisulphide of carbon is opaque to light, jbut
allows the obscure heat rays to pass almost unchecked ; (diathermous).

Chemical Properties,—lodine closely resembles chlorine and bromine
in most of its chemical properties—thus, it unites directly with
phosphorus, sulphur, iron, zine, &e. The pure aqueous solution does
not bleach. No hydrate of iodine is known. It is ejected from its
combinations with hydrogen and the metals by chlorine and bromine,
On the other hand, it ejects chlorine and bromine from their oxygen
compounds.

Distinguishing Tests.— [odine may be distinguished from all other
substances, as a gray-black crystalline opaque solid, subliming at
comparatively low temperature, emitting a violet vapour which yields
a deep blue colouration with moist starch. This last is a very delicate
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reaction. It dissolves in chloroform or bisulphide of carbon with an
intense rose or pink colour, which forms, perhaps, the most delicate
test for iodine,

Physiological Action.—Applied externally in the form of a solution,
iodine acts as an irritant and caustic ; taken internally, it acts locally as
an irritant, and produces catarrh of the mucous membranes generally.
It stains the skin transiently yellow, and destroys it on repeated

application, It acts as a stimulant of the absorbent glands and capillary
circulation. Considerable differences exist in the susceptibility of differ-

ent constitutions to the action of iodine. It is a powerful disinfectant.
Preparation-—1. From commercial iodine.—Pure iodine for laboratory

purposes is easily prepared from commercial iodine by sublimation,
and the process can be repeated if necessary.

2. By dissolving commercial iodine in boiling aleohol, and filtering the
hot solution into a large quantity of water, pure iodine is precipitated.

3. From todide of potassium by the action of dioxide of manganese and
sulphuric acid.—This reaction is analogous to preparation of bromine
from bromide of potassium, and of chlorine from chloride of potassium,
and needs no further explanation.

Sodiom Manganese Sulphuric  Manganese  Aeid-Sodium
Iodide. Dioxide. Acid. Sulphate, Sulphate Water. TIodine.

2Nal + MnOs + 3H850, =MnSO0y + 2NaHS0; + 2H,0 + Ls.

The iodine vapour may be condensed in the neck of the retort or
in sunitable receivers. The reaction is more especially interesting as
illustrating its manufacture.

Manufacture.—lodine is manufactured from the ashes of sea-weed
collected on the Coast of Scotland and Normandy, and known as kelp
and varec respectively, in which it is present in combination with potas-
sinm, sodinm, and magnesium. These salts, being very soluble, are
after extraction of the ash with water and concentration, retained in
the mother-liquor, throngh which chlorine gas is passed, excess being
avoided, when the iodine separates out in the form of a fine black
precipitate. This is collected and refined by sublimation.

Or the concentrated mother-liquor, after being mixed with sulphurie
acid of specific gravity 1-7, is let stand for twenty-four hours (when
sulphate of soda crystallises out), and the clear liquor, after being drawn
off, is mixed with dioxide of manganese and strong sulphuric acid, and
subjected to distillation, the iodine being condensed in specially con-
structed globular receivers. Considerable quantities are now obtained
from the mother-liquors after the crystallisation of Chili saltpetre, by
similar processes,
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HYDRIODIC ACID.

HI =128. Percentage composition, H = 0°78, 1 = 99-22. Gas at ordi-
nary temperalures. Specific gravity, 444 (air = 1); 64 (H = 1), casily
liquefied by pressure; solid at — 55°.  11-19 litres weigh 64 grammes.

Physical Properties.—IHydriodic acid is a colourless gas of peculiar
odour, which forms a cloud with moist air. It is extremely soluble in
water. The solution is colourless, very acid, fumes in air, and when
saturated has a specific gravity of 240. A solation of hydriodic acid of
gpecific gravity 17 has a constant boiling point of 126° and contains
57 per cent. of its weight of the gas.

Chemical Properties.—lHydriodic acid is a very unstable compound,
and in presence of oxygen yields water and free iodine. It resembles
hydrochloriec and hydrobromic acids in its properties, but is a much
weaker acid; its iodine is ejected by chlorine and bromine. It has
the property of dissolving iodine very readily. It is a monobasic acid.
Its salts are called iodides.

Distinguishing Tests.—Chlorine- or bromine-water, nitrous acid,
&c., liberate iodine from an iodide, which may be further confirmed by
dissolving the free iodine in chloroform, with which it gives a pink
solution, or by adding a solution of starch, in which it produces an
intense blue coloration. With nitrate of silver iodides give a yellowish
precipitate insoluble both in acid and in ammonia.

Hydriodic acid and solutions of iodides yield a black precipitate with
chloride of palladium, and a yellowish precipitate with silver salts
insoluble both in nitric acid and in ammonia, but turned white by the
latter.

Physiological Action.—Potassium iodide is a powerful alterative and
is much used in medicine.

Preparation.—The same remarks apply here as in the case of hydro-
bromic acid (see p. 181).

1. By the action of water on phosphorous tri-iodide. If amorphous
phosphorus and iodine are gently heated in a tube with a little water,
tri-iodide of phosphorus is formed, which, with the water, yields phos-
phorous and hydriodic acids respectively—

Phosphorons Phosphorous Hydriodic
Tri-iodide. Water. Acid. Acid.
Pl + 3H, 0 = Hz;PO; 9F dHI

The latter may be collected, after drying, over mercury, or passed into
water if a solution is required.
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2. By passing sulphuretted hydrogen through water in which ivdine
is suspended—

Hydrogen Hydriodic
Sulphide. Todine. Acid. Suolphur.
1 N S i - RRREPTR . e

Sulphur is deposited, and the hydriodic acid formed goes at once into
solution.

IODIC ANHYDRIDE-I,O, = 334,

Properties.— A white solid, which, on strongly heating, is decomposed
into iodine and oxygen.
Preparation.—From iodic acid by heating to 107° (see below).

OXYGEN ACIDS OF IODINE.

Of these the following two only are well known :—iodic acid, H I Og,
and periodie acid, HI Oy,

IODIC ACID.

HI10O; =176. Percentage composition, H = 0:57, O = 2727, I = 72-16.
Solid at ordinary temperatures. Specific gravity, 4'62 (water = 1).

Physical Properties.—lodic acid crystallises in white rhombic crystals,
which are very soluble in water.

Chemical Properties.—lodic acid is a comparatively stable com-
pound, differing greatly in this respect from the corresponding
chlorine and bromine compounds. At 107° it loses water and is
converted into the anhydride (2ZHIO; - Ho O = I, 05). Neither
chlorine nor bromine have any action upon it. Sulphurous acid,
phosphorous acid, nitrous acid, sulphuretted hydrogen, and other
reducing agents liberate iodine from a solution of iodic acid. Hydriodic
and iodic acids mutually decompose each other with formation of water
and separation of iodine:—5 HI + HIO; =8H0 + 81,. Itis a
monobasic acid. Its salts are called iodates, and these compounds
closely resemble chlorates and bromates,

Distinguishing Tests.—It yields iodine (recognised by its action on
starch or chloroform), when acted on by reducing agents.

Preparation.— DBy the action of nitric acid upon iodine. The iodine
is oxidised to iodic acid, which, not being very soluble in nitric acid,
separates out as a crystalline powder, and may be purified by re-
erystallisation.

2. By decomposition of barium fodate with dilute sulphuric acid.
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PERIODIC ACID.
H I 0y =192, Percentage composition, H = 052, 0 = 33-34, I = 66-14.

Physical Properties.—Normal periodic acid has not yet been prepared.
The acid crystallises from the solution in colourless deliquescent
crystals which melt between 130° and 1369, and have the composition,
HIO, 2H,0.

Chemical Properties.—Forms a series of extremely complex salts, the
constitution of which is most readily explained on the assumption that
iodine is a heptad. Is reduced with liberation of iodine by the action
of dilute sulphuric acid and zinc, and by sulphuretted hydrogen, but not
by sulphurous or nitrous acid. It is slowly decomposed a little above
its melting point into iodic anhydride, oxygen, and water.

Distinguishing Tests.—Yields iodine with zine and sulphuric acid,
but not with sulphurous acid.

Preparation.—1. By the action of iodine on perchloric acid.

FPerchlorie Acid. Iodine. Periodic Acid. Chlorine.

2HCl 04 - Ig —; 2HI U.; + Clg.

2. By passing chlorine into a solution containing iodate of soda and
sodium hydroxide, a sparingly soluble basic periodate of sodium is
formed, which is dissolved in dilute nitric acid and precipitated with
acetate of lead, periodate of lead is thrown down, and is decomposed
by means of dilute sulphuric acid.

3. By boiling periodate of silver with water, when it breaks up into
an insoluble basic salt and periodic acid.

NITROGEN IODIDE—NJ; = 395.

When powderad iodine is digested for some time with strong ammonia solution and the
mixture i3 stirred with o feather and filtered, a black residue is left upon the filter, which,
after washing with aleohol and drying in small portions by exposure to the air on filter-
paper, explodes with considerable violence, even at the touch of a feather. Its composition
is not definiiely determined, and it probably contains hydrogen. Great care is necessary
in handling the dry material, and very small quantities only should be dealt with at ons
dime,

CHLORIDES OF IODINE.
Two chlorides of iodine are known, their formuls being respectively I Cl and I Cl,

FLUORINE.,
(Fluo, I flow)—qas at ordinary temperatures, F=19. Monad.

Occurrence in Nature,—Fluorine does not occur in nature in the
free state, and bas only recently been known in the elementary
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. econdition. It is found chiefly in combination with calcium as fluor-
spar, Ca Fy, and as eryolite, 3 Na F, AlF;.  As fluoride of calcium it
is very widely diffused, and is present in the bones and in the enamel
of the teeth, and in minute traces in almost all natural waters.

Physical Properties.—A colourless gas.

Chemical Properties.-—Fluorine has intense combining powers, even

| at ordinary temperatures, uniting directly with many elements with
evolution of much heat and light. With hydrogen it unites ex-
plosively, even in the dark.

Preparation.—Anhydrous hydrofluoric acid, in which some fluoride
of potassium has been dissolved to render it capable of conducting
electricity, is decomposed by an electric current, when it breaks up
into fluorine and hydrogen. The apparatus consists of a {J tube of
platinum, with stoppers of fluorspar, so as to enable the operator to see
into it, and is so arranged that the two gases are collected separately;
the two poles of the battery dip into the two limbs respectively, care
being taken to prevent the two gases from coming into contact.

HYDROFLUORIC ACID.

HF = 20. Percentage composition, F' = 950, H = 50, Gas at erdinary
temperatures.  Specific gravity, 0-9879 at 12:7° (water = 1).

Occurrence in Nature.—(See Fluorine.)

Physical Properties.—Hydrofluoric acid is at ordinary temperatures
a colourless, irritating gas, which fumes in contact with air, and which,
on cooling to a low temperature, is condensed to a mobile and very
volatile fluid boiling at about 19-4°,

It is very soluble in water, forming a very acid solution which boils
at 120°, has a specific gravity of 1:21, and contains about 35 per cent. of
its weight of the gas.

Chemical Properties.—Its most remarkable property is that of dissolv-
ing silicates ; hence its use for etching on glass and in the analysis of
silicates. Owing to this property, it has to be kept in bottles of gutta-
percha, lead, or silver. Diluted hydrofluoric acid gradually dissolves
most metals (except lead, mercury, and the noble metals). It is a
monobasic acid. Its salts are called fluorides. Its action on glass is
due to the formation of tetrafluoride of silicon (see Silica, p. 152).
4HF + 8Si0; =8iF; + 2H, 0.
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Distinguishing Tests,—The acid, in the form of gas or in solution,
etches glass.  Fluorides evolve the acid when acted on by strong
sulphuric acid.

Physiological Action.—Its vapours are highly irritating and very
poisonous. The concentrated solution produces serious sores when
brought into contact with the skin, and even the diluted acid must be
used with great cantion,

Preparation—1, By the action of sulphuric acid on fluor-spar (in
platinum, or lead retorts).

Caleium Bulphuric Calciom Hydrofluoric
Fluoride. Acid. Sulphate, Acid.

CH-FE -+ HESO; = CESU,‘ B EHF‘.

SILICON TETRAFLUORIDE—SiF, = 104
Gas at erdinary lemperatures ; liquid ai — 105° under 9 almospheres pressure.  Specific
gravity, 3754 (air=1); 52 (H=1).

Propertier,—A colourless, pungent gas, which fumes in contact with air, and is absorbed
in great quantity by water with formation of hydrated silica and hydrofluosilicic acid (p. 152).
Preparation and Formation, —See Preparation 1 of Silica, p. 152. It may be collected over

mercury. [t iz this compound which is prodoced by the action of hydrofluoric acid on
gilica or silicates.

HYDROFLUOSILICIC ACID—H,S8iFs =144, [SiFy, 2HF.]

Properties.—This substance is only known in solution. The solution bas an acid reaction,
and, on evaporation, decomposes, yielding silicon tetrafluoride (S1F,) and bydrofluoric acid
{HTF). The acid is dibasic and forms definite salts. It is & useful reagent, and is em loyed
in the preparation of various substances on account of the inseclubility of ita barium sall
{Ba 8i F;;) and of iis potassinm salt (K, 51 F).!

Preparation.—By passing silicon telrafiveride into waler, See Preparation 1 of Silica, p. 152.

PHOSPHORUS.

(¢E;1 hykr; ‘iﬂ'EPﬂ;i EE{H"‘E}‘)—P: 31, P{= 124 #* SQHEE al ﬂ'!'{ffﬂﬂf‘g
temperatures; melting point, 44°; boiling point, 200°; specific gravity
of ordinary solid, 1'826; of red, 2:10 (water = 1); of vapour, 4-294
(air=1); 62 (H =1). Triad to pentad.

Occurrence in Nature.—Owing to its intense attraction for oxygen,
phosphorus cannot exist in the elementary form in nature, but is found
in considerable quantities, and very widely diffused, in the form of
phosphates of the alkali metals, and of the alkaline earths in the mineral,
vegetable, and animal kingdoms, and forms as tricaleic phosphate, the
chief constituent of bones.

It constitutes in combination with complex organie radicals, a normal

* Bee p. 62
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- constituent of the brain; as phosphates of the alkalies, &e., it occurs in

the urine.

Physical Properties,—Thosphorus, like carbon, sulphur, &e., exhibits
the phenomenon of allotropy in a remarkable degree.

1. Ordinary Phosphorus.—At ordinary temperatures it is, when
freshly prepared, a light yellow, soft, translucent, wax-like solid of a
peculiar garlic-like odour. It is brittle at lower temperatures. It
fumes in moist air and gives off a vapour which is luminous in the dark.*®
It melts at 44°, and when heated to 290° (without access of air) boils,
and is converted into a colourless highly inflammable vapour. If
distilled with water some phosphorus vapour is carried over with the
gteam, and on this fact is based a method of detecting its presence
in cases of poisoning, the vapour being luminous. Its specific heat
between 36° and 15° = 0-202 (Kopp).

It is insoluble in water, slightly soluble in alcohel, in ether, in fixed
and essential oils, and is very soluble in bisulphide of carbon ; it is also
dissolved, but with oxidation and conversion into phosphoric acid, by
nitric acid and agua regia.

It may be obtained in colourless, transparent, highly refractive erystals
belonging to the regular system when deposited from its solutions
(dodecahedra and octahedra). When exposed to light for a length of
time, or when heated in an atmosphere of nitrogen or of carbonie
anhydride to 260° for forty-eight or sixty hours, or in vacuum tubes
above 300°, it is converted into the red variety described below, with
much evolution of heat.

Phosphorus, both solid and melted, is a non-conductor of electricity
{Faraday).

The spectrum of phesphorus contains two green lines, one of which
coincides with one of the lines of barium. It imparts a green tinge
to the hydrogen flame.

Amorphous  Phosphorus.—This modification of phosphorus is a
powder (sometimes crystalline) of a deep red colour and of higher
specific gravity (2:106) and less specific heat (0-1698) than ordinary
phosphorus. It does not shine in the dark, is not ignited by friction,
remains unaltered when exposed to the air, and must be heated to 260°
in air before it ignites, being previously converted into ordinary phos-
phorus, and is insoluble in the solvents of ordinary phosphorus,
including bisulphide of carbon, Heated out of contact with air to 260°
it is converted without ehange of weight into ordinary phosphorus.

* Oil of turpenting, ether, and ammonia vapour prevent its luminosity and oxidation. [t
i3 not luminous in absolutely dry oxygen at ordinary pressures,
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Chemical Properties.—Phosphorus in all its forms is a very active
element possessing great powers of combination. Ordinary yellow
phosphorus is highly inflammable, taking fire a little above its melting
point and burning with considerable evolution of heat and formation of
white fumes of phosphoric anhydride (P; 0. When ignited and
introduced into pure oxygen it burns with dazzling brilliancy, forming
the same compound.

Exposed to the air, it is rapidly oxidised, and when in large picces,
or very finely divided, or under conditions otherwise favourable to the
retention of heat, it takes fire more or less rapidly. Hence it must be
kept out of contact with air, and is generally stored under water.

It ean readily be ignited by friction, or, if finely divided, will take
fire spontaneously; for instance, its solution in bisulphide of carbon,
when poured upon filter paper, evaporates, and the residual finely
divided phosphorus ignites immediately. Its attraction for oxygen
is so great that it will even combine with it under water, If
phosphorus is placed in water of a temperature a little above its
melting point, and oxygen conducted by means of a brass or iron tube
into the melted mass, ignition takes place immediately.

If exposed to moist air it is gradually converted into a solution of
phosphoric and phosphorous acids.

When partially covered with water it induces the formation of ozone
and peroxide of hydrogen. It combines with chlorine and bromine
with evolution of light and heat.

It combines also with sulphur and iodine.

When boiled with solutions of caustic alkalies or alkaline earths it
yields hypophosphites and phosphoretted hydrogen, (g.v. p. 196).

Potassiom Potassinm Phosphoretted
Phosphorus.  Hydrate, Water. Hypophosphite, Hydrogen.

Owing to its attraction for oxygen it has a powerful reducing action
on many salts.

Solutions of salts of silver, gold, platinum, &e., are slowly reduced
with deposition of their metals when placed in contact with phos-
phorus. Gold may in this way be reduced to so fine a state of
division that the liquid in which it is suspended appears perfectly clear
by transmitted light, showing a magnificent red or blue colour,
according to the state of division or fineness of the particles, but
appears turbid by reflected light.

The red or amorphous modification above described (see Physical
Properties) is, as already stated, much less inflammable than the

B
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ordinary phosphorus, requiring to be heated to 260° before it ignites,
‘when it is converted into ordinary phosphorus and burns to phos-
phoric anhydride. It combines, however, at ordinary temperatures
with chlorine, bromine, and iodine, and, when mixed with potassium
- chlorate, or dioxide of manganese, and some other substances, it
readily ignites, even under very slight friction, giving rise to a very
- violent explosion.

Distinguishing Tests—Ordinary, Phosphorus.—A soft, waxy solid,

- which must be kept out of contact with air, owing to its ready in-
- flammability. Exposed to air it gives out white fumes which are
' luminous in the dark. Distilled with water it yields a distillate which
' is luminous in the dark when shaken up with air. DBoiled with nitric
'~ aeid it is converted into phosphoric acid.
- Amorphous Phosphorus.—A red powder, unaltered in contact with air
- at ordinary temperatures, but converted into ordinary phosphorus on
- strongly heating. Boiled with nitric acid, it is converted into phos-
. phoric acid.

Physiological Action.—Ordinary phosphorus is a virulent poison, pro-
 ducing fatal effects in doses of one grain and upwards. Persons
| exposed to its vapour, even at ordinary temperature, such as those
- engaged in lucifer matech manufacture, are liable to necrosis of the jaw,
. particularly in the case of persons previously afflicted with carious
- teeth, bronchitis, &c. In small doses it is a powerful tonic in various
| mervous disorders.

Amorphous phosphorus, on the contrary, is non-poisonous when taken
internally, and has no effect on persons employed in manufactories
where it is used.

Manufacture.—Phosphorus is obtained from caleined bones. The
white ash left after the calcination consists chiefly of tricalcic phosphate
(Cag 2 P O4). This is heated with about two-thirds its weight of strong
sulphuric acid. In this way calcium sulphate and phosphoric acid are
formed.

Tricaleic Sulpharie Phosphorie Caleinm
Phosphate, o Acid, Sulphate.
%EPﬂi + EHEHD.‘ = EHEPG‘* - 3{:&-8{}4

The calcium sulphate is separated by filtration through linen, and
the liquid containing the phosphoric acid, after being mixed with char-
coal, is evaporated in leaden pans to near dryness and the mass finally
heated to redness in stoneware or iron retorts, the necks of which dip
into water. The first effect of heating is to expel water and to convert
the phosphoric acid into metaphosphoric acid,



192 HYDRATES OF PHOSPHORIC ANHYDRIDE,

Phosphaoric Metaphosphorie
.ﬂmd. Water. Ich:l.p

2H,PO;, - 2H;0 = 2HPO,

On further heating, the phosphorus of the metaphosphoric acid distils
over, carbon monoxide and hydrogen being given off at the same time,
thus:—

Metaphosphorie Carbonic
Acid. Carbon. Hydrogon, Oxide, Phosphorus.
LH POy - 126 =uiiuH, g 320N o 1P

The erude phosphorus is purified by redistillation, or by melting
under water and straining through wash-leather, and is finally cast into
sticks which, when cooled rapidly, are at first perfectly transparent, but
afterwards become coated with a white covering. When cooled slowly,
they are only translucent.

Freparation of Red or Amorphous Phosphorus.—By heating ordinary
phosphorus slowly between 240° and 250°, or rapidly at 300°, or by
heating phosphorus to 200° with the addition of a minute quantity of
1odine, air being excluded.

PHOSPHORIC ANHYDRIDHR.
Py O; = 142.  Percentage composition, P = 43-66 ; O = 55-34.

A white, snow-like powder, very deliquescent, and hissing when thrown
into water, with which it forms metaphosphorie acid chiefly, thus:—

Phosphorie Metaphosphoric
Anbydride. Water. Aﬂi(}:
Pg 05 + Hz 0 - 2HP 03.
Preparation.— By burning phosphorus in oxygen or dry air,
Phosphorie
Phosphorus. Oxygen. Anhydride.
1}2 + 05 = FPs Og.
HYDRATES OF PHOSPHORIC
ANHYDRIDH.

(Phosphoric Acids.)

The affinity of phosphoric anhydride for water is even greater than
that of sulphuric acid. It forms three hydrates, as enumerated below,
but the first and last only can be directly formed, the other being pro-
duced by abstraction of water from ordinary phosphoric acid.

P,0; H,0 =2HPO; . , . . Metaphosphoric acid.
Py0; 2H. O H,P,0; . . . : Pyrophosphorie acid.
P:05 3H:0 = 2HgPOy . + . +  Ordinary phosphoric acid,

[ A
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Solutions of metaphosphoric and pyrophosphorie acid become gradu-
ally converted into ordinary phosphoric acid, the change being acceler-
ated by boiling.

Of these three acids the ordinary acid (Hz P Oy) is tribasie, pyro-
phosphorie acid (I3 I’; O;) is tetrabasic, metaphosphorie acid (H I” Og)
is monobasic.

We may now consider each of them separately.

PHOSPHORIC ACID.

(Tribasic  phosphovic acid, orthophosploric acid), Hy P Oy = 98.
[PO.(0 H);). Percentage composition, H = 3:06; P = 31-63;
0 = 65-31.

Physical Properties. — Orthophosphoric aeid in its most concen-
trated state forms a syrupy, very acid liquid, of specific gravity 1:85,
from which erystals having the formula, H; I’ Oy, may be obtained.
These are deliquescent and extremely soluble in water,

Chemical Properties.—It is a tribasic acid, and forms, with the metals
of the alkalies, three well-defined series of salts which (if M represent
an alkali metal) have the following typical formule:—(1) M H, P Oy,
(2) Mo HP Oy, (3) M;P O,.

Thus, with sodium it forms sodiec dihydric phosphate, Na H, P Oy,
disodic hydriec phosphate, NagH I’ Oy, trisodic phosphate, Na, P O,
Its hydrogen is similarly replaceable by any monad metal, or by any
metal of higher valency; thus, tri-argentic phosphate, Agy' P Oy, tri-
plumbic phosphate, Pbs" (P O,),, ferric phosphate, Fe™ I’ O,, &e.

If it is heated to 2207, two molecules of the acid lose one molecule
of water, and pyrophosphorie acid is formed, thus:—

Tribasie Pyrophosphoric
Phosphorie Acid, Water. Agid.
2 H_-; P D{ = HE 0 = H.l Pg Df-

Heated to redness, one molecule of the acid loses one molecule of water,
with formation of metaphosphoric acid, thus:—

Tribasic Meataph oric
Phosphoric Acid. Water. Acid.
HaPD{ — Hg{} = H Pﬂa

Distinguishing Tests.—(See p. 195).

Preparation.—By oxidising phosphorus with nitvie acid. 1If phosphorus
is dissolved gradually in nitric acid, and the solution evaporated to
drive off the excess of acid at a temperature not exceeding 200°,
solution of ordinary tribasie phosphorie acid remains,

i

13
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PYROPHOSPHORIC ACID.

(Diphosphoric acid) Hy Py O; = 178. [(P 0); O.(0 H);). Percentage
composition, H = 224 ; P = 34-83; 0= 6293,

Physical Properties.—I’yrophosphoric acid is a syrupy, very acid
liguid, with difficulty obtained crystalline ; it is very soluble in water.

Chemical Properties.—As already stated, a solution of pyrophosphoric
acid is converted by boiling into ordinary phosphoric acid.

Pyrophosphoric Tribagic
Aeid, Water, Phosphorie Acid,

H*Pg D;r = HE'D == EH::,PD{

It is a tetrabasic acid, and forms with monad metals four series
of salts.

Distinguishing Tests.—(See p. 195).

Preparation.—1. By heating disodic hydric phosphate, dissolving the
residual salt, precipitating with lead acetate, and decomposing the
pyrophosphate of lead with sulphuretted hydrogen. 2. By heating
ordinary phosphoric acid to 220°,

Phosphoric Pyrophosphorie
Arid. Water. E’midfr
E-H;],Pﬂ.; = Hgo = H.{Pg(}f.

METAPHOSPHORIC ACID.

(Glacial phosphoric acid, Monobasic phosphoric acid) H P Oz = 80.
[770.. OH). Percentage composition, H = 1-25; P =38-75; 0 = 60-00,

Physical Properties —A glassy, transparent, amorphous solid, very
deliquescent, very soluble in water,

Chemical Properties.—This acid i3 a monobasic acid, and forms,
therefore, only one series of salts. Its solution is gradually converted
by boiling into ordinary phosphoric acid.

Metaphosphorie Tribaszic
Aceicd, Water, Phosphorie Acid.
HPG,: 1 ‘HGS = R PO

Freparation.—1. By dissolving phosphorie anhydride in small portions
in cold water. 2. By heating ordinary tribasic phosphoric acid to

redness,

Tribagic Mataphosphorie
Phosphorie Acid, Water, Acid,

Hj P Oy - Hs O = HP Oy,
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Distinguishing Tests of the Three Phosphoric Acids—1. Ordinary
Phosphoric Acid.—When partly or wholly neutralised, a solution of this
acid gives a white precipitate with barium ehloride, soluble in hydro-
chloric acid, and a yellow precipitate with sifver nitrate; with wranium
salts a yellow precipitate insoluble in acetic acid; with ammonium
molybdate solution, to which strong nitric acid has been added, a yellow
precipitate on warming ; and with a solution of magnesium sulphate, to
which ammonium chlovide and &mmonia has been added, a white crystalline
precipitate. Neither the acid nor any salt of it coagulates albumen.

2. Pyroplosphoric Acid.—A solution of this acid does not coagulate
albumen, and, unless neutralised, gives no white precipitate with bdarium
chloride or silver nitrate.

3. Metaphosphoric Aecid.—A solution of this acid coagulates albumen,
and gives a white precipitate with barium chioride or silver nitrate,
Solutions of its salts give the same reactions, but only coagulate
albumen on addition of acetic acid.

PHOSPHOROUS ANHYDRIDE.
P, 03 = 110. Percentage composition, O = 43°63, P = 5637,

Properties.—A white, very deliquescent powder of peculiar odour,
eagerly attracting oxygen, and sometimes spontaneously inflammable in
contact with air, with formation of phosphoric acid. With water it
forms phosphorous acid.

Py03 + 3H,0=2H; P O

Preparation.— DBy the slow oxidation of phosphorus with a limited
supply of dry air.

PHOSPHOROUS ACID.
H; PO, =82 [HPO.(0H)3). Perceutage composition, H = 3-66;
P = 87-81; O = 5854,

Properties.—A syrupy liquid, from which erystals may be obtained,
very deliquescent, and easily oxidisable into ordinary phosphoric acid.
When strongly heated it breaks up into phosphoretted hydrogen
and ordinary phosphoric acid— ;

4H; P 03 = 3H3Pﬂ; + P H,-;-.
It is a very powerful reducing agent; producing a precipitate of
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silver or mercury, but not of copper, in solutions of salts of these metals.
It is a dibasic acid, containing 3 atoms of hydrogen in its molecule
but only two hydroxyl groups.

Preparation.—By the action of water on phosphorus trichloride—

PCI;; =+ 3H20 = HgPﬂs + 3H CI.

The hydrochloric acid is expelled on evaporation.

HYPOPHOSPHOROUS ACID.

H; PO, = 66. [HoPO.OH). Percentage composition, H = 4-54;
P =4696; O = 4850,

Properties,—A syrupy liquid, erystallisable below 0°, very soluble in
water, easily oxidised to phosphoric acid. Like phosphorous acid, it is
decomposed on heating into phosphoretted hydrogen and ordinary
phosphoric acid—

EHsPDg = PH3 T HaP{}._[-

Like phosphorous acid, it is a reducing agent, but even more
powerful, and precipitates metallic copper from solutions of its salts,
It is a monobasic acid, containing 3 atoms of hydrogen in its mole-
cule, but only one hydroxyl group.

Preparation.— DBy decomposition of its barium salt, Ba (2 0.).,*
with dilute sulphuric acid, and carcful evaporation of the clear solution.

COMPOUNDS OF PHOSPHORUS AND
HYDROGEN.

1. Gaseous phosphoretted hydrogen, I' Hy = 34,—This gas is inflammable,
but not spontaneously inflammable, unless containing vapour of liquid
phosphoretted hydrogen; it has a nauseous odour, resembling that of
deeaying fish. It has a strong analogy to ammonia in its properties.

2. Liguid phosploretted hydrogen, I’y Hy = 66.—This is a very volatile
liquid, the vapour of which is spontaneously inflammable.

Preparations of Hydrogen Compounds of Fhosphorus, — 1, ij ,:-;mﬁng
phosplorus with a solution of a caustic allkali or alkaline earth.—I1f
phosphorus in small pieces is heated with a solution of potash, soda,
lime, or baryta, gaseous and liquid phosphoretted hydrogen are
evolved, and the mixed gases take fire on bubbling out of warm water
into air. The reactions involved are represented by the following

equations :—
* See Preparation of phosphoretted hydrogen below.

Y g
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Potassinm Gaseons Phosphoretied

Potash. FPhosphorns. Water. Hypophosphita., Hydrogen,
SKHO + 4P + HHED = 3]{]‘[3?02 - PHa
Potassinm Liquid Phosphoretted
FPotash, Phosphoros, Water, Hypophosphite. Hydrogen,
4KHO + 6P + 4H; 0O = 4KH:FOs + P;H,.

Potassium hypophosphite remains in the flask, which should be pro-
vided with a wide delivery tube to prevent fragments of phosphorus,
liable to be thrown up h}:‘ the bubbling liquid, from blocking the
apparatus.

If the gaseous mixture is passed directly through a U-tube snr-
rounded by a freezing mixture, the volatile liquid compound (I, H,)
is condensed, and the gaseous compound (P Hj) passes on, and is
found not to be spontaneously inflammable,

2. By heating phosphorous acid, or hypophosphorous acid, or their salts,
phosphoretted hydrogen is given off, which is not spontaneously
inflammable.

3. By acting on calcium phosphide with water ; the gas obtained is
spontancously inflammable.

PHOSPHORUS TRICHLORIDE.

PCly =157-5. Percentage composition, P= 22:5, Cl =775. Liquid
at ordinary temperatures, Specific gravity, 14 (water =1). Boiling
point, T8°,

Properties.—A colourless fuming liguid. In contact with water it

forms phosphorous and hydrochloric acids, with evolution of much

heat.
PClz + 3H;0 =3HCl + H; PO,

It unites readily with chlorine to form the pentachloride (I Cl;).
Preparation.—DBy passing chlorine over phosphorus heated nearly
to boiling in a retort, the phosphorus being in excess.

PHOSPHORUS PENTACHLORIDE.

P Cly= 2085, Percentage composition, P = 14-86, Cl = 85-14.
Solid at ordinary temperatures,

Properties.—A pale yellow crystalline, fuming, very volatile solid,

which sublimes below 100° and melts under pressure at about 148°.
Its vapour is very irritating.

Preparation.—Dy passing chlorine over phosphorus trichloride.
PCly + Clg = PCl,
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PHOSPHORUS OXYCHLORIDE.

P QCly; = 1635, Percentage composition, 0 = 1043; P = 20-19;
Cl = 69-38,  Liguid al ordinary temperatures, Boils at 110°,
Specific gravity, 1'69 (water = 1),

Properties.—A colourless fuming liguid. In contact with water it
forms phosphoric and hydrochloric acids.

POCl; + 3H.0 =H; PO, + 3HCL

Preparation,—1. By exposing phosphorus pentachloride to moist air,
2. By distilling a mixture of phosphorus pentachloride and phos-
phorie anhydride,

EPGls + PgD; = 5PDG13.

Other Compounds of Phosphorus.—Six sulphides of phosphorus are
known, their formule being respectively Py S, Py S, I*, S,, Ps Sq, Ps S;,
P; 8).. Two bromides are known—F Brg and P Br;, and two iodides—
]_]I Ig "-El.ﬂ(]. Pg Ii"‘ I
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GENERAL CHARACTERISTICS OF
THE NON-METALS.

Occurrence.— The majority of the most abundant and widely-diffused
elements are found among the non-metals. Some, like oxygen, sulphur,
carbon, nitrogen, and hydrogen, are found both in the free state and
in combination, the rest occur in eombination only, chiefly in the
form of oxygen compounds or in direct combination with metals.

Physical Characters.—All physical conditions are represented among
the non-metals. They include, on the one hand, the most solid, so to
speak, of all elements—namely, carbon; and, on the other, the most
persistently gaseous—namely, hydrogen. Four, or probably five, are
gaseous at ordinary temperature and pressure—viz., oxygen, hydrogen,
nitrogen, chlorine, and fluorine; one is fluid—viz., bromine, the rest
are solid. They are all bad conductors of heat and electricity.

Chemical Character.—All non-metals, except fluorine, yield compounds
with oxygen, most of them several, and all these are either neutral or
acid-forming oxides, not one being basic. In this respeet they have a
number of analogues among the metals, such as arsenic and antimony.
As regards special characters they fall into several well-marked families
or groups.

Hydrogen and Loron—stand, among the non-metals, by themselves,
but both have several, more or less well marked, analogues among the
metals. Hydrogen is uni-valent, boron tri-valent.

The? group consisting of Auorine, chlorine, bromine, and dodine
show striking similarities, more particularly the three last. ‘They
are all, in the main, uni-valent, although (particularly in the case of
iodine) some of their compounds are best explained on the assumption
of their being tri- or quinqui-valent. They are all characterised by great
chemical activity, even at ordinary temperatures, and more especially by
their strong affinity for hydrogen, with which element they each form
one compound. Owing to this great affinity for hydrogen they are
powerful oxidising agents in the presence of water. The affinity for
hydrogen diminishes as we pass from fluorine to chlorine, bromine,
iodine; the affinity for oxygen, on the other hand, increases. All
except fluorine yield compounds with oxygen. Notwithstanding the
difference in chemical character between these elements and hydrogen,
they are capable of replacing hydrogen in many organic compounds
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without alteration of the typical character of the original eompound.
Such eompounds are called substitution compounds (p.78). No allotropic
modifications of these elements are known. Their compounds with
metals closely resemble the salts of the oxygen acids, and hence they
arc sometimes termed halogens, or salt formers,*

Another group—oaxygen, sulphur, selenium, and telluriwm—consist,
like the preceding, of one member, oxygen, standing in some respects
by itself, associated with a group of three most closely related elements.
Oxygen is bi-valent, the others are bi-, quadri-, or sex-valent. They
are comparatively inactive at ordinary temperatures, extremely active
at elevated temperatures; their hydrogen compounds are closely
analogous, and the three last form corresponding oxygen compounds.
Proceeding from sulphur to tellurinm the aflinity for hydrogen in-
creases, while that for oxygen diminishes. They yield allotropic
modifications,

Another group consists of two members only—carbon and silicon,
They are either bi-, but more generally quadri-valent, and are remark-
able for the variety of strikingly different allotropic modifications which
they yield. They are inactive at ordinary, very active at elevated,
temperatures. Their affinity for hLydrogen is feeble, but that for
oxygen extremely powerful at high temperatures, on which account
carbon is frequently employed as a reducing agent in metallurgy.
Their most remarkable characteristic, however, is perhaps the power
possessed by their atoms of combining with each other to form com-
plex atoms or molecules, the valency of which is equal to twice the
number of atoms combined, plus two. Carbon is par eveellence the
organic element, and no substance is called organic which does not
contain it.

Finally the group—nitrogen and phosphorus—also consists, among
non-metals, of two members only, but they have several well-marked
analogues among the metals. They are mainly tri-valent, sometimes
quingui-valent. The chief characteristic of the one, viz., nitrogen, is
orcat chemical inertness of the element, and the comparative instability
of its compounds, nearly all of which have to be produced in an
indirect manner, and the formation of which is frequently accompanied
by absorption of heat. No allotropic modification of it is known.
Nitrogen is pre-eminently characteristic of animal substances, and
it is present more particularly in every animal structure or tissue.
Phosphorus, on the other hand, possesses considerable chemical
activity, and unites directly with many elements. Its combinations,

* 2ae 5.0, ond peveda, T produce.
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particularly those with oxygen, are accompanied with much evolution
of heat. It forms two strikingly different allotropic modifications.
Both elements form several compounds with hydrogen, of which,
ammonia and phosphoretted hydrogen, possess, in presence of water,
basic properties. This property is most marked in the case of am-
monia, much less marked in the case of phosphoretted hydrogen, and
almost disappears in the case of the corresponding hydrogen com-
pounds of the metallic analoguéds, Doth form several compounds with
oxygen of corresponding composition.

Preparation.—Notwithstanding the fact that several cf the non-
metals are found in the free state in nature in very considerable
quantities, all of them must be, as a rule, prepared from one or other
of their compounds. The only practical exceptions to this are earbon
in the forms of diamond and graphite (used only as found native),
nitrogen and sulphur. The pon-metals are prepared, nearly always,
from their compounds with either hydrogen or oxygen by acting on
these with elements having a stronger affinity for hydrogen or oxygen,
as the case may be, than the non-metal to be prepared. Thus, chlorine,
bromine, and iodine, for example, are prepared from their hydrogen
compounds, by oxidising the hydrogen into water. DBoreon, silicon, and
phosphorus, on the other hand, are prepared from their oxygen com-
pounds by acting on these at elevated temperatures with an alkali metal,
or with carbon, elements which, under these conditions, have greater
affinity for oxygen than the above three non-metals,
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THE WRYATS
ALKALI METALS.*

POTASSIUM. l LITHIUM. l RUBLDIUML.
SODIUAL CZESIUM, AMUONIUI.
POTASSIUM.

{ Polassa, Latinised jform of pot-ash, hence potassinmt) K = 39-1.  Specific
gravity of solid, 0-865 (water = 1), of vapour,18-85(H=1). Melting
point, 62:5°. Boiling point between T19° and 731°.  Specific heat,
0-166. Monad.

Occurrence in Nature.—DPotassium never occurs in the free state, but
in combination with sulphurie, nitric, hydrochlorie, carbonie, phosphorie,
silicie, and with various organic acids, is found very widely distributed in
nature, in all kinds of natural waters, in all fruitful soils, in plants, and
in the animal body. Among minerals in which it is an essential con-
stituent may be mentioned potash-felspar or orthoclase (Kq Al,Sig O,4),
deucite (K, Al, Siy O,,), sylvine (KX C), carnallite (K Cl, Mg Cly, 6 H, O),
and Lainite (Mg Cl,, Mg S Oy, K, S Oy, 6 H; O).

Properties.-——’otassium is a bright, silver-white metal, lighter than
water, and soft enough to be easily cut with a knife at ordinary tem-
peratures, but is brittle at lower temperatures. It may be obtained
in crystals belonging to the regular system. It melts at 62-5°, and
volatilises at a red heat, yielding a green wvapour, which imparts a
bright violet colour to the flame, the spectrum of which is very char-
acteristic (see plate). Both the violet colour and the spectrum are
yielded by all volatile compounds of potassinm.

Potassium is characterised by a strong attraction for oxygen. Owing
to this attraction a bright surface of the metal can only be seen at
the moment of cutting it with a knife, for a white film of oxide is
immediately formed, and the oxidation rapidly proceeds throughout the
mass if left exposed to the air for any length of time. If heated in

* Albali, from the Arabian al-galiy, the “ecalcined ashes" of the plants Salsola and

Salicornin, from galay, to roast or fry in a pan, hence transferred to the plants themselves
soused. In early chemistry albali was supposed to be a specific substance which existed
Jired in potash and soda, velatile in ammonia. Duhamel, in 1736, showed that thers were
three distinet alkalies, and these were distingnished as mineral atkali (soda), vegetalle alkali
{potash). and asimal alkali (ammmonia). The word alkali is now applied more especially to
the hydrates of the above metals, but in a more general sense to the hydrates of barium,
stromtium, and ealcium, hence the term altaline earilis (p. 225), and to the alkaleids or organic
ammonias (p. 112), hence alao the term alkaline reaction applied to the behaviour of
soluble bases to litmus, &c.—Hee further, Muarray, New English Dictionary, 1835, Part i., p. 223,
t Skeat.



contact with air it takes fire. It is a powerful reducing agent, and is
often used as such in the laboratory.

It will decompose water at ordinary temperatures (see p. 105),

. forming potassium hydrate (KX H O), and ejecting hydrogen, which,
| ewing to the high temperature of the reaction, takes fire, and burns
| with a violet flame caused by a partial volatilisation of the metal.

For these reasons it has to be kept out of contact with oxygen,
whether free or in combination, and is usually stored in naphtha or
in hermetically sealed tubes. It combines readily also with sulphur,
phosphorus, and chlorine (in which it burns with intense brilliancy),
and forms a compound with hydrogen of a somewhat unstable nature.

At a red heat it deoxidises carbonic anhydride, separating out carbon,
thus :—

r OXIDES OF POTASSIUM, 203
|
|

Carbonie Potassinm
Anhydridae Potassinm, Oxide. Carbon.
e R e T e TR

But at a white heat carbon deoxidises potassium oxide, forming car-
bonic oxide and potassium—

Potassium Oxide, Carbon. Carbonie Oxide, Potassium,

K20 4 C = CoO -+ K.

Manufacture and Preparation—I1. Dy the reduction of potassium car-
donate with charcoal.—Crude tartar, or acid tartrate of potassinm
(K HCy Hy Op), is first heated to a. bright redness in a covered
erncible, whereby an intimate mixture of charcoal and potassinm car-
bonate is obtained. This mixture is then transferred to an iron retort,
which is gradually heated to a bright red, or even white heat, in a
furnace, and is connected with a flat-shaped iron receiver, in order that
the potassinm vapour may cool as quickly as possible. Great caution
18 necessary to avoid explosion from mechanical obstruction of the
neck of the retort, or from the formation of an explosive compound of
the potassium with carbonic oxide.

The reaction may be expressed as follows :—

Potassinm Carbonic
Carbonats, Charcoal, Potassinm. Oxide,
E.00; " 4+ 'O = E; + 300

2. By the electrolysis of fused potash. 3. By the action of iron
filings on potassium sulphide at a red heat.
OXIDES OF POTASSIUM.

Potassium Monoxide, Nz ) = 94-2.—A white powder formed by
oxidising potassium in dry air, free from carbonic anhydride. It is
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very deliquescent, and unites with great energy with water to form
potassium hydrate,

Potasslum Hydrate (potash, caunstic polash, potassa, potassinm hydrozide,
&), KHO =56, [K; 0. H; 0]. Specific gravity, 2:1 (water = 1).

Properties.—A white, erystalline, very deliquescent solid. It is ex-
tremely soluble in water (requiring less than its own weight of water
for solution) and in aleohol ; the solutions have a very alkaline reaction
(restoring the blue colour to reddened litmus, turning turmeric paper
brown, &ec.), a soapy feeling and a nauseous taste. It acts asa powerful
caustic on the skin. It possesses the characters of a basic oxide in a
marked degree; thus, it absorbs carbonic anhydride from the air,
forming potassium carbonate ; it gradually dissolves silica from glass
vessels, forming potassium silicate ; and it neutralises all acids with
formation of water and the corresponding potassium salts, e.g. :—

Potassiom Nitrie Potazsium
Hydrate, Acid. Nitrate, Water.

EBO 4+ HNO = KNGO, 4+ Hi@

It precipitates all metals which form insoluble hydrates from solu-
tions of their salts as such hydrates, e.g. :—

Ferric Potassic Potassinm
Chloride, Hydrate. Ferrviec Hydrate, Chloride,
FEg CIE + GKHO — FE£ 03? EHEU + GECL

It forms several crystalline hydrates with water. It melts at a dull
red heat, and volatilises at a white heat without decomposition. It is
much used in the laboratory as a reagent.

Dlysiological Action.— The solution when undiluted is a violent
caustic poison, The solid is used externally as a caustie.

Mannfacture and Preparation.—1, From potassivm carbonate by the
action of lime.—A ten per cent. solution® of potassium carbonate is first
boiled in an iron vessel, and milk of lime (p. 233) gradually added in
considerable excess, and the whole maintained at a boiling temperature
for a short time. The mixture is then left to settle, and after subsi-
dence of the solid matter (calcium carbonate and excess of lime), the
clear liquor is drawn off, evaporated in an iron vessel till all the water
is expelled, when the mass solidifies on cooling. Run into mounlds in
the form of thin bars, it forms the stick potash of commerce. The
reaction which occurs may be represented as follows:—

Potassinm Potassic Caleiom
Carbonate, Lime, Hydrate. Carbonate.

K:COg + CaH;0, = 2KHO + CaCOs

*[f o more concenirated solution is used the action isreverted:—2 K HO + CaC Oy =
E-z L Dﬂ. + GEHEG‘L
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If required very pure, silver vessels may be substituted for iron ones,
and the potash may be afterwards extracted with aleohol, by which
means most of the impurities, including potassium carbonate, remain

' behind, being insoluble ; the alcohol is removed by distillation.

2. By heating a mixture of potassium nitrate and copper foil to redness
in a copper crucible and extracting the fused mass with water.

Other Oxides of Potassinm.—Oxides of the formula K, O, and K, Oy
are also known, and are formed, by passing dry air or oxygen over the
gently heated monoxide. When these oxides are acted on by water,

- they are decomposed with formation of hydrate of potassimm and free

oxyzen. Ordinary stick potash, when dissolved in water, nearly always

' evolves some oxygen, producing a slight effervescence, owing to its

containing some of these higher oxides.

SALTS OF POTASSIUM.

Neutral Potassium Carbonate (normal potassium carbonate, pearl-ash,
§c.), K:C Oz = 1382, Specific gravity, 2-2 (water = 1). Melting
point, 838"

Properties.—This salt is colourless, and crystallises with three mole-
cules of water (K. C O3, 3H,0). It 18 very deliquescent, and is
soluble in less than its own weight of water; the solution has an
alkaline reaction. It is insoluble in alcohol. On heating, it loses its
water, and fuses at a red heat without change in composition.

Manufacture.—Potassium, as already stated, is found in land plants,
and the greater part is usually present in them in combination with
organic acids. When wood is incinerated these organic salts are
decomposed with formation of potassium carbonate, which may be
separated from the numerous other salts by extraction (lixiviation)
with water., By evaporation of this solution crude potash is obtained.
This is once more extracted with water, and the solution on evapora-
tion yields the pearl-ash of commerce, containing about 80 per cent. of
potassimin carbonate.

A similar product is obtained from beet-root, from sea-weed, and
from washings of sheep’s-wool. Potassinm carbonate is now also
largely manufactured from potassium sulphate by a process distinetly
analogous to the Leblane process (q.v., p. 213).

Preparation—1. From pearl-ash.—If pearl-ash is extracted with an
equal weight of cold water, the hydrate, I{, C Og, 2 H; O, crystallises
out on concentrating the solution by evaporation.

2. From acid tartrate of potassium (cream of tartar, K H Cy Hy Oy)
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—If this salt is heated to redness in a platinum crucible, it is converted
into the carbonate, which may be purified by extracting with water
and evaporating the solution to crystallisation. A very pure form of
the salt is thus obtained. :

Acid Totassium Carbonate (bicarbonate of potash, hydric potassic
carbonale, §c.) K H C0; = 100-1.

Lroperties.—1his salt erystallises in large (monoclinie) crystals, which
are not deliquescent. It is much less soluble than the neutral carbonate,
requiring four times its weight of water for solution; 100 parts of water
dissolve at 10°, 19-6 parts, at 20° 23-2 parts. The solution is feebly
alkaline, and gives off carbonic anhydride on boiling. The salt is
decomposed at a moderate heat into normal carbonate, water, and
carbonic anhydride.

Acid Potassinm  Normal Potassivm Carbonic
Carbonate, Carbonate. Water, Anhydride.
eKHO0; = Ezs00; +  Hy0 + 00

Physiological Action.—It is largely used as an ant-acid.

Preparation—By passing carbonic anlydride into a cold solution of
potash—the salt, not being very soluble, separates out in crystals
during the process, which may afterwards be purified by solution and
recrystallisation.

Potassium Nitrate (nilre, sallpetre), K N 0; = 101-1, [N 0O, .0 K].
Specific gravity, 2°1 (water = 1).  Melting point, 339°.

Properties.—This salt is dimorphous. It usually crystallises in
rhombic prisms, but may be obtained in rhombohedral erystals. It
is not deliquescent. It is not very soluble in cold water, but its
solubility increases very rapidly as the temperature rises. Thus, at
10° it requires five times its weight, but at 100° it is soluble in less
than half its weight of water. Its solution is attended with consider-
able absorption of heat. Heated above 350° it loses an atom of
oxygen, forming potassimmn nitrite (KN O,), and at a still higher
temperature is completely decomposed into potassium oxide, nitrogen,
and oxygen.

Owing to the facility with which it parts with its oxygen, it isa
powerful oxidising agent; heated on charcoal it gives rise to a brisk
combustion termed deflagration ; sulphur, phosphorus, and many metals
are oxidised when heated with it, with considerable rise of temperature.

Manufacture-—1. From natural saltpetre (see nitric acid, p. 118)—by
lixiviation of the earth or rock in which it occurs, and evaporation o
the solution to crystallisation, |
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- 2. From Chili saltpetre (Na N Og).—By mixing hot solutions of Chili
saltpetre and potassinm chloride, double decomposition ensues, the
iputassium nitrate being more soluble in the hot remains in solution,
and the chloride of sodium crystallises out and is removed. The
potassium nitrate solution is then run into crystallising pans and
allowed to cool, and the nitre so ebtained purified by recrystallisation,
B. By the atmospheric oxidation of animal vefuse in the presence of @
strong base, and of a special lind of baccillus—This process, which
'is less used than formerly, is "in imitation of the natural condi-
tions under which saltpetre is formed. Animal matter is built up into
;heaps with carbonate of lime, and left exposed to the action of the
atmosphere (but protected from rain), and watered from time to time
with stale urine and with water. In the course of two or three
years the nitrogenous matter is completely converted into nitrate of
potassium or calcium, and the mass is lixiviated with water. The
nitrate of calcium is converted into potassium nitrate by addition of
potassiom carbonate, by which means the calcium is precipitated as
carbonate. The crude nitre so obtained undergoes further purification.
Preparation—By neutralising nitric acid with potassium carbonale or
- with potash. By eareful recrystallisation of the natural salt.

Gunpowder.—The composition of gunpowder has remained unaltered for many ycars,
| wiz., salipetre 75 parts, charcoal 15 sulphur 10, The charconl employed iz usually made
from alder, willow, or black dogwood.

The materials are intimately mixzed, in a moist state, in special fncorporaling mills, and
finally grained, after which the powder is dried al a temperatare of from 120° to 150°F.
{48:0° to 54°5° C.) -

The object of graining gunpowder, is to permit the flame to penetrate between the in-
térstices of the graing, so as to allow of simultaneons combustion or explozion; if tho
. interstices beiween the grains arve filled with incombustible materiale (such as glass or
| eand), so as to isolate the grains, the powder is no longer explosive. If the intimately
| mixed ingredients are reduced to a fine powder, the mixture only burns with greater or
lees rapidity, but produces no explosion unless confined.

Gunpowder explodes at & temperature of about 600°F, (315:5°C.) The chief effect of
gunpowder is due to the combustion of the charcoal by the oxygen of the nitre; the
gulphur is added to increase the inflimmability of the mixture. The gaseous products
evolved during the explosion of gunpowder (about 43 per cent. by weight of the powder
used) are chiefly carbonic anhydride, carbonie oxide, and nitrogen; the solid products
{about 57 per cent. of the powder used) consist for the most part of carbonate, sulphate, and
sulphide of potassiom,

One cubic inch of powder yields about 280 cubic inches of gas measured at 0° and
760 mm. Bar, but owing to the high temperature at the moment of explosion (about
4000° F. or 22007 C.) the pressure exerted is equal to about 6100 atmospheres, or some 42 tons
to the square inch, if the powder is exploded in & space which it entirely fllls; if the
powder docs not entirely flll the space, or if such space be enlarged in consequence of
the explosion, :Iw_ presgure becomes less in proporlion.

The total amount of work done by the explosion of 1 1b. of gunpowder is equal to 4580
Jooi-fops; that is, by means of the explesion of 1 1b. of gunpowder we could raise 450 tona
1 foot high, or 1 ton 480 feet high.

T S —
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Normal or Neutral Potassium Sulphate, K3 S0, =1742. [S0, (0K),:
K, 0, §0;]. Specific gravity, 2:66 (water = 1).  Melting point, above
861",

Properties,—This salt crystallises in transparent, anhydrous, rhombic
prisms. It is soluble in 8 parts of cold water and in 4 parts of boiling,
Lut is insciuble in aleohol. On heating it decrepitates, and at a red
keat melts without change of composition.

Preparation.—By neutralising sulphuric acid with potassic carbonate
or hydrate,

Manufacture.—Obtained as a bye-product in various manufacturing
processes, as, for example, from the mother-liquors in the preparation
of carbonate of potassium from wood-ashes, of soda from kelp, from
sea-water, &c.

Acid Potassium Sulphate (hydrogen potassium sulphate, bisulphate of
potash), KHSO0,=136-1. [S0,.0H.0 K], Specific gravity, 2-16.
(water =1).  Melting point, 2107

Propertics.—This salt crystallises in rhombic prisms. It is much
more soluble than the neutral sulphate, requiring twice its weight of
water at 15-5°, and less than its own weight at 100°, The solution
has a sour taste and acid reaction. It melts at 210° and at about
600° it is decomposed into neutral sulphate, sulphuric acid, sulphurous
acid, and oxygen.

Preparation.—By evaporating to dryness neutral sulphate of potassium
with half its weight of strong sulphuric acid.

Potassium Monosulphide, K, S = 110-2.

Properties.—This salt crystallises in cﬂlﬂur1e3§ crystals. It is very
deliquescent and very soluble in water. Its solution dissolves the
sulphides of arsenie, antimony, and tin.

Preparation.—1, By heating to redness a mixture of potassium sul-
phate and charcoal :—K,S0,+4C=K,5+4C0O. 2. Or, in aqueous
solution, by dividing a solution of potassium hydrate into two equal
parts and mixing after saturating one-half with sulphuretted hydrogen.

Hydric Potassic Sulphide (petassium sulphydrate). KH § = 72-1.

This salt is the analogue of potassic hydrate (K H 0), which it
resembles in many respects. It can be obtained in very deliquescent
crystals.

Preparation.—DBy saturating a solution of potassium hydrate with
sulphurctted hydrogen:—K H O + H,8 = KIS + H, 0.

Polysulphides of Potassium, M. S,, Ko 83, K8y, Ky 85 —These are
prepared by fusing the monosulphide (or heating its solution) with
sulphur
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Hepar Sulphuris (liver of sulphur, potassa sulphurala).

This is a pharmaceutical preparation, made by heating potassium carbonate and sulphur
in & crucible, and consists of pentasulphide and thiosulphate or sulphate of potassium,
according to the temperature at which it is prepared.

Potassium Chlorate, K Cl 03 = 122:6. [ClOy. O K]. Specific gravity,
232 (water = 1). Melting point, 359°.

Properties—This salt crystallises in tabular crystals. It is not very
goluble in water, requiring sixteen times its own weight at ordinary
temperatures, but only twice sits weicht of boiling water for solution.
It melts at 359°, and at a somewhat higher temperature begins to
decompose. Heated on charcoal it deflagrates.

Combustible substances, mixed with chlorate of potassium, yield explosive mixtures,
many of which are readily exploded by percussion. During the combustion of such

mixtares, more heat is evolved than by the burning of the combustible sobstance in
oxygen; the heat reaction in the formation of the chlorate being negative (Chap. xii.)

Preparation.—DBy passing chlorine into a solution of potassium
carbonate mixed with a sufficient amount of milk of lime to contain
5 molecules of hydrate of caleium to 1 molecule of potassium carbon-
ate, and separating the difficultly soluble potassium chlorate from the
readily soluble calcium chloride by erystallisation.

Potassiom Potassinom Caleinm Carbonic
Carbonate, Lima. Chlorine. Chlorate, Chlorido. Water. Anhydride.

K,CO3 +5CaH, 0, +6Cl, =2K C10; + 5CaCl, + 5H,0 + CO,.

Potassium Perchlorate, K Cl10, = 1586. [ClOz.0K]. Specific
gravity, 2:52 (water = 1). Melting point, 610°.

This salt crystallises in rhombic octahedra. It is very difficultly
soluble in water (1 in 60). Like the chlorate it is decomposed by heat.

Preperation.—By heating potassium chlorate until it has lost about

9 per cent. of oxygen, and separating the perchlorate so formed by
crystallisation.

Potassiom Fotassiom Potassinm
Chlorate. Perchlorate. Chloride. Oxygen.
2K Cl 03, = E.Cl 0'4 + E.Cl e 05-

.I; is also produced when the chlorate is acted on by strong sulphuric
acid.

Potassium Chloride, K Cl = 74:6. Specific gravity, 19 (water = 1).
Melting point, 734",

Occurrence.—Found dissolved in sea water, in many mineral waters,
and either pure (sylvine) or combined with chloride of magnesium
(carnallite) in various rock ealt deposits. It is the predominant alkaline
chloride in the juice of flesh,

14
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Properties.—This salt crystallises in cubes. It is soluble in three
times its weight of water at ordinary temperatures with great de-
pression of temperature, and in twice its weight at 100°. It is
insoluble in aleohol. It combines with platinic chloride (Pt Cl,) to
form a difficultly soluble double salt (Kg Pt Clg).

Preparation.—From the mother-liquor of evaporated sea water; but
chiefly by the recrystallising of carnallite.

Potassium Bromide, K Br =119-1. Specific gravity, 269 (water = 1).
Melting point, 699°,

Propertiecs.—This salt crystallises in cubes. It is soluble in twice its
weight of water at ordinary temperatures, and in about its own weight
at 100°, It is also soluble in aleohol.

Physiological Action (see p. 181).

FPrepavation.—1. By neutralising hydrobromic acid with potassium
hydrate or carbonate. 2, By acting on a solution of potassium hydrate
with bromine, evaporating to dryness, heating the resulting mixture of
bromide and bromate with charcoal, and recrystallising,

Potassium Iodide, K1 = 166-1. Specific gravity, 3-0 (water = 1).
Melting point, 634°.

Properties.—This salt crystallises in cubes, Both the salt and its
solution become slightly yellow on exposure to air, owing to slight
decomposition by earbonic anhydride. It is soluble in rather less than
its own weight of water at ordinary temperatures. Its saturated
solution boils at 120°, and contains 68'9 per cent. of the salt. It is
soluble in aleohol. Its agqueous solution dissolves iodine. When free
from iodate, the solution remains colourless on addition of hydrochlorie
acid.

Physiological Action (see p. 184).

Preparation.—By methods strictly analogous to the preparations of
the bromide. By acting with iodine on iron in the presence of water
and decomposing the resulting iodide of iron by potassium carbonate,
Fe + I, = Fely; Felg + KgCO3 =FeCO3 + 2K L

Distinguishing Tests of the Potassium Salts,—Not too dilute solu-
tions of the potassium salts yield, with platinum tetrachloride, a
yellow crystalline precipitate (2K Cl, Pt Cl,), insoluble in alcohel,
soluble in a solution of potassium hydrate; with a concentrated
solution of fartavic acid or acid sodium tartrate, a white ecrystal-
line precipitate (KH C4H;Og), insoluble in alcohol, soluble in
solutions of potassium hydrate or hydrochloric acid; with a solution
of hydraofluosilicic acid, a gelatinous precipitate (K, SiFg), insoluble in
alcohol, Potassium salts give a violet-coloured flame when introduced
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on a platinum wire into the flame of a Bunsen burner; this flame yields
a characteristic speetrum and appears purple-red through an indigo
prism or cobalt-blue glass.

Potassium salts are all white, unless the acid is coloured; nearly all
goluble in water, easily fusible, and volatile only at a high temperature.

SODIUM.*

Na=23. Specific gravity of solid, 0972 (water = 1), of vapour, 12:75
(H=1). Melting point, 97-6°. Builing point, between 861° and 954°,
Specific heat, 0-293. Monad.

Occurrence in Nature.—The most common compound of this metal,
which only oceurs in combination, is its chloride, generally known as
salt (rock salt, common salt); this substance is found in immense
deposits in various parts of the world, in sea water and in mineral
waters, and is always present, though in small quantities, in ordinary
drinking water. It is even found in air, and is, in fact, so widely
diffused, that its presence may always be demonstrated by its very
delicate spectroscopic reaction. As nitrate it also occurs in consider-
able deposits. It further occurs largely as carbonate, sulphate, and
phosphate, &c., and is a constituent of numerous silicates, among
which may be mentioned sodalite (2 Na Cl, 3 Na, Al, Si, Og) and albite
(Nag Al Sig O44). It is found in the ash of all plants, more particularly
of sea plants, in which it is the predominating alkali metal, and in most
parts of the animal body, especially the blood, the agueous humour of
the eye, urine, &ec.

Properties.—Sodium is a bright, silvery-white metal resembling
potassium very closely in its physical properties, but not quite so
gsoft. Both the metal and its compounds impart an intense yellow
colour to the flame, the spectrum of which is also highly characteristie.
Like potassium, it may be distilled. It crystallises in the regular
system.

Sodium further resembles potassium in its chemical properties very
closely—thus, it has a very strong attraction for oxygen, and, as
in the case of potassium, the bright surface of the metal can
only be perceived at the moment of cutting it, owing to the rapid
oxidation which takes place on its surface. Heated in contact

* 0ld Italian, soda, an ash from which glass is made. O0ld French, seulde, glasswort,
answers to Latin solida, hard —Skeat.



212 OXIDES OF SODIUM.

with air it takes fire, burning with an intense yellow flame. Like
potassium, it is also a powerful reducing agent, and is often used as
such in the laboratory. It decomposes water at ordinary temperatures
(see Hydrogen, p. 100), forming sodium hydrate (Na H O), and liberat-
ing hydrogen, which, however, is not ignited unless the water is warm
or present only in small quantity (if, for example, a piece of sodium is
thrown on to wet blotting-paper, the hydrogen which is evolved ignites
and burns with an intense yellow flame). It resembles potassium in
all other respects and, like that metal, has to be preserved under
naphtha (ef. potassium, p. 203).

Preparation.—By decomposing fused caustic soda with a mixture of
spongy iron and carbon:—6 Na HO +Fe + C; =2 Nag C O3 +3 Hy +
Fe + Nay (Kastner).

OXIDES OF SODIUM.

Two oxides of sodium are known, viz., sodium monoxide, Na, O, and
sodium dioxide, Nag Og; they are analogous in their properties to the
corresponding oxides of potassinm.

Sodium Hydrate (sodium lLydroxide, soda, caustic soda), Na H O =40.
[Nag O, Hy O]. Specific gravity, 2:1 (water = 1).

Properties.—This compound is in every respect analogous in its
properties to the corresponding potassium hydrate (K HO). It is
very deliquescent, and, also, like potassium hydrate, it absorbs carbonic
anhydride, becoming coated with sodium carbonate, which is, how-
ever, not (like potassium carbonate) deliquescent; so that when sodinm
hydrate is exposed to the air it becomes at first moist, but, finally, dries
up again. Itis volatile at a white heat. It is soluble in 2} parts of
water at ordinary temperature., The solution has a specific gravity
of 1'5 and is strongly caustic, but less so than the solution of
potassium hydrate.

Physiological Action.—Analogous to that of potassium hydrate but
less powerful.

Preparation.—1. From sodium carbonate by the action of lime (cf.
potassium hydrate, p. 204). 2. Very pure by the action of sodium on
water and evaporation of the solution in silver vessels.

SALTS OF SODIUM.

Neutral Sodium Carbonate (technically known as soda), Nag COj,
10 Hy O = 106 + 180 = 286, Specific gravity, 1-4d (water = 1). Melting
point, 34°; of anhydrous, 814°.

Occurrence in Nature.—Sodium carbonate is found as an effloresence
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on the soil in many parts of Hungary, and dissolved in the water of
various lakes in Hungary, Egypt, Persia, India, and China, and in
Russian and Turkish Armenia,

Properties.—This salt erystallizses in well formed, colourless, trans-
parent crystals, belonging to the monoclinic system, and containing
629 per cent. water of crystallisation. It is extremely efflorescent,
becoming white and opaque on exposure to air; it loses one-half its
water at 12-5°. y

It is extremely soluble in water. The solubility increases up to 38°,
but begins to decrease at higher temperatures (100 parts water dissolve
12-06 parts of the anhydrous salt at 10°, 5167 at 38° and 45-47 at 104°).*
The solution is alkaline and caustic. On heating, the salt melts in its
water of crystallisation, which at a higher temperature is completely
driven off leaving anhydrous sodium carbonate, Nas C Oj, which
melts at a red heat without undergoing further change. The anhy-
drous salt has a specific gravity of 2:46. It forms various other
hydrates, containing one, seven, nine, and fifteen molecules of water.

Manufacture—From sodium chloride.—Sodium carbonate is obtained
from common salt by processes which are carried out on an enormous
scale, and form a highly important branch of chemical industry.

Leblane Process.—This process, named after its inventor, was dis-
covered in 1793, and consists mainly in the conversion of common salt
into sodium sulphate, the reduction of this salt to sulphide by means
of coal, and, finally, the conversion of the sulphide into carbonate by
treatment with calecium carbonate.

The sodium chloride is converted into sulphate by treatment with
sulphuric acid in a suitable furnace; immense quantities of hydrochloric
acid gas are given off, which is absorbed in water; the acid sulphate
ig first formed, and finally the neutral sulphate :—

Sodinm Sulphuric Sodium Hydrochlorie
Chloride. Acid. Sulphate, Acid.
Z2NaCl + H. 5 Uq = Na, SD.; + 2HCL

This is called the salf-cake process. The crude anhydrous sodium
sulphate (salt-cake) is next intimately mixed with small eoal and
chalk or limestone, and heated to redness in a special reverberatory
furnace; the reaction which ensues may be expressed by the following
equations :—

Bodiam Sodinm Carbonic
Sulphate. Carbon. Sulphide. Oxide,
Nag80;, + 4C = |1Naz8 + 4C0.

* The ordinary crystals dissolve in two paris of cold and in less than their own weight of
boiling water,
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Sodium Calcinm Sodium Calcium
Sulphide. Carbonate. Carhonate. Sulphide.

Na; 8 + Ca CO3 = Nag GOE + Ca8,

The black mass which results (soda ash, black ash, ball soda),
is extracted with water, whereupon impure sodium carbonate dissolves
and the calcium monosulphide remains behind. The impure sodium
carbonate, obtained from this solution by evaporation, which still
contains sulphate, sulphide, and various other impurities, is once
more heated with coal, and is finally purified by crystallisation.

The residual calcium monosulphide, known as alkali waste, contains
all the sulphur from the sulphuric acid used. It was formerly thrown
away, but now generally undergoes special treatment for the recovery
of its sulphur.

2. The Ammonia-soda Process,—This process is based on the double
decomposition which ensues when a solution of ammonium bicarbonate
(NH,HC Oy) is brought into contact with a solution of sodium
chloride, resulting in the precipitation of the somewhat difficultly
soluble sodium bicarbonate, while the ammonium chloride simul-
taneously formed goes into solution. |

In actual practice carbonic anhydride and ammonia gases are passed
into a solution of common salt. The reaction may be expressed as
follows :—

Sodinm Carbonic Sodinm Ammoniam
Chloride, Ammonia, Water. Anhydride. Blearbonate, Chloride.

NaCl + HHg + Hgﬂ + CDj = N&HCD; + HH;C].

The ammonium chloride by treatment with lime (p. 129) yields up its
ammonia, which can thus be used over and over again.

Simple as the process appears, it is nevertheless beset with many
practical difficulties, but is now successfully worked on a very large
scale.

3. Cryolite Process.—This depends on the decomposition of cryolite
(3 NaF, Al F3) when heated with calcium carbonate, with formation of
soluble sodium aluminate and insoluble caleium fluoride : —

Sodiom
Cryolite, Limestone, Aluminate,

2[(NaF)sAlFg] + 6CaCO; = Al; 04 3NagO

Calciom Carhonic
Fluorida, Anhydride.

4 KT T STRL
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The sodium aluminate is dissolved out and carbonic anhydride
passed through the solution —alumina is precipitated and sodium
carbonate goes into solution,

.ﬁ.lgﬂga:ﬂﬂjﬂ + 3{}05 == 3Nﬁgc'03 + .ﬂlgﬂ;.

4, Sodium carbonate was formerly manufactured from the ash of
plants growing on the sea-shore (species of salsola and salicornia) and
from the ash of sea-weed (called kelp), which is now only used as a
source of iodine (q.v.)

Acid Sodium Carbonate (sodium bicarbonate), Na H C 0, = 84.

Properties—This salt crystallises in monoclinic crystals, It is
difficultly soluble in water, requiring about ten times its weight at
ordinary temperatures. 100 parts of water dissolve 10:04 parts of the
salt at 10°, and 16-69 parts at 70°. Its solution is slightly alkaline.
On heating the salt or its soluticu, it is more or less rapidly converted
into the neutral carbonate. it is used very extensively in the pre-
paration of effervescing powders.

Physiological Action.—Anpalogous to that of the corresponding
potassium salt (p. 206).

Preparation.—It is prepared, like the analogous potassium salb
(g.v., p- 206), by mixing 1 part of crystallised soda with 3 parts of
anhydrous soda, and exposing the mixture to the action of carbonie
anhydride.

Sodium Sesquicarbonate, Na, H, (C Oy)s, 2 Hy O = 274 + 36 = 310.
[2 Nag C Og, H; C Og; Nag C O3, 2 Na H C 0y).

Occurrence in Nature.—This salt is found dissolved in the waters of
some inland seas in Africa and North America, and as an incrustation
on the shores or deposited on the bottom of these lakes, It is known
as Trona in Africa, and as Urao in America.

Properties.—It crystallises in prisms, belonging to the monoclinic
system, which do not effloresce in air. 100 parts of water dissolve 183
parts of the salt at 20°, 55-8 parts at 80°, and 416 parts at 100°,

Preparation,—It may be obtained by cooling a concentrated solution
of bicarbonate which has been boiled for some time, or by precipitating
with alcohol a solution of 10 parts neutral carbonate and 15 parts of
bicarbonate in 190 parts of water.

Sodium Nitrate (chili saltpetre, cubic nitre)y Na N 03 = 8.
[N O;. O Na]. Specific gravity, 2:1 (water = 1). Melling point, 316°.

Occurrence in Nature.—It is found in considerable deposits in Peru
and Chili, mainly on the elevated plateaux (3000 feet), where little or
no rain falls,
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Properties,—This salt resembles potassium nitrate closely, but,
unlike that salt, is rather deliquescent, and cannot, therefore, be used
in the manufacture of gunpowder. It erystallises in thombohedra, the
shape of the crystals closely approaching that of a cube, whence its
name of cubic nitre. It is dimorphous, and may be obtained in prismatic
crystals, like those of ordinary nitre. 1t is much more soluble than
ordinary nitre.

Uses.—It is used as a manure, and in the manufacture of nitric acid,
and in the manufacture of potassium nitrate by double decomposition
with potassium chloride.

Manufacture—From the natural product by recrystallisation.

Neutral Sodium Sulphate (Glauber’s salt), Na, S Oy, 10 H, O =
142 + 180 = 322. [S0: (0 Na)y). Specific gravity, 1-46 (water = 1).
Melting point, 34° ; of anhydrous, 861°.

Occurrence in Nature.—In the lakes in which carbonate of soda is
found (p. 212), in many mineral waters—e.g., Carlsbad; in sea water;
in considerable deposits in Spain, sometimes anhydrous (Thénardite),
sometimes in the form of double salts with sulphate of calcium
(Glauberite), or sulphate of magnesium (Blidite), sometimes as the
hydrated salt.

Propertics.—This salt erystallises in large colourless, efflorescent,
monoclinic erystals containing 55-76 per cent. of water of erystallization.
It is very soluble in water, requiring about twice its weight at ordinary
temperatures; up to 54° its solubility increases, but beyond that
temperature it diminishes— thus, 100 parts of water dissolve 9 parts of
the anhydrous salt at 10°, 55 parts at 34°, and 42-5 parts at 100°. When
heated it loses its water of crystallisation, becoming anhydrous. It
forms other hydrates, and may be also obtained in anhydrous crystals
from solution.

Physiological Action.—Purgative.

Preparation.—The anhydrous salt is obtained as a bye product in
the manufacture of nitric acid (p.118), and is also formed during the
manufacture of sodium carbonate. It may be prepared by neutralising
sulphuric acid with sodium carbonate.

Acid Sodium Sulphate (Lydric sodic sulphate, bisulphate of soda),
Na HS0,=120. [S80:.0H.0Na].

Properties.—This salt crystallises in triclinic crystals. It is very
soluble in water. The solution has an acid reaction. When carefully
heated, the salt loses water, forming the pyrosulphate, Na, S; O;, and on
further heating is converted into the neutral sulphate, with evolution
of sulphuric anhydride.
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Preparation—By evaporating the neutral sulphate to dryness with
sulphuric acid.

Sodium Thiosulphate (sodium huposulphite), Nay S; O, 5 Hy O = 158
+90=248. [S0;. ONa.SNa] Specific gravity, 1'7 (water = 1).
Melting point, 45°.

Properties—This salt erystallises in colourless crystals, belonging to
the monoclinic system, which are permanent in dry air, and very readily
-soluble in water. The crystals, melt in their own water of crystallisa-
tion at a temperature of 45°, and this liquid on cooling readily yields
a supersaturated solution, which solidifies rapidly with considerable
evolution of heat on introduction of even a minute piece of the solid
salt. Heated to 100° the crystals lose their water, and on stronger
heating sulphur is separated, and a mixture of sulphate and sulphide
of sodium is left behind.

The salt is used largely as an antichlore—z.e., for preventing the
injurious effects of chlorine left in goods bleached by the same. Its
solution has remarkable solvent powers, and, among other salts, readily
dissolves the halogen compounds of silver, on which account it is
largely used in photegraphy. In solution it is converted by iodine
into tetrathionate of soda and iodide of sodium (2 Na,S; Oy + I, =
Nag 5; O5 + 2 NaI), which reaction is made use of for the volumetric
-estimation of iodine, as well as of substances which liberate iodine.

Manufacture.—By boiling a solution of sodium sulphite with sulphur,
and crystallising.

Sodium Chloride (salf, common salt), Na Cl=585. Specific gravily.
2:15 (water = 1). Melting point, T72°,

Occurrence in Nature (see sodium, p, 211),—It is the predominating
alkaline chloride in the blood and urine.

Properties.—This salt crystallises in regular cubes, It is not deliques-
cent.* It requires about two-and-a-half times its weight of water at
ordinary temperatures for solution, and its solubility does not increase
to any extent with the temperature; 100 parts by weight of water
dissolve 35-87 parts of the salt at 14°, and 39-61 parts at 100°,

It decrepitates on heating, melts at a red heat, and is volatile at
high temperatures. Under certain conditions (for example, from
solutions containing a certain quantity of urea) it crystallises in
-octahedra,

Manujacture.—The manufacture of common salt consists practically
in (1) the purification by solution and erystallisation of the naturally

* Unless contaminated with magnesium chloride.
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occurring rock salt, (2) in the concentration and ultimate crystallisa-
tion of the salt occurring in natural brine springs, and (3) in the
evaporation of sea-water. In (2) and (3) the greater portion of the
evaporation is effected by means of solar heat.

Disodic Hydric Phosphate (phosphate of soda), Nas H P Oy, 12 H, 0=
142 + 216 = 558. [P O. QH.(0 Na);). Specific gravity, 1'52 (water
= 1). Melting point, 55°.

Properties—This is the most commonly known of the various sodium
phosphates. It crystallises in monoclinic prisms, and contains 60-3
per cent, of water of erystallisation. It is efflorescent. It is extremely
soluble in hot water, but less so in cold. 100 parts by weight of water
dissolve 39 parts of the anhydrous salt at 10°, 24-1 parts at 30°, and
98-8 at 99°. The saturated solution boils at 1057,

On heating, the salt first melts in its water of crystallisation, and
loses it entirely at a comparatively gentle heat. At a higher tempera-
ture two molecules of the anhydrous salt lose one molecule of water,
becoming converted into pyrophosphate—

Disodic Hydrie Sodinm
Phosphate, Water, Pyrophosphate.
ENﬂg HP'D{ = Hg 0 - Nﬂ.‘ Pg ﬂf-

A solution of the salt has a slightly alkaline reaction; it gives a
yellow precipitate with nitrate of silver (triargentic phosphate), and the
solution becomes acid, thus :—

Dizodic Hydric Argentic Triargentic Sodie Nitrie
Phosphate, Nitrate. Fhosphata. HNitrate. Acid

NagHPO; + 3AsNO; = Ags PO, + 2NaNO; + HNO;

Preparation.— By neutralising a solution of tribasic phosphoric acid
with carbonate of sodium, and erystallising.

Sodium Biborate (borax), Nay, By O;, 10 Hy O = 202 + 180 = 382.
[2 Na B O,, B; 0;]. Specific gravity, 1'T (water = 1), Melting point,
75°5°; of anhydrous, 561°.

Occurrence in Nature (see p. 148).

Properties.—This salt erystallises in colourless rhombic prisms, which
are permanent in air. When heated they melt in their water of crystal-
lisation, swell up considerably, becoming auhydrous, and finally melt
to a clear transparent glass. 100 parts of water dissolve only 2-53
parts at 0°, but 40-43 parts at 60°, and 20143 parts at 1007,

Melted borax is a solvent for many metallic oxides, and is on that
account largely used in the soldering and melting of metals. It is also.
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used as a flux in metallurgical operations, and as a blowpipe reagent in
the laboratory (see boric acid, p. 149).

Manufacture.—1. By adding boric acid to a boiling solution of car-
bonate of soda, and erystallising (to 1,200 parts of crystallised soda
about 1,000 parts of commercial boric acid). 2. By the recrystallisa-
tion of native borax (p. 148).

Distinguishing Tests of Sodium Salts,—Sodium salts yield no precipi-
tate with any of the ordinary reagents; they impart an intense yellow
colour to the flame of a Bunsen burner when introduced into it on the
loop of a platinum wire. The colour of the flame is almost mono-
chromatic, and when examined with a spectroscope of sufficient dis-
persive power yields two bright lines absolutely coincident with the
D lines of the solar spectrum. The reaction is of exceeding delicacy
(see p. 44). The sodium salts are all white, unless the acid is
coloured ; they are soluble in water, with, perhaps, the sole exception
of the metantimonate (NagSbg O;); they are easily fusible; and
volatile at high temperatures.

LITHIUM.

(Lifs5, aslone®). Li=T; Li,=14. Specific gravity, 59 (water =1). Specific heat, 09408,
Melting point, 180%. Monad.

Oceurrence in Natore—Lithinm occurs in certain minerals, such as ériphyllin, a phosplate
of iron, mangapese, &c., and in certain aluminic silicates, such as pelalite, spodumene,
lepidaolite, dc., of which it constitutes from 1 to 5 per cemt. It also occurs in certain
mineral springs, notably at Wheal Clifiord in Cornwall, and is wideiy diffused in the
vegotable and animal kingdoms. It is, however, one of the rarer elements.

Properties.—A solt, white metal, closely resembling potassium and sodium in its pro-
perties. It is the lighest solid known. It iz not so soft nor so oxidisable as potassium or
godium. It can be welded; and pressed into wire. Thrown upon water, it decomposes it
without melting and without ignition of the hydrogen evolved. It forms an oxide (Liy Q)
and a hydrate (LiHOJ, in all respects analogons to the corresponding potassivm and
sodivm compounds,

Lithium Balts,—Lithium forms a series of salts analogous to the potassium and sodinm
galts. The carbonate (LiC 0y is difieultly goluble in water, and the phosphato (Li; P O,)
practically ipsoluble; so that in concentrated solotions of lithium salts ammonium
carbonate produces a precipitate, and from dilate solutions the phosphate is precipitated
by a soluble phosphate,

Lithium salts impart a brilliant red coloar to the fame of a Bunsen hurner; the lithium
spectrum is characterised by an intense red line, and a much feebler orange line, and
constitutes after sodium the most delicate of spectrum reactions,

FPreparation —By electrolysis of the fused chloride (Li Cl).

* In reference to the supposition that lithium occurred only in the mineral kingdom;
gince shown to be erroneous,
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CAESIUM.

[Casivs, blue®™ (of the sky)]. Cs = 133, Specific gravity, 183 (water = 1). Melling
point, I71°, Monad.

Oceurrence in Nature —Occurs closely associated with ruobidivm in minute quantities in
certain mineral springs, notably in that of Diirkheim and Wheal Clifford ; and in certain
minerals, especially a rare gilicate Pollur occurring in the Isle of Elba, which containa
34 per cont. of the oxide.

Properties,—Like rubidium, it is almost indistingnishable in its properties from potassiom,
except in its spectrum, which is characteriged by two bright blue lines almost coinciding
with the strontiom blue line, Sr 3. The metal, obtainad by electrolysis of the chloride, takes
fire in air, It is the most alectro-pozitive of all the metala.

A number of its salts are known; the carbooate is soluble in absolute alechol, while
rubidium earbomate iz mearly insoluble; the tartrate is also much more soluble than the
corresponding rabidiom tartrate. With platinum chloride, solutions of cesiom salts yield
& precipitata much legs soluble than the corresponding potassinm compound. The separa-
tion of potassinm, cesinm, and rubidium, is based on thegs facts,

Preparation.—By electrolysis of the chloride.

RUBIDIUM.

(Rubidus, dark redt). Rb =852 Specific gravily, 15 (waler = 1).
Melting point, 58"

Oceurrence in Nature. —Hubidium occors, usually accompanied by cmsium, in minnta
quantitien, and very widely diffused in many mineral waters and minerals,

Properties. — Like cemsiom, it is only readily distingoishable from potassium by iis
spectrum, which containg two violet lines lying between the blue strontium line, Sr 3, and

the blus potassinm line, = 8, and two red lines beyond Fraunhofer's line A in the outermost
portion of the red end of the spectrum.

It is less rapidly oxidisable than cesiom ; it decomposes water when thrown on it, and the
hydrogen evolved is ignited. It i5 more electro-positive than potassium. It forms a
number of salts; it may be separated from potassiom and cesinm in the manner described
under cmeinm.

Preparation.—The metal may be prepared in an analogous manner to potassiom from
tha tartrate.

AMMONIUM (An’ = N H, = 18)

It has already been shown (p. 128) that when ammonia enters into
combination with an acid, it does not, like the metals, replace the
hydrogen of the acid, but combines with the whole molecule forming
salts analogous to those of potassium and sodium. It has been con-
sequently assumed that there exists in these salts a compound radical
of the formula, N H,, which plays the part of a metal, and to it has
been given the name ammonium.

An apparent confirmation of this theory is afforded by the fact that,
when sodium amalgami is brought into contact with a solution of

* In reference to the bright blue lines of its spectrum,.

t In reference to the dark red lines in its gpectrum.
t A compound of mercury and sodinm.
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. ammonium chloride, the mercury swells up into a peculiar buttery mass
lighter than water, but of metallic appearance, like mercury, and con-
taining from 0-6 to 0-9 per cent. of ammonium. This compound (?), to
which the name ammonium amalyam has been given, breaks up rapidly
at ordinary temperatures into mercury, hydrogen, and ammonia. Its
bulk varies under variations of pressure somewhat like a gas, and it is,
therefore, held by many to be mercury distended with these gases. It
may be noted, however, that neither ammonia nor hydrogen are soluble
in mercury under ordinary conditions.

Ammonium Hydrate, N Hi H O = 35. [fo;, Hrig G; Am H{}].

A solution of ammonia in water may, in accordance with the above
theory, be regarded as the hydrate of the hypothetical metal am-
monium, and the analogue of the hydrates of the alkali metals.

SALTS OF AMMONIUM.

Neutral Ammonium Carbonate (N Il): C Oy Hy O = 96+ 18 = 114,
. [dm, C Os].

Properties.—This salt is very unstable, and decomposes spontaneously
 on exposure to air, giving off ammeonia, and becoming converted into
the acid carbonate, N H, HC Oj;.

Preparation.—]It is prepared, with some difficulty, by digesting com-
mercial carbonate of ammonia with a strong solution of ammonia,
when it separates out as a crystalline powder.

Acid Ammonium Carbonate (ammonium bicarbonate), NH, H C 0y = 78.
[Am H C Qy]. Specific gravity, 1-58 (water = 1).

Occurrence in Nature.—This salt is found in Patagonian guano,

Propertics. — It may be obtained in large rhombic crystals,
soluble in about eight times their weight of water. The solution
undergoes decomposition even at ordinary temperatures, rapidly at
higher temperatures, ammonia being evolved.

Preparation.—By saturating a solution of ammonia or of the sesqui-
carbonate with carbonic anhydride, or by digesting the sesquicarbonate
with strong aleohol, which dissolves out all but the bicarbonate.

Ammonium Sesquicarbonate (leframmomio-diliydric carbonate, half-
acid carbonate), Ny Hyg C3 Oy =254, [(N H,),; C 05,2 N H, H C O4;
Amg C Oy, 2 Am H C Og; Amy H, (C 03),]-

Properties—This salt is a double salt containing two molecules of
ammonium bicarbonate, combined with one molecule of neutral
carbonate, and is decomposed by treatment with water or alcohol into
these two salts.
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It may be obtained in rectangular prisms, which rapidly decompose
in air, with formation of the bicarbonate and evolution of ammonia,

Physiological Action.—Similar to that of ammonia (p. 128).

Preparation,—By digesting the commercial carbonate with ammonia
at about 30°,

Commercial Carbonate of Ammonia (sal volatile, salt of hartshorn),
N3 Hg C3 O5=150. [NH HC O3 N H; C 03 N H;).

Properties—This salt is a mixture of bicarbonate (Am H C O;) and
carbamate of ammonium (NHy C O N H,). It is a white fibrous mass,
possessing a strong smell of ammonia, which it is constantly evolving.

Manufacture—1. By the dry distillation of bones, hartshorn. and
other animal matter, and re-sublimation. 2. By heating to redness a
mixture of chalk (CaC Oj) and sal ammoniac (Am Cl) or ammonium
-Eu]Pha.tE' {‘Aﬂlg S D“}-

Ammonium Nitrate, NH,NOQO3=80. [AmNOz;; N OQz. 0 Am].
Specific gravity, 17 (water = 1).

Properties.—This salt crystallises in six-sided prisms belonging to
the rhombic system. Itis deliquescent. It is soluble in half its weight
of cold water, with great depression of temperature.

On gently heating it first melts and then splits up into water and
nitrous oxide (q.v.,, p. 120), but at higher temperatures into nitrogen,
nitric oxide, and water.

Preparation.—By neutralising nitric acid with ammonium carbonate.
If the salt is to be employed in the preparation of laughing-gas (p. 120)
care should be taken that the nitric acid and ammonium carbonate are
free from chlorine compounds.

Ammonium Sulphate (N H,); S Oy = 132. [Amg S Oy; S Q2 (O Am),].
Specific gravity, 175 (water = 1),

DProperties.—This salt erystallises in six-sided rhcm'hlc prisms. It
is soluble in twice its weight of cold and in an egual weight of hot
water. On heating it melts at 140°, but above 18'[]" is completely
decomposed.

Preparation,.—The salt iz manufactured in a manner distinctly
analogous to the preparation of chloride of ammonium from the
ammonia water of gas-works, &e. (see p. 134), or by neutralising dilute
sulphuric acid with ammonium carbonate.

Ammoninm Monosulphide (ammonium sulphide), (N Hy)s S = 68.
rAm, ).

This salt may, with difficulty, be obtained in erystals which are
extremely soluble in water, and which, when exposed to the air, give
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off ammonia, and are converted into ammonium hydrosulphide (see
- below).

The aqueous solution is much used as a reagent in the laboratory.
It is at first colourless, but becomes yellow on exposure to air, and
finally colourless again, with considerable deposition of sulphur.

Preparation.—The agueous solution is obtained by saturating one-
- half of a solution of ammonia with sulphuretted hydrogen (whereby
- ammonium hydrosulphide is formed), and adding the product to the
- other half,

Ammonium Hydrosulphide, N H, H S = 51. [Am H S].
Properties—This salt may be obtained in colourless needles at 0°,
- which sublime at ordinary temperatures. Its solution is much used as
a reagent in the laboratory ; it becomes yellow on standing.
Preparation.—Its aqueous solution is obtained by saturating a
solution of ammonia with sulphuretted hydrogen.
Ammonium Chloride (sal ammoniac), NH,Cl=93'5. [AmCl]. Specific
. gravity, 1'b (water =1).
Occurrence.—Found in the ne1ghhnurhond of voleanoes,
.\ Properties.—This salt may be obtained in cubes and in octahedra, but,
| when sublimed, is fibrous in structure. Itis soluble in less than 3 parts
- of cold water with great depression of temperature ; 100 parts of water
- dissolve 28-4 parts of the salt at 0°, 32'8 parts at 10°, and 77°2 parts at
100°, The saturated solution boils at 115°. On heating at a moderate
temperature it sublimes without decomposition, but at higher tempera-
tures it undergoes dissociation (see p. 76). It forms double salts with
the chlorides of magnesium, nickel, cobalt, manganese, zine, and copper,
| from solutions of which the hydrated oxides of these metals can no
longer be precipitated by solutions of the hydroxides of the alkali
metals, It is used for the preparation of ammonia in the laboratory.

Manufacture and Preparation.—It was formerly extracted from camels’
dung by sublimation. It is largely manufactured from the ammonia
water of gas-works (p. 154) by neutralisation with hydrochloric acid
and subsequent purifications, and similarly from the ammonia compounds
obtained in the dry distillation of bones. It may be prepared pure by
gubliming the commercial salt.

Plysiological Action.—It is largely used in medicine—its action is not
well understood, but appears to be stimulant.

Hydrogen Di-Ammonium Phosphate (ammonium phosphate) (N Hy),,
HPO, =182, [AmeHPOy; PO.OH.(0Am),]. Specific gravily,
1-64 (water = 1). i

Occurrence in Nature.—~It is found in guano.
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Properties.—This salt closely resembles the corresponding phosphates
of sodium and potassium. It erystallises in monoclinic erystals which
are easily soluble in water. It is the most easily obtained and most
stable of the ammonium phosphates, and is much used as a reagent in
the laboratory.

Preparation.—By saturating a solution of phosphoric acid with am-
monium carbonate and evaporating with constant addition of ammonia.

Sodium Ammonium Phosphate (microcosmic® salt), N H; NaHP O,,
4H,0=137 +72=209. [PO.0OH.ONa.OAm). Specific gravity,
16 (water = 1).

Properties—This salt erystallises in monoclinie, slightly efflorescent
crystals, which are easily soluble in water; the solution has an alkaline
reaction.

On heating, it loses its water of crystallisation and, at a red heat, is
converted into sodium metaphosphate with evolution of ammonia,

NH;NaHPO, = NaPOs + NH; + H,O0.

It is used in the laboratory for the same purpose as borax (p. 218),
since the sodium metaphosphate ultimately formed on fusing it possesses,
like borax, the property of dissolving metallic oxides, forming a charac-
teristically-coloured, glass-like bead.

Preparation.—By mixing solutions of ammonium chloride and di-
sodium hydrogen phosphate and evaporating to crystallisation.

Na, HPO, + AmCl = AmNaHPO, + NaClL

The sodium echloride formed remains in the mother-liquor. The
salt may be purified by reerystallisation,

Distinguishing Characters of the Ammonium Salts.—Concentrated solu-
tions of ammonium salts yield, with a concentrated solution of platinun
tetra-chloride, a yellow precipitate (2 Am Cl, Pt Cl,), and, with a strong
solution of tartarie acid, or with acid sodium tartrate, a white crystalline
precipitate (Am H C, H, O;), neither of which are distingunishable to
the eye from the corresponding potassinm compounds (p. 210), but
which may be easily shown to contain ammonia.

Boiled with potassium or sodium hydrate, or with lime, ammonium salts
yield ammonia gas, which may be recognised by its smell, &c. (cf.
p. 128).

A solution of mercuric iodide in potassium iodide solution, made
strongly alkaline with potassium hydrate (Nessler's test), yields a brown

* Sal microcosmicum (wixgds, litile, and xerwés, @ world), 8o callod from its occurrence in
the human body.
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coloration with a minute trace of an ammonium salt in solution; with
stronger solutions it yields a brown precipitate.

Ammonium salts are white, unless the acid is coloured. On heating
they are all decomposed, and completely volatilised, unless the acid they
contain is fixed, in which case ammonia only is driven off. When
pure, ammonium salts impart no colour to the flame of a Bunsen
burner,

METALS OF THE ALEALINE EARTEHS.

BARIUM. | STRONTIUM. | CALCITM. | (MAGNESITUM.)

BARIUM.

(Bzpv;, heavy). Ba=137. Specific gravity, 3- (water=1).
Fuses at a red heat.  Dyad.

Occurrence in Nature.—Barium occurs chiefly as sulphate (barytes,
or heavy spar, BaS O4), and as carbonate (witherite, Ba C O3), It
occurs in far smaller quantities in certain silicates and other minerals,
in sea water, and in some mineral waters—but always in combination.

Properties.—The properties of this metal, owing to the difficulty
of its preparation, have not been much studied. It is a yellowish or
silver-white metal, malleable, and melts only at red heat. It gradually
oxidises in contact with air. It decomposes water at ordinary tempera-
tures. Heated in air, it takes fire and burns with a greenish flame,
forming barium oxide,

Preparation.—The metal was first obtained by the electrolysis of
baryta in the presence of mercury, and the amalgam formed was heated,
with exclusion of air to drive off the mercury. Bunsen recommends
the electrolysis of a paste of barium chloride and dilute hydrochloric
acid at 100° in the presence of mercury, and heating the crystalline
amalgam so formed in a current of hydrogen, whereupon the barium
is left as a porous mass,

* In allusion to the high specific gravity of its sulphate, known as barytes or heavy spar.
15
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OXIDES OF BARIUM.

Barium Monoxide (baryta), Ba O = 153,

Properties—A gray, amorphous powder, which combines with water,
with great evolution of heat, forming barium hydrate. It is fusible at
a high temperature,

Preparation.—By heating barium nitrate to redness.

Barium Hydrate (barium hydroxide, baryta hydrate), Ba Hy O, = 171.
[Ba (H 0)s; Ba O, Hy O]. Specific gravity, 4:495 (water = 1).

Properties.—This substance crystallises in prisms or tables con-
taining eight molecules (457 per cent.) of water of crystallisation
(Ball, 0,,8 H, O). At a gentle heat seven molecules of water are
expelled, the eighth is driven off at a red heat; the residual hydrate
(Ba Hy Og) fuses without change of composition, and solidifies on
cooling to a crystalline mass. It is far more soluble in hot than in
cold water, requiring about twenty times its weight of cold, but only
twice its weight of boiling water for solution. The solution (baryia
water) is very alkaline, and rapidly becomes turbid on exposure to air
owing to its attraction for carbonic anhydride, and the consequent
formation of the insoluble barium carbonate (BaCO3). It is a
valuable reagent in the laboratory, and is much used for the absorption
and estimation of carbonic anhydride.

Preparation.—1. by decomposing a hot concentrated solution of
barium chloride with a solution of eaustic soda, and allowing erystallisa-
tion to take place out of contact with air.

2. By boiling a solution of barium sulphide with eupric oxide—

Ba3 4+ Cu0 + H;0 = BaH; 03 + CuS.

Barium Dioxide (peroxide of barium), Ba Oy = 169.

Properties—A. gray or, when pure, a white powder which, at a
bright red heat, yields up part of its oxygen forming the monoxide—
BaO, =BaO + 0.

In contact with cold water it forms a crystalline hydrate containing
6 molecules of water; the same hydrate is formed by adding peroxide
of hydrogen to baryta water. When acted upon by sulphuric or
hydrochlorie acid it yields the corresponding barium salt and peroxide
of hydrogen (q.v., p. 111) which goes into solution,

Preparation.—By heating barium monoxide in a current of air or
oxygen to a temperature between 300° and 400°, 2. By heating barium
monoxide with potassium chlorate to redness in a platinum erucible,
and extracting the fused mass with cold water, whereupon the potassium
chloride dissolves out, leaving the peroxide behind,
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SALTS OF BARIUM.

Barium Carbonate, Ba C 0y = 197, Specific gravity, 43 (water = 1).

Occurrence in Nature.—~The mineral called witherite consists of barium
carbonate.

Properties.—Artificially prepared it is a white powder which is
very sparingly soluble in water, (It is, however, more soluble than
barium sulphate, and requires 14,000 times its weight of water
for solution at ordinary temperatures. It isstill less soluble in water
at higher temperatures.) It is much more soluble in water containing
carbonic anhydride in solution, probably owing to the formation of an
acid carbonate. At 10° 1 part of carbonate dissolves in 588 parts of
water saturated with carbonic anhydride. The acid carbonate readily
breaks up into neutral carbonate and carbonic anhydride.

It is much used in the preparation of barium salts. On strongly
heating it loses carbonic anhydride.

Preparation—By precipitating a solution of barium chloride with a
solution of a carbonate of one of the alkali metals,

Barium Nitrate, Ba (N Og);=261. [(N Os)g. Oy Ba]. Specific gravity,
32 (water = 1). Melting point, 593°.

Properties,—This salt crystallises in transparent colourless octahedra;
100 parts of water dissolve 7 parts of the salt at 10°, and 32-2 parts
at 100°. It is difficultly soluble in the presence of free nitric acid.

Use.—It is employed for the production of various kinds of explosives
containing nitro-cellulose.

Preparation—By dissolving the carbonate in nitric acid, filtering
the solution and evaporating to erystallisation.

Barium Sulphate, Ba S O, = 233. [S0,. Os Bal. Specific gravity, 4 4
(water = 1).

Occurrence in Nature.—~This salt occurs in nature, and is known as
heavy spar or baryfes. It is often found in crystals belonging to the
rhombic system, which have a specific gravity of 4-48,

Properties,—Artificially prepared it is a white, very fine powder,
It is practically insoluble in water, requiring 400,000 times its weight
for solution. With sulphuric acid, in which it is to a certain extent
soluble, it forms a crystalline compound.

1t is insoluble in hydrochloric or nitric acid, and is converted with
difficulty into carbonate by boiling with a solution of excess of a
carbonate of an alkali (¢f. strontium sulphate). The pulverised mineral
is used as a paint,

Preparation.—By precipitation from a solution of barium chloride,
by sulphuric acid, or a soluble sulphate.
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Barium Sulphide, Ba S = 169.

Properties,—This salt, which is not easily obtained pure, is chiefly
of interest on account of its preparation from the sulphate, and from
the fact that it is largely used for the preparation of other barium salts.
It is a white powder, soluble in water, and may be obtained in
colourless erystals, containing 6 molecules of water of crystallisation
(Ba S, 6 Hy O).

Preparation.—Finely powdered barium sulphate is mixed with one-
fourth of its weight of powdered charcoal and enough oil to make the
mixture into a stiff paste. This mixture is maintained at a bright red
heat for some time, the mass is extracted with boiling water when, on
cooling, barinm sulphide erystallises out.

Barlum Chloride, Ba Cly, 2 Hy O = 208 + 36 = 244. Specific gravity,
31 (water = 1). Melting point of anhydrous, above 860°.

This salt crystallises in tabular erystals belonging to the rhombic
system. It contains two molecules of water which are easily expelled
by heat; 100 parts of water dissolve 42-5 parts of the salt at 15-5°.
The saturated solution boils at 1045, and contains 78 per cent. of the
salt.

Preparation.—1. By dissolving the carbonate or sulphide in hydro-
chloric acid, filtering the solution and evaporating to crystallisation.
2. By strongly heating a mixture of sulphate of barium with half its
weight of chloride of calcium and rapidly extracting the heated mass
with water.,

Barium Chlorate, fSa Cl 03, Hy O = 220-5 + 18 = 2385.  Specific
gravity, 3-0 (water = 1). Melting point of anhydrous, 414°,

Properties.—Crystallises in colourless prisms belonging to the mono-
clinic system. Soluble in 4 parts of cold water, scarcely soluble in
aleohol. Heated to 120° it loses its molecule of water, and at higher
temperatures breaks up into chloride and oxygen. With combustible
substances it yields mixtures which explode by percussion or heat,
or burn with a brilliant green light. It is used in pyrotechny for the
production of green fires and stars.

Preparation.—By neutralising a solution of chlorie acid with barinm
carbonate, and evaporating to crystallisation. It is produced, together
with barium chloride, by passing chlorine into a hot solution of barium
hydrate, but cannot well be separated from the chloride (¢f. potassium
chlorate, p. 209).

Distinguishing Characters of Barium Salts.—All the soluble salts of
barium and the carbonate are poisonous. They are all white, unless
the acid is coloured. They vary considerably in fusibility, some being
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practically infusible. Of the more common salts the sulphate, carbonate,
and phosphate are insoluble in water,

Solutions of barium salts yield with a solution of ammonium carbonate
(or any carbonate of the alkalies) a white precipitate (Ba C Og) soluble
with effervescence in dilute acids; with sulphuric acid or a soluble
sulphate an immediate white precipitate insoluble in hydrochloric acid,
even on boiling ; with hydroffuosilicic acid a transparent precipitate in
not too dilute solutions; with potassium chromate a yellow precipitate
insoluble in acetic acid.

Barium salts (especially if moistened with strong hydrochloric acid),
when introduced on a loop of platinum wire into a Bunsen or blowpipe
flame, impart to it a vivid pale green coloration, the spectrum of
which is characterised by a series of bright bands in the green.

STRONTIUM.*

Sr = 87-5. Specific gravity, 25 (water = 1), Melts at a
red heal. Dyad.

Occurrence in Nature.—Strontium belongs to the rarer class of
-elements. It is chiefly found as sulphate (celestine, SrS 0,), and as
carbonate (strontianite, SrC Q). It is found also accompanying
barium and calcium in some minerals, and is present in minute
quantities in most natural waters,

Properties.—Strontium is a yellowish metal, harder than lead or
calcinm, malleable, and melts at a gentle red heat. It oxidises easily,
and burns to oxide when heated in air, and with a brilliant crimson
flame. It decomposes water energetically at ordinary temperatures,

Preparation.—By the electrolysis of the fused chloride, with special
precautions to prevent the oxidation of the metal.

Oxides of Strontium.—Strontium forms a monoxide (Sr0), also called
strontia and its hydrate (SrH,;0;), and a dioxide (Sr0O;) and its
hydrate (Sr O,, 8 H,; O), all of which are analogous in their properties
to the corresponding barium compounds; but the hydrate loses its
water at a red heat, and the dioxide cannot be prepared by heating the
monoxide in a current of air, but must be precipitated as the hydrate
from a solution of the hydroxide by addition of a solution of peroxide
of hydrogen, and this, on careful drying, yields the anhydrous dioxide.

* Strontianite (Sr COy) was first found in and named after the village of Strontian in
Argyllshire; hence the name of the metal,
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SALTS OF STRONTIUM.

Strontinm Carbonate, Sr C' O3 = 147+5. Specific gravity, 36 (water = 1).

Occurrence in Nature.—This salt is found in nature in the mineral
strontianite, It is found in ecrystals isomorphous with arragonite
(Ca COj3).

Properties—When artificially prepared, it is a white powder. It is
very sparingly soluble in water, requiring 18,000 times its weight of
water for solution. When heated to a red heat, it yields up earbonic
anhydride.

Preparation.—By precipitating a solution of strontium nitrate with a
golution of a carbonate of an alkali.

Strontium Nitrate, Sr (¥ 03): = 211:5. [(N Os)2 . Oz Sr]. Specific
gravity, 28 (water = 1). Melting point, 645°.

This salt crystallises in anhydrous octahedra, but may also be
obtained in menoclinic erystals of the formula, Sr (N Og)., 4 H; 0. It
is very deliquescent. 100 parts of water dissolve 40-16 parts of the
salt at 10°, and 101-1 parts at 100°. It is insoluble in nitric acid. The
galt has been used in pyrotechny, on account of the brilliant erimson
colour which it imparts to a flame, but owing to its deliquescent
character it is a dangerous constituent in firework compositions; a
mixture of strontium carbonate and potassiumn chloride is now generally
substituted for it

Preparation.—By solution of the carbonate of strontium in nitric
acid.

Strontium Sulphate, Sr 8 Oy = 183'5. [S0a. 0, Sr]. Specific gravity,
39 (water = 1).

Occurrence in Nature.—This salt is found in nature in the mineral
celestine , erystallised in the rhombic system.

Properties,—This salt may be obtained crystalline from its solution
in strong sulphuric acid, with which it also forms a crystalline com-
pound. It is very difficultly soluble in water; 100 parts of water
dissolve 0-0145 parts of the salt at ordinary temperatures, and 0-0104
at 100°, It is more easily soluble in water containing certain salts
in solution. On boiling with a solution of a carbonate of an alkali,
it is converted into strontium carbonate (¢f. barium sulphate, p. 227),

Preparation.—By precipitation of a solution of strontium nitrate with
sulphuric acid, or a solution of a soluble sulphate.

Distinguishing Characters of the Salts of Strontium.—Strontium salts.
are white, unless the acid they contain is coloured; in regard to their
solubility they closely resemble barium salts. Solutions of the salts
yield, with alkaline or ammonium carbonates, a white precipitate soluble
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with effervescence in hydrochloric acid. When not too diluted they
yield, with soluble sulphates, a white precipitate of sulphate of strontium,
the production of which is greatly facilitated by boiling. Placed in
the flame of a Bunsen burner on a loop of a platinum wire, particularly
in the form of chloride, they impart to the flame an intense erimson
colour, which, when examined by the spectroscope, shows a number
of brilliant, orange and red lines, together with one very brillidnt line
in the blue. :
They can best be distinguighed from caleium salts by the spectrum
reaction, or by the fact that their solution, when not too dilute,
yields a precipitate after a time, or quickly on heating, on addition
of a solution of calcium sulphate, but not with a solution of stron-
tium sulphate. '

CALCIUM.

(Calz, lime), Ca = 40. Specific gravity, 1-57 (water =1). Specific
heat, 0'167. Melts at a red heat. Dyad,

Occurrence in Nature.—Calcium is one of the most abundant and
widely diffused of the elements, but it occurs always in combination and
chiefly as carbonate; in this form it constitutes some of the most
common minerals and rocks—e.q., arragonite, calc-spar, chalk, limestone,
marble ; it 1s a constituent of dolomite (Ca C Og4, Mg C O3); it oceurs as
sulphate in anhydrite (CaSO,), and in gypsum or alabaster and in selenite
(CaS Oy, 2H;0); as fluoride in fluor-spar (Ca Fy); as phosphate in
ajiatite [Ca Fq, 3 Cay (P 0))2]; as silicate it is very widely diffused in
numerous minerals. Many of its salts are normal constituents of soils,
of plants, and of the animal body; egg-shells, coral, and the shells of
mollusca consist chiefly of calcium ecarbonate, bones consist chiefly of
calcium phosphate. The carbonate (held in solution by free carbonic
anhydride) and sulphate are also normal constituents of natural waters,
and are contained in sea water.

Properties.—The metal calcium is somewhat yellow, harder than
lead, ductile and malleable, It oxidises slowly in dry air, more rapidly
in the presence of moisture; it must be preserved out of contact with
air. Teated in air to a bright red heat it melts and ignites, burning
with a bright white light, and forming calcium oxide. It decomposes
water at ordinary temperatures.

Preparation.—1. By the electrolysis of a fused mixture of calcium
chloride, strontium chloride, and a little ammonium chloride
(Matthiessen). 2. By reducing calcium chloride with metallic sodium;
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by heating to redness a mixture of calcium chloride, granulated zine,
and sodium, an alloy of zinc and calcium is obtained, which on further
heating in a crucible of gas carbon, yields a button of calcium, the zine
volatilising (Caron).

OXIDES OF CALCIUM.

Calcium Monoxide (lime,* quicklime), Ca O = 56. Specific gravily,
308 (water =1).

Properties.—A white amorphous solid (generally very porous, owing
to its method of preparation), which attracts water and carbonie
anhydride from the air, and combines with great energy and with much
evolution of heat with water to form calcium hydroxide (Ca O + H, O
= Ca HE 03}.

When water is poured upon quicklime the latter swells up, cracks,
emits steam, and finally falls to an impalpable dry powder. The purer
the lime the more rapidly do these phenomena ensue; a lump of
commercial quicklime may be held in the hand and rapidly dipped
into water three or four times ; each time a hissing sound is heard, but
the lump remains dry when taken out, and, if then placed on a plate,
in a few minutes goes through all the phenomena above described.

Calcium monoxide is infusible even in the oxyhydrogen blowpipe;
when so heated it becomes white hot, and emits an intensely brilliant
light; use is made of this fact in the well-known lime-light of
Drummond.

Preparation.—1. Pure oxide of caleium is best prepared by heating
white marble or better Iceland-spar to redness in a perforated erucible,
when it splits up into carbonic anhydride, which escapes, and calcium
monoxide, which remains behind—

CaCOz= CaO + COs
Unless provision is made for the displacement of the carbonic anhydride
evolved, complete decomposition does not take place.

2. By heating nitrate of calcium to redness in a crucible.

Mannfacture.—Quicklime, as the monoxide of calcium is technically
called, is made on a large scale by heating limestone in specially con-
structed furnaces (lime-kilns), which are generally egg-shaped. The
lime so produced varies in quality, according to the nature of the
limestone used ; if containing an admixture of clay (argillaceous lime-
stone) it is apt to vitrify, especially if overheated, or if containing
magnesium carbonate (magnesian limestone), the lime produced will

* Anglo-Baxon, {im, cement.
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- also contain magnesia (MgO), and under these circumstances the lime
slakes badly—that is, it combines slowly and with little energy with
water, and is termed poor lime, while if the lime be comparatively free
from such admixtures, it combines immediately and with great energy
with water, and is then termed rich or fat lime.

The continuous process of making lime is now largely used; it consists
in a specially constructed kiln, into which alternate layers of limestone
and small coal are introduced from the top, and the lime formed is
from time to time removed through an opening in the side of its base.

Calcium Hydroxide (calcium hydrate, hydrate of lime, slaked lime),
CaHy 0, =74. [Ca(H 0); Ca0,H,0) Specific gravity, 2:07
(water = 1).

Properties.—Caleium hydroxide is usually a white, impalpable powder;
it may be obtained in crystals, but with difficulty. It is very sparingly
soluble in water; much less soluble than the corresponding barium and

strontium compounds, and more soluble in cold than in hot water.
100 parts of water dissolve 0-1368 quicklime at 15-6°, and 0-0752

part at 100°; or, in other words, gquicklime requires for solution
~wwut 700 times its weight of water at ordinary temperatures, and
about 1,200 times its weight at 100°. The solution (lime-water) has a
strongly alkaline reaction and caustic taste, on exposure to air it
-quickly becomes coated with a pellicle of calcinm carbonate due to
its attraction for carbomic anhydride (Ca O + COg =Ca C0O,). If
carbonie anhydride is bubbled through lime-water, a precipitate of
caleium carbonate is first produced, and after a time disappears,
becoming dissolved in excess of the gas, but the clear solution so
obtained becomes turbid again on boiling, the excess of ecarbonic
anhydride being thus expelled. Mk of lime is a name given to a
mixture of golid lime and water ; it is much used for absorbing various
gases in the laboratory, &e.

Solid caleium hydrate absorbs carbonic anhydride from the air, at
first rapidly, but when half the lime has been converted into carbonate
the absorption proceeds very slowly.

Calcium hydroxide at a red heat yields up its water, and is con-
verted into quicklime.

Preparation.—1. By adding to quicklime about one-third of its
weight of water.

Calcium Dioxide (calcium peroxide), Ca Oa=T2. Specific gravity, 29
(water = 1).

A white crystalline powder having the composition, Ca O,, 8 H, O,
is precipitated when peroxide of hydrogen is added in excess to lime-
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water., It is efflorescent, and loses all its water at 130°, and at a somz.
what higher temperature splits up into caleium monoxide and oxygen.

SALTS OF CALCIUM.

Calcium Carbonate, Ca C' Oy = 100,

Occurrence in Nature.—See caleium, p. 231.

Properties.—Caleium carbonate exhibits the phenomenon of allotropy
in a most striking degree, and is dimorphous ; as cale-spar it crystallises
in forms (usually hemihedral) belonging to the hexagonal system, and
as arragonite in forms belonging to the rhombic system, These two
forms may be obtained artificially, the hexagonal form from cold
solutions of calecinm carbonate in water containing free carbonic
anhydride, the rhombic form from similar hot solutions.

Caleium carbonate when precipitated by passing carbonic anhydride
through lime-water, or by adding a solution of a carbonate of an alkali
to a solution of a soluble calcium salt, is usually amorphous, but i
slowly precipitated may be obtained crystalline. It is very sparingly
goluble in water (1 part of the salt requiring about 55,000 times its
weight of water for solution) unless free ecarbonic anhydride is present
in the water; 100 parts of water saturated with carbonic anbydride
dissolve 0088 part of the salt at 10°. This solubility in water con-
taining free carbonic anhydride accounts for its presence in natural
waters (temporary hardness). It is precipitated from such solution
by boiling, the carbonic anhydride being so expelled, or, but much
more slowly, on standing (¢f. calcium hydroxide, p. 233).

On heating to a red heat, under conditions in which the carbonic
anhydride can escape, it breaks up into lime (Ca O) and ecarbonic
anhydride (C Oy), a fact on which the preparation of lime is based
(p. 232). If the carbonic anhydride is not allowed to escape partial
decomposition only takes place (see dissociation, p. 76), and under
sufficient pressure it can even be melted without decomposition.

Preparation, — 1. By precipitating a solution of a calcium salt in
water with a solution of a carbonate of an alkali, 2. By passing
carbonie anhydride into lime-water, avoiding an excess.

Calcium Nitrate, Ca (N Og)y, 4 Hy O=164 472 = 236. [(NO,),.0,Ca].
Specific gravity, 1'85 (water = 1).  Melting point, 44°; of anhydrous, 561°.

This salt is chiefly of interest owing to its occurrence as an efflores-
cence on the walls of stables, outhouses, &e., due to the oxidation of
ammonia in the presence of lime (see also nitre, p. 207). It is very
deliquescent, and very soluble in water.
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Calcium Sulphate, Ca S Oy, 2 Hy 0 =136 +36 =172. [S0,.0, Ca],
Specific gravity, 2'9 (waler = 1).

Occurrence in Nature.—As already stated calcium sulphate occurs
. native, and when in large masses is known as gypsum or alabaster, or
in monoclinic crystals as selenite; in all these forms it has the com-
. position CaS 0y, 2H; 0. More rarely it occurs in the anhydrous
. form in rhombic erystals, and is then called anhydrite (Ca S O,).

Properties.—The hydrated salt is difficultly soluble in water, requiring
about 400 times its weight for.solution at ordinary temperatures, and
is rather less soluble at higher temperatures. Gypsum on heating to
200° loses its water, and the anhydrous salt so formed, known as burnf
gypsum or plaster of Paris, has the property of recombining with water,
g0 that when mixed with not too much water it rapidly sets to a solid
mass, with slight expansion of volume; it has on this account an
extended use in the making of casts and as a cement. If heated much
above 200° it no longer possesses this property.

The hydrated salt is soluble in hydrochloric and in nitric acid, from
which solution it separates in crystals. It is soluble in concentrated
sulphuric acid, with formation of an acid salt, Ca (HS O,),, which is
decomposed by water into the nentral salt and sulphuric acid. Boiled
with a solution of an alkaline carbonate it is decomposed with formation
of an alkaline sulphate and calcium carbonate.

Preparation.—The anhydrous salt is precipitated when dilute sul-
phurie acid is added to a solution of caleium chloride,

Sulphides of Calcium, Monosulphide of caleium, Ca$, is formed by
the reduction of calcium sulphate with charcoal; it is a white infusible
powder; after exposure to sunlight or magnesium light it phosphoresces
in the dark (Canton’s Phosphorus). It is practically insoluble in
water, but on long boiling with water is gradually converted into
sulphydrate, Ca (S H)s. When lime and sulphur are heated together,
or when milk of lime is boiled with flowers of sulphur, a number of
higher sulphides (polysulphides) of calcium are formed, but they are
with difficulty obtained pure (¢f. milk of sulphur, p. 155, and hydrogen
persulphide, p. 166). The pentasulphide, Ca Sg, and tetrasulphide, CaS,,
are best known.

Calcium Chloride, C'a C'ly, 6 Hy O = 111 + 108 = 219. Specific gravity,
168 (water = 1). Melting point, 28:5°; of anhydrous, 719°,

Properties.—This salt crystallises in colourless, exceedingly deliquescent
hexagonal prisms, containing 49-3 per cent. of water of crystallisation.
The crystallised salt melts in its water of crystallisation at 28:5°; if
heated to 200° it loses 4 molecules of water, forming a dry porous mass,



236 SALTS OF CALCIUM.

which is very deliquescent, and much used as a dessicating agent in
the laboratory; at a higher temperature it becomes anhydrous, and at
a red heat the anhydrous salt fuses with slight decomposition, yielding
a crystalline mass on cooling.

Both the hydrated and anhydrous salts are very soluble in water,
with considerable evolution of heat. The hydrated salt is soluble in
one-quarter its weight of water at 16° 100 parts of water dissolve
6335 of the anhydrous salt at 10°, 120-48 at 40°, A solution containing
50 per cent. of the anhydrous salt boils at 112° 200 per cent. 1587,
325 per cent. 180°. A mixture of equal parts of the hydrated salt and
snow lowers the temperature to — 459,

With ammonia it forms a compound, whose formula is Ca Cl,,
8 N Hj; hence, it cannot be used for the drying of ammonia gas.
It also yields a crystallised compound with alecohol, in which the latter
replaces the water of crystallisation of the hydrated salt.

Preparation—By solution of ealcium ecarbonate in hydrochlorie aeid.
‘Obtained as a by-produet in the manufacture of ammonia from chloride
of ammonium and lime.

Phosphates of Calcium, Neutral or tricalcic orthophosphate, Cag (P O,)s,
occurs in nature associated with caleium HAuoride in apatite [CaF,,
3 Cag (P O4)g), &c., and is a constituent of soils, of plants, and is the
main mineral constituent of bones; it is present also in guano. It is
insoluble in water, but soluble in nearly all acids, and even in a solution
of carbonic anhydride (carbonic acid). 1t is soluble in water containing
certain other salts in solution. It may be prepared by precipitating
a solution of disodic hydrogen phosphate (Na, H P O,) with a solution
of calcium chloride in the presence of a small quantity of ammonia.

Two other orthophosphates are known, viz.:—Monokydrogen caleium
orthophosphate (Ca H P Oy), and (fetrahydrogen calcium orthophosphate
(superphosphate) Ca Hy (P O,); (see p. 191); the pyrophosphate,
Cag P; O;, and metaphosphate, Ca (P Og),, are also known.

Distinguishing Characters of Calcium Salts,—Calcium salts are colour-
less unless the acid is coloured; of the more common salts the carbonate
and neutral phosphate are insoluble and the sulphate only slightly soluble
in water.

Solutions of caleium salts give no precipitate with calcium sulphate,
and, unless concentrated no precipitate with sulphuric acid, they yield a
precipitate of calcium carbonate (Ca C Oy4) with ammonium carbonate,
and even in dilute solutions yield a precipitate of oxalate of calcium
(Ca Cy 0,) with ozalic acid or ammonium oxalate, insoluble in ammonia
or in acetic or oxalic acid; they yield no precipitate with hydrofluo-
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gilicic acid nor with potassium chromate (distinctions from barium and
strontium).

Caleium salts in the solid state, especially when moistened with
gtrong hydrochloric acid, impart a yellowish-red colour to the flame of
a Bunsen burner, the spectrum of which is characterised by several
bands in the green, yellow, and orange, of which one in the green and
one in the orange are particularly brilliant,

Physiological Action.—The calcium salts are not poisonous; precipi-
tated calcium carbonate is used in medicine as an antacid, and lime-
water is also employed as an antacid and astringent.

MAGNESIUM.*

Mg=24. Specific gravity, 1'743 (water=1). Specific heat,
0-25. Melts and volatilises at a red heat. Dyad.

Occurrence in Nature. — Magnesium occurs very abundantly and
widely diffused in nature. It is found in greatest quantity associated
with caleium in dolomite (Mg C Oy, Ca C O3) as carbonate ; in this form
it also occurs pure in magnesite (Mg C Og); it is found as sulplate in
kieserite (MgSO,, H,0) and Epsom salt (MgSO,, 7H,;0) and in kainite
(Mg S O,, KCl, 6 H, O); as chloride in carnallite (Mg Cly, KX Cl, 6 H; O)
and ftachydrite (2MgCl,, CaCly, 12H,0); as aluminate in spinelle
(Mg O, Al, Og); and as silicale in an immense number of minerals—e.g.,
asbestos, meerschaum, tale, &c. (see magnesic silicates, p. 150). It is
found as sulphate and as chloride in sea water and many mineral
waters ; many of its salts occur in the animal and vegetable kingdom
(especially phosphates) and are constituents of soils.

Froperties.—Magnesium is a silver-white metal; it is malleable, but
searcely duetile, and is made into wire and ribbon by pressing while
hot; it melts at a red heat, and may be distilled. It preserves its lustre
in dry air, but becomes coated with a very thin film of oxide in moist
air. Heated strongly in contact with air it takes fire and burns with
an exceedingly brilliant flame, which yields a continuous spectrum, and

* At the beginning of the 15th century a panacea was sold by an ecclesiastic at Rome
mnder the pame of Magnesia alba, or the Count of Palma's Powder, and containing what wa
now cill mognesin; the name was given, for no apparént reazon whatever, in contradistine-
tion to Magnésia nigra, a term which had been long applied to the mineral pyrolusite (now
known 88 black oxide of manganese) on account of its colour and supposed magnetic
properties; the circumstance gave rise, later on, to much confusion in the names of the
respeclive metale contained in these two substances, and when, in 1774, Magnesia nigra
was shown o contain a new maetal, this was called mognesivm by some, and manganesinm

(to avoid confusion) by others—the last being Unally adopted, while Magnesivm was
retained for the metal of Magnesia alba.
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is rich in actinic * or chemical rays, so that it is possible to make use of
it as an artificial light in photography. A wire of 0-33 millimetre in
diameter in burning produces a light equal to that of 74 stearin candles
(five to the pound). It is used for purposes of powerful illumination,
and special lamps have been constructed, in which, by means of
clockwork, a piece of wire or ribbon is kept constantly in contact with
the flame of a spirit lamp.

The product of its combustion is the oxide (Mg O). It does not
decompose water at ordinary temperatures, but begins to act upon it at
30°, and at 100° decomposes it energetically. It is soluble in dilute
acids with evolution of hydrogen, but is scarcely acted on by sulphuric
acid.

Preparation and Manufacture.—], By the electrolysis of the fused
chloride ; or better, of a mixture of magnesium chloride, potassium
chloride, and a little ammonium chloride ; or fused carnallite, may be
used.

2. The metal is now manufactured by acting on a mixture of fused
magnesium and potassium chlorides (kieserite must not be present, or
an explosion may occur) and fluor-spar with metallic sodium in a
erucible at a red heat; a violent reaction occurs, and by stirring the
contents of the crucible with an iron rod the magnesium is obtained in
large globules. The crude metal is afterwards distilled in a special
apparatus.

OXIDE OF MAGNESIUM.

Magnesium Oxide (magnesia, magnesia calcinata or usta, bitter earth, tale
carth), Mg O = 40, Specific gravity, 2:3 to 3-2 (water = 1),

Properties—A light, white, tasteless powder; it slowly attracts water
and carbonic anhydride from the air. It is practically insoluble in
water, requiring 55,000 times its weight of water for solution. It has
a feebly alkaline reaction to test paper when moistened with water. It
is infusible, except at the highest temperatures. On long heating, it
increases in specific gravity.

It forms a hydrate, Mg (H O)g, or Mg O, Hy O, which parts with its
water when heated above 1007,

Physiological Action.—1t is used as an antidote in cases of poisoning
by arsenic, as an antacid and mild purgative.

Preparation and Formation.—1. Usually by igniting the carbonate, the
magnesia alba of pharmacy. 2. By burning the metal in air.

* ‘wxrid, o ray of light.
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SALTS OF MAGNESIUM.

. Magnesinm Carbonates.—The normal carbonate is found in the mineral
- magnesite (Mg C O3) in rhombohedral crystals resembling those of cale-
- spar; specific gravity, 2-88 to 3-02,

* "The carbonate, which is precipitated by addition of a solution carbon-
. ate to a solution of a magnesium salt, is a basic carbonate of varying
composition, according to temperature and strength of the solutions
employed, and is distinguished, also, as [light carbonate and heavy
.carbonate, according to its density, which is also dependent upon its
mode of preparation. The magnesia alba of pharmacy has approximately
the formula, 3 Mg C O4, Mg O, 5H, O; it is very slightly soluble in
water, but readily soluble in solutions of ammonium salts and in an
aqueous solution of ecarbonic anhydride, especially under pressure.

Magnesium carbonate has been obtained in erystals corresponding
both to calc-spar and arragonite; it is, therefore, isodimorphous with
calcium carbonate.

Magnesium Nitrate, Mg (N Os)s, 6 Hg O = 148 + 108 = 256.
[(N Og)2 . O3 Myq]. Specific gravity, 1'46 (water = 1). Melting puint, 90°,
- Properties—This salt crystallises in rhombic prisms; it is extremely
deliguescent, and very soluble in water. On heating, it first loses its
water of crystallisation and is finally decomposed, only magnesium
-oxide remaining.

Preparation.—By dissolving magnesium carbonate in nitric acid, and
evaporating the solution to erystallisation.

Magnesium Sulphate, My S Oy, 7 H: 0=120+126=246. [50,. 0, My].
Specific gravity, 17 (waler = 1). Melting point, 70°; anhydrous melts at a
red heat.

Oceurrence in Nature.—The sulphate containing 7 molecules of water
is found in solution in many mineral waters, and is generally known as
Epsom salt; Eieserite (Mg 5 Oy, 1, O) contains only 1 molecule of water,
and is found in various salt deposits.

Properties— Kieserite is difficultly soluble in water. Epsom salt, on
the contrary, is extremely soluble, requiring about an equal weight of
water for solution at ordinary temperatures, and much less at higher
temperatures ; it easily forms supersaturated solutions (p. 107). The
salt has a bitter taste; heated to 1507 it loses 6 molecules of water
(water of erystallisation), but only parts with the seventh molecule at
2507 (water of constitution). It is isomorphous with zine sulphate, &e.,
erystallising in rhombic prisms. It can be obtained in monoclinie
prisms. Magnesium sulphate can also be obtained crystallised with
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2, 5, 6, and 12 molecules of water. It forms a very characteristic
series of double salts with the sulphates of the alkalies, which have
the gemeral formula, Mg5 O, M2 S04, 6 H; O, and are isomorphous,
crystallising in monoelinic prisms,

Physiological Action.—It is a powerful saline purgative.

Preparation.—1. From dolomite by the action of sulphuric acid, the
calcium sulphate, being less soluble, separates out. 2. From Lieserite,
which is first treated with water to dissolve out the common salt with
which it is usually contaminated. ;

Magnesium Chloride, Mg Cly,, 6 H; O = 95 4+ 108 = 203. Specific
gravity, 1-56 (water = 1). Melting point of anhydrous, T08°,

Properties.—This salt may be obtained crystallised in needles with 6
molecules of water. When anhydrous, it is a white, crystalline,
excessively deliquescent mass, which has a bitter taste. It is very
soluble in water. The solution, on evaporation, especially when
concentrated, decomposes into free hydrochloric acid, which escapes.
and magnesia. This decomposition is prevented by the addition of
ammonium chloride, with which it forms a double salt, the solution of
which may be evaporated to dryness without loss of hydrochlorie acid;
and, if heated to 450°, yields up the wolatile ammonium chloride,
leaving anhydrous magnesium chloride.

It has marked antiseptic properties, and is largely used in dressing
cotion.

Preparation.—By neutralising equal guantities of hydrochloric acid
solution with magnesia and ammonia respectively, mixing the solutions,
evaporating to dryness, and finally heating to 450° (see above).

Magnesium Phosphates.— Trimaguesic phosphate, Mgy (P O,)a, exists
in cereals and in bones, but in small quantity ; several other phosphates
may be prepared—they are all more or less difficultly soluble in water,
but soluble in acids. |

Ammonio-magnesium phosphate, Mg N H, P Oy, 6 Hg O, is' precipitated
when a solution of disodic hydrie phosphate is added tq a clear solu-
tion of a magnesium salt containing ammonium chloride and free
ammonia. It is very slightly soluble in water (1 in 15,000), and
still less so in the presence of free ammonia (1 in 44,000). Heated
to 100° it loses 5 molecules of water, but at higher temperatures it
loses all its water and ammonia, and is converted into magnesium pyro-
phosphate, Mgs Py Oy ; this compound is often selected for the quanti-
tative estimation of magnesia and phosphoric acid. It is found in
urinary caleulus, and as a urinary deposit, frequently in very perfect
erystals.
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Distinguishing Characters of Magnesium Salts, —Magnesium salts are
colourless, unless the acid is coloured, and are usually isomorphous
with zine, nickel, cobalt, cuprie, and ferrous salts.

Solutions of magnesium salts give, with solutions of eaustic alkalies,
a white precipitate of magnesia hydrate (Mg H; O;) insoluble in excess,
soluble in ammonium chloride and in alkaline citrates; a white
precipitate with sodinm and potassium carbonate solution, but not
with a solution of ammonium carbonate in the cold; and solutions
containing ammonium chloride and ammonia give a white erystalline
precipitate (Mg NH, P O,, 6H, O) with disodic hydric phosphate,
which appears either immediately or on standing.

Physiological Action.—All magnesium salts act more or less as
purgatives.

METALS OF THE EARTHS,

ALUMINTUM. CERTUM. YTTRIUM. DECIPIOM.
BERYLLLUM. LANTHANUM. ERBIUM. SAMARIUM.
GALLIUML DIDY MIUAM. TERBIUM SCANDIUAL
INDIUAL YTTERBLUM.
ATLUMINIUM.*

Al = 27-5,  Specific gravity, 2-67 (water = 1). Specific heat, 02143,
Melting point about 700,  Pseudo-triad,

Occurrence in Nature.—Aluminium is one of the most abundant and
most widely diffused of the elements, but it 18 never found in the free
state ; it occurs chiefly as silicate and oxide.

In the form of silicate, it is a constituent of an enormous number of
minerals and rocks, eg., the felspars, among which have already been
mentioned orthoclase (Kg Aly Sig Og), leucite (Kg Aly Siy 0y5), sodalite
(2 NaCl, 3 Na, Al Sig Og), and albite (Nay Alp Sig O4). The various
felspars and the various micas (also aluminic silicates), together with
quartz, &c., constitute the primary rocks such as granile, gneiss, syenite,
porphyry, &c., and mica is also a constituent of slate. The felspars by
natural disintegration give rise to the various clays, the purest forms of
which, such as kaolin, or while china clay, pipe-clay, Fuller's earth, &e.,

#* 50 called in allusion to the fact that it is & conatituent of afumen or ulmt&.
1
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correspond more or less tc the composition, Al, 05 2Si0,, 2 H, O,
while marl, loam, &e., are clays containing various admixtures, such
as calcium carbonate, oxides of iron and magnesium, &c.

Among other aluminic silicates of interest may be mentioned the
various garnets, including the precious garnet, which are silicates of
aluminium, ealeium, magnesium, and iron ; topaz, a silicate of alumininm
containing fluorine; beryl and emerald (Begz Al; Si; Oy4), and the
splendid blue mineral known as lapis lazuli, a silicate of aluminium
and sodium containing sulphur, probably in the form of a sulphide.

As anhydrous oxide (Alg O3) crystallised in hexagonal prisms, it forms,
when colourless or grey, or dark coloured and opaque, the mineral
corundrm, next in hardness to the diamond ; in a massive form and of a
dark colour it is called emery, also much prized on account of its
hardness; other crystalline and rarer varieties are the sapphire, of a
blue colour said to be due to cobalt, the oriental ruby of a red colour,
due to chromium, the oriental topaz (yellow), the oriental amethyst
(purple), and the oriental emerald (green).

As hydrated oxide it constitutes the minerals kydrargillite (Al, Oy
3 H; O), bauzite (Al, O, 2 H, O), which also contains iron, and diaspore
(Al: O3.Hy O); as aluminate, it is found in spinelle (Mg O, Alg Og),
in garnite (Zn O, Alg Oy), and in chrysoberyl (Be O, Aly Oy).

Cryolite (Al1F5.3 NaF) is another of the many forms of oceur-
rence of this abundant and widely diffused element; it is also found as
sulphate in some voleanic rocks, and as phosphate in wavellite and oriental
turquoise.

Although the basis of all cultivated soils is an aluminic silicate, the
compounds of aluminium enter in a subordinate degree only into the
composition of vegetable matter grown on such soils, and hence also
play a very subordinate part in the animal economy.

Properties.—Aluminium is a white metal, with a tinge of blue; it is
extremely ductile and malleable, and possesses a bright metallic lustre.
The metal is permanent in air at ordinary temperatures, and a compact
piece oxidises but very slowly, even at a red heat; in thin leaves, how-
ever, it readily takes fire, and burns to oxide (Al, O;). When pure it
does not decompose water, even at a red heat. It is soluble in hydro-
chloric and sulphuric acids, with evolution of hydrogen, but is not
acted on by nitric acid. The metal is also soluble in caustic alkalies,
with evolution of hydrogen.

Alumicium is the lightest of those metals which are sufficiently
permanent in air to allow of their use as metals, and as it possesses at
the same time great tenacity, it is used for purposes for which lightness
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and tenacity are of value, as in beams of delicate balances, optical
instruments, &ec. It also forms several useful alloys distinguished for
strength, lightness, and colour. Aluminium bronze is an alloy of 90
parts of copper and 10 parts of aluminium ; it has the colour of gold,
and has twice the tenacity of gun-metal. '

Preparation.—1. By heating either the chloride of aluminium
(Al; Clg) or the double chloride of aluminium and sodium (Al Clg,
2 Na Cl), or the fluoride of aluminium and sodium (AlFs, 3 Na F), with
metallic sodium, in a crucible or on the hearth of a reverberatory
furnace. 2. By the electrolytic decomposition of a fused mixture of
the chlorides of aluminium and sodium.

OXIDE OF ALUMINIUM.

Aluminium forms but one compound with oxygen called Alumina.

Alumina, Aly O3 = 93. Specific gravity, 3'9 (water = 1).

Occurrence in Nature (see Aluminium, p. 242).

Properties.—Crystallised in the hexagonal system it constitutes, accord-
ing to its colour, various precious stones (p. 242); these have also been
prepared artificially ; in this form it is, next to diamond and boron,
the bardest of all known substances, and is insoluble in acids ; amorphous,
it constitutes a white powder, which is soluble in acids when prepared
at a low temperature, but which is almost insoluble after it has been
strongly heated. It is fusible only in the oxyhydrogen blowpipe,
Fused with caustic alkalies it yields compounds which are soluble in
water (aluminates).

Preparation.—Of crystallised, by the action of boric anhydride on
fluoride of aluminium at a very high temperature; or by heating
together fluoride of barium and alumina; of amorphous, by heating

either hydrate of alumina or ammonia alum,

Hydrates of Alumina.—Various hydrates of alamina are known, The
gelatinous precipitate produced in solutions of aluminium salts by the
addition of ammonia has, after drying at ordinary temperature, the
composition Aly Hy; Og = Al, 0,5 H, O; when dried at a little over
3007 it loses 4 molecules of water, and becomes Al, Oy, H; O, a hydrate
which is also found native, as the mineral diaspore. Two other hydrates
of the composition, Al; 033 H, O and Al, O, 2 H, O, are also found
native, as the minerals hydrargillite and bauzite respectively. Freshly
precipitated hydrate of alumina is readily soluble in acids, and also in
caustic alkalies, but becomes more difficultly soluble after standing for
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some time, The freshly precipitated hydrate also dissolves in a solution
of chloride of aluminium, and when this solution is subjected to
dialysis the chloride passes out, leaving aluminic hydrate dissolved in
water in the dialyser; the solution, like the corresponding solution of
iron, is very unstable (see dialysed iron, p. 277).

Alumina acts as a feeble basic oxide in contact with strong acids, but
behaves like a feeble acid in contact with strong bases, forming com-
pounds termed aluminates. Several of these compounds are found
native, such as the minerals chrysoberyl, Als O3 Be O, and spinelle,
Al O3 Mg O ; some like the aluminate of potassium, Al; O3, K. O, 3H, 0,
may be obtained crystallised by evaporating a solution of alumina
in caustic potash in vacuo. The corresponding sodium compound has
not been obtained in the erystalline form, but its solution is used as a
mordant, *

SALTS OF ALUMINIUM.

Alnminium forms no carbonate.

Nitrate of Aluminium, Al (N Og)q, 18 Hy O, = 427 + 324 = 751,

This salt is obtained by dissolving the hydrate in nitrie acid, It is
employed as a mordant in calico printing. It crystallises in deliquescent
needles.

Sulphate of Aluminium, AL (S0,),, 18 H; O = 343 + 324 = 667.
Specifiec gravity, 16 (water = 1).

This salt is found native, as the mineral keramokalite, and is pre-
pared on a large scale by dissolving hydrate of alumina in sulphuric
acid, or by decomposing China clay (Al; 04,2510, 2H; 0) by
sulphuric acid and evaporating the solution, or by the spontaneous
oxidation of alum shale (245). The salt is soluble in twice its weight
of cold water, and crystallises with difficulty. It is used as a mordant
and for weighting paper.

Basic sulphates may be obtained by boiling the solution of the
sulphate with freshly precipitated hydrate, or precipitating it with an
insufficient quantity of ammonia,

Alums.—One of the most characteristic properties of the sulphate of
alumina is the ease with which it forms double salts, known as alums,
with the sulphates of the alkalies. Originally the name of alum was
applied to the double sulphate of aluminium and potassium, but it is now

* Aluminic hydrate has a strong affinity for certain colouring-matters, and is therefora

employed as o means of flxing these on flbres which have no direct afinity for such
colouring-matters; in such case the aluming is said to sct as & mordant
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applied to double sulphates of all oxides isomeric with these. Alum is
used extensively in calico printing and dyeing, for which purposes it
must be as pure as possible, and especially free from iron.

Alum (potash alum, common alum), Alz Ky (S O4)y 24 Hy, 0=
517 + 482 = 949, [Aly (S 0,)s, K, S Oy, 24 Hy 0]. Specific gravity, 172
(water = 1). Melting point, 845, '

Properties.—This salt crystallises in large transparent, regular octa-
hedra, soluble in seven parts of water at 20° and in less than one-third
of their weight at 100°. When heated the crystals at first melt in their
water of crystallisation, which, on continuous heating, is expelled,
leaving a white porous mass known as burnt alum. The solution has
a slightly acid reaction and a powerfully astringent sweetish taste.

Physiological Action.—It is used as an astringent for local application
and internal use ; as a mild caustic in the form of burnt alum.

Preparation.—1. By roasting alum-stone (alumite), a native basic
sulphate of alumina and potash, found near Tolfa in Italy, and Muzsai
in Hungary, exposing the roasted mass to the action of the air, and
finally extracting with water, when alumina remains behind, while alum

goes into solution,

Alum-Stone. Aluminic Hydrate, Alum,
K, S04 3Al,S0g,* 6 Hy 0-2(Aly 03,3 H; 0) = K, S0, Al; 380,

The alum so prepared is known as Roman alum.

2. By mixing, in proper proportion, solutions of sulphate of alumina
and sulphate of potassium, or chloride of potassium and sulphuric acid,
and crystallising.

3. By gently roasting alum-shale (a bituminous silicate of alumina
containing iron pyrites), and then exposing it, moistened, to the action
of the air. The ferrous sulphide is oxidised, yielding ferrous sulphate
and sulphuric acid, which latter, acting on the silicate of alumina, yields
sulphate of alumina. The shale is then extracted with water, as much
as possible of the iron separated by crystallisation, and the solution of
sulphate of aluminium mixed with potassium sulphate, and allowed to
erystallise. Any iron which had not been separated by crystallisation
may be prevented from crystallising with the alum by the addition of
an equivalent proportion of chloride of potassium, which yields
sulphate of potassium and chloride of iron; the latter remains in
solution,

*The basic sulphate of alomina may be regarded as a salt of hexabasic sulphuric aeid,

Hg 8 0y, corresponding to the salt which remains behind when sulphate of iron is heated to
= moderate degree (see Manufacture of Nordhausen Sulphuric Acid, p. 162).
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As before stated, the two metals present in this alum (common alum})
may be replaced by isomorphous metals, with formation of compounds
perfectly analogous to this common alum, and erystallising like this in
regular octahedra. The general formula of these isomorphous com-
pounds, to which the name of alums has been extended, may be given
as follows :—

My'S 04 My™ (S 04); + 24H4 0,

where M’ and M stand for the metals replacing potassinm and
aluminium respectively. Thus the potassinm may be replaced by
ceesium, rubidium, sodium, or ammonium, the latter being generally
present in ordinary English alum, while the alumina may be replaced
by iron, chromium, or manganese, and a great variety of alums
known as ammonia alum, chromium alum, éron alum, &c., are thereby
produced.

Chloride of Aluminium (aluminic chloride), Als Clg = 268. Specific
gravity of vapour, 134 (H = 1).

Properties.—This salt crystallises in colourless and transparent, or white
and opaque, crystals belonging to the hexagonal system ; the salt may, by
heating, be readily sublimed without previous fusion, but may be fused
under slightly increased pressure, When free from moisture, it may be
heated without decomposition; but in presence of water it breaks up,
when heated, into alumina and hydrochloric acid ; exposed to the action
of moist air, it deliquesces, and gives off fumes of hydrochloric acid.
It is soluble in water, and may be obtained from its solution in colour-
less needle-shaped crystals of the composition, Al Clg, 12 H; O. The
same crystals are obtained by evaporating the solution of the metal or
of alumina in hydrochloric acid to erystallisation.

Preparation.—By passing chlorine over a strongly heated mixture of
alumina and powdered charcoal, or coal, contained in a porcelain tube
or fire-clay retort.

The double chloride of aluminium and sodium, used in the preparation
of the metal, is obtained by the addition of chloride of sodium to a
mixture of alumina and charcoal, and heating to a white heat in a
current of chlorine, The double salt volatilises, and is condensed
in suitable vessels. This double chloride is less volatile, but more
fusible, than aluminium chloride, and being less readily acted on by
moist air, it is now always used in the preparation of aluminium.

Phosphate of Aluminium, Al (P 0)s = 245.

This salt is obtained as a gelatinous hydrate by the addition of
phosphate of soda to a peutral solution of an aluminium salt. The

Pilvyrh
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precipitate is soluble in caustic alkalies and in mineral acids, irsoluble
in ammonia and in acetic acid. Several basic phosphates are found
native—e.g., wavellite [2 Alg (P 04)3, Al; O3, 8 Hy O] and oriental turquoise.

Aluminium Sulphide, A/, S3 = 151,

This salt is obtained as a black mass by heating aluminium and
sulphur together to a red heat, or as a white substance by passing the
vapour of bisulphide of carbon over aluminium heated to a white heat.
It is decomposed by water into alumina and sulphuretted hydrogen,
and cannot therefore be formed in the wet way.

Ultramarine,—1'his is the double silicate of alumina and soda con-
taining sulphur in the form of a sulphide, which occurs native as lapis
lazuli, but for which no definite formula has been found. The
commercial product in imitation of the natural one, and obtained by
heating together clay, soda, sulphur, and charcoal, in various
proportions, is at first white, but speedily turns green (green ultra-
marine), and when this is heated with sulphur in presence of air, it
becomes blue without change of composition,  Ultramarine is
not acted on by alkalies, but is readily decolorised by acids with
evolution of sulphuretted hydrogen.

General Characters of Aluminium Compounds.—The compounds of
aluminium are colourless, if the acid is colourless ; they have a sweet and
very astringent taste, and an acid reaction. Caustic alkalies, and their
carbonates and sulphides, precipitate aluminic hydrate; the gelatinous
precipitate is soluble in caustic alkalies, but scarcely soluble in am-
monia. When heated, after moistening with nitrate of cobalt, before
the blowpipe a blue mass is produced (Thénard’s blue), Aluminium
salts do not colour the flame of a Bunsen burner,

Physiological Action.—(See Alum, p. 245.)

Glass, Porcelain, Stoneware, Earthenware,—Glass is essentially a double
silicate of potassium or sodium and of calcium or lead, which has the
property of solidifying in the vitreous condition, and which, when
heated, passes through a stage of greater or less softness (viscosity)
before it actually melts. During this stage of softness it can be
brought into any desired shape, and two or more pieces can be welded
or joined together so as to form one homogeneous piece, The chief
varieties of glass are ;:— -

1. Bohemian or potash glass, a potassinm-caleium silicate.

2. Crown glass (window glass, plate glass), a sodium-calcium silicate.

3. Flint glass, a potassium-lead silicate.

4. Bottle glass, an impure crown glass, consisting of sodium, calcium,
aluminium, and iron silicates.
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The first three varieties are colourless,* or nearly so, the last is more
or less deeply coloured. The first is less fusible, and resists the action
of chemical agents better than the others, while the third is chiefly
remarkable on account of its high dispersive power for light and
consequent brillianey, which property increases with the increase in the
proportion of lead present (optical glass, strass).

Speaking generally, a glass melts the more readily, and is the more
easily acted on by chemical agents, the more alkali it contains, and is
the less fusible and the less readily acted on when the alkaline earth
predominates. A calcium glass containing too much silica is very apt to
crystallise when kept hot for a short time and then becomes opaque, or
devitrified. A potash glass is, under otherwise similar conditions, less
fusible than a soda glass.

After glass has been melted, or even only strongly heated, it has to
be passed through a process of very slow cooling (annealing), otherwise
it is liable to fracture by changes of temperature, or by very slight
injury, owing to internal strains or tension due to irregular cool-
ing.

Composition of Samples of the Four Chief Varicties of Glass.

B"gﬁ’;‘i‘n Crown glass. Flint glass, Bottle glass.

Si Og 717 760 5193 59°6
K;0 127 1367

Nagy O 25 170 ik 32
CaO 10°3 60 180
Mg O g 70
Mn O 02 v 04
Al O 04 s 6°8
Fes O 03 10 44
PbO o Ir 33-28

* The green colour due to the presence of ferrous oxide contained in almost all the
materials used in the manufacturs of glass may be counteracted by the addition of
oxide of manganess, which by itsell wonld impart a rose tint to the glass. This rose tint
is exactly complementary to the green of the ferrous oxide, and the two complementary
eolours neotralise each other, and so render the glass colourless.
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Coloured glass is produced by the addition of various metallic oxides
which, dissolving in the melted glass, impart to it a characteristic
colour. Thus red glass is produced by the addition of cuprous
oxide or of purple of Cassius; blue, by oxide of cobalt; violet, by
manganese, green, by cupric, chromie, or ferrous oxide ; yellow, by
antimonic or ferric oxide; yellowish-green, with a strong fluorescence
by uranium.

In some cases the whole mass of the glass is coloured, in other
cases, notably that of red glass, the colour is confined to a thin film on
one surface of the glass only.

True China or hard poreelain is made from the purest kaolin (Als Og,
2 Si 0, 2 Hy O) mixed with a frit consisting of felspar, sand, and chalk,
and glazed with a mixture, similar to that of the frit used. The
kaolin by itself is infusible, even in the intense heat of the poreelain
kiln, but the frit with which it is mixed melts, and penetrates the
whole mass, rendering the otherwise porous and opaque material trans-
lucent and impervious, Hard porcelain is baked and glazed in one
operation.

English or soft porcelain consists of kaolin mixed with a frit of bone-
ash and borax, which is much more fusible than the frit used for hard
porcelain, Soft porcelain is first baked (biscuit) and is then glazed
with an easily fusible mixture of bone ash, oxide of lead, potash, sand,
and borax.

Stoneware differs from porcelain chiefly in being made with less pure
materials, and in that it is glazed by a process called salt-glazing.
The articles to be glazed are dipped in a mixture of sand and water,
and heated to a high temperature. Salt is thrown into the kiln; it
volatilises, and is decomposed by the silica of the sand in presence of
moisture, hydrochloric acid is evolved and a readily fusible silicate of
soda formed, which combines with the silicates of the ware, and forms
an impervious coating.

Earthenware differs from the two preceding, in the fact, that no
fusion of the material takes place during the firing, and that, therefore,
the body of the ware remains porous; it is glazed when required with
an opaque lead glass. It is generally made from more impure materials
than either stoneware or porcelain.

Bricks, flower-pots, &e., are made from still more impure materials ;
their colour is due to the presence of ferric oxide,

Mortars and Cements.—Mortar is essentially a mixture of slaked lime
(CaH,O,), with from three to four times its weight of sand (85i0,);
its hardening is chiefly due to the gradual conversion of the slaked
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lime into carbonate by absorption of carbonic anhydride (C O,) from
the air; this absorption is at first rapid, but gradually becomes slower,
and, when half the lime is converted into carbonate, proceeds very
glowly indeed. Mortars even centuries old still contain appreciable
quantities of hydrate of lime. The hardening may be, in some cases,
partially due to the formation of silicate of caleium,

The conversion of the hydrate of lime into carbonate is accompanied
by the liberation of water, and it should be borne in mind that the
water so separated is the result of chemical action, not the mere evapo-
ration of moisture; hence the *‘sweating” of newly built or plastered
walls. The method of drying such walls by means of charcoal fires is
not a gimple drying by heat, but essentially a chemical drying, since
the carbonic anhydride evolved from the charcoal stoves is necessary to
the process of dehydration.

Hydraulic mortars are made with limes containing from 15 to 30 per
cent. of finely divided silica or clay, and these possess the property of
hardening under water, with which they apparently enter into chemical
combination. Portland cement is made by burning an intimate mixture
of chalk and clay ; the larger the proportion of clay the more rapidly do
such cements harden—so-called Roman cement, for example, containing
about 2D per cent. of clay, sets hard in a few hours.

BERYLLIUM.*

(Glueinum ) Be=94. Specific gravity, 21 (wator=1). Specific heat, 0-4070, Dyad.t

Oceurrence in Nature.—This metal oceurs in certain rare minerals; as silicate in beryl
{Beg Als Sig Oyy), the transparent green varieties of which constitute the preclous stona
emerald, those which have a bluish tint being called agquamarine; and in phenacite
(Be 81 0y), &e.; as oxide in chrysobery! (Be O, Al Oy), and as & minor constituent of many
minerals,

Properties.—Beryllium is a silver-white metal; its melting point is somewhat below that
of silver; it is malleable; it takes fire in air on strongly heating, but only if finely divided.
It is soluble in dilute acids on warming.

Preparation, —By distilling the chloride over metallic sodium,

Oxides and Salts —Beryllinm only forms one oxide, Ba O, which is a basic oxide, and
which resembles alumina (Al; Og) in some respects, and magnesia (Mg O) in others; it is a
white powder, insoluble in water, but soluble in dilute acids, if it has not been previously

* The metal contained in beryl. Latin, beryifus; Greak, gdevddes, beryl,

t The metal was at one time termed glucinum (pAvxds, sweet), from the fact that some of
its compounds have a aweet taste.

t Somo chemists ara of opinion that this element is a hexad like aluminium, that it has
an atomic weight of 136, and that the formula of its oxide is therefore Be, Oy; its specific
heat points to the higher number—on the other hand, its analogy t0 magnesium points to
the lower atomic weight as correct.
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- ignited; fused with fixed alkalies it forms soluble compounds; the hydrate, Be (0 H),, is
precipitated by alkalies from solutions of beryllium salts, and is soluble in excess of these
precipitants, and also in ammonium carbonate solution (distinction from aluminium). It
forms several salts which are white, unless the acid is coloured. A hasic carbonate is
deposited on boiling the solution of the hydroxide in ammonium carbonate. The chloride
Be Cl,, the sulphate Be SOy, and nitrate Ba (N Oy)s, are soluble in water.
Distinguishing Tests.—Ses behaviour of its oxide.

GALLIUM.,*
Ga=488. Specific gravily, 595 (water =1). Specific heat, 0080, Melting point, 30°

Occurrence in Nature —This extremely rare metal oceurs in minute quantities in some
gine blende (EZn %), more especially in the valley of Argeles in the Pyrenees where it
was first discovered.

Properties.—The existence of this metal was first indicated by its spectrom which is
characterised by a violet line. It is & white metal, and has the remarkably low melting
point of 30° so that it melts when placed in the palm of the hand; once melted it remains
liquid even when cooled below 07, but solidifles when touched with a piece of solid galliom ;
it is not volatile, and oxidises but slightly in air when heated. It is soluble in acids and
alkalies.

Preparation.—By the electrolysis of an alkaline solution of its sulphate. Its separation
from zine, which is a very tedious and difficult process, is effected by fractional precipitation
of a boiling solution of the two metals with gsodium carbonsate, gallinm carbonate being
more easily precipitated.

Oxides and BSalts.—Its oxide is white, and has presumably the formula, Gaz0;.
(Gallium salphate forms an alum (p. 246) with ammonium sulphate, Ga, (8 0y, (N Hye S0y,
24 H, 0. A chloride isalso known.

Distinguishing Tests.—Its spectrum is characteristic (see also Preparaiion).

INDIUM.t
In=1134. Specific gravily, 742 (waler =1). Specific heat, 0057, Melting point, 1T6°

Occurrence in Nature.—This very rare metal was first observed in Freiberg accompanying
rine blende (£n 8) in minute guantities, and has been found in some other localities in the
same mineral,

Properties.—Indium is & brilliant white metal, softer than lead, malleable, and melts
at 176% At a higher temperature it may be distilled, but is not so volatile as zinc or
eadmiom. It remains unaltered in air even when melted, but at a higher temperaturs tales
fire and burns with & blue Aame to oxide (Ing @y). It is soluble in dilute acids; the hydrogen
evolved burns with a blue flame. It is precipitated from its solutions by zine and cadmium.

Freparation.—By reduction of the oxide with godium. The metal is originally obtained
in an impure form a3 a black precipitate, when Freiberg zine ls treated with an amount
of hydrochloric acid insufficient to completely dissolve it. The impure metal is furthor
purifled by various complicated processes.

Oxides and Salts,—Indiom forms a monoxide, InC, and a trioxide, Ing0; hoth basic.
It forms an alum (p. 246), Ing (8 Oy, (N H,)o S0y, 24 H, O, and & large number of its salta
have been propared.

Distinguishing Tests.—Indiom and its salts impart o fine blue colour to the fame of &
PBunsen burner, and vield a characteristic spectrom.

* S called by its discoverer, Lecog de Bolsbaudean, in patriotic allusion to his country.
% So called in allusion to the blae line of its spectrum.
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CERIUM, LANTHANUM AND DIDYMIUM.*
Ce=138; La=139; Di=14475.

These three metals ocenr intimately associated with one another in carife, orthile, gada-
lindte, and some other very rare natural silicates first fonnd in Norway and Sweden. Cerium
wasg the first discovered (1804), and in its supposed oxide first ldnthanum (1839), and later
didymium (1543) were detected. The separation of thege metalz is & matter of the greatest
difficnlty, but perfectly pure and igolated preparations were obtained by Bunsen, with a view
to determining their spectra. The method of separation, after removal of all commoner
metals, depends upon the comparative insolubility of the bazic sulphate of cerium, and the
greater golubility of didyminm sulphate ag compared with lanthanum solphate; all thesa
metals form insoluble oxalates; they algo form insoluble double snlphates with potassiom
sulphates, and use is made of this fact to separate them from yttrinm and erbinm.

They may all three be prepared in the metallic state by electrolysis of the chloride (M Cly).
Cerium resembles iron in appearance, tarnishes rapidly in moist air, and takes fire very
-eagily, burning with & more brilliant light than magnesium. Lanthanum and didymium
poesess similar properties. All three form a sesquioxide (Ms;Oj), and a corresponding
hydrate which absorbs carbonic anhydride from the sir; cerinm forms also a dioxide. A
Jarge number of their salta have been prepared.

Cerium and lanthanum salts yield very characteristic spectra; didymium salts are rose-
red, and yield a remarkable alsorplion spectrum, which is o special and very delicate
<characteristic,

YTTRIUM, EREIUM, TEREIUM, AND YTTERBIUM.t
F=617; E=1126; Tr=148'; }b =172,

These metale alzo oceur in thoss gilicates in which cerinm, lanthanom, snd didyminom are
found, but chiefly in gadolinite; the separation of yttrium and erbium from the above-
mentioned metals has already been referred to above; their separation from one another
is based on a difference in the solubility of their nitrates; erbium nitrate being the lass soluble.
They are not known in the free state, and closely resemble one another; they are
-characterised by special spectra; several salts of yttrium and erbium have been prepared.

DECIPIUM, SAMARIUM, SCANDIUM.
Dp =159 (¥); &m = 1503 Se=d44.

These three metals are found associated with the metals didymiom, erbium, and othera
of this group, and closely resemble them in general character and in the constilution of
fheir oxides and chlorides.

Decipium was discovered by Delafoniaine in the mineral samarskile found in N. Carolina.
None of its compounds have yet been obtained in a state of purity, but their solutions are
characterised by a special absorption spectram.

Samarium wag discovered by Lecoq de Boisbaudran in samarskite, and is easily recognised
by its apectrum.

Seandium was discovered by Nilson in the minerals gadolinite and euzenife

* Cerium, named after the Planet Ceres then (1804) newly discovered; lanthanum, from
sevleya, I lie hid, in allusion to its having been overlooked in cerife; didymium, from
Jidupees, two-fold, twin, in allusion to its intimate association with lanthanom,

t All these names are based on the name of the locality Yilerby, in Sweden, from which
the minerals containing these metals were first derived.
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ZINC. MANGANESE. TIN. ANTIMONY.
OADMIUM. JRON. TITANIUM. ARSENIC.

- — COBALT. ZIRCONIUM. VANADIUM.
LEAD. NICKEL. THORLUM. TANTALUM.
THALLIUM. CHROMTIOM. — NIDBITM.

MOLYBDEN UM, BISMUTH. - —
TUNGSTEN. . NORWEGIUM. COPPER.
URANLUM.

AINC.*

Zn =65.+ Specific gravity, 6-9 (water = 1).  Melting point, 433°.
Boiling point, 1040°,  Specific heat, 0:095. Dyad.

Occurrence in Nature.—Zine is found as oxide, sulphide, carbonate,
and silicate in deposits in various parts of the world, notably in New
Jersey, the United States, Belgium, Silesia, Spain, and Great Britain.

Its chief ores are calamine, also called smithsonite, zinc-spar, &e.
(Zn C O,); zinc blende (Zn S); red zine ore (Zn O) ; and siliceous calamine
(Zn, Si 0y, Hy 0). As sulphide it is frequently found associated with
galena, and as carbonate with dolomite. It is mostly accompanied by
cadmium in small guantities,

Properties.—Xinc is a moderately hard, bluish-white metal of crystal-
line structure; it is usually very brittle, but when heated to a
temperature between 120° and 150° it is malleable, and retains its
malleability on cooling; at 205° it becomes so brittle that it can be
powdered in a mortar ; at 433° it melts, and boils at 1040° (a bright red
heat). If heated to redness, in contact with air, it takes fire, and
burns with a brilliant bluish flame, forming zinc oxide (Zn O). It
tarnishes slowly in contact with moist air, more rapidly in the presence
of any acid, even carbonic acid. It decomposes water at a red heat,
It is soluble in dilute hydrochloric and sulphuric acid, with evelution
of hydrogen, and formation of chloride and sulphate of zine respectively;
pitric acid dissolves it, forming the nitrate, but is itself partially
decomposed. Zine is also soluble in solutions of the alkaline hydrates.

The metal is used in the form of sheet zine chiefly. It is also used
for protecting iron from rusting (galvanised iron); zinc and iron

*The name rinc, German zink, is of uncertain origin; perhaps allied to zinn, tin, and
meaning “ tin-lile." —Skeat.
t See p. 5.
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fomming a galvanic couple, in whieh the iron is the negative (unacted-
on) metal ; the galvanising is effected by dipping the thoroughly clean
iron into molten zine.

It is a constituent of many important alloys, among which may be
mentioned brass (copper and zinc) and German silver (copper, zine, and
nickel). 2

Granulated zinc is zinc which has been melted and poured in a thin
stream into water, by which process it is broken up into small, irregular
lumps, which are useful for dissolving in acids, &e.

Zinc-dust 18 a finely divided form of zinc obtained in the manufacture
of the metal ; it is generally mixed with oxide, from which it may be
freed by treatment with very dilute hydrochloric acid.

Manufacture.—The ores are first converted into oxide by careful
roasting, mixed with charcoal, coke, or coal-dust, and subjected to
distillation at a bright red heat in earthenware retorts, Commercial
zine is liable to contain arsenic, antimony, lead, &e.

OXIDE OF ZINC.

Zinc Oxide (zinc-white, lana philosophica, iz alba), Zn O = 81. Specific
gravity, 5'6 (water = 1),

Qccurrence in Nature.—As spartalite or red oxide of zinc in erystals of
the hexagonal system ; usually containing oxide of manganese.

Properties.—Zinc oxide is a white powder, very difficultly fusible;
when hot it is yellow, becoming white again on cooling. It is a basic
oxide, and is soluble in acids, forming a number of salts isomorphous
with magnesium salts; it is, however, also soluble in solutions of the
fixed alkalies.

It is used as a pigment, and has the advantage of not being dis-
coloured by the action of hydrogen sulphide.

Preparation.—By burning the metal in air, or by heating the hydrate,
carbonate, or nitrate,

Zinc Hydroxide (hydrated oxide of zinc), Zn (H 0)y=99. [Zn0.H; 0].

This substance is precipitated white and flocculent when an insuffi-
cient amount of a solution of a caustic alkali is added to a solution of a
zine salt, but it is soluble in excess of the reagent, from which solution
it may be obtained in crystals. It may be dried over chloride of
caleium without loss of water of hydration, but becomes anhydrous
when heated to redness.

-
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SALTS OF ZINC.

Zinc Carbonate, £n C 0y = 125.

Occurrence in Nature (see Zinc).

Properties.—Native zinc carbonate crystallises in rhombohedra; it
has a specific gravity of 442, The artificial carbonate may be obtained
by precipitating a solution of sulphate of zinc with an excess of bicar-
bonate of potassium (not sodium). The hydrate retains some water
even at 200°. Like the carbonates of barium, strontium and caleium,
carbonate of zinc is readily soluble in water containing carbonic anhy-
dride in solution. A hydrated basic carbonate is precipitated from
solutions of zine salts by a solution of sodium carbonate.

Zinc Nitrate, Zn [Nﬂa:]g, 6 H:0=189+108=297. [(Nﬂg)g .04 zﬂ].
Melting point, 36-4°.

A crystalline, very deliquescent salt, obtained by dissolving zinc¢ in
nitric acid ; it forms, also, a less soluble basic nitrate,

Zine Sulphate (white vitriol), ZnS O, 7H,0=161 + 126 = 287.
[80, . 0yZn]. Specific gravity, 195 (water = 1). Melting point, 50°.

Properties.—This salt crystallises in thombiec prisms isomorphous with
magnesium sulphate, which it much resembles in appearance—a fact
which has led to fatal mistakes, the salt being poisonous. It has a
metallic, astringent taste. It dissolves in about 2} times its weight of
cold water, and is still more soluble at higher temperatures. On
heating, it behaves like magnesium sulphate, losing six molecules of
water at a moderate heat, and the seventh only at a higher temperature.

Physiological Action.—It is used in medicine as an emetic,

Preparation,—1. By roasting the sulphide and dissolving and erystal-
lising the produet. 2. By dissolving zine¢ in dilute sulphuric acid and
evaporating to crystallisation,

Zinc Sulphide (blende, zinc blende), ZnS = 97. Specific gravity, 40
(water = 1).

This salt is found native, crystallised in the regular system ; when
pure, it is light yellow, but is often darker and sometimes black (black
Jack), owing to the presence of iron and other metals,

A white hydrated sulphide is precipitated on adding a solution of an
alkaline sulphide to a solution of a zinc salt; it is soluble in dilute
mineral acids, but not in acetic acid. Dried at ordinary temperatures,
it has the composition, Zn S, H, O; dried at 100° 2 Zn 8, H, O.

Other sulphides are known, suchas ZnS;; ZnS Zn0;4ZnS, Zn 0,

Zine Chloride, Zn Cly = 136.

This salt may be obtained as a white, excessively deliquescent solid,
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by evaporating its solution sufficiently, or in erystals, having the com-
position Zn Cly, HzO, if strong hydrochloric acid is added to its
concentrated solution, It melts at 100°, and sublimes at higher
temperatures.

Its solution, like that of magnesium chloride, is apt to undergo
decomposition on evaporation, hydrochloric acid being given off and a
basic salt formed.

It is used as a caustic and as a desiccant, and is a powerful deodorant
and antiseptic.®

Preparation.—1. By dissolving zine, or zinc oxide, or carbonate in
bydrochloric acid solution, and evaporating to a syrup. 2. By dis-
tilling a mixture of zinc sulphate and chloride of calcium. 3. Dy
heating finely divided zine with corrosive sublimate,

Distinguishing Characters of Zinc Salts.—Zinc salts are white, unless
the acid is coloured.

Solutions of zinc salts yield, with solutions of caustic alkalies and
with ammonia, a white precipitate of the hydrate [Zn(H O),] soluble
in excess; sodium and potassium carbonate solutions give a white pre-
cipitate of carbonate, insoluble in excess; ammonium carbonate the
same precipitate, soluble in excess; sulphuretted hydrogen, a white
precipitate of the hydrated sulphide in neutral or alkaline solutions ;
and ammonium sulphide, the same precipitate, insoluble in alkalies and
acetic acid, soluble in dilute mineral acids.

Zinc salts heated on charcoal in the outer biﬂwpipe flame yield an

incrustation, which is yellow when hot, and white when cold, and which,
on moistening with cobalt nitrate solution and heating strongly, yields
a fice green colour.

Plysiological Action.—Emetic and poisonous (see sulphate and chloride).

CADMIUM.¢

Cd = 112,31 Specific gravity, 87. Melting point, 320°; boiling
point, 763° to T72°,  Specific heat, 0056, Dyad.

Occurrence in Nature.—This metal is found in combination only,
generally accompanying zine ores, which frequently contain from 1 to

* Tt absorbs, for example, hydrogen enlphide, and ammeonia, which are among the offensive
gases given off by putrelyiog organic matters, and acts as an antiseptie, chiefly by virlue of
its affinity for water.

t+ The term cadmia fornacum is nsed by Pliny to denote the sublimate in brossfounders’
farnaces; hence, the name of this metal which is found in the sublimate from =ing
formaces,

1 See p. 59.

e e —
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3 per cent. of it. It occurs leas frequently, as the sulphide in the
mineral greenockite. It belongs to the rarer class of elements.

Properties —The metal resembles tin in colour, it is comparatively
hard, and is both malleable and duectile; it is volatile at a somewhat
low temperature, melting at 320° and boiling at about 770°, It gradually
becomes tarnished in contact with air, and, if strongly heated in
presence of air, takes fire and burns to oxide. Cadminm vapour
decomposes water vapour at a red heat. Cadium is most easily soluble
in nitric acid, less easily in dilite hydrochloric and sulphurie acids. It
is precipitated from its solutions by zine. It forms a number of alloys
which are characterised by their low melting point,

Preparation.—Being more volatile than zine, it comes over with the
first portions of zinc vapour in the distillation of that metal (see zinc);
it is, therefore, found as oxide mixed with zine oxide in the condensers
of the zinc furnaces. These mixed oxides are again reduced by mixing
with coal and heating in the retorts, and the cadmium again distils
over first; the metal so obtained may be purified by redistillation,
solution in hydrochloric acid, and final precipitation by metallie zine.

Cadmium Oxide, Cd O = 128. Specific gravity, 6:5 (water = 1).

Properties,. —Cadmium oxide is brown in colour, it is infusible at a
white heat. Ieated on charcoal it is temporarily reduced, but the
metal burns again to oxide, forming a characteristic brown incrustation
on the charcoal.

It forms a hydrate, Cd (H O),, which may be obtained as a white
flocculent precipitate on addition of caustic potash, soda or ammonia
solution to a solution of one of its salts, and which is soluble in excess
of the last only.

Preparation.—By heating the hydrate or carbonate, or by burning
the metal in air.

Salts of Cadmium.— The normal carbonate, Cd C O, is not well
known; a basic salt is obtained by adding a solution of potassium
carbonate to a solution of a cadmium salt. The nitrate, Cd (N Oy),,
4 Hy O, is very deliquescent. The sulphate, Cd S Oy, 4 H, O, is obtained
in monoclinic crystals by dissolving the oxide or carbonate in dilute
sulphuric acid; it is very soluble in water. The sulphide, Cd S, which,
as already mentioned, occurs native, is characterised by a splendid
yellow colour, and is used as a pigment ; itis precipitated by hydrogen
gulphide from a solution of a cadmium salt. The ehloride, Cd Clg,
2 Hq O, is an efflorescent salt; it loses its water at a comparatively low
temperature, melts at a red heat, and finally sublimes unchanged.

Distinguishing Characters of Cadmium Salts.—The cadmiumn salts are
17
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colourlegs unless the acid is coloured. Solutions of cadmium salts give
with solutions of the caustic alkalies a white precipitate of the hydrate,
Cd (H 0),, soluble in excess of ammonia only; with the fixed alkaline
carbonates and ammonium carbonate, a white precipitate insoluble in
excess ; with hydrogen sulphide and alkaline sulphides, a yellow precipitate
(Cd S), insoluble in excess of the latter (c/. arsenic).

Cadmium salts, when heated in the outer blowpipe flame on charcoal,
yield a characteristic brown incrustation (Cd O).

Physiological Action.—Emetic and poisonous.

LEAD.*

(Latin, Plumbum) Pb = 207 Specific gravity, 11°25 to 11-45 (water = 1).
Specific heat, 000314. Melting point, 334°.% Dyad.

Occurrence in Nature,—Lead is very seldom found native ; its chief
ore is galena or lead sulphide (Pb S); it is found in smaller quantity
as carbonate in cerussite (Pb C Qg), and in still smaller quantity in
numerous minerals as sulphate, chromate, tungstate, molybdate,
phosphate, arsenate, oxychloride, &ec., and in combination with some
rarer elements such as selenium, tellurium, &e.

The sulphide is usually accompanied by silver.

Properties.—Lead is bluish-white or grey in colour; it is extremely
malleable, and is duectile, but its tenacity is but slight; it is a soft
metal, being eagily eut with a knife ; it leaves a mark when rubbed on
paper. It melts at a comparatively low temperature (334°); it volati-
lises partially at a bright red heat, but its boiling point is very high, and
it cannot, therefore, be distilled like zine.

When freshly cut, the metal has a very bright surface, which soon
becomes dull in moist air from slight oxidation. Heated to a high
temperature in contact with air it burns to monoxide.

Fresh lead surfaces, in contact with a€rated water, becomes oxidised with formation of
the hydrated monoxide, Pb (H O)g, which is somewhat goluble in water; the corrosive action
s increased if ammonium salts are present, but is retarded by sulphates, phosphates,
carbonates, and free carbonie aphydride, owing to the formation of ingoluble saliz; a large
excess of carbonie anhydride again inereases the solvent action. This action of water on
lead is of great practical importance since the diszolved oxide excits a highly poisonous

getion on the human system. Galvanised iron cisterns are, therefore, generally preferable,
but slate cisterns are the best of all for domeslic purposes,

Lead decomposes water at a white heat only, with evolution of

* Anglo-Saxon, lead,
t354° by mercury thermomeler; 326-2° by air thermomeler (Person),
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hydrogen and formation of monoxide of lead; it is scarcely acted
apon by dilute acids, except nitric acid, in which it is very soluble;
strong hydrochloric acid dissolves it, especially on warming, and strong
sulphuric acid also dissolves it, more especially if the metal is pure.

[.ead may be obtained in octahedra by allowing the molten metal to
golidify partially, and pouring off the liquid portion after a time. It is
deposited in a tree-like mass (lead-free), when a piece of zinc is sus-
pended in a solution of the acetate; tin and iron also precipitate it
from its solutions. ;

Commercial lead is generally contaminated with antimony, copper,
iron, silver, and sometimes with bismuth, nickel, tin, and zine.

Lead forms a number of important alloys, among which may be
mentioned, solder and pewter (lead and tin), fype-metal (lead and anti-
mony), and shot (lead and arsenic).

Preparation.—There are three processes by which lead is obtained
from its ores:—1. Air-reduction process.—This is generally employed
when the ore consists of comparatively pure galena; the ore is roasted
at a moderate heat in a specially constructed furnace, so that a portion
is converted into sulphate or oxide, the mass is then thoroughly mixed,
and the oxide and sulphate react on the remaining sulphide as indicated
in the following equations, with the production of metallic lead, which
is drawn of in the molten state :—

2PbO + PbS = 3Pb + 80,
PbSO,+ PbS = Pb, + 2850,

2. Precipitation process.—This process is less often used, and only
when the lead ore contains much silica, and when other metals, such
as copper, are present; it consists in heating together iron scrap, and
either the unroasted or roasted ore, metallic lead is separated, and a
sulphide of iron (containing more or less sulphide of lead) is formed.

3. Carbon-reduction process,—In Scotland and the North of England,

ignited peat is used in the furnaces, and assists in the reduction of the
roasted ore.

OXIDES OF LEAD.
Lead Suboxide, . x Fb, 0.

Lead Monoxide, . : Ph 0.
Lead Sesquioxide, . Pby 0.
Triplumbic Tetrozide, FPby 0,.

Lead Diozide, : . Pb 0,

Only the monoxide yields salts,
Lead Suboxide, Fl; U = 430. A velvet-black powder, which, when
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heated in air, burns to monoxide, or, if heated out of contact with air,
splits up into lead monoxide and metallie lead. It may be prepared by
heating lead oxalate (Pb C,04) to a temperature of 300°, air being
excluded,

Lead Monoxide (litharge, massicot), I'b 0 = 223. Specific gravity,
936 (water = 1),

(Jceurrence.—This oxide has been found in nature, but is a com-
paratively rare mineral.

Properties.—A yellow or pale-red, very heavy powder; it fuses at a
red heat; it is slightly soluble in water, and the solution has an alkaline
reaction ; it is also soluble in solution of potassium hydrate, and may
be obtained from this solution in anhydrous rose-coloured crystals. It
melts at a red heat, and solidifies on cooling to a crystalline mass. It is
easily reduced when heated with organic substances, or on charcoal.
[t combines easily with silica, and hence attacks clay erucibles when
melted in them. It is a basic oxide, forming a large series of salts. It
forms a hydrate [Pb (H O), ?], which may be obtained by precipitating
a solution of a lead salt with a solution of potassium hydrate.

It is largely used in the arts in the manufacture of lead pigments, of
lead plaster, of glass and earthenware, &e.

Preparation.—By the oxidation of metallic lead in a current of air;
at a moderate heat a yellow powder (massicot) is obtained, at a higher
temperature a reddish powder, which if fused yields a crystalline mass
(litharge).

Lead Sesquioxide, Pb. O3 = 462. [FPDh 0. Pb 0,].

This a reddish-yellow powder of somewhat doubtful composition,
which is precipitated on addition of sodiwm hypochlorite to a solution
of lead monoxide in caustic potash ; it appears to be a feeble combina-
tion of the monoxide and dioxide, being split up into these two oxides
by heating with an acid.

Triplumbic Tetroxide (red lead, minium), Pbs O, = 685. [2 Pb O,
PbO,]. Specific gravity, 862 (water = 1).

Propertics,—This oxide is a brilliant red, very heavy powder; on
moderately heating it becomes very dark, but assumes the original
colour on cooling; heated above 4007 it yields up part of its oxygen,
and is converted into monoxide. It appears to be a compound of two
molecules of monoxide, with one molecule of dioxide; heated with
strong sulphurie acid, it yields oxygen and lead sulphate; with nitric
acid, lead nitrate and dioxide ; and with hydrochloric acid, lead chloride
and chlorine, Red lead is largely used in the arts as a pigment, and in
the manufacture of glass.
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Preparation.—By long heating of lead monoxide at a gentle red heat
in contact with air ; the beauty of the colour much depends upon the
care expended upon the preparation of the oxide; the commercial
product is not a pure tetroxide, but a mixture of this with monoxide,
sesquioxide, &c., and it is further much adulterated with ferric oxide,
brick dust, &e.

Lead Dioxide (lead peroxide, brown oxide of lead), Pb 0, = 239.
Specific gravity, 9-45 (water = 1),

Occurrence.—Qeccasionally found native as heavy lead ore in black
hexagonal erystals. '

Properties—A dark-brown very heavy powder. On strongly heating
it yields up half its oxygen, and is converted into monoxide. Heated
with strong sulphuric acid it yields lead sulphate and oxygen ; with
hydrochloric acid, lead chloride and chlorine; it is unacted on by
nitric acid. Dry lead peroxide and dry sulphurous anhydride unite
with much evolution of heat to form lead sulphate, when brought into
contact with one another, - Pb O, + S0, =PbS50,. It possesses
feeble acid characters; when fused with caustic potash or soda, it
forms compounds termed plumbates (K, Pb O3, Na, Pb Oj), from which
corresponding compounds of other metals may be formed ; it resembles
manganese dioxide in this respect.

Preparation.—1. By digesting red lead (2Pb O, Pb 0,) with dilute
nitric acid; lead nitrate is formed and goes into solution, and the
dioxide remains, being insoluble. This is the usual method employed.

2, By mixing a solution of lead acetate, with a solution of sodium
carbonate, and passing chlorine through the suspended plumbic
carbonate so precipitated ; the lead carbonate is completely converted
into dioxide with evolution of carbonic anhydride, and simultaneous
formation of free acetic acid and sodium chloride. The dioxide may
be collected and washed.

3. By heating powdered lead acetate with a solution of bleaching
powder to boiling.

SALTS OF LEAD.

Lead Carbonate (plumbic carbonate, lead spar), PbC 0y = 267.
Specific gravity, 6:45 (water = 1).

Occurrence.—This salt occurs native crystallised in needles or fibrous
masses in the mineral cerussite,

Praperties.—A white very heavy powder; it is very sparingly solubla
in water, requiring about 50,000 times its weight for solution; but
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is more soluble in water containing carbonic anhydride in solution.
A basic carbonate is much used as a pigment, and possesses special
advantages as such, on account of which, in spite of its poisonous
character, and that it is blackened by sulphuretted hydrogen; it has not
been superseded by zinc-white (Zn ), or by baryta-white (Ba S 0y).

Preparation.—1. By precipitating a solution of a lead salt with a
solution of ammonium carbonate. 2. By passing carbonic anhydride
into a solution of lead acetate.

Manufacture.—The manufacture of white lead is of very ancient date,
and is still carried on in Holland and Germany with but little modifica-
tion ; the process, which is' of a somewhat complicated nature, consists
essentially in exposing rolls of lead plate to the combined action of
acetic acid vapour, carbonic anhydride and water at a slightly elevated
temperature; the pieces of lead are suspended over acetic acid contained
in the bottom of pots, which are then covered first with boards and
next with a layer of stable-manure or tan, and a series of such
structures are built up.

The first action which ensues is probably the formation of a basic
acetate of lead [Pb O, Pb (C, H;30,),], whick is in turn decomposed
by the carbonic anhydride given off from the decaying and heated
manure, with formation of lead carbonate and normal lead acetate,
thus :—

Carbonic Lead Normal
Anhydride. Bagic Lead Acatate. Carbonate, Lead Acetate,

CO, + PbO, Pb(C,H;0,), = PbCOz + Pb(C,H;0,),,

The rolls are taken out at suitable times, and the coating of carbonate
and acetate removed, and finally washed to remove the acetate.

In this manner a very dense white powder is obtained, which, as
already stated, is specially adapted for use as a pigment; it always
contains a certain proportion of lead oxide. Lead carbonate produced
by precipitation does not appear to constitute an equally suitable
material, but much is manufactured by passing carbonic anhydride into
a solution of lead acetate,

Lead Nitrate (plumbic nitrate), Pb (VW 0g)q = 331. [(N 0,). . 0, Pb].

Properties—This salt crystallises in regular, anhydrous octahedra
isomorphous with barium and strontium nitrates; it is soluble in
about 7'5 times its weight of water, less soluble in dilute nitric acid,
and nearly insoluble in strong nitric acid. On heating strongly it
is decomposed into lead monoxide, oxygen, and nitric peroxide
(g.v., p. 126). When its solution is heated with lead monoxide a basic
nitrate is formed.
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Preparation.—By dissolving metallic lead, or the monoxide or the car-
bonate of lead, in dilute nitric acid, and evaporating to erystallisation.

Lead Sulphate (plumbic sulphate), PbS 04 = 303. [SO, . 2, Pb].
Specific gravity, 6°2 (water = 1).

Occurrence.—This salt occurs native in anglesite, and is isomorphous
with barium and strontium sulphates.

Properties.—A white heavy powder soluble in about 22,000 times its
weight of water.

Preparation.—By precipitating a solution of a lead salt with sulphuric
acid or a soluble sulphate,

Lead Sulphide, b S = 239. Specific gravity, T to 7-6 (water =1).

Occurrence,—As galena, a common ore of lead.

Properties,—The native sulphide crystallises in the cubic system, and
has the appearance of metallic lead; it issoluble in hydrochloric acid on
boiling, with evolution of hydrogen sulphide; nitric acid partly
converts it into sulphate, partly into nitrate.

The sulphide produced artificially by precipitating a solution of a lead
salt with hydrogen sulphide is a black amorphous powder. Heated in
an atmosphere of hydrogen or earbonic anhydride, it may be sublimed
at a red heat, the sublimate being highly crystalline. Other sulphides,
viz., Pby S and Pb, S, are known.

Preparation.—1, By precipitating a solution of a lead salt with
hydrogen sulphide. 2. By passing sulphur vapour over metallic
lead.

Lead Chloride, Pb Cl, = 278. Specific gravity, 580 (water = 1).
Melting point, 498-,

Properties, —This salt crystallises in fine rhombic needles; it is
difficultly soluble in water, requiring 135 times its weight of water at
12:5°, but only 30 times its weight of boiling water; it is more
difficultly soluble in dilute hydrochloric acid, but more easily soluble
in the strong acid.

Preparation.—1. By precipitation from a concentrated solution of a
lead salt with hydrochloric acid. 2. By acting on oxide or carbonate
of lead with strong hydrochloric acid.

Lead Oxychlorides.—A number of oxychlorides are known, some of
which are of value as pigments, e.g., Pattinson’s white oxychloride (Pb Cl,,
Pb O, H, O), Turner's patent yellow (Pb Cly, 7 Pb 0); they are obtained
under various conditions, such as the precipitation of a solution of lead
chloride with ammonia, fusion of lead chloride and oxide, &e.

General Characters of Lead Salts.— With the exception of the nitrate
and acetate, lead salts are difficultly soluble in water. They are mostly
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colourless ; the chromate and iodide are yellow; the precipitated
sulphide is black.

Solutions of lead salts yield with solutions of caustic alkalies a white
precipitate of hydroxide, Pb (H O),, soluble in excess of the precipitant;
with allaline carbonates, a white precipitate, Pb C O3; with pofassium
chromate, a pale-yellow precipitate, Pb Cr O,; with potassium iodide,
a yellow precipitate, Pb I, ; with dilute sulphuric acid, a white precipitate ;
with Aydrochloric acid, a white precipitate, Pb Cl,, soluble in much hot
water, the solntion yields crystalline needles on cooling. This last is
a very characteristic test. 3

Hydrogen sulphide or ammontum sulphide produces in solutions of lead
salts a black precipitate; a red precipitate is sometimes produced by
hydrogen sulphide, in the presence of much hydrochloric acid, and
consists of lead chlorosulphide, Pb Cl,, 3 Pb S.

The white precipitate with sulphuric acid, and the black precipitate
with hydrogen sulphide, are, taken together, specially characteristic of
lead ; no other metal yielding these two reactions.

Lead salts heated on charcoal yield a white, very malleable globule,
and a yellow incrustation of oxide ; the globule marks paper.

Physiological Action.—Lead salts possess a metallic taste and are
poisonous, and very apt to produce chronic poisoning by the cumula-
tive action of small doses.

THALLIUM.*

T =2086. Specific gravity, 11'0 (water =1). Specific heat, 0-0336.

Docurrence in Nature.—This metal ocenrs in minute quantities in certain iron and copper
pyrites, and was first gbeerved in the flue dust of a sulphuric acid manufactory by
Crookes in 1861, Ithag sinee then been shown to be contained in & mineral called croolesiie,
found in Sweden ; it is also pregent in o few mineral waters.

Properties, —Thalliuom is a white metal, o good deal softer than lead, and, like that
metal, leaving a mark when rubbed on paper; it melta at 290°, and may be volatilised at a
higher temperature; it oxidizes somewhat rapidly in contact with air, but may be kepg
noaltered uonder water; it is eazily soluble in nitric or sulphuric acid.

FPreparation.—The flos dust is treated with dilute sulphuaric aeid, and from this solution,
after removal of the commoner metals, the thallium may be obtained by varions mathods,
puch as precipitating thallons ehloride by addition of hydrochloric acid, redissolving the
precipitate in sulphuorie acid, and precipitating the metal with zine, or by precipitating the
indide, &c.

Oxides and Balts —Thallinm forms two oxides, & mcnoxide, T1 0, and a trioxide,
Tl 043 The monoxide forme a hydrate which is specially charactericed by being easily
goluble in water, forming an alkaline solution, which absorbs carbonic anhydride. Both
oxides are basic, and form salte, of which a very large number have been prepared.
Thellous carbonate, Tl C Oy, is soluble in water. Thalloue chloride, Tl Cl, is precipitated

—_—— e

* Pxadof, a young shool or twdg, in allusion to the green line of its spectrum
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from eolotions of thallous salts by dilute hydrochloric acid, or by & solution of a soluble
chloride,

Distinguishing Tests.—Thallinm salts impart & green colour to the flame of & Bunsen
burner; the colour is absolutely menochromatic, and yields & characteristic spectrom con-
gisting of one bright line in the green.

MANGANESE.*

Mu = 5b.  Specific gravity, 7 to 8 (water = 1). Specific heat, 0-1217.
Melts at a whitg heat. Dyad to Hezad.

Occurrence in Nature.—Manganese is a very widely diffused element,
oceurring chiefly in traces, and often accompanying iron as a
constituent in numerous minerals, in plants, and in the animal body.

It occurs more rarely in large deposits and chiefly as oxide, most
commonly as dioxide (Mn Q) in the minerals pyrolusite (a very pure
form), and in wad and psilomelan (less pure forms); it further occurs as
braunite (Mn; 05), manganite (Mng O3, Hy O), hausmannite (Mng Oy),
and as carbonate in manganese spar (Mn COg). It is also found as
sulphide.

Properties.—Manganese is a greyish metal with a tinge of red, very
hard and brittle, scratching glass ; it oxidises rapidly in moist air, and
has therefore to be kept out of contact with air, generally under naphtha.
It is feebly magnetic. When in a fine state of division, it decomposes
water at moderate temperatures;-it is readily soluble in acids. It is
not used by itself, but is occasionally alloyed with other metals, such as
steel. Some of its compounds are, however, used extensively.

Preparation.—1. The oxide obtained by heating manganous carbon-
ate, is mixed with one-tenth of its weight each of charcoal and borax,
and heated in a blast furnace to a white heat in a covered and luted
crucible. 2. By heating manganous chloride or fluoride with sodium,
3. By the electrolysis of an aqueous solution of manganous chloride.

OXIDES OF MANGANESE.

Manganese yields a very complete series of oxides, comprising all
varieties ; basic, neutral, and acid-forming.
Manganous Ozide, : . Mn 0.
Manganic Ozxide, : : Mny O,
Trimanganic Tetrozide, 2 Mng O,
Manganic Peroxide, . . MnO,
Manganic Anhydride (), . Mn 0O,
Permanganic Anhydride, . Mng 0.

* For derivation of manganese see magnesium, p, 237,
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Manganous Oxide (profoxide of manganese, manganese monoxide), Mn O
= T1. Specific gravity, of native, 5:18; of artificial, 472 to 5:09.

Occurrence.—As the mineral manganosite.

Praperties.—This oxide may be obtained as a pale or dark-green
amorphous powder, or in emerald-green transparent regular octahedra,
according to its method of preparation. Prepared at a low temperature
it soon becomes converted into red oxide (Mng O,), even at ordinary
temperatures and when gently heated oxidises rapidly, becoming red
hot in the process. Prepared at high temperatures it is permanent in
air at ordinary temperatures, but oxidises rapidly when strongly heated.
It is a powerfully basic oxide, yielding sglts, which for the most part
are of a delicate pink colour, isomorphous with ferrous salts. When
pure it dissolves in hydrochloric acid without the evolution of chlorine;
it is readily soluble in chloride of ammonium solution, with evolution
of ammonia. It cannot be reduced to the metallic state by heating in
hydrogen.

Preparation.—Amorphous, by heating manganous carbonate with
exclusion of air; by heating any oxide of manganese in a carbon
crucible for some time to a white heat. C'rystalline, by heating the
amorphous oxide in a current of hydrogen, mixed with a small propor-
tion of hydrochloric acid gas.

Manganous Hydrate (hydrated manganous oxide ; manganous hydroxide),
Mn Hy Oy = 89. [Mn O, H, O].

Occurrence.—As the mineral pyrochroit.

Properties—A white flocculent precipitate, becoming brown on ex-
posure to air, rapidly oxidising, chiefly to hydrated sesquioxide
(Mng O,, H, O), when free from alkali, but in presence of an alkali to
hydrated peroxide (Mn Op, H; O). It is readily soluble in acids.
Heated in a current of hydrogen it yields manganous oxide. It ia
soluble in a solution of manganous chloride, imparting to it an alkaline
reaction.

Preparation.— By precipitating a solution of a manganous salt by
sodium or potassium hydroxide, with exclusion of air, Any oxide of
manganese when boiled for some time with strong hydrochloric acid
yields a solution of manganous chloride, from which caustic alkalies
precipitate manganous hydrate.

Manganic Oxide (manganese sesquiozide), Mny Og = 158,

Occurrence.—As the mineral braunite.

Properties.—The native braunite is found in brownish-black crystals
belonging to the square prismatic system, of semi-metallic lustre, and
of specific gravity 475 to 482, Aurtificially prepared it is a black, or

P —
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when very finely divided, a brown powder of specific gravity 4-325.
Heated to redness in air, it loses 3 to 35 per cent. of oxygen, and
yields Mng O4; heated in a current of hydrogen it yields Mn O. When
boiled with nitric acid it yields a solution of manganese nitrate and
insoluble peroxide; it dissolves in strong boiling sulphuric acid with
evolution of oxygen and formation of manganous sulphate. Boiled with
strong hydrochloric acid it yields chlorine and manganous chloride,

Preparation.—1. By heating any oxide of manganese in oxygen.
2. By careful heating of manganic hydrate.

Manganic Hydrate, Mn, H, 0y = 176. [Mn, O;, H, 0].

Occurrence.—As the mineral manganite.

Properties.—Native manganic hydrate is found in dark steel-grey
opaque crystals of the right prismatic system, having a specific gravity
of 4-22, and of imperfect metallic lustre. Artificially prepared, it is a
reddish-brown powder, which, when dried at 100°, contains one molecule
of water. When quite pure it is insoluble in dilute sulphuric acid, but
readily soluble in the presence of manganous oxide. Heated with con-
eentrated sulphurie acid at a temperature a little above 100° it becomes
converted into a green mass of manganic sulphate, no oxygen being
evolved, Heated to redness in air it loses water, and yields Mng O,.

Preparation.—By decomposing the sulphate with much water, and
washing the resulting hydrated oxide.

Mangano-Manganic Oxide (red oxide of manganese; irimanganic
tetroxide), Mng Oy = 224, [Mn O, Mns Og].

Occurrence.—As the mineral hausmannite.

Properties—The native oxide occurs in square prismatic crystals,
which are opaque, and of imperfect metallic lustre, and of a brownish-
black colour; specific gravity, 4-7 to 4-8. Artificially prepared, it is a
brownish-red powder, and black when hot; specific gravity, 4-3 to 4-7.
It is reduced to manganous oxide (Mn O) by heating in a current of
hydrogen; it is converted into manganic oxide (Mn, O3) by heating
in oxygen. Boiled with solution of chloride of ammonium, manganous
oxide goes into solution while manganic oxide remains behind. It is
soluble in small quantity in hot concentrated phosphoric acid, and
in cold sulphurie, hydrochlorie, oxalic, or tartaric acids, without
neutralising the acids. Addition of water or heating converts these
golutions, with the exception of the phosphorie acid, into solutions of
manganous salts. It forms a chocolate-brown hydrate of uncertain
composition.

Preparation.—By spontaneous oxidation of an ammoniacal solution
of manganous oxide, containing chloride of ammonium,
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Manganic Peroxide (peroxide of manganese, black oxide of manganese,
manganese dioxide), Mn Og = 87.

Occurrence.—As the mineral pyrolusite, crystallised ; compact, earthy
or pseudomorphous after calcite, manganite, or polianite in veins and
beds in various rocks, and as a deposit in the deep oceans—as polianite.

Properties.—Pyrolusite is found in erystals belonging to the right
prismatic system, dark grey to black, of metallic lustre, and of specific
gravity 4-70 to 50. Polianite also crystallises in the right prismatic
system, but in different forms; it is of a light steel-grey colour, opaque,
of feeble metallic lustre, and of specific gravity 4-838 to 4:880. Artificially
prepared, it is a black erystalline powder. Heated to redness, peroxide
of manganese is reduced to the red oxide (Mn, O,); heated to redness
in hydrogen it yields manganous oxide (Mn O), in oxygen manganic
oxide (Mngy O;). It is soluble in cold concentrated hydrochloric acid
with evolution of chlorine.

Acted on by strong sulphuric acid it yields at 110° manganic
sulphate, losing thereby a quarter of its oxygen; heated more strongly
it yields manganous sulphate, and loses another quarter of its oxygen.
It is readily soluble in dilute sulphuric acid, containing potassium
iodide in solution, with liberation of iodine. It is a powerful
-oxidising agent in presence of sulphuric acid.* 1t acts as a feeble acid
in presence of strong alkalies, .

Uses.—Chiefly for the manufacture of chlorine (p. 169), of manganates
and permanganates, for decolorising glass containing iron, and for
imparting to glass a purple colour,

Preparation, §¢.—DBy very carefully heating manganous nitrate with
two parts of potassium chlorate to 300°, and washing the residue with
water. The native oxide is sufficiently pure for manufacturing
purposes.

Hydrated Manganese Peroxide, Mn I, 0y = 105. [Mn 0y, H, O].

Preparation.—By boiling any of the oxides of manganese lower than
the peroxide with concentrated nitric acid. By precipitating a man-
ganous salt by means of a hypochlorite,

Properties.—Brownish-black or black powder; reddens litmue.
Expels carbonic anhydride from solutions of alkaline carbonates, as
weil as from precipitated carbonates of calcium and barium. Loses
water in air dried by sulphuric acid, but very gradually only; does

* Oxalie acid is oxidiged by it in the presence of diluted sulphuric acid to carbonic
I.l]h]‘dﬁd&' MDQ, + H-ISD,‘ -+ C-g H.z G' =Mn 50] + EGD-E + Hf 0. Theamountof carbonic
anhydride evolved is & measure of the proportion of peroxide contained in the sampla
experimented with

i




SALTS OF MANGANESE. 269

not become anhydrous at 210°, but begins to lose oxygen at that
temperature, It possesses acid properties, and forms compounds
termed manganites (p. 270).

Weldon's Process.—Air blown into water holding mangavous hydrate in suspension
oxidises tha same to manganic hydrate, but in the presence of & basie oxide oxidation goes
further, and the manganous hydrate is oxidised to manganese peroxide, which combines
with the basic oxide yielding o manganite, Waldon's process for the regeneration of
manganese is based on this reaction. The solution of manganous chloride remaining after
the preparation of ehlorine (p. 170), is mixed with milk of lime, and air and steam is blown
through the mixture; at a temperaturd of from 55° to 76° oxidation takes place rapidly, and
sbout 79 per cent. of the manganese may in this way ba obtained in the form of peroxide,
eombined partly with lime, partly with manganous oxide. The reaction may be represented
a8 follows:—

124 Mn Cly +160Ca H, 0, + 950 =124 Ca Cly+36 (Ca O, 2 Mn Og) +26 (Mn O, Mn Oy) +160 H, 0.

The precipitate is allowed to subside, the clear snpernatant floid ron off, and hydrochlorie
mcid added to the precipitate, chlorine, manganous chloride, and chloride of caleinm are
again produced; the mavganous chloride once more precipitated by milk of lime, air and
steam are blown ihrough, &c.

SALTS OF MANGANESE.

Manganous oxide is a powerful base, and yields salts isomorphous
with the corresponding ferrous salts, in which the manganese is a dyad;
they are either pink or white.

Manganous Carbonate, Mn C' 03 = 115, occurs pative as manganese
spar (specific gravity, 5:6), and may be obtained as a white precipitate
on adding a solution of an alkaline carbonate to a solution of a
manganous salt.

Manganous Nitrate, M (N Og)e, 6 Hs O =179 + 108 = 287. Specific
qravity, 1'8 (water = 1).  Melting point, 258,

Prepared by dissolving the carbonate in nitric acid ; it crystallises in
white deliquescent needles, and is easily decomposed by heat.

Manganous Sulphate, Mr S O,, 7 H: O = 151 + 126 = 277,

At temperatures below 6° this salt crystallises with 7 molecunles of
water and is isomorphous with ferrous sulphate (FeS Oy 7 H, 0),
while at temperatures between 7° and 20° it crystallises with 5 mole-
cules of water, and is isomorphous with sulphate of copper (Cu$ O,,
5 Hy O0). At a temperature of 200° the salt becomes anhydrous. It
forms double sulphates with the alkalies. It is easily soluble in water
and somewhat less soluble at higher temperatures,

Preparation.—DBy heating peroxide of manganese with strong sul-
phuric acid, extracting the mass with water, digesting the solution with
manganous carbonate to precipitate the iron, and crystallising,
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Manganous Chloride, Mn Cl; = 126,

This salt is obtained in solution by heating any of the omides of
manganese with hydrochloric aecid. It crystallises in pink or white
crystals with 4 molecules of water, which are extremely soluble in
water ; the solubility does not increase above 62:5°. It is deliquescent.

Manganous Phosphates.—A great variety of phosphates of this oxide
are known, most of which can be obtained in the form of a white
precipitate by adding the various sodic phosphates to a solution of a
manganous salt.

The precipitates contain various proportions of water according to
their method of production, and may be obtained anhydrous by heating
to redness.

Manganic Salts.—These salts, in which the manganese is a pseudo-
triad, are very unstable, and readily break up into manganous salts and
oxygen. Manganic Sulphate, Mny (S Oy4);, is obtained by the action of
sulphuric acid on hydrated peroxide of manganese. Itis a green powder
decomposed by water into hydrated sesquioxide of manganese and
sulphurie acid.

Dissolved in diluted sulphuric acid, it yields an alum with sulphate
of potassium (see p. 246).

Manganites.—Peroxide of manganese yields compounds with basic
oxides (see Weldon's process, p. 269), which may be looked upon as
salts of a manganous acid, H, Mn Og. Several of these compounds are
found native, e.g., psilomelan, varvicite, wad, chiefly Mn O, Mn O, in
varying proportion, and generally hydrated; crednerite, chiefly Cu O,
Mn O, Mn Og, &e.

These compounds may also be prepared artificially, and one of them,
namely, the calcium compound, is of considerable practical importance
(see p. 269). .

Manganates,—Neither manganic anhydride, Mn Oy, nor manganic acid,
H, Mn Oy, are known in the free state, but salts of the acid are well
known, in which the acid is di-basic and isomorphous with sulphuric
acid.

Potassium Manganate, K, Mn O, = 197,

Properties,—This salt is usually in the form of a deep green amor-
phous mass which dissolves in a little water, particularly in the presence
of excess of alkali, yielding a beautiful deep green solution, which on
evaporation in vacuo yields rhombie erystals of the manganate, The
solution is instantly decomposed by the addition of an acid with
formation of permanganic acid ; when simply diluted with much water
the colour changes rapidly to pink, and becomes turbid, after which
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permanganate is in solution, and hydrated peroxide precipitated. The
solution acts as a strong oxidising agent, and is rapidly decolourised
by reducing agents, and by moest kinds of organic matter.

Preparation.—By heating peroxide of manganese with potassic
hydrate in the presence of air, or with addition of a nitrate or chlorate.

Sodium Manganate, Na, Mn Oy = 165.

Perfectly analogous to the potassium salt, and similarly prepared.

Permanganic Anhydride, Mn, O; = 222.

Dark reddish-brown or greenish-black oily liquid, which does not
golidify at — 20°, and is heavier than oil of vitriol. Detonates when heated
rapidly at 30° or 40°. Explodes in contact with sulphur or phosphorus
and many organic substances, Evolves ozonised oxygen even at
ordinary temperature. When heated slowly it may be partially
volatilised, forming a violet vapour. It absorbs moisture from the
atmosphere forming a solution of permanganic acid (H Mn O,), dissolves
in water, when added in small quantity at a time, to avoid heating,
with formation of permanganic acid.

Preparation.—By acting on potassium permanganate with sulphurie
acid, diluted with 1 molecule of water, and carefully distilling at a
temperature not exceeding 70°.

Permanganic Acid, H Mn O, = 120. [H; Mny Oy; Mns Oy, Hy O].

Properties,.—This acid is only known in solution, which is dark
carmine red in reflected, dark wiolet in transmitted light, in dilute
solution bluish-red. The solution shows five absorption bands.
It has very great tinctorial power. It is a powerful oxidising agent,
and is readily acted on by reducing agents, or in contact with almost
all kinds of organic matter,

Preparation and Formation.—~By dissolving permanganic anhydride in
cold water. By precipitating a solution of barium permanganate with
the exact proportion of sulphuric acid. By boiling any soluble
manganese compound with nitric acid and excess of binoxide of lead.

Potassium Permanganate, K Mn Oy = 158. [K, Mn, Og].

Properties.—Rhombic prisms of deep red colour by transmitted light,
almost black and metallic looking by reflected light. Soluble in 16
parts of water at ordinary temperature, but in less at higher
temperatures.

The solution is a powerful oxidising agent, deodorant and disinfectant,
and is readily decomposed in presence of almost all kinds of organic
matter.

Preparation—By boiling a solution of potassium manganate (if
alkaline, carbonic anhydride should be passed in during the boiling),
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filtering from the hydrated peroxide thrown down, through asbestos or
through glass wool (contact with all kinds of organic filtering materials
has to be avoided), and evaporating to crystallisation. The salt is
isomorphous with potassium perchlorate, and hence cannot be purified
from this salt by crystallisation.

Sodium Permanganate, Na Mn Oy = 142. [Nay Mng Og].

Analogous to, and prepared like, the potassium salt.

Barium Permanganate Da (Mn O,)s = 375. [DBa Mng Og].

This is prepared by passing carbonic anhydride into water in which
barium manganate is suspended, and evaporating the red solution
obtained.

Manganous Sulphide, Mn S = 87.

Occurs native as manganese blende (specific gravity, 4'0); obtained
as a greenish powder by heating any oxide of manganese in a current of
sulphuretted hydrogen. “The hydrated sulphide, MnS, H, O, is
obtained as a flesh-coloured precipitate, when an alkaline sulphide
or sulphide of ammonium are added to a solution of a manganous
galt ; the precipitate is readily soluble in acids.

General Characters and Tests of Manganese Compounds.—All man-
ganese compounds, when fused with carbonate of soda and nitre,
yield a green mass of manganate; they impart to a borax bead
an amethyst colour in the oxidising flame, but leave it colourless in the
reducing flame ; when boiled with nitric acid and peroxide of lead they
yield a red solution containing permanganic acid.

Manganous salts are pink or white, and their solutions yield a white
precipitate (Mn O, H, O), with caustic alkalies speedily becoming
brown, a white precipitate (Mn C O;) with alkaline carbonates, and a
flesh-coloured precipitate (Mn 5, . O) with sulphide of ammonium.
They are not precipitated by ammonia in presence of chloride of
ammonium. When pure they yield no chlorine on heating with strong
hydrochloric acid.

All other manganese compounds when boiled with hydrochloric acid
yield chlorine, the amount of which is proportional to the amount of
oxygen, in excess of that necessary to form manganous oxide present
in the compound.

All the oxides when heated for some time to redness in air yield red
oxide, Mng Oy.

Physiological Action.—Potassium permanganate is chiefly used exter-
nally, but also for injections, as an antiseptic and deodorant.
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IRON.*

Fe = b6. Specific gravity, 78 (water = 1). Specific heat, 0-1138.
Melting point, from 1000° to 2000°, Dyad to hexad.

Occurrence in Nature.—Iron is found native in detached masses
(meteoric iron), varying from a few grains to many thousand pounds
in weight; these masses have fallen from interplanetary space; they
contain in addition to iron, which is their main constituent, generally
nickel, sometimes in considerable quantity, and varying amounts of
cobalt and some other metals, together with sulphide of iron. Native
iron of terrestrial origin is but rarely found.

Iron is one of the most abundant, and emphatically one of the most
universally diffused of the elements; it is chiefly found as oxide, carbonate,
and sulphide ; in addition to considerable deposits in these forms it is
found in almost all rocks and soils, in spring-water, river-water, and
sea-water, in plants, and in the animal body, forming 0-24 per cent. of
the colouring-matter of the blood.

The following are its chief ores:—Specular iron ore or red hazmatite
(Feg O3); brown haematite or limonite (2 Fey Oy, 3 Hy O); magnetic iron
ore, magnetite, or loadstone (Feg Q,); spathic iron ore (Fe C Oy), and
clay ironstone, an ore consisting of ferrous carbonate largely mixed with
clay ; this last is the most important of English iron ores, it is
sometimes found mixed with coal, when it is called black band.,

Iron is also found in great quantities as disulphide in iron pyrites
(Fe S;), less frequently as magnetic pyrites (Fe; Sg); as sulphide, iron is
a constituent of copper pyrites (CuFe Sg), of arsenical pyrites, or mis-
pickel (Fe As 8), &e.

Iron occurs further in many other minerals, too numerous to mention,
as sulphate, borate, phosphate, silicate, &c., and in combination with
chromium in chrome diron ore (Fe Crg 0)).

Properties.—DPure iron may be obtained crystallised in regular
octahedra; it is nearly silver-white, and admits of a very high polish;
it may also be obtained in the form of a black amorphous powder, in
which form, and when prepared at a low temperature, it is spontane-
ously inflammable when brought into contact with air. Iron is very
malleable and extremely ductile, It oxidises in moist air, forming
hydrated sesquioxide (Fey, Og, 3 H,0), or at higher temperatures

* Anglo-Saxon, iren, isen; German, efsen, and similar forms in Duteh, Islandie, Danish,
Bwedish, Welsh, Irish, &e¢. Skeat says:—" The Teuwtonic forms exactly correspond to

an adjective form from dce; perbaps {ron was named from its smooth hard surface when
brightened.”
18
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magnetic oxide (Fez 0,). It decomposes water at elevated temperatures,
and dissolves at ordinary temperatures in dilute mineral acids with
evolution of hydrogen; wvery slowly when perfectly pure. It is not
acted on by strong nitric aecid. It is fusible only at the highest
temperatures.

Pure iron is not used as such in the arts, but is always mixed or
combined with varying but small quantities of earbon and some other
substances. These admixtures and the various methods of their pre-
paration give rise to several varieties of the metal possessing the most
diversified properties and of the highest practical importance. We
may, most conveniently, consider the properties of each of these
varieties separately, and will refer to their preparation later on.

The action of acids on the three following varieties of iron is
essentially the same. Dilute acids dissolve the iron and leave the
carbon, which was in combination with the iron in the form of a
carbide of iron, Fe, C, while the rest of the carbon in the form of
graphite remains behind. Stronger acids dissolve the iron, and act
also on the combined carbon, which is given off in the form of
carburetted hydrogen, leaving graphite undissolved. Strong nitric
acid has no action on any variety.

Wrought Iron.—This form of iron contains from 0-15 to 0-5 per ecent.
of carbon. It is of a grey colour, and is capable of a high polish; when
containing not more than 0:3 per cent. of carbon, it bas a fibrous
structure ; it can be rolled and hammered. It melts at about 1500°
to 20009, and has the highest melting point of all the varieties of iron.
It becomes strongly magnetic under the influence of a galvanic current
or in contact with a magnet, but loses its magnetism when such influence
is removed, the more completely the softer it is. It is extremely
malleable and ductile, and one of the most tenacious of metals,. When
heated it becomes soft, and may be welded, that is, two pieces may be
kneaded into one homogeneous piece.

steel contains usually from 0-6 to 2 per cent. of carbon, but certain
forms of mild steel and Bessemer steel contain as little as 04 per
cent., and greatly resemble wrought iron, It is of grey colour, and can
be forged and welded like wrought iron, and fuses at a somewhat
lower temperature (about 13002 to 1400°). When heated to a high
temperature and suddenly cooled, it becomes extreinely hard and
brittle, but remains comparatively soft when cooled slowly. Its
most characteristic property is that it is capable of being tempered,
that is, when hardened steel is again raised in temperature and
slowly cooled, it becomes less brittle and softer, and may be obtained
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highly elastic. The higher the temperature to which it is thus raised
the softer it becomes; the temperatures usually employed are
between 200° and 300°. In hardened steel the whole of the carbon
is in combination with the iron, probably as a definite carbide; in
tempered or soft steel, part is in the form of graphite. Hardened steel
becomes magnetic only slowly, but retains its magnetism even after the
magnetising influence is removed ; soft steel losses its magnetism more
or less completely after removal of the magnetising influence.

Cast Iron contains from 2 to 6 per cent. of carbon. When cooled
guickly from the molten state, all the carbon remains in chemical
combination, the iron is white and extremely hard and brittle. When,
on the other hand, the cooling takes place slowly more or less of the
carbon crystallises out in the form of graphite, in consequence of which
the iron has a grey colour. Cast iron is neither ductile nor malleable
and cannot be welded, but breaks readily under a blow, and passes
from the solid to the liquid condition without passing through a stage
of softness like wrought iron or steel. Ordinary cast iron becomes
magnetic, and retains part of the magnetism for some time after the
magnetising influence is removed, but cast iron which has been cooled
very slowly losses its magnetism almost instantaneously. Its specific
gravity is from 7 to 7-25. It melts at about 1050°. The presence of
various other substances, more particularly of manganese, prevents the
separation of carbon, as, for example, in the variety of iron known as
Spiegeleisen, from which no carbon crystallises out even during the
slowest cooling.

Preparation and Manufacture of the various forms of Iron— Pure
Jron.—Absolutely pure iron is exceedingly difficult to prepare, and can
only be obtained by the strictest attention to the absolute purity of all
the materials nsed. (a) Crystalline—By reducing ferrous chloride in
a current of hydrogen at an elevated temperature. (b) In powder—
By reducing ferric oxide in a current of hydrogen at a low red heat
(ferrwm redactum), or by heating pure oxalate of iron in a current of
hydrogen.

Wrought Iron.— By heating cast iron with powdered hematite (Fe, 0,),
or by heating first in a current of air, stirring in the oxide formed on
the surface, and finally heating out of contact with air. During this
process, known as the puddling process, the iron is stirred with iron
rods, and as the carbon is burnt out, it becomes less and less liquid
and more tenacious, so that at last it is converted into a soft mass,
which is rolled about on the hearth of the furnace in the form of a ball
(or Bbloom), which is finally placed under a hammer, press, or roller.
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During this process most of the carbon and portions of phosphorus,
gilicon, and sulphur are removed by oxidation.

Steel—By heating bars of wrought iron in contact with carbon to a
bright red heat, whereby the iron takes up carbon, and hammering or
rolling into a homogeneous mass ata bright red heat (cement steel), or by
subsequent melting (cast steel).

By Bessemer’s process, cast iron is melted and air blown through the
mass in specially arranged vessels called converters; the carbon is thus
burnt, and can be reduced to an extremely low proportion, when it is
brought to the desired amount by the addition of Spiegeleisen of known
composition. Sulphur, and more particularly phosphorus, cannot thus
be removed, but the latter may in great measure be removed by lining
the converters with lime.

Cast Iron.—The iron ore, chiefly red and brown hmematite, clay-iron
ore, an impure ferrous carbonate, black band, a ferrous carbonate
containing bituminous matter, &c., are frequently first submitted to
a process of roasting, whereby they are converted into ferric oxide, and

much of the sulphur they contain is burnt off in the form of sulphurous
- anhydride. The roasted ore is reduced in gigantic furnaces, often 80
feet high and 26 feet internal diameter, called blast furnaces. Into these
furnaces the roasted ore is introduced in alternate layers with coal and
limestone, and, if necessary, silica for the formation of slag; usually
there is enough silica in the ore itself, Air is forced in at the bottom
of the furnace at a temperature of about that of melting lead (hot
blast). :

The coal is burnt to carbonic anhydride (C Q,), which gas, as it
passes up through the hot layers of coal above, is reduced to carbonic
oxide (C O), and this in its turn reduces the ferric oxide to the metallic
condition, being at the same time reconverted into carbonic anhydride ;
as such, it is once more reduced by contact with a higher layer of red
hot coal, and once more becomes carbonic oxide and eapable of reducing
more ferric oxide. This alternate reduction to carbonic oxide and re-
oxidation to carbonic anhydride goes on until the upper and less heated
portions of the furnace are reached, and finally a mixture of carbonic
oxide and carbonic anhydride escapes at the top of the furnace where
the carbonic oxide takes fire, Formerly the carbonic oxide was thus
allowed to burn to waste, now, however, it is generally utilised to heat
the air for the blast and for other purposes. As the coal in the lower
layers thus burns off the whole mass inside the furnace sinks down,
and as the reduced metal reaches the hottest part of the furnace it
melts and collects at the bottom of the furnace, where it is protected
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by the fusible slag produced from the lime and silica. In its passage
through the hottest part of the furnace the iron takes up chiefly carbon,
but also sulphur, phosphorus,silicon and other impurities.

At certain intervals the iron is drawn off from the furnace and run
into moulds formed in sand by the side of the furnace, called pigs ; the
slag runs off continually.,

OXIDES OF IRON.

Ferrous Oxide, ol cirETainie
Ferric Oxide, g - Feg O,
Ferroso-ferric Oxide, . Fes 0.
Ferric Anhydride, . : Fe U3 (7).

Ferrous Oxide (protoxide of iron), Fe O = 72,

Properties—A black powder spontaneously inflammable in contact
with air, ylelding ferric oxide (Fe, Oy).

Preparation.—1. By reducing ferric oxide by means of hydrogen at a
temperature of from 280° to 300°, 2. By gradually adding ferrous
-oxalate to a boiling solution of potassium hydrate.

Ferrous Hydrate (lhydrated protoxide of iron), Fe s O3 =90. [Fe O,
Hy 0].

Properties.—A white precipitate, having a most powerful affinity for
-oxygen, so that unless contact with oxygen is absolutely avoided, it
speedily turns green, and finally brown, becoming converted into ferric
hydrate (Fez O3.3 Hg O). It is soluble in 150,000 parts of water,
yielding a distinctly alkaline solution. It is readily soluble in acids,
forming ferrous salts, in which the iron is bivalent. It absorbs carbonic
anhydride with avidity, and with considerable elevation of temperature.

Preparation—By precipitating a solution of pure ferrous sulphate
with ammonia, under absolute exclusion of oxygen.

Ferric Oxide (sesquiozide of iron), Fey Oy = 160. Specific gravity, 4-3
to 583,

Occurrence.—Found native; massive as red haematite, crystallised as
specular iron ore ; in combination very widely diffused (see Iron).

Properties—The artificially prepared oxide forms a dark-red powder
insoluble in water*. When prepared at a low temperature it is readily

= A solution of ferric oxide in water may be obtained by dissolving ferric hydrate in ferrie
«chloride, and submitting the solution to dialysis. Ferric chloride passes through the
dialyser, leaving ferric oxide, dizsolved in water, in the dialyser, The eolution is very
unstable, and readily breaks up into ferric hydrate and water. A splution of this fluid
‘eontaining, however, more or less ferrie chloride, is known as dialysed fron.
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soluble in acids, but when strongly heated it becomes almost inso’uble
in acids ; it is again rendered soluble by fusion with alkaline carbonates,
It is a feeble basic oxide, forming salts called jferric salts, containing
two triad atoms of iron in their molecule, the double atom being
sexvalent,

Preparation,—By heating ferric hydrate ; by heating ferrous sulphate
to a red heat.

Ferric Hydrates.—Ferric oxide forms several hydrates, some of which
are found native, some are prepared artificially; they all when heated
lose water, and become converted into anhydrous ferri¢c oxide. The
artificial preparations constitute more or less bulky brownish-red
floceulent precipitates, yielding yellowish-brown powders on careful
drying ; they are all readily soluble in acids. The hydrate, Fe, Hg Og
(Feg O3 3 Hy O), produced by precipitating a ferric salt with ammonia,
may be dried at ordinary temperature, forming a yellowish-brown
powder. Dried in vacuo it loses half its water, and has the composi-
tion, Fe; Hg Oy (2 Feq O, 3 Hg 0) ; it slowly undergoes a similar change
at ordinary temperatures, even when under water. This hydrate is.
found npative as brown hazmatite, and constitutes ordinary iron rust.
When dried at 100° the normal hydrate loses two-thirds of its water,
and has the composition, Feg Hs O, (Fey 05, H, 0). Dried at 350° it
loses all its water, but still remains readily soluble in acids, but when
carefully heated to a somewhat higher temperature the oxide begins to
glow, and after this glow has proceeded through the entire mass the
resulting oxide is soluble in acids with difficulty only.

Preparation.—By precipitating a solution of a ferrie salt with
ammonia. By precipitating a solution of ferrous sulphate with
carbonate of soda, collecting and washing the precipitate, and drying
it by exposure to air. (See above.)

Ferroso-Ferric Oxide (magnetic oxide, black oxide of tron), Feg Oy = 232,
[Fe O, Fe, O3]

Occurrence.—Found native as magnetite, forming the natural lad-
stone ; specific gravity, 4:96 to 5-20,

Propertics,—The native variety is either massive or crystallised in
various forms of the regular system; it is brittle, of more or less
metallic lustre, magnetic, and fusible before the blowpipe; it is
soluble in warm hydrochloric acid, yielding a mixture of ferrous and
ferric salts. It may be artificially produced in black metallic-looking
scales, or as a black magnetic powder.

Preparation.—1. By heating iron to bright redness in contact with
air, 2. By heating iron to redness in a current of steam (see p. 100).
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3. By heating ferrous carbonate (spathose éron ore) out of contact with
air. 4. By heating the hydrated oxide.

Ferroso.Ferric Hydrate (hydrated magnetic oxide), Feg Oy, Hy 0 = 250.

A black magnetic powder, soluble in acids. Heated to 90° it loses its
water, and when more strongly heated in contact with air it is con-
verted into ferric oxide.

Preparation.—1. By precipitating a mixed solution of a ferrous and
ferric salt in molecular proportions by means of ammeonia or potassic
hydrate. 2. By precipitating a solution of ferrous sulphate with sodic
carbonate, and boiling the washed precipitate in a concentrated solution
of potassic hydrate.

Ferric Anhydride (%), Fe O3 = 104,
The existence of this oxide and of its hydrate, H, Fe Oy, known as

Jferric acid, is assured since salts have been prepared, which correspond
to such a hydrate, but neither the oxide nor its hydrate have as yet
been prepared. Potassium ferrate (K; Fe O;) may be prepared by
heating together a mixture of very fine iron filings and nitre, or by
passing chlorine through a solution of potassic hydrate, in which ferrie
hydrate is suspended. It forms dark-red crystals, dissolving in water
to a purple solution, which decomposes spontaneously into ferric
hydrate, potassic hydrate, and oxygen. Addition of acid decomposes
the solution instantaneously, with evolution of oxygen and formation of

potassium and ferric salts.

FERROUS SALTS (Fe").

Ferrous Carbonate, fe C' Oz = 116. Specific gravity, 3°7 to 3-:92..

Occurrence.—Crystallised in the hexagonal system as spathose iron ore,
generally containing from 2 to 25 per cent. of maganese, and from 0
to 15 per cent. of magnesia, and frequently lime; or mixed with clay,
and other minerals, in clay ironstone, or with bituminous matter, in
black band iron ore. Itis also found dissolved in small quantities in
some waters (chalybeate* waters) containing carbonic anhydride in solu-
tion; from these it is speedily precipitated in the form of ferric hydrate
on exposure to air.

Properties.—Artificially prepared it forms a white powder, which
rapidly absorbs oxygen from the air, yielding ferric hydrate and
carbonic anhydride. Soluble in water containing ecarbonic acid
(chalybeate springs). Readily soluble in acids.

* Latin, chalybs; Greek, yedw), steel, so named from the Chalyber, a peopla of Pontus,
on the Black Sea who were great iron-workers,
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Preparation.—By precipitating a solution of pure ferrous sulphate
with carbonate of soda, with careful exclusion of air, and drying in
vacuo.

Ferrous Nitrate, Fe (IV 03), 6 H, O = 288,

This salt is very unstable, and readily absorbs oxygen from the air.
It may be prepared by mixing a solution of ferrous sulphate with a
solution of barium nitrate, barium sulphate being precipitated.

Ferrous Sulphate (protosulphate of iron, green vitriol, copperas), Fe S O,,
7T H, O =278. Specific gravity, 1-9.

Occurrence.—In oblique prismatic crystals,as melanterite, and dissolved
in some waters. In both cases it has been produced by the oxidation
of iron pyrites.

Properties,—This salt is dimorphous, it usually crystallises in bluish-
green crystals belonging to the oblique prismatic system, but some-
times in the rhombic system, isomorphous with zincie, manganous, &e.,
sulphates. It may also be obtained in crystals containing 2, 3, 4, or 5
molecules of water. It is soluble in 1-64 parts of water at 10°, and
in 0:3 part at 100°; it is very little soluble in alcohol. When perfectly
dry the crystals oxidise but very slowly in dry air, when moist or ex-
posed to the action of moist air they oxidise rapidly. When heated
the crystals melt in their water of crystallisation and at a temperature
of 280°, air being excluded, yield white anhydrous sulphate. This,
when heated more strongly, breaks up into sulphurous anhydride,
sulphuric anhydride, and ferric oxide (see Nordhausen sulphutic acid,
p- 163). With the sulphates of potassium and ammonium it forms
crystallisable double salts. The aqueous solution of ferrous sulphate
absorbs nitric oxide yielding a deep brown solution (see p. 121).

Preparation,—1. By dissolving iron in dilute sulphuric acid. 2. By
the oxidation of pyrites in the presence of moisture, 3. By the action
of serap iron on solution of copper sulphate.

Ferrous Chloride (protochloride of iron), Fe Cly = 127,

Properties.—This salt forms colourless six-sided scales fusible at a
red heat, and sublimes in an atmosphere of gaseous hydrochlorie acid,
yielding a gas of a density intermediate between those corresponding
to the formule Fe Cl, and Fe, Cl, respectively. It is deliquescent in
moist air; it is readily soluble in water and alcohol. The solution
readily dissolves nitric oxide. Two hydrates, Fe Cl,, 2 Hz O, and
Fe Cl,, 4 Hy O are also known.

Preparation.—Anhydrous, by passing chlorine over red hot iron
turnings or wire. By dissolving iron in hydrochloric acid and
evaporating to dryness out of contact with air. By heating ferrie
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<hloride in a current of hydrogen. Hydrated, by dissolvmg iron in
hydrochloric acid and evaporating with exclusion of air (Fe Cly
411,0); or by exposing an ethereal solution of hydrated ferric
chloride to the action of light, the solution becomes colourless, and
deposits erystals of Fe Clg, 2 H, O,

Ferrous Sulphide, e S = 88. Specific gravity, 48 (water = 1).

QOccurrence,—In small quantities in meteoric stones as troilite. In
deposits from water containing sulphates, iron, and organic matters
in the form of hydrated ferrous sulphide.

Properties.—This compound is obtained at a low red heat as a black
ferrous mass which melts at a higher temperature, solidifying to a
yellowish metallic-looking erystalline mass, having a specific gravity of
4:73. It can be heated even to a white heat without loss of sulphur,
if air is excluded. When heated in air it yields at first some ferrous
sulphate, but on stronger heating leaves only ferric oxide. It dissolves
in dilute sulphuric or hydrochlorie acids with evolution of sulphuretted
hydrogen. A hydrated ferrous sulphide is found frequently in mud
containing organic matters, it is very readily oxidised on exposure to
air, with separation of sulphur and production of ferric hydrates.

Preparation.— Anhydrous and amorphous, by heating together to a red
heat three parts of iron filings and two paris of sulphur. Crystailine,
by fusing the foregoing and allowing it to solidify. Hydrated, by
precipitating any iron salt with an alkaline sulphide or sulphide of
ammoniuvm. By mixing together iron filings and powdered sulphur
and moistening the mixture. In a very short time the mixture becomes

warm and evolves much steam, and not unfrequently the mass becomes
red hot.

FERRIC SALTS (Fe").

Ferric oxide yields no carbonate.

Ferric Nitrate, Fe, (N 0,) = 484,

Iron is not acted on by nitric acid of specific gravity 145 and
upwards (passive iron), and after having been immersed in such an
acid it is not dissolved even by more diluted acid until it has been
touched, below the level of the acid, by a more electro-negative metal,
Diluted acid, however, dissolves the iron, but if of less specific gravity
than 1'073, with production of more or less ferrous nitrate [Fe (N 0;),],
while, if of specific gravity of 1-115 and upwards, ferric nitrate only is
produced. In every case nitrous and nitric oxides, and in the case of
the weaker acids nitrate of ammonium as well, are produced.
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The salt is employed as a mordant.

Ferric Sulphates.—A number of sulphates of ferric oxide are known
of varying composition. The normal sulphate, Fe, (804)3,9H, O, occurs
native, as coquimbite, crystallised in the hexagonal system. It may be
prepared by adding sulpburic acid to a solution of ferrous sulphate,
and oxidising by means of nitric acid. The anhydrous salt [Fes(S04).]
is white and insoluble in sulphuric acid. This sulphate is isomorphous
with sulphate of aluminium, and like this yields double salts with the
alkaline or ammonium sulphates of the same constitution as ordinary
alum (see p. 246). A hexabasic sulphate, Fe, S Oy (p. 163), is known,
and various basic ferric sulphates may be prepared.

Ferric Sulphide, fe; S; = 208. :

This compound is produced by heating iron with its own weight of
sulphur at as low a temperature as possible. It constitutes a yellowish
metallic-looking mass of a specific gravity 4-4.

Ferric Disulphide, Fe .S, = 120.

This sulphide is dimorphous, and occurs native in two varieties.
Crystallised in the regular system, or massive as iron pyrites, of brass-
like yellow colour and metallic lustre, having a specific gravity of
49 to 5-18; or crystallised in rhombic crystals, of specific gravity
465 to 4-90, as marcasite or white iron pyrites, or in radiated globular
masses. The former variety is usually permanent even in moist air,
whereas the latter variety readily oxidises in moist air, and on this
account sometimes induces the ignition of coal containing it. It
is not acted on by diluted acids, but hot nitric acid slowly dissolves.
it When heated in air it takes fire, yielding sulphurous acid and
leaving ferric oxide, Enormous quantities of pyrites are now used
in the manufacture of sulphuric acid.

Preparation.—It may be artificially prepared by heating finely divided
iron with excess of sulphur to a temperature short of redness.

Magnetic Pyrites, Fe; Sg, occurs native, massive, or in hexagonal
crystals of brownish-yellow metallic lustre. It has magnetic pro-
perties.

Ferric Chloride, Fes Clg = 325. Vapour density at 4407, 11-59 (air = 1);
1627 (H = 1).

Propertics.—This salt crystallises in hexagonal metallic-looking
plates; red by transmitted, greenish by reflected light, It begins to
sublime at 100°, It is very deliquescent, and is soluble in water,
alcohol, and ether. Heated in contact with oxygen it yields ferric
oxide and chlorine, in contact with steam ferric oxide and hydrochioric

acid.
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Preparation.—By passing chlorine over gently heated iron; by heating
ferrous chloride in chlorine,

Ilydrated ferrvic chloride may be obtained crystallised with either
6 or 12 molecules of water, according to the concentration and tem-
perature of the solution. The solution is formed by dissolving ferric
oxide in hydrochloric acid, or by oxidising a solution of ferrous
chloride by means of nitric acid, and adding sufficient hydrochloric
acid to dissolve the ferric oxide precipitated.

The solution forms a powerful deodorant and antiseptic. When
neutral, or nearly so, it is decomposed in very diluted solutions into
ferric hydrate, which is precipitated, hydrochloric acid remaining in
solution.

Ferric Phosphate, Fe P 04, 2 H, O = 187,

A white precipitate obtained by adding a soluble phosphate to a
solution of a ferric salt. The precipitate is insoluble in acetic acid,
readily soluble in mineral acids.

General Characters of Iron Salts, —Ferrous salts are for the most part
green when hydrated, white when anhydrous; they are all soluble
either in water or in acids. Their solutions yield with caustic alkalies or
ammonia a white precipitate (Fe O, Hg O) speedily becoming brownj
the carbonates of the alkalics give a white precipitate of ferrous carbon-
ate (I'e C O3) somewhat less readily oxidised. Ammonium sulphide
yields a black precipitate of hydrated ferrous sulphide soluble in dilute
acid.  Potassium ferrocyanide gives a white precipitate, speedily
becoming blue on exposure to air; potassium ferricyanide yields at
once a deep blue precipitate, Oxidising agents speedily convert them
into ferric salts,

Ferric salts are either brown or red when hydrated, often white
when anhydrous. Many of them are insoluble in water, but mostly
soluble in acids. Their solutions yield a brown precipitate of ferric
hydrate (Fey O4, 3 Hy O) with caustic alkalies or ammonia; they are
reduced to ferrous salts with precipitation of sulphur by sulphureticd
hydrogen ; they yield a black precipitate of ferrous sulphide (Fe S)
with sulphide of ammonium; a dark blue precipitate with ferrocyanide of
potassium ; a blood-red coloration with acetates, which is destroyed on
boiling, basic ferric acetate being precipitated; a deep blood-red
coloration, unaffected by boiling or by hydrochloric acid, with sulpho-
cyanides ; and a bluish-black precipitate with infusion of gallnuts,

Physiologieal Action.—Iron and its salts act infernally as tonics and hematinics by their

gpecifle and unigue action on the blood, and as astringents arresting hemorrhage; all caonsa
constipation: exifernally, or as injections, ferric galts exert a siyptic and astringent action,
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COBALT.*

Co = 59. Specific gravity, 85 to 87 (water =1). Melts at a somewhat
lower temperature than iron. Dyad to tetrad, Specific keat, 0-1076,

Occurrence in Nature.—Cobalt belongs to the rarer class of elements,
It is found in the metallic state in meteoric iron; the arsenide and
sulphide—speiss cobalt (Co As,) and cobalt-glance (Co As 8)—are the
two principal ores of the metal ; it occurs also as sulphate, carbonate,
arsenate, &c.

Properties—Cobalt is of the colour of iron, very slightly malleable,
but very ductile, and of nearly twice the tenacity of iron. It is per-
manent in dry air at ordinary temperature ; it tarnishes slowly in moist
air; it oxidises rapidly at a red-heat, and decomposes steam at the
same temperature. It is soluble in dilute hydrochloric and sulphuric
acids, with evolution of hydrogen; in oil of vitriol, with evolution of
sulphurous aeid ; in nitric acid, with evolution of nitric oxide. In all
these cases cobaltous salts are produced.

The metal is not used as such, but some of its compounds, dis-
tinguished for their brilliant and permanent blue colour, are used
extensively. Cobalt is magnetic, and the metal loses its magnetism
only at a white heat.

Preparation,—By reducing purpureo-cobalt chloride (Cog Clg, 10 N Hg),
or any oxide of cobalt, by means of hydrogen at a red heat, and melting
the resulting metal in a lime crucible.

The production of cobalt from its ores, which generally contain
sulphur, arsenic, nickel, iron, copper, bismmuth and other metals, is a some-
what complicated and difficult process, and several have been devised,
one of which we may give shortly, The ore is first roasted, whereby
much arsenic is eliminated. 'T'he roasted ore, known as zajfre, is
dissolved in hydrochloric acid, with the addition of some nitrie
acid, and the solution carefully neutralised with milk of lime. This
throws down the iron in the form of hydrated sesquioxide, carry-
ing down with it the remaining arsenic as arsenate of iron. The
filtrate from this is acidified with hydrochloric acid, and sulphuretted
hydrogen passed into the solution, which throws down copper, bismuth,
and allied metals, From the clear filtrate from this precipitate the
cobalt is thrown down in the form of hydrated sesquioxide, cobaltic

*(3erman, Kobali, from Kobold, derived from Latin, cobalus; Greek, Kifxdes, a goblin,
meaning a sprite or goblin of the mine; an ancient fanciful name of mining origin applied
later on to certain minerals containing this metal, and finally adopted as its name,
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oxide (Co, Oy, 3 H, 0), by the careful addition of bleaching powder,
using enough to precipitate the cobalt only, but not the nickel. The
hydrated oxide thus obtained is ignited, when it becomes converted into
cobalto-cobaltic oxide (Cog ,), and is used in that form for the pro-
duction of blue glass and smalt. It still, however, contains nickel, and
generally irom, to free it from which it is once more dissolved in
hydrochloric acid, the solution is evaporated to a small bulk, and
chloride of ammonium and excess of ammonia added. The precipitate
of oxide of iron, if any, is filbered off, and the filtrate allowed to stand
until such time, generally some days, that a portion of it when mixed
with excess of hydrochloric acid no longer turns blue. Excess of
hydrochloric acid is now added to the whole, and the solution boiled
and evaporated, when nearly the whole of the cobalt separate in the
form of purpureo-cobalt chloside (Cog Clg 10 N Hj).

OXIDES OF COBALT,

Cobalt forms several oxides, but only the monoxide yelds stable-
salts,
Cobaltous Oxide, : ’ Co O.
Cobaltiec Oxide, : i Coy Oy.
Cobalto-cobaltic Oxide, Cog Oy

Cobaltous Oxide (cobalt monoxide), Co 0 = T1.

Properties.— A green-brown to brown powder, which oxidises at
ordinary temperatures, but very slowly; more rapidly at slightly elevated
temperatures. It is readily soluble in acids, yielding stable cobaltous
salts, in which the metal is a dyad. It imparts a magnificent blue-
colour to a silicate (smait) or to the borax bead.

Preparation.—1. By heating cobaltous carbonate, air being excluded.
2. By heating cobalto-cobaltous oxide in a current of carbonic anhy-
dride. 3. The oxide is obtained as a hydrate (Co Hy O3 = Co O, H, 0)
in the form of a blue precipitate, changing to violet or red on standing,,
by the addition of potassium hydrate to a solution of cobaltous chloride,
air being excluded.

Cobaltic Oxide (cobalt sesquioxide), Co, O3 = 158.

Properties.—A brown to black powder, which dissolves in cold acids,
yielding brown solution of cobaltic salts, in which the double atom is
hexad. On standing, or more rapidly on boiling, these solutions are
decomposed, and a cobaltous salt formed. In the case of hydrochloric
acid, chlorine is evolved, while in the case of an oxygen acid, oxygen
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is liberated, the sesquioxide behaving rather like a peroxide than a
sesquioxide. A hydrate of this oxide (Co, H; O; = Cop O, 3 Hy O) is
obtained by precipitating a cobaltous salt with a solution of an alkaline
hypochlorite or of bleaching powder.

Cobalto-Cobaltic Oxide, Coz Oy =241. [Co O, Cog Oy].

All oxides of cobalt when heated for some time to redness in air
yield this oxide,

COBALTOUS SALTS.

Cobaltous Carbonate, Co C' 05 = 119.

The normal carbonate may be prepared by precipitating a solution
-of cobaltous chloride at a temperature of 140°, with a solution of
godium bicarbonate, saturated with carbonic anhydride. Various basic
carbonates may be obtained by precipitating solutions of cobaltous
chloride, with neutral alkaline carbonates at or near the boiling point.
A hydrated carbonate, Remingtonite, is found native,

Cobaltous Nitrate, Co (N 0;), 6 H; O = 183 + 108 = 291. Specifie
gravity, 1:83 (water = 1).

This salt crystallises in red deliquescent prisms of the obligue
prismatic system, very soluble in water. It may be prepared by
dissolving either the metal, the oxide, or the carbonate in nitric acid.
It is used as a reagent in the laboratory.

Cobaltous Sulphate, Co SOy, 7TH: O = 155 + 126 = 281.  Specific
-gravity, 192 (water =1).

This salt crystallises in dark-red crystals isomorphous with ferrous
sulphate. It may be prepared by dissolving the oxide or carbonate in
sulphuric acid. It forms double salts with the alkaline sulphates.

Cobaltous Chloride, Cio Cly, 6 H, 0= 130 + 108 = 238. Specific gravity,
184 (water =1).

This salt crystallises in dark-red oblique prisms, which at a tempera-
ture of 120° lose part of their water and become blue (Co Cl, 2 H, O),
becoming anhydrous at 140°. By writing with a dilute solution of
-cobaltous chloride on paper, the writing after drying at ordinary
temperature is invisible, or nearly so; on gently heating the paper, the
writing becomes blue and distinetly visible, but fades away again at
-ordinary temperature in moist air (sympathetic ink).

The salt may be prepared by dissolving the metal or any of the
«oxides in boiling hydrochloric acid, and evaporating to crystallisation.

Cobaltous Sulphide, Co S = 91.

This compound is found native (specific gravity, 545). It may be
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artificially obtained as a black hydrate, by precipitating the acetate with
gulphuretted hydrogen or any other cobaltous salt with sulphide of
ammonium, Several other sulphides corresponding to those of iron are
known.

silicates of Cobalt.—Cobaltous oxide dissolves in melted acid silicates
yielding a glass of magnificient blue colour, which, when ground, is
known as smalt. The blue colour is not affected by acid or alkalies,
-and is permanent in air.

Ammonium Compounds of Cobalt.—Cobalt yields a large series of com-
pounds with ammonia and its salts, of various colours and more or less
complex constitution, but which may all be regarded as ammonium
salts, in which hydrogen is replaced either by dyad or pseudo-hexad
cobalt. They are known under the general name of cobaltamines.

General Character of Cobaltous Salts.— Cobaltous salts are generally
pink or red when hydrated, blue when anhydrous or slightly hydrated.
They yield with caustic alkalies and ammonia a blue precipitate, soluble
in excess of the latter with a brownish-red colour. Pofassium cyanide
forms a yellowish-brown precipitate, soluble in excess, in which
golution, after boiling, hydrochloric acid produces no precipitate; (dis-
tinction from nickel). Sulphuretted hydrogen yields no precipitate in
presence of a strong acid, sulphide of ammonium gives a black precipitate
-of sulphide. The salts impart a magnificent blue colour to the borax
‘bead, both in the oxidising and in the reducing flame.

NICKEL.*

Ni = 59. Specific gravity, 88 to 9. Mells somewhat more
readily than iron. Dyad to hexad. Specific keat, 0-1082,

Occurrence in Nature.—Nickel, though belonging to the less fre-
«quently occurring elements, is found in considerable deposits, chiefly
as arsenide in kupfer -nickel (NiAs); it is also found associated with
cobalt in speiss cobalt and other minerals, and as sulphide, silicate,
arsenate, &c. The metal is an essential constituent of meteoric iron
(see iron, p. 273).

Properties.—Nickel is a white or almost white metal possessing con-
siderable lustre, malleable and ductile, and of great tenacity (one and
a-half times that of iron). It is permanent in dry, and almost so in
moist air. It is soluble in hydrochloric and sulphuric acids, with

* The mineral kupfer -nickel (NiAs) was so-called on account of its resemblance to

.copper; the term nicke! implying faise or base, and used as a contemptuous epithet in
some parts of Germany, was afterwards retained for the new metal,
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evolution of hydrogen; readily soluble in nitric acid. It decomposes
water at a red heat. The metal is used chiefly alloyed with zine and
copper (German silver), or as a coating on other metals produced by
precipitating the metal from the double cyanide, by means of the
galvanic current. The metal is magnetic, but loses its magnetism at
a temperature of 350°.

Preparation.—1. By heating the oxide with carbon, or in hydrogen.
2. By heating the oxalate out of contact with air, and melting the
resulting metallic powder in a lime erucible, In order to obtain the
pure oxide the ores are treated as described under cobalt (p. 284); the
golution from which the cobalt has been precipitated by bleaching
powder is treated with milk of lime, the precipitated oxide of nickel is
ignited, treated with hydrochloric acid to remove lime, and the oxide
reduced as above.

Oxides and Salts of Nickel.—The compounds of nickel with oxygen,
chlorine, sulphur, as well as the salts of the monoxide, are prepared in
a manner exactly like the corresponding cobalt compounds, and are
closely analogous to the same. Nickel, however, yields no correspond-
ing ammonium compounds.

The sulphate, NiS Oy, 7 H, O, crystallises in rhombic prisms, iso-
morphous with magnesium sulphate.

General Characters of Nickel Salts.—The hydrated salts are green,
the anhydrous yellow. Caustic allalies and ammonia produce a pale-
green precipitate, Ni(H O), soluble in excess of the latter with a deep
blue colour. Sulphide of ammonium yields a black precipitate, slightly
goluble in excess, forming a brown solution. Cyanide of potassium
yields a green precipitate, soluble in excess, with formation of a double
salt, from which solution, even after boiling, acids precipitate cyanide
of nickel, and sodic hypochlorite black hydrated nickelic oxide (dis-
tinction from cobalt salts).

Nickel salts colour the borax bead pinkish-brown in the oxidising
flame, in the reducing flame the bead becomes grey and cloudy from

reduced nickel,

CHROMIUM.*
Cr = 52-4. Specific gravity, 7015 (water = 1). Specific heat, 0-100.
Melts at a higher temperature than platinum. Dyad to hexad.

Occurrence in Nature.—Chromium belongs to the less common metals;
its chief occurrence is as chrome-ironstone (Fe O, Cry Og); it is also

* Xpupm, colour; in allusion to its many-coloured compounds.
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found as chromate of lead in the mineral crocoisite (Pb CrO,); itis a
constituent of many minerals, and when present always acts as a
colouring agent,

Properties.—Chromium in the metallic state is steel-grey to white in
colour; it crystallises in the regular system; it is very hard (approach-
ing the hardness of corundum) and very brittle. It requires a higher
temperature for fusion than platinum (above 2,000°). It is permanent
in air at ordinary temperatures, but oxidises slowly at a red heat,
rapidly in contact with nitrd, It decomposes water at a red heat.
It is readily soluble in warm sulphuric acid, or in cold hydrochlorie
acid, with evolution of hydrogen. It is scarcely acted on by nitric aeid.

Preparation.—1. By reducing chromic oxide (CrzOy) by means of
lamp-black at the highest temperature of a wind-furnace. 2, By
heating to a white heat chromic chloride (Cry Clg) mixed with chlorides
of potassinm and sodium, together with granulated zine, placed in
alternate layers in a Hessian crucible; the resulling regulus being treated
first with cold and afterwards with warm nitric acid to remove the
zine. J. By reducing chromic chloride by means of potassium or
sodium. 4, By electrolysis of a solution of chromium chloride.

OXIDES OF CHROMIUM.

Chromium forms several oxides—
Chromous QOxide, . : o BE
Chromic Oxide, . : o g Og
Trichromic Tetroxide (?), vy O
Clromic Perozide (%), . S
Clhromic Anhydride - L P
Perchromic Anhydride (?), - Cr Oy

Chromous 0xide (chromium monoxide), Cr O = 68-4.

'Lhis oxide is known only in the hydrated condition, Cr H, O,, or
Cr O, Hy O, in which condition it is obtained as a brownish-yellow
precipitate, by the addition of caustic potash to a solution of chromous
ehloride (Cr Cl,), with exclusion of oxygen and drying in an atmos-
phere of hydrogen over sulphuric acid. When once dry it does not
oxidise further in dry air, but does se rapidly when moist. The
hydrate, on heating, yields chromic oxide, water and hydrogen—
2CrH, 0, =Cr, O, + H, O + H,. Itis difficultly soluble in acids,
scarcely soluble in nitric acid; the solution contains a chromic salt

(see below).
19
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Chromic Oxide (sesquioxide of chromium), Cr, O, = 252'8.

Properties—The amorphous oxide is a dull or bright green powder,
or it may be obtained crystalline in black, iridescent, hexagonal crystals
{green when powdered), isomorphous with the corresponding oxides of
iron and aluminium, and almost as hard as cornudum (Al, 0,); itis fusible
before the blowpipe without decomposition. The amorphous oxide
when gently heated, so that it is not caused to glow, is seluble in
acids, but mnot wvery readily; after strongly heating it is almost
insoluble, but is slowly dissolved in boiling oil of wvitriol. 1t is
readily oxidised by fusion with nitre to the trioxide. The erystallised
oxide is almost insoluble in acids, and scarcely acted on by nitre.

Mixed with charcoal and heated to redness in a current of chlorine
it yields anhydrous chromic chloride (Cr, Cl,).

Chromie oxide unites with basic oxides forming compounds, which may
be regarded as salts of a chromous acid, H, Cr, O, called chromites.
Thus, chromic vxide, when precipitated by fixed alkalies, always retains
alkali which cannot be removed by washing. Other compounds of this
oxide are, however, more definite; they correspond to the aluminates
(M O, Al, O,), and to magnetic oxide of iren (Fe O, Fe, O,), and one of
them—viz., chrome-ironstone (¥e O, Cr, Oy; FeCr, O0,) forms the
principal ore of chromium.

Chromic oxide imparts a beautiful deep green colour to glass.

Preparation—(a) Amorphous.—1. By heating ammonium bichromate
[((NH,),CrO, Cr0O,]. 2 DBy heating potassium bichromate with
ammonium chloride, and extracting the heated mass with water.
3. By heating chromic hydrate. () Crystalline—1. By melting the
amorphous oxide in the oxybydrogen blowpipe and cooling. 2. By
strongly heating oxychloride of chromium,

Chromic Hydrates.—Chromic oxide forms several hydrates. The
hydrate Cry Oy, 7 H; O is thrown down as a pale bluish-green pre-
cipitate on addition of ammonia to a chromic salt; it is soluble on
warming in strong ammonia, forming a violet solotion. It may be
dried over oil of vitrol; if dried én vacuo over cil of vitrol, it retains
four molecules of water only (Cr,0Oj 4 Hy O); when dried at 220°
in a current of hydrogen, it retains one molecule only (Cry Oy, H, O).
The hydrate obtained by adding excess of caustic alkali solution to a
chromic galt (whereby the hydrate first thrown down is redissolved),
and boiling the solution, always contains alkali. A hydrate containing
two molecules of water is known as Guignet’s green, and is obtained by
licating potassium dichromate with boric acid, and washing the resulting
mass with water. A solution of a hydrate in water, analogous to
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dialysed iron (p. 277), is also obtainable. All the hydrates are soluble

in acids, but not very readily,

Trichromic Tetroxide, ('ry 0, = 221-2,

This oxide is obtained as a hydrate in the form of a reddish-brown
precipitate by adding a solution of potassium hydrate to a solution of

-chromous chloride, with partial access of air. It is obtained anhydrous

by decomposing an aqueous solution of chromous chloride by a weak
electric current. It readily absorbs oxygen, and becomes converted
into chromic oxide, j

Chromic Peroxide (chromyl), Cr O, = 844

This is a brown powder obtained by reduction of chromic acid. Its
properties are very little known,

Chromic Anhydride (chromic trioxide), Cr Oy = 100-4.  Specific
gravity, 2°75 (water=1). Melting point, about 300°,

Properties—This oxide crystallises in magnificent dark-red needles
or prisms belonging to the rhombic system, which are very soluble in
water, yielding a red solution ; it is also soluble in diluted or concen-
trated sulphuric acid, but almost insoluble in an acid containing about
16 to 17 per cent. of water. It may be melted without decomposition,
but at a temperature of 250° it breaks up into chromic oxide and
oxywen, Chromic acid, H, Cr Oy, is not known by itself, but a series
of salts are known corresponding to such a dibasie acid, which salts are
amorphous with the corresponding sulphates. It acts as a powerful
oxidising agent, particularly at a somewhat elevated temperature, in
presence of sulphuric acid, becoming reduced to chromic oxide. A
strong aqueous solution of chromic anhydride acts as a powerful
corrosive and disinfectant ; in very dilute solutions it has a remarkable
hardening effect on nervous tissues. Its salts are poisonous.

Perchromic Acid.—When peroxide of hydrogen is added to chromie
acid or to a chromate acidulated with sulphuric acid, the liquid becomes
‘blue, and on shaking it up with ether the compound dissolves in the
ether, which acquires a deep blue colour. This blue compound is
possibly perchromic acid (Hy Crp Og; H Cr O,). The solution is very
unstable, and yields chromic anhydride on evaporation,

SALTS OF CHROMIUM.

Chromous Salts.—All chromous salts show great affinity for oxygen,
and are in consequence very unstable; they cannot be formed by
dissolving chromous oxide in acids (see p. 289), but may be obtained
by precipitating a solution of chromous chloride by the corresponding
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potassium salt. The sulphate, Cr S Oy, may be obtained by dissolving
the metal in sulphuric acid.

A solution of the chloride, Cr Cly, may be obtained by dissolving the
metal in hydrochloric acid, It yields a blue solution which rapidly
absorbs oxygen.

Chromic Salts.—Chromic oxide yields two kinds of salts, one of
which dissolves with a green, the other with a violet colour; as a rule
the latter only are crystallisable. At ordinary temperatures the green
variety changes gradually to the violet, while at a boiling temperature
the violet variety changes rapidly into the green. In these salts the
double atem of chromium is hexad.

Chromic Sulphate, Cry (S 0,)315H, 0 = 3928 + 270 = 6628,

This salt may be obtained by dissolving chromic hydrate in sulphuric
acid. The solution is at first green, but after a while changes to violet
and deposits violet-blue, regular octahedra of the above salt. The
salt is chiefly of interest because it yields with sulphate of potassium a
double sulphate (chromium alum) analogous to ordinary alum (p. 246).

Chrome Alum, Cr K (S04), 12 Hy O or Cry (S 04); K, S 04, 24 H, O.

By acting on a solution of dichromate of potassinm and sulphuric
acid by various reducing agents and erystallising in the cold, ruby-
red, regular octahedra isomorphous with alum are obtained. The
crystals dissolve in water with a violet-blue colour, which on heating
changes to green, and then no longer crystallises. On standing, at
ordinary temperatures, the colour slowly changes again to violet-blue,
and the salt again erystallises.

Chromic Chloride, Cry Cly = 3174,

Properties—Peach-blossom coloured scales, which, when pure, are
almost insoluble in water, but dissolve readily in presence of even a
trace of chromous chloride, yielding a green solution; this same solu-
tion is obtained by dissolving chromic hydrate in hydrochloric acid;
the solution on evaporation over oil of vitriol yields green needle-like
crystals of Cry Cl;12 Hy; O. Heated in air the anhydrous chloride
breaks up into chromic oxide and chlorine, the hydrated into oxy-
chloride and hydrochloric acid.

Preparation.—Aunhydrous, by heating a mixture of chromie oxide and
charcoal in a current of chlorine; by heating the hydrated chloride
in a current of hydrochloric aecid. [Hydrated, by dissolving the
hydrated oxide in hydrochloric acid, and evaporating over oil of
vitriol to erystallisation.

Chromates.—Chromates are distinguished for their beautiful colour,
and some are on that account used as pigments. They all act as
powerful oxidising agents. The normal salts correspond in composi-
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tion to the sulphates, with which they are isomorphous; the acid salts
are nearly always anhydrous, and correspond to the pyrosulphates.
Potassic Chromate, Ky Cr Oy = 194-4, Specific gravity, 27 (water = 1).
Properties.—Pale-yellow erystals belonging to the right prismatic or
thombic system, isomorphous with sulphate of potassium. The salt is
soluble in twice its weight of cold water, much more soluble in hot
water. When heated it first turns red, then melts without decomposi-
tion, The solution is alkalim?, and has a pale-yellow colour, which is
changed to red, with formation of dichromate, by all acids, even
carbonie acid. :
Preparation.—By adding an excess of caustic potash to a solution of
the dichromate of potassium and evaporating to erystallisation.
Dichromate of Potassium (potassium bichromate), Ky Cry Q7 = 204-8,
Specific gravity, 2:68 (water =1). [K, Cr Oy, Cr Og].
Properties.—Garnet red erystals belonging to the doubly oblique
prismatic system. “The erystals are soluble in ten times their weight of
«¢old, more soluble in hot water. The solution is red, slightly acid,
and turns yellow on addition of an alkali,. When heated the salt
fuses without decomposition, but at a white heat it breaks up into
normal chromate, chromic oxide, and oxygen. It acts as a strong
oxidising agent, particularly in presence of sulphuric acid, and is often
employed as such; it is also used in ecalico printing and in photography.
Thig salt corresponds to sodium pyrosulphate (p. 163).
Preparation.—Chrome-iron ore is first roasted, then finely ground,
and mixed with potash and lime, the mixture is dried and then heated to
bright redness in the oxidising flame of a reverberatory furnace. The
heated mass, which is not fused owing to the addition of lime, is extracted
with a minimum of boiling water, a quantity of sulphuric acid sufficient
to neutralise half the potassinm present is added and the solution
allowed to crystallize.

2K,Cr0, +H,80,=K,80, + K, Cr, 0; + H, O.

Ammonic Chromates,—The salts (NH,), CrO,and (NH,), CrO,, CrOs;,
are obtained by adding ammonia in the required quantity to an
aqueous solution of chromic anhydride. The salts resemble the
corresponding potassiom salts, but when heated break up into chromic
oxide, water, and nitrogen, and in the case of the normal salt also
give off ammonia. 'The dichromate on heating gently becomes incan-
descent, swells up, and leaves a bulky mass of chromic oxide closely
resembling green tea in appearance.

Barium Chromate, Ba Cr O, = 2563-4,  Specific gravity, 43 (water =1).
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This salt is very insoluble in water; it is obtained as a yellow
precipitate, insoluble in acetic acid, on adding potassinm chromate or
dichromate to a soluble barium salt (distinction from strontinm).

Lead Chromate (plumbic chromate), Pb Cr Oy = 323-4. Specific gravity,
6-0 (waler = 1).

Occurs native as croceisite in oblique prismatic crystals, having a
specific gravity of 59 to 6-1. It is obtained as a bright yellow
precipitate when potassium chromate or dichromate solution is added
to a solution of a lead salt, and iz much used as a pigment under
the name of chrome-yellow. When heated it fuses without decom-
position, and solidifies to a crystalline mass. Combustible matters
heated with it are completely oxidised or burnt, and the salt is used
in organic analysis for the estimation of carbon,

A basie lead chromate may be obtained by boiling the foregoing salt
with caustic soda or by fusing it with nitre. It forms a red powder,
and is used as a pigment under the name of chrome-red.

Chromate of Silver (argentic chromate), Ag, Cr Oy = 3324,  Specific
gravity, 57 (waler = 1).

Obtained as a red precipitate by adding a solution of neutral potassic
chromate to a neutral solution of a silver salt. The precipitate, which
is soluble both in acids and alkalies, is used as an indicator in the
titration of chlorides.

Chromyl Dichloride (cklorochromic acid), Cr O, Cly = 155-4. Specific
gravity of vapour, 7775 (H = 1),

Propertiecs.—Heavy oily liquid of deep red colour boiling at 118°
(specific gravity, 192, H, O = 1), yielding a dark brown vapour very
much resembling bromine in appearance. It fumes in contact with
moist air; water decomposes it into hydrochloric and chromic acids.
It is an extremely powerful oxidising agent, and many combustible
gubstances (inorganic and organic) explode or ignite when brought
into contact with it.

Preparation,—By acting with sulphuric acid on a fused mixture of
10 parts of chloride of sodium with 12 parts of bichromate of potassium
and distilling ; the brown vapours are condensed in a cool receiver.
The production of this compound forms the most delicate test for the
detection of traces of chlorides in presence of bromides or iodides.

Chlorochromates,—By gently warming a mixture of 3 parts of
potassium bichromate, to which a little water has been added with
4 parts of hydrochloric acid until chlorine begins to be evolved, and
allowing the solution to cool, red plates of so-called chlorochromate of
potassium crystallise out—

K,Cry0; +2HCl =2Cr 03 CIK + H, O.
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The same compound is produced by carefully dropping chromyl
dichloride into an aqueous solution of potassic chromate, to which a
little acetic acid has been added.

Cr0,Cl, + K,Cr0; =2Cr0;ClLK,

The two preceding compounds correspond respectively to sulphuryl
chloride, S 0, Cl,, and sulphuric oxychlorohydrate, S 0, ClHO.

Sulphide of Chromium (chromic sulphide), Cr, Sz = 200-8.

No sulphide of chromium can be obtained in the wet way (since it
is decomposed by water with formation of chromic hydrate and
hydrogen sulphide), but may be formed by the direct union of the
elements ; it is a grey powder of metallic lustre.

Chromic Nitride, Cr, NV, = 132-4.

Formed by passing nitrogen over red hot chromium, or by the action
of ammonia on chromic chloride.

General Character of Chromium Compounds.—All compounds of
chromium, when fused with carbonate of soda and nitre, yield a
yellow mass of chromate; and they impart a green colour to the borax
bead. :

Chromous Compounds.—These are strong reducing agents, and are
rapidly converted into chromic compounds,

Chiromie Compounds.—The solutions of these salts are violet or green;
the violet solutions become green on boiling Caustic albalies give a
green precipitate (Cr, Ogz H, O) soluble in excess to a deep green
solution, but reprecipitated on boiling; ammonia yields also a bluish-
green precipitate, slightly soluble in excess of dilute ammonia solution,
but soluble on warming with strong ammonia to a violet solution.
Ammonium sulphide precipitates chromic hydrate, sulphuretted hydrogen
being evolved.

Chromates.—The solutions are yellow when neutral, red when acid.
Reducing agents change the colour to green, and the solution then
contains a chromic salt. A solution of acetate of lead yields a bright
yellow; one of nitrate of silver, a red precipitate.

MOLYEDENUM.*
Mo =98, Specific gravily, &8 (water =1). Specific heat, 00722, Pentad.
Qceurrence in Nature—Molybdenum ie not found freo in natare, but oceurs as sulphide in
molybdenite (Mo Sp), a8 molybdate of lead in wulfenile (Fb Mo 0,), and as trioxide in molybdic
ochre (Mo O3), and some other rare minerals; it is also found accompanying some ores of iron.
Properties.—Molybdenum is a silver white, bright, very bard metal which tarnishes
slowly in air; it decomposes water ata red heat; it is fusible only at a very high tempera-
fure: heated wvery strongly in air it burns to trioxide (Mo (4). Itie soluble in nitric acid,

* wedufles, lead; probably in allusion to the colour of its sulphide.
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which oxidises it to molybdie acid, H,Mo 0y, and in strong eulphuric acid, not in
hydrochloric acid.

Preparation.—By reducing the trioxide in a enrrent of hydrogen, or by heating the
trioxide with eharepal at o very high temperatore,

Oxides and Salts. —Molybdenum forms eeveral oxides, Mo O, Mo; O3, Mo 0, MoOy; the
trioxide forms several hydrates (molybdic acid-), giving rise to salts (molybdates) of the
most complex composition, but also forms the hydrate, Mo O3, H, O = H, Mo O,, of which
many salts are known. The ammonium molybdate, which is used as a laboratory reagent, is
mot the mormal salt, (N H,); Mo Oy, but has the composition (N H,)g Mo, Og,, 1H,0. It
erystallises in monoclinic prisms; for use as a reagent it must be dissolved in strong
ammonia solution, as it is decomposed by w.iter; the solution is almost exclusively
employed ag a test for phosphoric acid (p. 195), with which it forma a yellow precipitate,
having the ecomposition, 12 Mo Oy, PO, (N H,);, 14 Hy O, which is insoluble in nitric
acid, bat soluble in alkalies.

Of the saltz of molybdenum, the chlovides are numerous and best known, they are
Mo Clg, Mog Clg, Mo Cl,, MoCly, and thege form numerons crystallisable compounds with
other salts. The compounds of molybdenum are by no means thoroughly investigated az yet.

Distinguishing Tests —Solutions of compoun!s of molybdenum, give with zine and
hydrochloric acid (mazcent hydrogen) a blue coloration, changing to green and brown (like
tungsten solutions); with hydrogen sulphide they yield a brown precipilate of tri-ulphide,
soluble in ammonivm sulphide. Molvbdates may be detected in this way and by numerons
other reactions. A special test is said to bte the formation of a blua liquid when molybdie
acid or & molybdate is first heated with coneentrated sulphurie acid, and theo alechol
added and ignited (distinetion from tungsten).

TUNGSTEN."
(Wolfram) W=184. Specific gravily, 19129 (water =1). Specific heat, 00534,

Oecenrrence in Nature —This comparatively rare meial ig not found in ithe free state, bat
as tongstate in the mineral Wolfram [(Mn Fe) W 0], in scheefite (Ca WO,), and in scheeliting
{Pb W O,), more rarely as trioxide in Wolfram colre (W O3, &e.

Properties,—lungsten ig of an iron-grey colour; it 18 almost infesible: it remaine
unchanged in air at ordinary temperatares, but if heated in a finely divided state
in contact with air it takes fire and burns to trivxide (W Og). It is scarcely attacked by
acids, slowly by nitric acid ; agua regia converts it into trioxide, which is incoluble in acida.

Tungsten is said to add materially to the hardness of steel, and to increase ils magnetic
properiies greatly.

Preparation —By the reduction of the trioxide with hydrogen or with carbon at a high
temperature.

Oxides and Salts—Tungsten forms three oxides, W Og, W Oy, and W, 05 (7). The tri-
oxide, like the corresponding molybdenum compound, forms several hydrates, & mono-
hiydrate, Hy WO, and others of o very complex nature called ¢ungstic acids, forming salts
called tungstates. Sed um parafungstale, Nogp Wia Oy, 28H5 0, is o commercial produoct,
and used for rendering light-woven materials upinflammable, and as & mordant in dyeing.
Lilke molybdic acid, tungstic acld algo forms en insoluble phosphe-tungstic acid.

Tungsten forms several ehlorides, W Cly, W Cly, W Cls, W Clg,

Distinguishing Tests —Zine and hydrochloric acid (nascent hydrogen) give with a
solution of a tungetate a blue coloration, becoming copper-red. Hydrogen sulphide pro-
duces no precipitate in acid solations, but ammonium sulphide, when mixed with a solution
of a tungstate, yields a brown precipitate (W 5;) on acidulating with hydrochloric acid.
Tungsten compounds give with microcosmic salt & blue Lead in the reduction flame, or
blogd-red il irgn is present,

e o —

* Swedish, (ungsten, heavy slone,
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URANIUM.*
U= 210t Specific gravily, 18'5 (water = 1). Specific heat, 0-0276.

Occurrence in Nature.—Uranium occurs in & few minerals only, and is a comparatively
rars metal: its chiel oceurrence is as oxide, in an impure form, in pilchblende [Us Og = U Oy,
21U 04]: it isalso found as phosphate in uranite [Cay (P Oy, 2 (U Ogl; (P 0y)g, 50 Hy 0], and
as carbonate in lebigite [Ca CQy, (U Og) G0y, 20 Hy 07], and in & number of rare minerals.

Properties.—The metal has a steel-grey colour, is brittle, and on exposure to air becomes
slightly tarnished, but at a red heat burns brilliantly to uwrano-uranic oxide, U;O0g. It i3
soluble in dilute acids.

Preparation, —By acting on uranouns cHloride (U Cl,) with sodinm at & red heat.

Oxides and Salts—Uraniom forms two deflnite oxides, U O, and U Oy, and a number of
intermediate oxides which are not well known. The dioxide acts as a basic oxide, and
forms a number of salts—e.g., uranous chloride, UCl,, uranous sulphate, U (S Oy);, but it
al=0 acts as a dyad radical, combining with acids to form salts, which are termed salts of
uranyl, thus, aranyl chleride (U Oy) Cl,, uranyl sulphate (U 0y 50y; acetata of uranyl
{0 0y} (Cg Hy Oa)g is used in the laboratory as a reagent for the detection and estimation of
phosphoric acid, with which it forms in the presence of ammoniom chloride an insoluble
greenish-yellow precipitate —ammonio-phosphate of uranyl (U 0.1 N H, P O,.

The trioxide is an acid-forming oxide, and forms salts which correspond to the dichro-
mates having the general formula, M, Us 0; =M, T 0y, T 0,.

Distinguishing Tests, —Uraninm salts are green or yellow, they impart a yellowish-
green colour to glass, rendering it highly fluorescent. 'With borax or microcosmic salt,
they vield & green bead.

TIN.§

(Latin, Stannum) Sn = 118, Specific gravity, 73 (water = 1). Specific
heat, 0-0562. Melting point, 232-7°, Boiling point, between 1450°
and 1600°.  Tetrad.

Occurrence in Nature.—This metal is very rarely found in the free
state, and is not very widely diffused, but occurs locally in immense
deposits as oxide in the mineral tin-stone or cassiterite (Sn 0,) in various
parts of the world, most notably in Cornwall, whose tin mines have
been worked from the earliest times. The ore occurs in veins running
through primitive rocks (granite, porphyry, &c.); owing to the
natural disintegration of these rocks the ore is also found in loose
nodules (stream-tin) of greater or less size, rounded by the action of
water, and free from compounds of iron, copper, arsenic, and antimony,
which are present in the vein ore. Other notable loecalities in which
tin-stone deposits are found are in the Erzgebirge, in Bretagne, in

* So called by Klaproth in 1789, after the then newly discovered planct, Uranus,
t The atomic weight of uranium, formerly 120, has lately been doubled from theoretical
-considerations, on account of the analogy of the clement to chrominm

1 Anglo-saxon, tin; the rame word in Icelandic and Danish. German, zinn. Swedish,
fenn.—Sheal.
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Gallicia, in the island of Banca and the Malay peninsula, in Pern, and
especially in Queensland and New South Wales, where very extensive
deposits have been recently discovered.

Tin is also found, but rarely, as sulphide, and is a constituent of a
few minerals of unfrequent occurrence.

Properties.—Tin is a bright silver-white metal ; it is harder than lead,
but softer than gold, very malleable, but at higher temperatures (about
200°) is very brittle; it is comparatively ductile, but possesses very
little tenacity; it melts at 233°. It has a crystalline structure, and
emits a peculiar crackling-sound when bent. It may be obtained in
prismatic erystals by fusing and partial solidification. At ordinary
temperatures it remains unaltered on exposure to air ; when strongly
heated in air it becomes covered with a film of oxide, and at a white
heat ignites, burning with a bright flame to oxide.

Tin is soluble in hydrochloric acid, forming stannous chloride
(Sn Cl,), and in sulphurie acid, forming stannous sulphate (SnS O,);
nitric acid acts on it with great energy; in dilute nitric acid it dissolves,
forming stannous nitrate * [Sn (N O,),], or with rather stronger acid,
stannic nitrate [Sn (N O3)4?], which last compound rapidly decomposes,
hydrated stannic acid (H,Sn0Q, + aq.) being precipitated in a gela-
tinous form ; with moderately strong nitric acid the metal is converted
into an insoluble white powder, generally regarded as so-called meta-
stannic acid (H,ySn; 05 = 5 H, Sn Og). Concentrated nitric acid is
without action on tin, Aqua regia dissolves tin, and converts it into
the tetrachloride (Sn Cly).

Owing to its stability in air, its malleability, its low melting point,
and other characteristics, tin has an extended use in the arts. The use
of tin-foil for wrapping purposes is well known ; fin-plalet is sheet iron
which has been carefully cleaned and coated with tin by imwmersion in
the fused metal; the crystalline structure of such a tin-surface may be
exhibited by acting on it for a short time with dilute aqua regia, when
most beautiful markings are obtained. Copper vessels are tinned inside
by rubbing the clean hot surface with molten tin; pins are made of
tinned brass wirve.

The alloys of tin are of great practical importance, owing to their
varied and useful properties—e.g., Britannia melal (tin and antimony),
pewter (tin and lead), solder (tin and lead), speculum metal used for the

* Under these circumsiances ammonia is also formed, and dissolves in the excess of
acid, forming ammonium pitrate:—4Sn+ WHN 03 =480 (N O + NH, N O3 + i H: O.

t In this combination the tin is the negative, the iron the positive metal; in consequence
ol which, whenever the coating of tin becomaes defective, the exposed iron rusts even more

guickly thano it would do without the tin coating.
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~mirrors of reflecting telescopes, bell-metal, gun-metal, and bronze (tin
- and copper), and finally tin-amalgam (tin and mercury), used for silvering
- glass,

Preparation.—The ore, after roasting to free it from sulphur and
- arsenic, which is present as arsenical pyrites, is reduced by heating with
coal, and the reduced metal cast into blocks (block tin); grain tin, so-
- called because in fragments, is a purer form of the metal obtained by
- re-melting and drawing off the upper portion,of the metal, which is
more free from alloy than the lower portion, and hence more brittle.

OXIDES OF TIN.
Tin forms two oxides only—

Stannous Oxide, . : Sn 0.
Stannic Oxide, ; 4 Sn 0.

Stannous Oxide (fin monoxide), Sn O = 134,

A dark-brown powder obtained by heating the hydrate in an atmos-
phere of carbonic anhydride; it remains unchanged in air at ordinary
temperatures, but when heated ignites and burns to dioxide.

Stannous Hydrate, Sn, i, 0, = 286. [2S5:0.H, 0].

This compound is obtained as a white precipitate when a solution
of potassium carbonate is added to a solution of stannous chloride
(Sn Cl,), carbonic acid being at the same time evolved. This hydrate
becomes rapidly oxidised in contact with air ; it is soluble in caustic
potash solution, probably forming potassium stannite [K,Sn, O4 =
K,0.28n0]; the solution on boiling deposits metallic tin, and
contains potassium stannate (1K, Sn O,).

Stannous oxide acts also as a basic oxide, forming stannous salls, in
which the tin plays the part of a dyad.

Stannic Oxide (tin dioxide), Sn O, = 150,

Qceurrence.—As tin-stone or cassilerite (see occurrence of Tin), of
specific gravity, 6°8 to 7, massive, or in dark-brown crystals belonging
to the square prismatic system ; sulphides and arsenides of copper and
iron are usually associated with it.

Propertics—Stannic oxide, artificially produced by igniting the
hydrate, 1s a white powder, turning yellow and brown on heating, but
resuming its original colour on cooling. DBoth the natural and artificial
forms are insoluble in water and in acids (except sulphuric), and fusible
only at a high temperature., This oxide is an acid-forming oxide, it
combines with caustic potash or soda, when fused with them, forming
stannates, and several salts are known corresponding to its hydrates
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(stannic and metastannic acids), but it also acts as a weak base forming
salts called stannic salts, in which the tin plays the part of a tetrad.

Preparation.—1. Amorphous—By igniting the hydrate produced by
the action of strong nitric acid on tin. 2. Crystalline—Dy heating
amorphous oxide in a current of hydrochloric acid gas.

Hydrates of Stannic Oxide—Rtannic and Metastannic Acids,—The pre-
cipitate produced by adding ammonia solution or caleium carbonate to
a solution of stannie chloride (Sn Cl,, see below) has, after drying in
vacun, the composition, I, Sn Oz or Sn O, . H, O. This compound
is soluble in acids, and is dissolved by caustic potash or soda solutions,
forming erystalline compounds on evaporation, of the composition,
M, Sn Oy; this hydrate is known as stannic acid, and its salts as
stannales; an aqueous solution of the sodium salt (tin-prepare liguor) is
used as a mordant in calico printing.

The hydrate of stannic oxide produced by the action of nitric acid
on tin is apparently of more complicated composition, its formula is
generally stated to be H;ySn; Oy or 5 H, Sn O3, This hydrate is
called metastannic acid, and its imperfectly known compounds meta-
stannates, It is considered by some chemists to be another form of
stannic acid ; it is insoluble in acids, but difficultly soluble in solutions
of caustic alkalies, and forms salts of complicated composition with the
alkali metals, e.g., two sodium salts of the following composition are
Eknown: N&2 HaSEa 0]5 or N&E Sﬂ_ﬁ U‘jl., 4 H2 0 and Na, Stilg 'Dm, 8 H, 0.

STANNOUS SALTS (Sn").

Of these salts the chloride is the only important one.

stannous Chloride (tin salt), Sn Cl,, 2 H, 0 =189 + 36 = 225. Specific
gravity, of crystalline, 2°71 (water = 1). Fusing point of anhydrous, 249-3°

Properties.—This salt may be obtained in monoclinic crystals con-
taining two molecules of water, which it loses at 100°; it is soluble
in about one-third of its weight of water. If much water is added a
basic salt is precipitated—Sn Cl, + H, O=8Sn O HCl + H Cl, and
if the solution is exposed to the air, the same precipitate and an
oxychloride are formed together with stannic chloride—45n Cl, +
H,0+0=8n0Cl, +28n0HCI + Sn Cly; the salt has in fact
a great tendency to form the tetrachloride; it is converted into tetra-
chloride by addition of chlorine water, and it acts as a powerful
reducing agent owing to this attraction for chlorine—thus, with a
golution of mercuric chloride, a solution of stannous chloride gives first
a white precipitate (Hg, Cl,), which quickly becomes grey, metallic
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| mercury being precipated:—(a) Sn Cl, + 2 Hg Cl, =8n Cl, + Hg, Cl,,
| (®) Sn Cl, + Hg, Cl, =8nCl; + Hg,. Cupric chloride (CuCl,) is
gimilarly reduced to euprous chloride (Cu, Cl,). Its action on gold
- chloride (An Cl;) producing the precipitate called purple of Cassius
- (see gold) is also partly due to reduction. The anhydrous salt (Sn Cl,)
| may be distilled without decomposition.
Preparation.—Metallic tin is easily soluble in hydrochlorie acid, and
| this solution (with excess of tin to reduce any stannic chloride formed)
is often used as a reagent; from it, erystals of the ecomposition
' 8n Cl,, 2H, 0, may be obtained by evaporation. The anhydrous
| ehloride may be obtained by heating the hydrate, or by distilling a
. mixture of powdered tin and mercurous chloride (Hg, Cl,).
Stannous Sulphate, Sn SO, may be obtained crystalline with difliculty
by evaporating in vacuo a solution of tin in sulphuric acid.
Stannous Nitrate, Sn (N O,),, is known only in solution; it is pre-
pared by acting on the metal with very dilute nitrie acid (see tir, p. 298).
Stannous Sulphide ((in monosulphide), Sn § = 150.
The anhydrous sulphide obtained by heating tin and sulphur together
is dark-grey in colour, the hydrated form is obtained as a dark-brown
precipitate on passing sulphuretted hydrogen through a solution of

stannouns chloride ; it is soluble in polysulphide (yellow sulphide) of
anmmonium,

STANNIC SALTS (Sn').

Stannie Chloride (tin fetrachloride, liqguor Libavii fumans, butter of tin,
oxymnriate of tin), Sn Cly = 260, Specific gravity, 2:25 (waler = 1).
Boiling point, 113-9°,

Propertics.—This salt in the anhydrous form is at ordinary tempera-
tures a fuming liquid of specific gravity 2-27, and boils at 150°. It
forms several hydrates—viz., with 3, 5, and 8 moleccules of water—
which all erystallise in the monoclinic system, and are soluble in water.
With much water it breaks up into hydrochloric acid and stannie acid
(H, Sn Og), which is precipitated. It is used as a mordant.

Preparation,—By distilling tin with corrosive sublimate (Hg CL,), or
by passing a stream of chlorine over fused tin in a retort.

Stannic Sulphate, Sn (S 0,),, and stannic Nitrate, Sn (N O,),, are
but imperfectly known.

Stannic Sulphide (tin disulphide, Mosaic gold), Sn S, = 182,

This compound may be obtained in glittering :,*e]lu-nw scales by heating
a mixture of tin, sulphur, and sal-ammoniac (N I, Cl), when the
disulphide of tin is formed and sublimes ; or as a bright-yellow hydrate
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when sulphuretted hydrogen is passed through a solution of stannic
chloride, It is solable in polysulphides of the alkalies, forming sulpho-
stannates, corresponding to sulphostannic acid, H, Sn S, a compound
which is also known.

Distingunishing Characters of the Compounds of Tin.—With the excep-
tion of the sulphides, the salts of tin are colourless, unless the acid is
coloured ; they are mostly soluble in water, but many are decomposed
by it.

Both stannous and stannic salts give a white precipitate, with caustic
potash solution (see above), soluble in excess. Stannous salts give a
dark-brown precipitate, stannic salts a yellow precipitate, with
hydrogen sulphide (see above). A solution of gold chloride (Au Cly)
gives, with stannous chloride, in presence of a small quantity of
stannic chloride, a purple precipitate (purple of Cassius). Mercuric
chloride gives, with stannous chloride, a white precipitate (Hg, Cl,),
becoming grey on heating (Hg).

Zinc canses a precipitation of spongy tin in solutions of tin salts.

Physiological Action.—Poisonous.

TITANIUM.*
Ti=48. Telrad.

Qceurrence in Natiure.—This rare metal does not oceur in the free state, but chiefly
as dioxide (Ti 0y in the minerals rufile, brookite, and anafasze; and as triexide in menife
(Fe Ti)y 03 &e.; it sometimes accompanies magnetie iron ore, and is consequently found
{as nitride and cyanide) in the slag of iron furnaces. It is a constituent, in small quantity,
-0f many minerala.

Properties.—As usnally preparad it is a dark grey powder resembling reduced irom; it is
Bpecially characterized by its attraction for nitrogen, with which it forms several componnds
(Tig Ng, Tig Ny, Tiy Ny?) of metallic appearance, which yield ammonia when fused with
caustie potash; it combines readily with oxygen, taking fire and burning brilliantly
when heated in air, with formation of dioxide and some mnitride; it must therefore be
prepared out of contact with the atmosphere. It begins to decompose water at 106°, Itis
goluble in most aecids,

Preparation.—By fusing potassiom titano-fluoride with metallic sodinm in & covered
crucible,

Oxides and Salts.—Titanium forms two oxides, Ti O, and Ti; 03 and the dioxide forms
hydrates, known as titanic and meta-titanie acids, which are analogous to the eorresponding
tin compounds. Two chlorides, Ti Ol and TiCly are known, and many other salts,

Distinguishing Tests. —Titanivm oxide gives a violet bead with microcosmic ealt when
heated in the inner flame. Solutions of titanium compounds give with zine and hydro-
-ghloric acid (nascent hydrogen) a violet solution.

THORIUM +—Th = 231.

This metal occurs in the very rare minerals thorile or orangife (a silicate of thorium), and
_monaczite (o phosphate of thorium, cerium, &e.). Ithas an iron-grey colour, specific gravity,

#In classical allusion to Titan, a son of the Earth,
1 In allusion to the Scandinavian deity, Ther.
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7'8: remains unaltered in air at ordinary temperatares, but when slowly heated burns with
brilliancy to dioxide (Th Oy), the only oxide which it is known to form. Several salts have
been prepared.  The metal is obtained by heating the chloride (Th Cly) with sodium. The
dicxide has been obtained in prismatic crystals, isomorphous with eassiferite (SnOg) and
rutile (Ti Oa).

ZIRCONIUM—Zr = 89'.
dpecific heat, 00663,

This metal is found in certain scarce minerals, especially in zircon (Zr 8i 0y), and has
been prepared io the free state as an amorphous powder, by beating the chloride, Zr Cly,
with godium, or erystalline by heating potassium zircono-fluoride (1{; Zr Fg) with aluminium
to & very high temperature; when amorphous, it ignites at o comparatively low temperature,
but when erystalline only at a very high temperature. It forms a dioxide which posscssos
both acid and basie properties, and which has alsc been obtained in prismatic crystals
isomorphons with cassiterite (Sn Oy) and rufile (TiOy).

BISMUTH.*

Bi = 210. Specific gravity, 9°9. Melting point, 268-3°,
Specific heat, 0-0308. Pentad.

Occurrence in Nature.—Bismuth is one of the less common elements;
it is chiefly found native, but also as oxide in bismuth-ochre (Bi, Oy),
and as sulphide in bismuthite (Bi,S;); it occurs further in a few rare
minerals as carbonate, telluride, vanadate, and silicate.

Properties.—DBismuth is a white metal with a tinge of red. It is
permanent in air at ordinary temperatures, but oxidises rapidly at a
red heat. It is very brittle, and has a strong tendency to crystallise.
It crystallises in rhombohedra, in shape closely approximating to cubes.
It melts at a temperature of 263° and, like water, expands very
appreciably on solidifying. It is readily soluble in nitric acid, diffi-
cultly soluble in sulphuric acid, and practieally insoluble in hydrochlorie
acid.

The pure metal is not used in the arts, but is frequently employed as
an admixture in various alloys, most of which are remarkable for their
low melting points. Rose’s metal is an alloy which melts at 94°, and
«consists of 2 parts bismuth, 1 part tin, and 1 part lead.

So-called fusible metal is an alloy of bismuth, tin, and lead, which, by varying the propor-
tion of the constituents, can be obtained of very varying melting point; use is made of this
-alloy to prevent explosions in boilers, a plate of the alloy being let into the boiler, o that
a8 goon as the tempernture of the steam reaches the melting point of the alloy the plate
fores and allows & vent to the steam, it is thus impoasible for the steam to reach a tension
beyond that which the boiler is capable of resisting (p 37

Preparation.—Commercially the metal was formerly prepared by
gimply heating the crude native ore in inclined iron tubes in suitable

* German Wismuth, [rom the old German Wesemoth, mown grags, math, in allusion to the

variety of colours seen on the surface of erystallised bismuth, and supposed to resemblo
mown grags interspersed by flowers.
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furnaces, so that the metal melted and flowed down the tube, leaving
the matrix or gang bekind. Now, generally the ore is first roasted,
and afterwards reduced in crucibles by means of carbon.

Commercial bismuth may be purified by fusing it with nitre, but the
pure metal is best obtained by heating the basic nitrate with charcoal.

OXIDES OF BISMUTH.

Bismuth yields several compounds with oxygen:—

Bismuthous Oxide, < : Bi 0 (Bi, 0,).
Bismuthic Oxide, . i Bi, 0.
Bismuthic Anhydride, . : Bi, 0.

Of these, however, the second ome only is of any practical
importance,

Bismuthic Oxide, Bi, (3 = 468.

Properties,—A yellowish powder, which melts at a red heat, and on
cooling solidifies to a erystalline mass. It is readily soluble in acids
yielding salts, in which the double atom is hexad. Itis a feebly basic
oxide, the normal salts of which are decomposed by water, with the
formation of difficultly soluble basie salts.

Preparation.—DBy heating bismuth in air; by heating the basic nitrate,
or by boiling it in caustic soda solution,

Bismuthic Hydrate, Bi, H, O, = 486. [Bi, 05, I, 0].

Properties,—A white powder, readily soluble in acids; on heating it
loses water and becomes anhydrous.

Preparation.—By precipitating a solution of a bismuthic salt with
caustic soda, and drying the washed precipitate at 100°.

SALTS OF BISMUTH.

Nitrates of Bismuth.—(a.) Normal.—Metallic bismuth dissolvesinnitrie
acid, with evolution of nitric peroxide, and this solution, on evapora-
tion, yields large, colourless, transparent crystals of the composition,
Bi (NOg),, 5H, O. The salt is soluble in a little water without decom-
position; but on addition of more water the solution becomes turbid
and deposits a white crystalline powder of basic nitrate, Big Ng Hy O,;
= Bi (NOy)g, Bi, Oy, 3 H, O, known in maleria medica as tris-nitrate
or sub-nitrate of bismuth—

3Bi (N Og)g, 5H, O + H, O = Bi (N O3)s, Bi, 05,3H, O + 6 H N 0j,

This compound may also be regarded as the hydrated salt of an
orthonitric acid, Hy N Oy or HN Oy, H, O; in which case its formula
would be BiN O, H, O,
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Bismuth Chloride, Bi Cly = 3165,
This salt is formed when bismuth is dissolved in aqua regia, or

when bismuthie hydrate is dissolved in excess of hydrochloric acid ;
like the nitrate and other salts, it is decomposed by much water,
forming an oxychloride, Bi Cl; + H, O = BiO Cl + 2H CL.

Characters of Bismuthic Salts.—The normal salts of bismuthic oxide
are soluble only in presence of an excess of acid, and are decomposed
by water, with formation of difficultly soluble basiec salts. The acidified
solution of a bismuth salt yields with sulphuretted hydrogen a brown
precipitate (Bi, S;), insoluble in sulphide of ammonium ; with caustic
alkalies and with ammonia, a white precipitate insoluble in excess of
the reagent.* Heated on charcoal in the reducing flame they yield a
brittle metallic bead and a yellow incrustation of oxide.

Physiological Action.—The basic nitrate is used as an external
application, as well as internally as a sedative and astringent and as an

anti-emetic.

NORWEGIUM.

Ng =214 (7). Specific gravily, 9441, Melling point, 254°,
This rare metal was discovered by Dahl in nickel glance from Erageri in Norway. It is
white, melts at 254°, and readily volatilises before the blowpipe. It yiclds a brown oxide
(NEg. 03 7), containing 9879 per cent. of oxygen, which is readily reduced by fusion with

podium carbonate or potassinm eyanide. It coloars the borax bead blue.
The metal shows great aflinity to bismuth, bat differs from this metal in the =olubility of
ita hydrated oxide in a solution of caustic putash, and also in great excess of solutions of

ammonivm or sodinm carbonate.

ANTIMONY.t

(Antimonium, stibium), 8b = 122,  Specific gravity, amorphous, 578 ;
crystalline, 67 (water = 1). Specific heat, 0-0508. Melting point, 432°,
Baoiling point, between 1090° and 1450. Triad to pentad.

Occurrence in Nature.—Antimony is rarely found native; its most
common occurrence is as trisulphide in stibnite, Sb, Sq; it is found also
as trisulphide in combination with sulphides of lead, mercury, copper,

*In presence of tartaric or citric acids the precipitate produced by caustic alkalies or
their carbonates, or by ammonia or carbonate of ammonia, redissolves on addition of an
axcess of the reagent.

t The origin of this name appears to be lost; Basilius Valentinus (15th century), in
speak ng of the common ore of antiinony, the sulphide (stibnite), says that the Arabians
called it asinal, the Chaldeans, stibium, and that “in the Latin tongue it has hitherto been
termed antimoenium."—Vide Kopp, Geschichte der Chemie, vol. iv. Probably both antimonium
snd stibivm are alchemistic corraptions of the Arabic name uthmud (othmod, ithmid).—
Fide Murray, New English Dici., 1835, Pt. ii., p. 870,

20
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gilver, d&c., these minerals having the general formula, M S, Sbhs S,
(sulphantimonites) ; it is found also in direct combination with some
metals as In antimonial silver, Ag, Sb, antimonial nickel, NiSb, arseniferous
antimony, Asz Sb, ; it is also found as trioxide, Sb, O3, and as tetroxide,
Sb, Oy.

Properties, —Antimony is a bluish-white metal ; it is extremely brittle,
and can easgily be reduced to powder; it has a marked crystalline
structure, and may be obtained in rhombohedral crystals. It melts at
452°, and volatilises only at a bright red heat; if a portion of the
molten metal is poured upon a hard surface it splits up into a number
of globules, which ignite and are scattered in every direction, leaving a
number of white streaks of oxide radiating from the central point. The
metal, contrary to the usual rule, expands on solidifying. When very
strongly heated in contact with air, it ignites and burns to trioxide or
tetroxide. At ordinary temperatures it remains unaltered in air,

It is soluble in hot concentrated hydrochloric acid, with evolution of
hydrogen and formation of the trichloride (Sb Cly), and in aqua regia,
with formation of the trichloride or of the pentachloride (Sb Cl;), accord-
ing to the quantity of the solvent. Heated with strong sulphuric acid,
sulphurous anhydride is evolved and antimony trisulphate [Sb, (SO,)s]
formed. Nitric acid oxidiges it to antimonic acid (Sby O5. H, O), a
white insoluble powder,

Antimony forms a number of important alloys, among which may be
mentioned type-metal (2 lead, 1 antimony, and 1 tin), to which it
imparts the property of expanding on solidifying, so that a sharp casting
is obtained, and Britannia metal and pewter (tin and antimony).

It forms two series of compounds—viz., antimonious, in which it
plays the part of a triad ; and antimonie, in which it plays the part of a
pentad element.

Preparation.—1. By heating the fused sulphide with serap iron,
Sb,S; + 3Fe=3FeS + Sbe. 2. By heating the oxide (obtained by
careful roasting of the sulphide) with charcoal. 3. By fusion of the
gulphide with sodium carbonate and charcoal—(a) Sbe S; + 3 Na, CO,
=8C0; +3Na,S 4+ 8b, 03; () SbyOs + 3C =3 CO + Sbh,.

The commercial product is liable to contain arsenic, lead, copper,
and iron.

A remarkable amorphous modification may be obtained by the
electrolysis of a solution of tartar emetic in antimonious chloride. It
has a specific gravity of 578, a steel-grey colour, and is somewhat
unstable, changing when heated, or struck, into ordinary antimony with
considerable rise in temperature.
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Antimoniuretted Hydrogen (antimony hydride, Stibine), Sb Hy = 125,

Properties.—This gas has not been obtained pure, but is always,
owing to its method of preparation, mixed with hydrogen. This
mixture burns with a white flame, which deposits metallic antimony
upon a poreelain surface brought into contact with it, or if a glass-tube
throngh which the gas is passing is locally heated by the flame of a
Bunsen burner, a deposit of antimony (antimouny mirror) is formed on
both sides of the flame. Passed into a solution of silver nitrate, it
causes a black precipitate, having the composition, Ag; Sh.

Antimoniuretted hydrogen behaves in a distinetly analogons manner to the correspond-
ing compound of arsenic, but may nevertheless be easily distingnished from that eomponnd ;
the antimony mirror is deposited nearer the flame and on both sides of it, the metal being
less volatile than arsenic; the antimony deposits are insoluble in sodium hypochlorite, and
yield an orange colour on evaporation, with a drop of ammonium sulphide (¢f, arsenic, p.
815); the action of the two compounds on silver nitrate solution is also very different, and
may even be employed for their separation (cf,, arsenie). Further, the antimony compound
is odourlesa

Preparation.—By placing a solution of an antimony compound in an
-apparatus in which hydrogen is being generated ; generally by pouring
a solution of the trichloride into a Woulff’s bottle containing zine and
dilute sulphuric acid ; whereupon antimeniuretted hydrogen is formed,
and escapes with the hydrogen.

OXIDES OF ANTIMONY.

Antimony Trioxide, Sb, Os = 292. Specific gravity, 52 to 55
{(water = 1).

Occurrence.—This oxide is dimorphous, and occurs but rarely n valen-
tinite, or white antimony, in right prismatic crystals, and in senarmontite
in regular octahedra.

Properties—This oxide may be obtained artificially in the forms
in which it oceurs in nature, or as a pale buff-coloured crystalline
powder, which melts at a red heat, and solidifies on cooling to a
crystalline mass. It is only very slightly soluble in water, and is
insoluble in nitric acid and in dilute sulphurie, but soluble n hydro-
chlorie acid, forming the trichloride, and in a solution of tartaric acid
forming the tartrate; it is also dissolved by a solution of acid
potassium, tartrate, or cream of tartar (K H C, H, Og), forming a
compound known as tartar emetic [K (Sb O) C, Hy O], in which the
monatomic radical antimonyl (SbO) is substituted for the remaining
replaceable hydrogen atom of the acid tartrate.
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Ieated without access of air it sublimes and condenses in acicular
erystals; heated in air it burns, forming a higher oxide.

Antimony trioxide possesses weak acid characters ; it dissolves in
solutions of caunstic alkalies, forming unstable salts called antimonites,
which have the general formula, M Sb O,, and which are referable to a
hydrate, viz., antimonious aeid, SbO (O II), or Sb, O3 . H, 0. A
hydrate of this composition has been obtained.

Preparation.—1. By burning antimony, with limited access of air.
2. By carefully roasting antimony trisulphide. 3. By pouring an acid
solution of the chloride into water, digesting the basie salt so prodnced
with sodium carbonate, and finally heating the resulting hydrate till it
is anhydrous.

Antimony Tetroxide (anfimonious-antimonic oxide), Sby Oy = 304,
[Sb, O . Sb, Os).

Occurrence.—As the mineral cervantite.

Properties—This oxide, which is a grey infusible powder, insoluble
in water, and difficultly soluble in acids, is regarded by some as a
mixture of trioxide and pentoxide, and most of its compounds are
referable to such a composition. It has weak acid characters, and
forms salts with the alkalies, baving the general formula, M, O . Sb, O,
they are called hypo-antimoniates (often also antimonites), and are possibly
mixtures of antimonites and antimonates.

Preparation.—1. By oxidation of the trioxide by heating it in air.
2. By deoxidation of the pentoxide by heating it in air.

Antimony Pentoxide, Sh, 0; = 324. Specific gravity, 56 (water = 1).

Properties—A light-yellow powder, almost insoluble in water, slowly
goluble in hydrochloric acid, insoluble in nitric acid. On heating, it
loses oxygen, and is converted into tetroxide.

It forms two hydrates, antimonic acid, H Sb O or 8b, O, H, O, and.
metantimonic acid, Hy Sb, O; or Sh, O;. 2 H, O, which, on account of
their analogy to the corresponding phosphoric acids, would be more
properly termed metantimonic and pyrantimonic acids respectively.
These acids form definite salts known as antimoniales and melantimoniates
respectively; the acid potassium metantimoniate (K, H,Sb, Oy), is
used in the laboratory as a reagent for the detection of sedium,
which it precipitates from comparatively dilute solutions in the form
of acid sodinm metantimoniate (Na, H, Sb, O;).

Preparation.—The hydrates are formed when antimony is acted on
with excess of nitric acid ; the anhydrous oxide by gently heating the
hydrates ; potassium antimontate (K Sb Og) may be prepared by fusing
metallic antimony with nitre; normal potassium metantimoniate (184 5b, Og)-
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i3 formed when the antimoniate is fused with caustic potash, and the
fused mass dissolved in water and the solution evaporated to
erystallisation, the deliquescent crystals so obtained are decomposed by
a small quantity of water forming the acid metantimoninte, K, H, Sh, O;.

Antimony Sulphate (antimonious sulphate, antimony trisulphate),
Sb, (S 04)3 = 532. This salt may be obtained in silky needles from an
acid solution of the trioxide in strong sulphuric acid. It is decom-
posed by water with formation of a soluble acid salt, and an insoluble
basic salt. J

Antimony Trisulphide (antimonious sulphide, kermes-mineral), Sb, S,
= 340. Specific gravity, 4-62.

Occurrence.—This compound occurs in comparative abundance, and is
somewhat widely diffused as the mineral stibnife, crystallised in rhombie
prisms, or in columnar masses, sometimes of considerable size. Com-
bined with other sulphides, it forms a great number of minerals, which
may be regarded as sulphosalts, or sulphantimonites (see Antimony,
p. 305).

Properties.—The naturally occurring sulphide is grey and very brittle,
the precipitated sulphide has a fine orange colour, and this, when
strongly heated, becomes permanently grey like the mineral. It is dis-
#olved by a solution of caustic potash on warming, forming the trioxide
(Sb, O3), which separates out in a crystalline form, and potassium
sulpbantimonite (K, S, Sb, S,); this latter compound induces a further
solution of the trisulphide, which is again deposited on cooling the
solution, but the sulphide so precipitated is usnally mixed with oxide
and some potassium sulphide; it was this somewhat impure amorphous
trisulphide which constituted the kermes-mineral * of the alchemists, a
preparation much valued by them as a medicine.

Antimony sulphide is also soluble in solutions of the alkaline
sulphides.

Preparation.—1. By precipitating a solution of tartar emetic [IX (Sb O)
‘C,H, Og] with hydrogen sulphide, a slightly hydrated amorphous
-orange precipitate is produced, which, on gently heating, darkens in
-colour, becoming anhydrous, but on strongly heating becomes per-
manently grey and erystalline. 2. By fusing antimony with sulphur.

Uses.—It is largely employed for vulcanising caoutchouc.

Antimony Pentasulphide (antimonic sulphide, sulphur awratum), Sb, S,
= 404,

Propertics.—A  yellowish-red powder, which, like the trisulphide, is
soluble in solutions of the alkaline sulphides, forming sulphantimonates ;

* Bou called from its reeemblance in colour to the cochineal ingect, kermes.
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sodium sulphantimonate, Naz Sb S, or 3 Na, S . Sb, S5, may be obtained
in large crystals ; and several other salts are known.

Preparation.—By addition of dilute sulphuric acid to a solution of
sodium sulpbantimonate ; this laiter is prepared by boiling with water
a mixture of the trisulphide of antimony, sodium carbonate, slaked
lime, and sulphur, filtering and evaporating to crystallisation.

Antimony Trichloride (butter of antimony), Sb Cly = 2285, Specific
gravily, 2-67 (water = 1). Melting point, 73:2°. Boiling point, 223-5".

Properties.—A colourless crystalline compound, which is excessively
deliquescent and soluble in water containing not less than 15 per cent.
of hydrochloric acid. The solution on mixing with water yields a
white precipitate of the basic chloride (Sb O Cl). This compound,
formerly employed as a medicine, was called Powder of Algaroth.*

Preparation.—1. By distilling antimony or antimony trisulphide with
mercuric chloride (Hg CL). 2. A strong solution may be obtained by
dissolving the trisulphide in hydrochloric acid. 3. The trichloride is
formed when powdered antimony is thrown into chlorine gas,

[/ses.—The brown surface on steel in guns, &c., is produced by
means of antimony trichloride.

Antimony Pentachloride, Sb Cl; = 297'5.  Specijfic gravily, 234
(water = 1), Melting point, — 6°,

A white fuming liquid, decomposed by water, with formation of
basie chlorides or metantimonic acid and hydrochloric acid. It is pre-
pared by saturating the trichloride with chlorine. Decomposed by
heating into antimonious chloride and free chlorine.

General Characters of Compounds of Antimony.—Most of the com-
pounds of antimony, except fartar emetic [K (Sb O) C, Hy Og], -are
insoluble or difficultly soluble in water; many are soluble in dilute or
strong hydrochloric acid.

Acid solutions of antimony salts yield, with hydrogen sulphide, a
characteristic orange-red precipitate of the trisulphide (Sb,S,), soluble
in a solution of potash or of ammonium sulphide, insoluble in ammonium
carbonate solution (distinetion from arsenic) and in dilute hydrochlorie
acid ; solutions of caustic potash or soda, or potassium carbonates,
precipitate hydrated oxide [Sb O (O H)], soluble in tartaric acid ; zine,
iron, and copper produce a black precipitate of metallic antimony; in
contact with nascent hydrogen they form antimoniuretted hydrogen,
which may be specially recognised (see p. 307).

lHeated on charcoal with sodium carbonate antimony compounds

* Alter Algarotus, a Veroneso physician,
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yield a white brittle metallic globule and a white incrustation of
trioxide,

Physiological Action.—Compounds of antimony act as irritant poisons
in large doses, or may prove fatal in small repeated doses, owing to their
depressing effect on the heart’s action. "They are used medicinally
on account of their counter-irritant, emetic, sedative, expectorant,
dc., action.

ARSENIC.

(Latin, arsenicum; Greek, dpoesids®). As =75; Asy = 300. Specific
gravity, of solid, 57 to 59 (water = 1); of vapour, 150 (H = 1).
Specific heat, 0-0814, Volatilises at about 180°; mells under pressure
at about H00°,

Occurrence in Nature.—Arsenic is found very widely distributed, and
is sometimes found native; its chief occurrence is as an arsenical
sulphide of iron in the mineral mispickel (Fe As 8); it is also found as
disulphide in realgar (AsySs), and as trisulphide in orpiment (Asp S,),
and in numerous other minerals in direct combination (arsenides) with
iron, nickel, cobalt, tin, copper, antimony, &c. In traces it is found
in iron pyrites, in seils, in some mineral waters, &ec.; it is present
in commercial sulphuric acid made from pyrites, and in almost all
commercial zine.

Properties.—Arsenic is of a steel-grey colour, and possesses a marked
metallic lustre; it is highly crystalline in structure, very brittle, and
easily powdered. Heated to about 180° it volatilises without fusion;
its vapour density compared to hydrogen is, contrary to the usual rule,
twice as great as its atomic weight, and its molecule is therefore
assumed to contain four atoms instead of two (¢f’, p. 61). The vapour
is colourless, and has a peculiar garlic-like odour. If the metal is
heated with access of air it takes fire and burns to the trioxide, As, O,.
Exposed to dry air it remains unaltered, but if moist it becomes
partially oxidised.

Hydrochloric acid has very little action upon it ; nitric acid and agua
regia convert it into arsenic acid (Asg Oy 3113 O; M3 As O)).

Preparation.—From mispickel (Fe As S).—The ore is roasted, and the
fumes which mainly consist of arsenious oxide (Asy O4) are condensed

*The name &seevimsy was used by Theophrastos, a papil of Aristotls, in the fourth century,
B C., t0 denote both rewlgar (As; S;) and orpiment (Asy S3), then considered to be identical ;
this name was adopted by the alehemista of the fifieenth century, and was by them
apparently intended to imply that these substances were male principles (esevy, & male),

in accordance with the ideas provalent at that period.—Ses Kopp., Geschichic der Chemis,
rol. iv.
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in special chambers, which, on account of the poisonous nature of this
material, are only opened from time to time. The crude oxide so
obtained is purified by sublimation, and finally mixed with charcoal
and heated to redness in covered ecrucibles. The reduced metal
sublimes, and is condensed in the upper part of the apparatus.

Uses.—Arsenic is added in small quantity to lead used for the manu-
facture of small shot, as the shot is more readily obtained spherical
with this addition.

Arsenious Oxide (arsenious anhydride, trioxide, sesquioxide; white
arsenic) Asg Oy = 198. Specific gravity, of amorphous variety, 3°738 ; of
octahedral, 3-689 (water = 1); of vapour 198+ 8 (H=1) [As; 04 7].

Oceurrence.—Very rarely found in nature.

Properties.—Arsenious anhydride is usually white and opaque, but ie
sometimes colourless and transparent; it has a sweetish, astringent
taste. On heating it sublimes without fusion, but if rapidly heated it
may be fused.

Arsenious anhydride is dimorphous, and isodimorphous with anti-
monious anhydride ; when sublimed it erystallises in regular octahedra,
but sometimes in rhomhic prisms; octahedra are deposited from its
aqueouns and hydrochlorie acid solutions,

An amorphous (vitreous) modification is obtained by fusion; it is
glassy and transparent, but gradually becomes white, opaque, and
crystalline (porcelain variety), at the same time becoming less soluble
in water. The crystalline variety requires about 80 parts of water, the
amorphous variety about 25 parts for solution. At the boiling tem-
perature the crystalline variety is gradually transformed into the
amorphous variety, but at ordinary temperature the amorphous is
transformed into the crystalline; hence a solution saturated at the
boiling temperature gradually deposits crystals (octahedra) of arsenious
acid on standing.*

This oxide is easily soluble in hydrochloric acid on heating. Nitrie
acid converts it into arsenic acid. It is an acid-forming oxide, and
many salts are known which correspond to the hydrate, As, O;.3H,0,
or H; As Oy, called arsenious acid, but not known in the free state,
although it is probably contained in an aqueouns solution of the
anhydride. The aqueous solution has an acid reaction.

Physiological Action.—Itisa deadly poison.t It exertsa specific inflam-

* These [acis account for the very varied statements made with respect to the solubility
of arsenions anhydride in water,

tThe best antidote for poisoning by arsenions anhydride is freshly precipitated ferric
bydrate (Fe, 0.8 H,0), which forme with it an insoluble compound.
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matory action on the stomach in whatever way it may be introduced
into the system. In small doses it acts as a tonic and alterative.

Preparation.—By resubliming erude arsenious anhydride, as obtained
in the roasting of mispickel (see above). -

Arsenites.—Arsenious anhydride is soluble in solutions of the caustie
-alkalies, with formation of somewhat unstable soluble compounds
which absorb oxygen from the air, and are decomposed by carbonic
anhydride. A very large series of arsenites of various metals are
known ; they mostly correspond to the hydrate, Hs As O, but some-
times to the hydrate, H AsOs, and are mostly insoluble in water.
The copper salt, Cu H As O3, called Scheele’s green, is a well-known
pigment ; the silver salt, Agz As Oy, is of a pale-yellow colour.

Arsenic Anhydride (arsenic oxide, arsenic pentoxide), Ase 05 = 230,

Properties.—Argenic anhydride is a white amorphous, rather deli-
-quescent, substance, which dissolves slowly in water, forming arsenie
acid, H; As O,. On heating it gives up oxygen, and is converted into
‘the trioxide.

Preparation.—(1) By the action of nitric acid or of agua reyia on
arsenious oxide, evaporating to dryness the solution of arsenic acid so
-obtained, and heating the residue to a low red heat; (2) or by similar
treatment of the solution of arsenic acid obtained by passing chlorine
gas into an aqueous solution of arsenious oxide.

Arsenic Acid, H; As 0, = 162,

This compound may be obtained in colourless crystals, haviug the
-composition 2 Hy As O,. Hg O, which lose their water at 100°, and on
heating to a higher temperature are converted into pyro-arsenic acid,
H, As; O;, and meta-arsenic acid, H As Oy, respectively, which, on
solution in water, are again converted into the normal or ortho-arsenic
acid, Hy As Q4. This substance i8 in fact a definite acid, and is
-analogous to phosphoric acid, forming salts called arsenates or
arseniates, which are in many cases isomorphous with the corresponding
phosphates.

Arsenates.— I'ne most common arsenate is the commercial arsenate of
soda or disodic hydric arsenate, Nay H As Oy, isomorphous, with the
-corresponding phosphate ; a large series of arsenates have been pre-
pared, all more or less analogous to corresponding phosphates; the
silver salt, Ag; As Oy, is of a brick-red colour, and is formed when a
solution of argentic nitrate is added to a solution of an arsenate; it
is soluble in excess of nitrie acid or of ammonia. The arsenates of the
alkali metals are soluble in water; the rest are insoluble, but are easily
-dissolved by acids.
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Arsenic Disulphide (Realgar®), As, Sy = 215.

This substance is found in nature in ruby-red monoclinic erystals of
specific gravity, 3'5. It may be artificially prepared by fusing a
mixture of arsenic and sulphur in the requisite proportions, and so pre-
pared is a transparent ruby-red erystalline mass. It has been used as
a pigment, and is a constituent of the so-called white Indian fire of
pyrotechny.

Arsenic Trisulphide (auripigment, orpimentt), Asg Sz = 246,

Occurrence.—This substance is found in nature, sometimes massive,
sometimes in transparent yellow monoclinie crystals.

Properties—Artificially prepared, it is of a fine pale-yellow colour;
it becomes darker on heating, melts, and may be distilled; when
heated in air it ignites and burns with a pale-blue flame; it is
soluble in solutions of the caustic alkalies, and forms a series of sulpho-
salts termed sulpharsenites, corresponding to the arsenites in composi-
tion—e.g., potassinm sulpharsenite, K As S;.

Arsenic trisulphide is also dissolved by a solution of ammonium
carbonate (distinction from corresponding antimony and tin sulphides).
It is insoluble in water and in dilute acids.

Preparation.—1. By fusing sulphur with arsenic in the requisite pro-
portions. 2. By precipitation from a solution of arsenious acid with
sulphuretted hydrogen,

Arsenic Pentasulphide, As; .5; = 310.

Properties—A light yellow, easily fusible substance, which on
heating, without access of air, is volatile, without decomposition.

By dissolving the pentasulphide in solutions of caustic alkalies, and
by various other means, sulpharsenates are formed.

Preparation.—1. By fusing arsenic trisulphide with the requisite pro-
portion of sulphur. 2. By acting on a dilute solution of sodium
sulpharsenate with hydrochlorie acid—2 Nag AsS; + 6 HCl = 6 Na Cl
+ 3HzS + Asy S,

Arsenic Trichloride, s Cly = 181-5.

Properties.—An oily, fuming, colourless liquid, of specific gravity
2:2, which boils at 184°; soluble in strong hydrochloric acid. In
contact with water it is decomposed, forming arsenious oxide and
hydrochloric acid—2 As Clg + 3 Ha O = 6 H C1 + Asg Og. It is highly
poisonous. It is formed when arsenic is thrown into chlorine.

Preparation.—1. By passing dry chlorine over arsenic in a retort, and
purifying by distillation. 2. By distillation of a mixture of mercuric

*Spanizh, rajalgar; Arabian, ralyj al-g'ar—powder of the mine, mineral powder.—Skeat.
t French, orpiment: derived from Latin, auripigmenium—gold paint.
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chloride (Hg Cly) and arsenic. 3. By distilling arsenious acid with
concentrated hydrochloric acid.

Arseniuretted Hydrogen (Arsenic (trikydride, arsine), As Hy = 78,
Gas at ordinary temperatures. Specific gravity, 2:695 (air = 1); 39
(H =1). Fluidat - 40°,

Properties.—Arseniuretted hydrogen is a colourless gas of repulsive,
garlic-like odour, and acts as a most virulent poison when inhaled, so
that the most stringent precantions are necessary in experimenting with
it, especially if the gas be pure, and in all cases the experiment should
be so conducted that the gas is carried off as fast as formed.

It is usnally obtained mixed with hydrogen; the gas is inflammable
and imparts to the hydrogen flame a livid blue coloration. If a
porcelain surface is held in the flame, a bright black spot of metallic
arsenic is formed upon it, and if a glass tube, through which the gas is
passing, be locally heated by the flame of a Bunsen burner a brilliant
mirror is formed a short space in front of the heated part, in the
direction of the issuing gas (Marsh's test), [If the tube containing such
a mirror be heated with access of air, arsenious oxide is formed, and
is deposited in the cooler portions of the tube in minute octahedra.

The arsenic spots on porcelain are soluble in a solution .of sodium
hypochlorite, and yield a pale-yellow mass when a drop of ammonium
sulphide is carefully evaporated in contact with them.,

Arseniuretted hydrogen reduces many metallic solutions, and when
passed into a solution of silver nitrate causes a black precipitate of
metallic silver, arsenious acid (which goes into solution) and nitrie acid
being simultaneously formed (Hoffmann's test)—As Hg + 6 Ag NO,; +
SHe O =6HNO; + H3As O3 + 3 Ags (¢/. antimoniuretted hydrogen,

p. 807).
Arseniuretted hydrogen is also obtained when a solution of arsenious

anhydride is introduced into a boiling solution of caustic potash
containing fragments of zinc or aluminium (Fleitmann’s test) ; antimony
compounds do not yield this reaction.

Preparation—1. Pure arseniuretted hydrogen may be prepared by
acting on zine arsenide, Zny Asg, with hydrochloric acid with the strict
precantions above insisted upon. The arsenide of zine is made by
fusing zinc and arsenic together in the requisite proportions. 2. The
more common method is to introduce into a Woulfi's bottle containing
zinc and hydrochlorie acid a solution of arsenions acid, whereupon
arseniuretted hydrogen is formed and escapes with the hydrogen,

Characters of the Compounds of Arsenic.—The compounds of arsenic
are mostly colourless, but some possess a very characteristic colour;
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they are not very soluble in water, with the exception of the arsenites
and arsenates of the alkali metals.

Solutions of compounds of arsenie, when acidified with hydrochlorie
acid, give (either at once or on long boiling) a yellow precipitate
(Asy S3) with kydrogen sulphide ; a grey deposit of metallic arsenic on
bright slips of pure copper foil, and this, on heating in contact with
air, yields a white sublimate (As; Og) of octahedral crystals (Reinsch's
test); in contact with nascent hydrogen they give arseniuretted
hydrogen gas, easily recognised by its highly characteristic properties
(see above).

Compounds of arsenic heated with sodium carbonate on charcoal,
by means of the blowpipe, emit a peculiar garlic odour; and heated in
a glass tube, closed at one end, with potassium cyanide and sodium
carbonate yield a bright black sublimate of metallic arsenie.

Arsenates in solution give a brown precipitate (Agg; As O,) with silver
nitrate solution, soluble in excess of nitric acid or of ammonia ; and,
-on boiling, a yellow precipitate with ammonium molybdate (distinctions
from phosphates); and on long boiling with hydrochloric acid yield a
yellow precipitate (As, S;) with hydrogen sulphide.

Arsenites in solution give a yellow precipitate (As, S3) with hydrogen
sulphide in presence of hydrochloric acid; a yellow precipitate
(Ags As Oy) with nitrate of silver solution, soluble in excess of nitrie
-acid or ammonia; and a green precipitate with solutions of copper salts,

FPhysiological Action.—See Arsenious Acid, p. 315.

VANADIUM.*
V= b1'3. Specific gravity, 55 (water=1).

Decurrence in Natare.—This element occurs only in combination in a few rare minerals
and chiefly as vanadate—e.g , in vanadinite [3Pby (VO,)y + Pb Cly]; descloizife, Phy Vo Oy
pucherite, BiV Oy volborthite, [(CoCa)z (VO)s H,01; rescoelite, 4 ALV Oy, K, SigOg,
Ha0]; moltramite, [[PbCulz (V Oy)s, 2PbCu (0 H)g], &c. This last mineral is now its chief
gource. Traess of vanadinm have been found in some clays and iron ores.

Properties —Reduced vanadiom is a light whitish-grey coloured powder; it oxidises
glowly in air, but takes fire at a high temperature; it does not decompose water at ordinary
temperatures; it is goluble in strong sulphuric acid; it absorbs both oxygen and nitrogen,
and has to ba prepared in an atmosphere of dry hydrogen with the most rigid exclusion of
air or moisture,

Preparation.— By heating the dichloride for many hours to a red heat in an atmosphere
of dry hydrogen, air being rigidly excluded.

Oxides and Salts —Vanadium forms five oxides, V.0, V.0, V0, V.0, V.0, of
which the three first are basie-, the three last, acid-forming. The vanadales are referablo
to a hydrate, Vo 05 H; O or H V Oy (metavanadic), acid, or to orthovanadie acid, Hy V Uy,
.or to pyrovanadie acid, Hg V; Oy, but still more complicated salts are known. Clhlorides,

- e

* In allugion to the Scandinavian deity, Vanadis or Freia.



COPPER. 317

sulphides, sulphates, &ec., of vanadiom have also been prepared, and others known as
vanadyl salts, in whieh the radical V O is present.

Distinguishing Characters and Tests.—Many vanadium compounds are coloured; hypo-
vaoadic sulphata gives a blue solution resembling cupric au'phate, but is not rendered
colourless by iron; some vanadates resemble chromales in solution but are rendered bluo
by deoxidation, not green. Zinoe and sulphurie acid (nascent hydrogen) produce a blue-
coloration in solutions of vanadium compounds,

A solution of vanadie acid, or an acid solution of an alkaline vanadate, becomes red on
shaking up with ether and peroxide of hydrogen, even in a solution containing only 1 part
of vanadic acid in 40,000 parts of the solution.

HIDBIUM;' AND TANTALUM.*
No=94. Ta=182.

Oocurrence in Nature —These very rare metals occur intimately associated with one another
as pentoxides (Ni, Oy, Tag Oy, together with numerous other oxides of iron, manganese, tin,
lead, magnesiom, calcium, cerinm, erbium, ytiriom, tungaten, uranium, zirconium, &e., in.
the minerals lanialite, columbile, ylirolantalile, fergusonife, &o.

Properties.—Pure fanfa/um has not been prepared. Roscoe obtained pure mishium as
& steel-grey crust, by reducing the chloride in hydrogen under special cooditions. He
estimates its specifle gravity at 408, It takes fire in air at a low lemperature; it appears to
be solubla only in strong sulphurie acid.

Oxides and Salts.—The two elements are analogous in every respect; they form oxides
of the formula M, 0, and M, O;, the last forming a hydrate (niobie and tantalic acids), to
which the alkaline salts, M, Nbg 03 or M;Ta; O known as niobaler and lanialales
regpectively, are referable. They form also analogous chlorides, &e.

Their separation depends uvpon the greater solability, in hydrofluorie acid, of potassinm
niobiofluoride, K. Nb Fg, as compared with potassium tantalofluoride, K. Ta g

Distinguishing Tests.—Solutions of fanialates give with potassivm ferrocyanide a
characterisiic yellow precipitate, and tantalum compounds yield no coloured beads with
borax or microcosmic salt. Sclutionz of niobafes yield wilh potassinm flerrocyanide a
brown precipitate, and give a blue coloration with zine and hydrochlorie acid (nascent
hydrogen). Niobium compounds colour borax or microcosmie salt, in the reducing flama
violet or brown, and red in presence of iron.

COPPER.t

Cu =635, Specific gravity, 892 to 8:95 (water = 1). Specific heat, 0-0935.
Melting point about 1,200°,  Volatilises at a while heat. Dyad.

Occurrence in Nature,—Copper is, comparatively speaking, an abun-
dant element; it is found native, sometimes in considerable masses,
more particularly in Australia and North America (Lake Superior); it
is largely found as sulphide in copper pyrites (CuFeS,), as oxide in
cuprite or red copper ore (Cu, 0), and in flenorite or black copper ore
(Cu O), as carbonate in malachite or green carbonate of copper [Cu C (g,
Cu (O H),], and azurite or blue carbonate of copper (2 CuC Oy Cu
(O H),], and in innumerable minerals in combination with selenium,
arsenic, antimony, and with sulphurie, phosphoric, arsenie, vanadic, and.

* Fanciful names of classical origin.
t Formerly known as s Cyprium, hence cuprum.
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gilicic acids. In traces, it is very widely diffused in almost all vegetable
and animal substances, and in notable quantity in the red colouring-
matter of the feathers of certain birds,

Properties. —Copper is the most markedly coloured of all metals,
having a peculiar red tint, from which the term copper-coloured 18
derived. It crystallises in the regular system. It is extremely
malleable and duetile, can be beaten out into leaves so thin that
they transmit light which is of a blue or pink tint. It is the best
conductor of heat and electricity after silver. When in the melted
state it absorbs various gases, such as carbonic oxide, which, eseaping
when the metal solidifies, render the mass porous; hence, pure copper
is unsuitable for castings. Finely divided copper absorbs up to 06
volume of hydrogen. The metal is at ordinary temperatures permanent
in dry or even in moist air if all acid be absent, but in presence of any
acid it tarnishes very soon. It oxidises rapidly at a red heat. It dis-
solves slowly in boiling hydrochlorie acid with evolution of hydrogen
and formation of cuprous chloride, but readily at ordinary temperatures
in presence of air; it is soluble in hot, strong sulphuric acid with evolu-
tion of sulphurous acid, and in nitric acid with evolution of nitric oxide,
in both cases chiefly with production of a cupric salt. In presence
of air the metal readily dissolves in ammonia, yielding a deep-blue
solution.

Copper is used largely as metal in wire, sheeting, tubing, &e., or in
any form which does not require casting. It is also largely used as an
alloy with other metals. Thus brass consists of 2 parts copper and
1 part zinc; dutch-metal of 5 to 6 parts copper and 1 part zine; bell-
metal of 4 to d parts copper and 1 part tin; gun-mefal of 9 parts
copper and 1 part tin. Our bronze coinage contains 95 parts copper,
4 parts tin and 1 part zinc. Alwminium bronze contains 90 to 95 parts
copper, and 10 to 5 parts of aluminium, An alloy of aluminium con-
sisting of 97 parts of aluminium and 3 parts of copper is whiter than
aluminium itself.

Preparation,—1. From the oxide or carbonate by reduction with
carbon at a high temperature, and the addition of a slag. 2. From
pyrites by alternate roasting in air, and melting out of contact with
air, with or without the addition of carbon, and of a suitable slag.
During the roasting the sulphides are partially oxidised, sulphurous
acid escaping. During the melting the oxide of copper formed
during the roasting reacts on the sulphide of iron still present,
sulphide of copper is reformed, and oxide of iron produced, which is
removed in the slag. In this way the iron is gradually removed



OXIDES OF COPPER. 319

and a more or less pure copper sulphide, known as fine metal, is
obtained. This fine metal is once again roasted and melted, generally
with the addition of some coal, metallic copper resulting—2 Cu, O,
Cu, S =3Cu, + SO,. The copper o obtained is further purified by
melting and directing upon it a current of air, and is finally poled—i.e.,
melted under a layer of coal, and stirred by poles of green birch or
oak. 3. By reducing oxide of copper in a current of hydrogen at a low
red heat. 4. By precipitating copper from its solution by means of the
galvanic current (electrolytic copper). 5. By precipitating a solution of
sulphate of copper with scrap iron.

OXIDES OF COFPPER.

Copper yields three oxides, of which, however, eupric oxide only
yields stable oxygen salts.

Caopper CQuadrantozide, . : Cu, O.
Cuprous Ogide, . . . Cu, 0.
Cupric Oxide, . . . Cu 0.

Copper Quadrantoxide, Cuy O = 270,

In the hydrated condition, in which only it is known, this oxide is
a green, very unstable powder, and has great affinity for oxygen.
Oxygen acids decompose it into copper and cupric salts. It is in-
soluble in ammonia. It may be obtained by adding a solution of
sulphate of copper to an excess of a solution of stannous chloride in
-caustic potash.

Cuprous Oxide, Ci, 0 = 143.

Occurrence.—Found native as red copper ore in regular octahedra,
having a specific gravity of 3-85 to 6-15.

Praperties,—Artificially prepared, it is a red powder; the more brilliant
in colour the finer the powder. Ttissoluble in hydrochloric acid, yielding
cuprous chloride, but is decomposed by oxygen acids into copper and
cupric salts, Itis soluble in ammonia, yielding a colourless solution if all
oxygen has been excluded, but rapidly becoming blue on exposure to
air, It is dissolved by melted glass, and imparts to it a beautiful red
colour. It has great affinity for oxygen.

The bydrated oxide forms a yellow or orange-coloured powder,

Preparation—Anhydrous.—By heating sulphate of copper with finely
divided copper; by reducing a solution of sulphate of copper with
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grape sugar in the presence of an alkali at a gentle heat. Hydrated—
By precipitating a solution of cuprous chloride with caustic potash or
soda ; it loses its water at 360°,

Cupric Oxide, Cu 0 = 79'5. Found native as tenorite or melaconite,

Propertiecs.—A black amorphous powder or scales of specific gravity,
62 to 94, or regular tetrahedra of metallic lustre. All forms are
readily soluble in acids yielding cupric salts. It readily parts with
its oxygen when heated with combustible substances. The hydrated
oxide constitutes either a blue [CuH, 0, = Cu O, H, 0] or brown
[3 Cu O, H, O] precipitate,

Preparation—Anhydrous.—1. By heating nitrate of copper; 2, by
heating metallic copper to redness in a current of air. Hydrated—
(a) Cu H; Oy, by precipitating a solution of a cupric salt with a caustic
alkali at ordinary temperature, and drying at the same temperature over
oil of vitriol; (b) 3 Cu O, H, O, by heating the first hydrate in contact
with water to 100,

CUPROUS SALTS.

Cuprous Chloride, Cu, Cl, = 198.
- Properties—A white ctystalline powder consisting of regular tetra-
hedra; it possesses great affinity for oxygen. It is insoluble in water:
soluble in strong hydrochlorie acid, and in ammonia; the latter solution
absorbs various gases as carbonic oxide, acetylene, &e.

Preparation.—By boiling cuprie chloride with strong hydrochlorie
acid and metallic copper, and precipitating by water, from which all air
has been expelled by boiling,

Cuprous Sulphide, Cu, S = 159.

Found native as copper glance, and combined with sulphide of iron in
copper pyrites (Cu, S, Fe,S;). Prepared by heating together 4 parts of
copper and 1 part of sulphur, or by burning copper in sulphur vapour.

CUPRIC SALTS.

Cupric Carbonates, — All known cupric carbonates are basic salts.
Some are found native, such as malachite [Cu O, H, O, Cu C Oy],
mysorin (Cu O, Cu C Oy), azurite [2 Cu C Oy, Cu O, H, O].  Others
may be prepared artificially in the form of blue precipitates, becoming
green on drying, by precipitating a cupric salt by means of an alkaline
carbonate at various temperatures; others still are formed as a green
coating on copper when this metal is exposed to the action of moist
air containing carbonic anhydride, and constitute verdigris.
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Cupric Sulphate (hlue vitriol), Cu 8 0, 5 H, O = 1535 + 90 =243,

Properties.—This salt cyrstallises in blue crystals of the triclinic (doubly
oblique) system. It loses four molecules of water at 100°, or in vacuo
at 38°, becoming white; the fifth molecule can only be expelled at a
temperature of 220° to 240°, It is very soluble in water, 100 parts of
which dissolve at 10° 36-95 parts, at 52° 65-83 parts, and at 100° 203-32
parts. The dehydrated salt has great affinity for water, and may be
used as a desiccating agent. It forms double salts with the alkaline
gulphates. oy

Preparation.—By dissolving metallic copper in hot sulphurie acid.
By roasting copper pyrites and extracting the roasted mass with water,

Cupric Sulphide, Cu S = 955,

Occurrence.—Found native in hexagonal crystals of blue colour in
indigo copper. Obtained as a blue powder by heating finely divided
copper with flowers of sulphur to a temperature not exceeding the
bolling point of sulphur, or as a black precipitate by passing sulphu-
retted hydrogen into a solution of impure salt.

Cupric Nitrate, Cu (N 03),= 3 H, O 1875 + 54 = 241'5.

Properties.—DBlue crystals which are very deliquescent, very soluble
in water, and cannot be dried without decomposition. It is readily
decomposed with liberation of nitric acid, and hence acts as a powerful
oxidising agent. It leaves amorphous cupric oxide on heating.

Preparation—DBy dissolving the metal or its oxide in nitric acid, and
evaporating to erystallisation.

Cupric Chloride, Cu Cl,,2 H, O = 134:5 + 36 = 170-5.

Properties.—Square prismatic crystals of green colour, readily soluble
in water, yielding a green solution ; soluble also in alcohol and ether.
When heated the erystals at first turn brown and become anhydrous,
but on stronger heating break up into cuprous chloride and chlorine.
It yields several oxychlorides with oxide of copper.

Preparation.—By dissolving cupric oxide in hydrochlorie acid; by
dissolving copper in strong hydrochloric acid with access of air; by
dissolving copper in agua regia.

Cupric Arsenite, Cu H As O3 = 187-5.

This salt is known as Scheele's green. 1t is a green powder obtained by
precipitating a solution of sulphate of copper with arsenite of potassium ;
it is insoluble in water.

Cupric Hydride, Cu, i, = 129,

This compound may be produced by precipitating sulphate of copper
with hypophosphorous acid, at a temperature not exceeding 70°, and

filtering rapidly. It is very unstable.
21
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Ammonium Compounds of Copper.—Copper and its salts yield a variety '
of compounds containing ammonia, and these may be viewed as salts
of ammonium, in which one or more atoms of hydrogen are replaced
by copper, with or without an excess of ammonia. As, for example,
ammonio-sulphate of copper, 4 N Hg, CuS 04, 2H, 0, or [(N Hy), S0O,,
(N ), CuH, 0;]. Obtained by adding ammonia in slight excess to a
solution of sulphate of copper, and precipitating by additiom of aleohol.

Cupros-ammonic echloride (N Hjy)y’ Cu’'y Cl;, and cuprammonic
chloride (N Hj), Cu” Cl, are obtained by the action of ammonia on
cuprous and cupric chloride, respectively.

General Character of Copper Compounds.— Cuprous compounds are gene-
rally colourless and insoluble in water, but soluble in hydrochloric acid
and in ammonia, the solutions rapidly absorb oxygen and yield cupric
compounds.

Cupric Compounds—The hydrated compounds are either blue or
green, the anhydrous compounds white or brown. Solutions of the
salts give with caustic allalies or ammonia a blue precipitate, soluble in
excess of the latter, yielding a blue solution. Sulphuretted hydrogen
gives a black precipitate, «ferrocyanide of potassium a chocolate-coloured
precipitate in neutral or slightly acid solutions. A clean piece of iron
or steel immersed in an acidulated solution containing even a minute
trace of copper only becomes coated after a time with a red coating of
metallic copper. From any acidified solution of copper the metal is
readily obtained in the metallic condition on the negative pole of a
battery.

Physiological Action.—All cupric compounds are poisonous. The sul-
phate is used medicinally in small doses as an astringent and tonic, or in
larger doses as an emetie.




MERCURY. ; 323

THE NOELE METALS.

MERCURY. PALLADIUM.
BILVER. o IRIDITM.
GOLD. . RHODIUM.
PLATINUM. OSMITM.
RUTHENIUM.
MERCURY.*

(Latin, hydragyrum; argentum vivum, quicksilver), Hy = 200. Specific
gravity of liguid, 156 (water = 1); of vapour, 100 (H = 1). Specific
heat, 0:0333.1  Melting point, —389-5°. Boiling point, 357-25°. Dyad.

Occurrence in Nature,—The chief occurrence of this metal is as
sulphide in the mineral cinnabar (Hg$S), but it is also found native
mixed with cinnabar, or more rarely amalgamated with gold or silver.
It does not occur widely diffused, but in considerable deposits in
various parts of the world, notably in the mines of Almaden in Spain,
and of Idria in Austria, also in Bavaria, in California, in China, and
in Japan. Mercury is also found rarely as chloride (calomel), iodide,
selenide, &e.

Properties,—Mercury is the only metal which is liquid at ordinary
temperatures. It is almost silver-white, of brilliant metallic lustre, and
when pure is extremely mobile; separate drops readily coalesce when
brought into contact with one another. Globules of the pure metal are
spherical, and run over paper or porcelain surfaces without alteration of
form, and without leaving a mark. It freezes at a temperature of
- 39-5°, and crystallises in regular octahedra. It boils under atmospheric
pressure at a temperature of 357-25°, but volatilises at all temperatures.
Its vapour is poisonous. It is permanent in air at ordinary tem-
peratures, but oxidises to mercuric oxide (Hg O) when kept for some
length of time near its boiling point in contact with air. It also
oxidises in the presence of ozone. It is insoluble in hydrochlorie
acid, or in cold sulphuric acid, but dissolves in the latter, when
heated, with evolution of sulphurous anhydride. It is readily soluble in
nitric acid; cold diluted acid in excess produces mercurous nitrate, but
if the mercury is in excess a basic mercurous nitrate is produced;
concentrated acid in excess dissolves it with evulutmn of nitric oxide,
aud production of mercuric nitrate.

* So called by the alchemists, after the planet Mercury.
t Of solid between—78° and —40° 00319 (Regrali).
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When mercury is triturated with grease, chalk, or various other
substances, it may be obtained in an extremely fine state of division, in
which it loses its metallic appearance and assumes a dull black or grey
colour (deadening of mercury). In this state it oxidises even at
ordinary temperature, and grey powder, chalk: and mercury, when kept
for some time, frequently contains a considerable proportion of mercuric
oxide; in this way the comparatively mild grey powder becomes con-

erted into a dangerously poisonous compound.

Uses.—Mercury is used for the manufacture of thermometers,
parometers, and other physical apparatus; for the collection of gases
soluble in water; the preparation of mirrors (see tin, p. 299); for the
extraction of gold and silver from their ores, and for the preparation
of mercurous compounds used in the arts and in medicine.

Manufacture and Preparation,— l'he cinnabar is cither roasted in a
current of air, whereby it is converted into mercury and sulphurous
anhydride, or is mixed with lime or iron and heated, mercury and
sulphides of lime or iron resulting. The mercury is condensed in stone
chambers or stoneware bottles called aludels. It generally comes into
commerce in wrought-iron bottles.

To prepare pure mercury, commerecial mereury is carefully distilled ;
or is agitated repeatedly with dilute nitric acid, or for some time
covered with a layer of concentrated sulphurie acid.

Amalgams,—DMany metals combine with mercury yielding alloys
which are known as amalgams.®* These amalgams are liquid at ordinary
temperatures in presence of an excess of mercury, but are otherwise
solid or semi-solid. In some cases the metal readily unites with the
mercury at ordinary or slichtly elevated temperatures, such as gold,
silver, tin, the alkali metals, &c.; in other cases the union may be
brought about by immersing the metal in a solution of a salt of
mercury, as in the case of copper, or by making mercury the negative
pole of a battery while immersed in a solution of a salt of the metal,
the amalgam of which is to be produced, or by acting on such a
golution with an amalgam of sodium.

OXIDES OF MERCURY.

Mercury forms two compounds with oxygen—
Mercurous oxide, Hg, 0.
Mercuric oxide, Hy O.
Both oxides yield salts, and are distinguished by the readiness with
which they form basie salts,

* Supposed to be an alchemist's anagram of peed sy e, an amollient.
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Mercurous Oxide (suboxide of mercury), Hg, 0 = 416.

Propertics.—A dark grey or black heavy powder, insoluble in water,
®oluble in acid yielding mercurous salts. Decomposed slowly by the
action of light, or rapidly at a temperature of 100° into mercuric
©xide and mercury.

Preparation.—By precipitating a mercurous salt with caustic potash
or soda and filtering, washing, and drying in the dark at ordinary
temperatures.

Mercuric Oxide (mercury monoxide, red oxide of mercury), Hy O = 216,

Praperties—Dark or light red, crystalline, or yellow, amorphous
powder, according to its preparation. Very slightly soluble in water
imparting to it an alkaline reaction. The crystalline varieties are far
less readily acted on by chemical agents than the amorphous variety,
particularly when freshly precipitated or dried only at a low tem-
perature, When strongly heated it is decomposed into metallic
mercury and oxygen; heated with substances capable of taking up
-oxygen it acts as a powerful oxidising agent.

Preparation.— Crystalline—By heating mercury to near its boiling
peint in contact with air; by heating a mixture of mercuric nitrate
and mercury as long as red fumes are evolved. Amorphous—By
precipitating a solution of a mercurie salt with caustic potash or soda
«or lime water.

MERCUROUS SALTS.

Mercurous Nitrates.—The normal nitrate, Hg, (N O3),, 2 H, O = 560,
is obtained by gently warming an excess of metallic mercury with nitrie
acid, diluted with 2 or 3 times its volume of water, and allowing to
crystallise. It forms colourless crystals belonging to the monoclinie
system, which lose all their water in vacuo over oil of wvitriol. It
dissolves in a small quantity of water, but much water decomposes
it into nitric acid, and a basic salt (di-mercuro hydric-nitrate),
Hg, HN O,, which forms a yellow ecrystalline precipitate. By
heating erystals of the normal nitrate with their mother liquor and
mercury, colourless rhombic prisms of another salt (mercurous hydro-
trinitrate) are formed, Hg, (N O3); HO. Other nitrates are known.
‘The normal nitrate yields many double salts with the nitrates of other
metals.

Mercurous Sulphate, f1g, S0, = 496.

Properties.—A white crystalline mass, slichtly soluble in water,
which can be sublimed by careful heating.

Preparation.—By gently heating sulphuric acid with excess of
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metallic mereury ; or by precipitating a solution of mercurous nitrate
with diluted sulphurie acid.

Mercurous Chloride (ﬂﬂfﬂmﬂﬂ, Hgg G‘.!, = 471, A%ECE}EC g?‘ﬂ'ﬂffy, 71
(water = 1) ; of vapour, 117-75 (H = 1).

Occurrence in Nature.—Found native as the mineral horn-quicksilver,
crystallised in the right prismatic system, and having a specific gravity
of 6-4 to 65,

Properties,—A white amorphous powder or fibrous crystalline mass,
according to mode of preparation. Insoluble in water,* alcohol, and
cold dilute acids; readily soluble in boiling nitro-hydrochloric acid,
with formation of mercuric chloride ; boiling hydrochloric acid converts
it into mercuric chloride and metallic mercury. Caustic potash
decomposes it with formation of black mercurous oxide and potassium
chloride. When heated it sublimes without fusion but dissociates, the
vapour consisting of mercuric chloride and mercury, which on cooling
re-combine,

Preparation.—By precipitating a solution of mercurous nitrate by
means of hydrochloric acid; by heating together 4 parts of mercuric
chloride, and 3 parts of mercury; when the vapour of these two
substances is conducted into a large brick chamber, the calomel
condenses as a fine white powder, but when the vapour is condensed
on a cold surface the calomel is obtained as a fibrous crystalline mass.
When produced by sublimation it must be carefully washed with warm
water in order to remove the last traces of mercurie chloride.

Mercurous Iodide (green iodide of mercury), Hys Iy = 654.

A yellowish-green powder, which melts at 290°, but may be sublimed
below this temperature, yielding yellow rhombic erystals. When heated
it turns red, but re-assumes its original colour on cooling. It is sparingly
goluble in water, insoluble in solution of iodide of potassium, but is
gradually changed in contact with it into mercuric iodide and mercury.

Preparation.—1. By triturating 10 parts of mercury, with 67 parts of
iodine with the addition of alcohol. 2. By precipitating a solution of a
mercurous salt with iodide of potassium.

MERCURIC SALTS.

Mercuric Carbonates.—Several basic mercuric carbonates are known,
guch as 4 Hg O, CO, and 3 Hg O, C 04, and may be produced by
adding a solution of mercuric chloride to a large excess of an alkaline
carbonate or sesqui-carbonate. They form brown amorphous powders.

* Long continned beiling with water decomposes it into mercuric chloride which dissolves
and metallic mercury which is precipitated.
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Mercuric Nitrates,—Several nitrates are known. The normal salt,
Hg (N Oy)s, 8 H, O, may be obtained in colourless rhombic crystals,
by cooling a solution of mercuric nitrate in nitric acid to — 15%; the
salt melts in its water of crystallisation at ordinary temperatures, and
changes into a basic salt, Hg (N 03), Hg O, 2 Hy O. Both these salts
are decomposed by treatment with water, yielding more and more basic
nitrates according to the amount of water used and its temperature,
and finally mercurie oxide only is left.

Mercuric Sulphate, fy S 0y, Hy O = 296 + 18 = 314

This salt may be obtained in colourless ecrystals by treating metallic
mercury with hot sulphuric acid, heating to expel excess of acid, adding
a small quantity of water to the crystalline mass left, and allowing to
stand for some time. By treatment with much water the salt is
decomposed into free sulphuric acid and a difficultly soluble heavy
yellow powder consisting of basic sulphate, formerly employed
medicinally and known as turpeth mineral, Hg S Oy, 2 Hg O,

Mercuric Sulphide (cinnabar), HgS = 232. Specific gravity, 6287
(water = 1).

Occurrence in Nature.—Found native in crystals belonging to the
hexagonal system, or in granular or earthy masses consututmg the chief
ore of mercury.

Properties—A red crystalline mass or black amorphous powder
according to mode of preparation. Insoluble in hydrochlorie, nitrie,
or sulphuric acids, soluble in nitro-hydrochloric acid. Insoluble in
sulphide of ammonium, but soluble in alkaline sulphides in presence of
free alkali. Can be sublimed without decomposition out of contact
with air. Yields a white compound with mercurie chloride.

Preparation.—By triturating mercury and sulphur, or by precipa-
tating a mercuric salt, black amorphous sulphide is obtained, which,
when sublimed out of contact with air, or when digested with a warm
solution of an alkaline persulphide, changes to red. When sulphuretted
hydrogen is passed into a solution of mercuric chloride, a white
precipitate is thrown down at first consisting of Hg Cl; 2 Hg S, which
by the further action of sulphuretted hydrogen becomes orange, and is
finally changed into the black sulphide.

Mercuric Chloride (corrosive sublimate), Hy Cly = 271. Specific gravity,
04 (walter = 1); of vapour, 135°27 (H = 1). Melting point, 288°; boiling
point, 303°,

Properties,—This salt crystallises in needles belonging to the rhombie
system. 1t requires about fourteen times its weight of cold, but only
twice its weight of boiling water for solution; 100 parts of water dis-
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solve 6:57 parts of the salt at 10° and 53-96 parts at 100°. It is also
soluble in alcohol and in ether,

On heating it sublimes unchanged. It forms double salts with the
chlorides of the alkali metals, which are more soluble than mercuric
chloride itself. It is a powerful antiseptic.

Preparation and Formation.—1. By heating a mixture of mercuric
sulphate and sodium chloride, 2. By dissolving mercuric oxide in
hydrocbloric acid. 3. By acting on mercury with agua regia. 4. By
burning the metal in chlorine.

Physiological Action.—Irritant and corrosive, and highly poisonous;
in very small doses, alterative,

Mercuric Iodide (red iodide of mercwry), Hgl, = 327.

Occurrence in Nature,—Found native as the mineral coccinite.

Properties,—Two modifications of this iodide are known, one red,
the other yellow, but the former only is stable at ordinary
temperatures. The red variety crystallises in square prismatic
octahedra, which when heated to 150° become yellow, and melt at 238°
to a yellow liquid, which on further heating volatilises, the vapour
‘condensing to beautiful yellow erystals belonging to the right prismatic
system. At ordinary temperatures these yellow crystals change more
or less rapidly into the red wariety with evolution of heat. The
‘slightest injury to a yellow crystal, such as touching it with the point
of a pin, instantly changes it to red. Both modifications are readily
soluble in alcoholic solutions of iodide of potassium, or chloride of
mercury, yielding colourless solutions; but are insoluble in water. Mer-
curic iodide yields, with the iodides of potassium and ammonium, yellow
crystalline compounds, 2 HgI,, KI,2 H,0 and 2 HgI, NH4I,2H, O.

Preparation.—By triturating 10 parts of metallic mercury with
13 parts of iodine with the addition of a little alcohol; by precipitating
mercuric chloride with iodide of potassium, In the latter case the
precipitate is at first yellow but speedily turns red. DBy exposing
metallic mercury to the action of iodine vapour, the product is yellow
at first but speedily turns to red.

Mercuriec Cyanide, Mg Cy,.—This salt may be obtained in colourless
erystals of the square prismatic system, When heated it breaks up
into mercury and cyanogen. It is prepared by dissolving mercuric
oxide in hydrocyanie acid and evaporating to erystallisation.

Ammonium Compounds of Mercury — Mercurammonium Salts, — By
the action of ammonia or of ammonium salts on salts of mereury, com-
pounds are produced which may be regarded as ammonium salts, in
which one or more atoms of hydrogen are replaced by mercury, either
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in its pseudo-monad or dyad condition. A few only can be mentioned:
—Mercuros-diammonic chloride (N Hg Hg")y Clg, a black powder ob-
tained by the action of ammonia gas on mercurous chloride. When
heated it breaks up into ammonia and mercurous chloride. Mercuros-
ammonic chloride, N Hg Hg's Cl, a grey powder formed by digesting
calomel in aqueous ammonia. Mercuri-ammonic chloride, N Hy Hg” Cl
(infusible white precipitate), produced by precipitating a solution of
mercurie chloride with excess of ammonia; when heated it is decom-
posed without fusion. Mercuri-drmmonic dichloride (N Hg)s Hg" Clg
(fusible white precipitate), obtained crystallised in colourless dodeca-
hedra by adding a solution of mercurie chloride to a boiling solution of
ammonium chloride and ammonia, until a permanent precipitate begins
to be formed, and allowing to cool. When heated the crystals first
melt and then decompose.

General Character of Mercury Compounds.—Mercury compounds con-
taining a colourless acid are generally white when normal, yellow when
basic. A solution of any mercury compound deposits metallic mercury
on a piece of metallic copper immersed in it, particularly on boiling,
or on gold when this metal is touched, through the solution, with a
piece of iron or steel. The deposit when heated is volatilised, and
condenses on cold surfaces, such as the inside of a glass-tube, in minute
globules, recognisable as such under the microscope, and which are
changed into yellow iodide, speedily changing into the red modification
when a small fragment of iodine is volatilised in the tube. All mercury
compounds when heated in a test-tube with dry carbonate of soda yield
" .a sublimate of metallic mercury.

Mercurous Compounds, whether soluble or insoluble in water, when
acted on by eaustic potash yield black mercurous oxide. Soluble salts yield
with hydrochloric acid a white precipitate, which is turned black by am-
monia; iodide of potassium yields a green precipitate of mercurous iodide,

Mercuric compounds yield with caustic allalics a yellow precipitate
-of mercuric oxide ; ammonin produces a white precipitate of a mercur-
ammonium compound.  Sulphuretted hydrogen yields a precipitate,
which is white or orange in the presence of an excess of the salt, black
with an excess of sulphuretted hydrogen. The precipitate is insoluble
in sulphide of ammonium or in nitric or hydrochloric acid, but soluble
in aqua regia.  lodide of potassium yields a red precipitate readily
soluble in excess of the precipitant, and also slightly soluble in mercuric
chloride solution.  Stannous chloride produces a white precipitate of
mercurous chloride, which in presence of excess of the precipitant be-
comes grey or black, being converted into metallic mercury.
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Plysiologucal Action.—All compounds of mercury, but more particu-
larly the mercuric compounds, are poisonous; some, like corrosive
sublimate, are violent corrosive poisons. Some are employed as
caustics, disinfectants, and antiseptics; others as purgatives or
alteratives

SILVER.*

(Latin, argentum), Ag = 108, Specific gravity = 10-57 (water = 1),
Specific heat = 00560, Melts at about 1000°, Monad

Oceurrence in Nature.—Silver is found both pative and in combina-
tion. In the form of sulphide as silver glance, AgsS; as chloride in
horn silver, Ag Cl; as sulphantimonite in pyrargyrite, 3 Ags S, Sbs Sy;
as sulpharsenite in proustite, 3 Ags S, Asy S;; and in combination with
bromine, iodine, tellurium, &c. Galena, the principal ore of lead, almost
always contains traces of silver, and frequently forms a considerable
source of the metal. Silver is also found in minute traces in sea water.

Properties.—Silver is the whitest of all metals, and admits of the
highest degree of polish. It is very ductile and extremely malleable,
80 that it can be beaten out into leaves so thin that they become
translucent and transmit a bluish light. It is the best conductor of
heat and electricity. It melts at a temperature of about 1000°, and can
be distilled at a white heat. Melted in contact with air it absorbs
about 22 times its volume of oxygen, which is given off again as the
metal solidifies; the solid film first formed on the surface of the melted
mass is thrown up or burst by the escaping gas, frequently causing
loss of silver (spitting of silver). It crystallises in regular octahedra.
Silver is permanent in pure air at all temperatures, but tarnishes very
readily in air containing a minute trace of sulphuretted hydrogen. It
18 insoluble in hydrochloric acid, but dissolves in hot concentrated
sulphurie acid with evolution of sulphurous anhydride, and readily in
nitric acid, with evolution of nitric oxide. It is not acted on even by
melted caustic alkalies,

Silver is rarely used in the pure state, as it is too soft, and is there-
fore generally alloyed with other metals, chiefly copper. English
standard silver is an alloy of 92-5 parts silver and 7'5 parts copper, or,
as it is technically expressed, has a fineness of 925—that is, there are
925 parts of silver in 1000 parts of the alloy.

Silver is also largely nsed for coating other metals (silver-plating),
which is now nearly always done by electro-deposition (electro-plating).

* Anglo-Saxon, séalfor, silfer.
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It is further used for silvering glass for the production of mirrors. In
the case of mirrors for ordinary use, the film of silver is at the back of
the glass, as in the old mercurial mirrors, while in the conecave reflectors
for astronomical telescopes the film is on the front surface and reflects
the light directly.

Extraction—1. From Galena.—All the silver contained in this lead
ore will be found in the lead produced from it, and, if present in
sufficient quantity, ¢; per cent. and upwards, the lead is at once
submitted to cupellation, that is, the lead is converted into oxide by
submitting it—melted in a Treverberatory furnace, the concave hearth
of which is lined with burnt clay or bone ash—to a rapid current
of air, 'The lead is in thizs way removed in the form of oxide, the
silver only remaining. If the silver amounts to less than {; per cent.,
it has first to be concentrated, which may be done by Pattinson’s process.
This consists in allowing the melted lead to cool slowly, so that it
crystallises and removing the lead crystals as they are formed; the
greater part of the silver remains in the fluid lead; if necessary, this
process is several times repeated, until the silver has been sufficiently
concentrated, when the lead is submitted to cupellation. Silver thus
admits of profitable extraction, even when not present in greater pro-
portion than 2 or 3 ounces to the ton.

2. From other silver ores.—The ore, generally a sulphide of silver, is
either roasted with common salt and then worked in revolving casks
with iron and mercury, or ground fine, mixed with water and salt, and,
after standing for some days, some crude iron and copper sulphates
(magistral), obtained by roasting copper pyrites, are added and the
whole mixed, after which the silver is extracted by means of mercury ;
the whole of the mixing, &e., is effected by the treading of mules. From
the amalgam thus produced by either process, silver is obtained by
driving off the mercury by distillation.

OXIDES OF SILVER.

Silver yields three oxides, of which, however, argentic oxide only
yields stable salts.

Argentous oxide (quadrantoxide), R [ " )
Argentic oxide, . ; . ' . Ag, O,
Argentic peroxide, . . . . : Agy Oy,

All three oxides, when heated, yield metallic silver,
Argentous Oxide, Agy O = 448,
A black powder, soluble in hydrogen acids, with formation of the
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corresponding halogen compound, but decomposed by oxygen acids
into metallic silver and the particular argentic salt.

Argentic Oxide (silver monoxide), dgs O = 232.  Specific gravity
= T7-35.

Properties.—A brown or black powder, soluble in about 3000 parts of
water, to which it imparts a distinctly alkaline reaction. Heated to 250°,
it breaks up into silver and oxygen. In the dry state it is a powerful
oxidising agent, yielding inflammable or explosive mixtures, with
various oxidisable substances, such as sulphur, amorphous phosphorus,
sulphide of antimony, &e. It is a powerful base, and distinguished by
the fact that it readily yields anhydrous normal salts with acids.
Freshly-precipitated argentic oxide is very readily soluble in ammeonia,
and this solution, when evaporated at a gentle heat, yields crystals of
JSulminating silver, probably of the composition, N H, Ag, which are
most violently explosive at the slightest touch.

Preparation.—By precipitating a solution of nitrate of silver with
caustic alkalies, or by boiling freshly-precipitated chloride of silver
with a strong solution of caustic potash. The freshly-precipitated
moist oxide is probably a hydrate, Ag O, and is more active than
when dried.

Argentic Peroxide (silver diowide), Ags Oy = 248,

A black powder, produced by the action of ozone on silver; it is
a more powerful oxidising agent than the monoxide.

SALTS OF SILVER.

Argentic Carbonate, Ags C' O3 = 276.

This salt is precipitated white by the addition of an alkaline carbonate
to a solution of argentic nitrate.

Argentic Nitrate (lunar caustic), Ag N 05 = 170.

Propertics.—This salt crystallises in colourless tabular erystals of the
thombic system. It melts at a temperature of 193° and solidifies to a
erystalline mass on cooling (lunar caustic). It is soluble in half its
weizht of water, at ordinary temperatures forming a neutral solution ;
and in 4 parts of alcohol. When pure, it is not altered by exposure
to light, but is readily decomposed, and turns black in contact with
organic matter ; hence it stains the skin to which it is applied black,
and forms the basis of most indelible marking inks.

Physiological Action.—Nitrate of silver acts as a powerful caustic on
animal matter, and is frequently used as such in surgery.

Preparation.—DBy dissolving pure silver in dilute nitric acid, and
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evaporating to crystallisation, By dissolving standard silver in nitric
acid, evaporating, and heating sufficiently to decompose the nitrate of
copper, extracting the heated mass with water and crystallising.

Argentic Nitrite, Ag N Oy = 154,

A difficultly soluble salt, which is precipitated when a solution of
nitrate of silver is added to a solution of nitrite of potassium, It forms
an excellent basis for obtaining solutions containing a definite propor-
tion of nitrite (p. 124).

Argentic Sulphate, Jdgs S 0y = 312,

A difficultly soluble salt, which may be obtained by dissolving silver
in hot concentrated sulphuric acid, or by precipitating a strong solution
of nitrate of silver by sulphurie acid. Soluble in 200 parts of cold
water.

Argentic Sulphide, Ags § = 248,

Found native as silver glance, erystallised in the regular system.
Specific gravity, 7:196. Produced as a black precipitate by the addition
of sulphuretted hydrogen to a solution of a silver salt, or as a dark
coating on silver, by the action of gaseous sulphuretted hydrogen on
metallic silver. Found in small proportions or traces in nearly all
galena.

Argentic Choride, g Cl = 1450,

Found native as the mineral horn silver, crystallised in the regular
system. Specific gravity, 555 to d-6.

Properties.—A white curdy precipitate or white powder speedily be-
- comes violet on exposure to light. It melts at a temperature of 260*
to a clear yellow liquid, which solidifies to a translucent horny mess.
It is insoluble in water and dilute acids, slightly soluble in concentrated.
hydrochloric acids and solutions of alkaline chlorides ; readily soluble
in ammonia and in a solution of thiosulphate of sodium (Na, S5 Oj).
When moist, it is readily reduced to the metallic state by contact with,
zine or iron ; also readily reduced by fusion with alkaline carbonates.

Preparation—DBy precipitating a solution of nitrate of silver or any
soluble silver salt, by hydrochloric acid or any soluble chloride. By
roasting sulphide of silver with chloride of sodium.

Argentic Bromide, g br = 188,

Bromide of silver closely resembles the chloride, and may be obtained
as a yellow precipitate in an analogous manner. Found native as the
mineral bromide. Specific gravity, 5:8 to €.

Argentic Iodide, Ay [ = 235,

Found native as the mineral iodide. Specific gravity, 5-5.

A pale yellow curdy precipitate, insoluble in dilute acids and in
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ammeoenia, but turned white by the latter; soluble also in thiosulphate,
Melts at a dull red heat, and solidifies to a yellow mass, having a specific
.gravity of 5687 ; the precipitate has a specific gravity of 5-8. Pure iodide
of silver is not blackened by light, but acquires the property of precipi-
tating metallic silver on its surface in presence of a reducing agent.
The dry iodide absorbs ammonia, yielding the compound 2AgI, N I,
When gently heated, the ammonia is expelled, and the compound forms
a very convenient means of producing liquid ammonia on a small scale
by heating it enclosed in a Faraday tube (p. 127).

Preparation—DBy precipitating a soluble silver salt with a soluble
dodide.

Both dry bromide and iodide of silver are converted into the chloride
by gaseous chlorine, or by gaseous hydrochloric acid, at temperatures
above 700°. On the other hand, aqueous solutions of an iodide or of
hydroiodic acid convert both bromide and chloride of silver into iodide
(see table of thermal values, p. 348).

Argentic Cyanide, Ag Cy = 134,

A white curdy precipitate, closely resembling the chloride and bromide
-of silver, but decomposed when heated into metallic silver, paracyanogen
and cyanogen, Cyanide of silver is readily soluble in a solution of
cyanide of potassium, and such a solution is best adapted for use in
electro-plating, and is largely employed for this purpose. The solution
contains a double cyanide of potassium and silver, Ag Cy, K Cy, which

.can be obtained in the crystalline form.

Preparation.—By the carefud addition of a solution of cyanide of
potassium to one of nitrate of silver; addition of excess of the cyanide
redissolves the precipitate first formed.

General Characters of Silver Salts.—Silver salts are colourless with
colourless acids. When fused with carbonate of soda they yield
metallic silver. Solutions of silver salt give with kydrochloric acid or
soluble chlorides a white curdy precipitate, insoluble in acid, readily
soluble in ammonia. Caustic allalies or ammonia throw down a dark-
brown precipitate of oxide very readily soluble in ammonia. Sulphuretted
hydrogen gives a black precipitate of sulphide insoluble in sulphide of

ammonium,

Physivlogical Action,.—Silver salts act as violeut irritant poisons, and
the nitrate is a powerful caustic, or in dilute aqueous solulion an

astringent,
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GOLD.*

(Latin, aurum), Au = 197.  Specific gravity, 1926 to 19-55. Specific
heat, 0-0324.  Melting point, 1250°. Monad and Triad.

Occurrence in Nature.—Gold is found somewhat wide]y'diﬂ' used, but
in small quantity only. It occurs chiefly native, often erystalline
(regular system) or in irregular masses termed nuggets, or dissemin-
ated in quartz veins, or as grains and dust in alluvial deposits, in river-
sands, &e. It is frequently found alloyed with silver; it is also found
combined with bismuth, tellurium, mercury, &e., in a few rare minerals.
It occurs in traces in many ores of silver, copper, lead, pyrites, &e.

Properties.—Gold is one of the few metals showing a decided colour,
namely, a brilliant yellow (gold yellow), and admits of high polish. It
is the most malleable and duectile of all the metals, and can be drawn
into wire so fine that 500 feet weigh only a single grain, and can be
beaten out into leaf only 55 of an inch in thickness. Such leaves

transmit a blue or green light. It is permanent in dry or moist air
at all temperatures, and is not acted on by any single acid except
selenic ; it is, however, readily soluble in nitro-hydrochloric acid, and in
chlorine or bromine water. It readily combines with chlorine or
bromine at ordinary temperatures. Most metals and nearly all re-
ducing agents precipitate it in the metallic state from its solutions.

Gold is used chiefly in the form of metal, for coinage, for ornaments,
and for gilding, either as gold leaf in the case of non-metallic
surfaces, or electrolytically in the case of metals. Pure gold, however,
is employed only in the manufacture of gold leaf, or in the preparation of
the solutions employed in electro-plating, for which purpose a solution
of the double cyanide of gold and potassium (Au Cy,, K Cy) is used.
For coins or ornaments, pure gold would be too soft, and is therefore
alloyed with copper or silver or both, The composition of such an
alloy is expressed in carafs or parts in 24, or in parts per mille (fine-
ness). Thus English standard gold is composed of 11 parts of gold to
1 of copper (22 carat gold), or has a fineness of 916-66; other alloys
are frequently used for making ornaments,

Extraction and Preparation.—From alluvial deposits or sand, in the
first place, by washing away the light particles of sand and soil by
means of water, the heavy gold particles remaining behind; from
quartz rock by reducing it to a fine powder in stamping mills, and as
above, washing away the light rock leaving the heavy gold behind.

* Anglo-Saxoun gold allied to geolu, yoallow.
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In both cases the gold from the heavier portions left behind by the
water is extracted by means of mercury, and the mercury distilled off.
The impure gold may be refined by melting it under borax, and passing
through it a current of chlorine; by this means silver is removed and
recovered in the form of chloride rising to the top of the melted gold,
while other metallic impurities are volatilised in the form of chlorides,
Perfectly pure gold is best obtained by dissolving refined gold in agque
regia, precipitating the gold by means of ferrous sulphate, and melting
the finely divided gold so obtained under a mixture of borax and nitre,

OXIDES OF GOLD.

Gold forms two oxides, neither of which, however, yield simple salts
with acids, although a few double salts of gold and some other metal
are known. Both oxides are very readily decomposed into their
elements at temperaturces between 150° and 245°.

Aurous Oxide, Au, 0 = 410, is obtained as a violet-black powder by
digesting aurous chloride (Au(Cl) with a dilute solution of caustie
potash., Hydrochloric acid converts it into auric chloride and metallic
gold.

Auric Oxide, Au, 05 = 442, is obtained as a brown powder by digest-
ing a solution of auric chloride with magnesia, dissolving the precipitate
of magnesium aurate (Mg Au, O,) in nitric acid, and adding water to
the solution ; aurie hydrate, Au H, O, (Auy, Oy 3 Hy O), is thrown down,
which, by very gently heating, is converted into auric oxide. It is
partially decomposed even at a temperature of 100° and completely
so at 245°. It dissolves in hydrochloric acid, yielding auric chloride.
In caustic potash, it dissolves with formation of an aurate of potassium,
K Au O; 3 H, O, and when acted on by aqueous ammonia yields ful-
minating gold, the composition of which is not accurately known, but
which, no doubt, is an ammonium compound, in which part of the

hydrogen of the ammonium is replaced by gold.

SALTS OF GOLD.

Aurous Chloride, Au 'l = 232-5,

Obtained by heating auric chloride to 185°; it is very readily de-
composed into auric chloride and gold even by the action of water
alone.

Auric Chloride (terchloride of gold), Au Cly = 303-5.
Obtained by the actior of chlorine on gold, or by dissolving gold in
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aqua regia. On evaporating this solution, and cavefully drying the
residue at 150° the anhydrous chloride is obtained ; while if this hot
saturated solution is allowed to cool, orange-coloured, needle-shaped
erystals of the hydrated chloride (AuCly, 2 H, O) are deposited.
Heated to 185°, aurie chloride is decomposed into aurous chloride and
chlorine, but in an atmosphere of chlorine it may be sublimed un-
changed at a temperature of 300°,

Auric chloride produces double chlorides with numerous other
metallic chlorides, and also with the chlorides of many vegetable
alkaloids. '

Purple of Cassius.—By adding a solution of the mixed bi- and tetra-
chlorides of tin to a solution of auric chloride, a purple precipitate is
obtained, which is called purple of Cassius. The composition of
this precipitate is not known with certainty, and it probably varies
under varying conditions of concentration, temperature, &c. The
precipitate dissolves in melted glass, imparting to it a magnificent red
tint; it is also used for painting on porecelain; it forms the most
delicate test for the detection of gold in solution.

Characters of the Compounds of Gold. —Compounds of gold are
generally yellow, orange, or red; they are all decomposed, leaving
metallic gold when heated to redness, in presence of air. Solutions of
cold yield a precipitate of metallic gold with most reducing agents;
the precipitate in some cases (as for example, when produced by
the action of phosphorus) is so fine that it remains suspended for a
long time, yielding a mixture which appears clear and of a beautiful
red or blue colour by transmitted light, but turbid by reflected light.
A mixture of stannous and stannic chlorides produces a characteristic
precipitate of purple of Cassius (see above).

PLATINUM.*

Platinua, Pt = 1974, Specific gravity, 21°7 (water = 1).  Specific heat,
00511, Melts in the oxyhydrogen blowpipe at a temperature of about
20000,  Dyad and tetrad,

Occurrence in Nature.—Platinum is found only native, that is, in the
metallic condition, but always alloyed with other metals. Like gold,
it is found in small grains, or, but rarely, in nuggets in alluvial deposits
and in the sand of rivers, Its chief sources are the Ural mountains, but

* French, platine, from old French, plate, silver; in allusion to its silvery appearance,
=)}
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very small quantities are also found in California, Peru, Borneo, and
minute traces oceur in the auriferous sand of the Rhine,

Extraction and Preparation.—The alluvial deposits or river sands are
first washed in running water to carry off the lighter particles, as in
the case of gold, and a sand very rich in metal is thus obtained. This
is first digested with dilute aque regia to extract the gold; it is then
boiled with strong wqua regia as long as anything is dissolved. The
soluble portion contains all the platinum; an insoluble alloy consisting
of osmium and iridium remaining behind. The solution is then mixed
with a solution of chloride of ammoninm, which throwsdown the platinum
as the double chloride of platinum and ammonium (Pt Cl, 2N H, Cl),
together with traces of iridium. The double chloride is then heated,
when it breaks up into chloride of ammonia and chlorine, which escape,
and metallie platinum, which remains behind, in the form of a fine
spongy mass. This spongy mass is first pressed into cakes under
powerful pressure, and the cakes are heated to a white heat and
moulded into an ingot under the hammer ; or the metal may be melted by
means of the oxyhydrogen or oxy-gas blowpipe in a lime crucible,

Pure platinumm may be obtained from the commercial metal by dis-
golving it in aqua regia, boiling off excess of acid, and precipitating the
platinum and iridium in the form of hydrated oxides by the addition
of caustic soda. The liguid is boiled after the addition of some
alcohol, and redissolved in hydrochloric acid. The solution so
obtained contains the iridium in the form of a chloride not precipi-
tated by chloride of ammonium ; addition of this, therefore, throws
down the platinum, but leaves the iridium in solution. The ammonium
platinum chloride is collected, washed, dried and ignited, when pure
platinum is left behind,

Properties,—Platinum is a greyish-white metal, admitting of a very
high polish. It is permanent in dry or moist air at all temperatures,
It is very malleable and highly ductile, and, like iron, it can be welded,
Platinum isnot acted on by any single acid, but dissolves in aqua regia
or chlorine water; melted caustic alkalies, more particularly caustic
lithia, readily attack it, and many metals form with it easily fusible
alloys ; silicon, phosphorus, and carbon also readily unite with it at &
high temperature. Vessels made of platinum should, therefore, never
be brought into contact with any of these substances at an elevated
temperature. The metal is infusible at the temperature of any of our
furnaces, but melts readily in the oxyhydrogen blowpipe. Molten
platinum possesses the power, like silver, of absorbing oxygen, and like
that metal, gives it off on solidifying. At a red heat the metal is
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readily permeated by hydrogen, owing to its property of dissolving that
gas, but is not penectrated by oxygen or nitrogen and other gases.
One of the most remarkable properties of metallic platinum is the
power it possesses of condensing gases on its surface, but this power
depends greatly on the physical condition of the metal. When in the
form of foil or wire this property is noticeable chiefly at slightly
elevated temperatures, many inflammable gases and vapours unite with
oxygen at the surface of such platinum at temperatures far below their
igniting point; when finely divided, as in the form of spongy
platinum obtained by heating ammonium platinum chloride, or still
more 8o, in the form of platinum black, as obtained by reducing the
metal from its solution by various reducing agents, this power is very
greatly inereased, and wany gases, vapours, and even liquids unite
with oxygen with all the phenomena of ignition when brought into
contact with this form of platinum in presence of air, even at ordinary
temperatures.

Platinum is used chiefly in the metallic condition, either pure or
alloyed with a small proportion of iridium, which renders it somewhat
harder. It is thus used in the laboratory in the form of evaporating
dishes, erucibles, foil, and wire. The retorts used for the final concen-
tration of sulphuric acid are also frequently made of platinum, Its
marked electro-negative character is made use of in Grove's battery.

OXIDES AND SALTS OF FPLATINUM.

The compounds of platinum have, on the whole, been but little
studied, The metal forms two oxides—platinous oxide, Pt O, and
platinic oxide, Pt O, and their hydrates, Pt H, Oy, and Pt H; O, ;
both oxides are basic, but the second also acts as an aecid-
forming oxide; they are both decomposed into metal and oxygen
at higher temperatures. There are also two corresponding sulphides
and chlorides, of which, platinum chloride, Pt Cly, is perhaps the best
known of all the platinum compounds.

Platinic Chloride (platinum tetra-chloride), Pt Cl; = 339-1.

Crystallised from water, platinic chloride is obtained in red non-
deliquescent crystals of the composition, Pt Cl,, 5 Hy O, while, when
crystallised from a solution containing much hydrochloric acid, it is
obtained in brownish-red deliquescent erystals of the composition,
PtCl, 2H CI, 6 Hz O. Both compounds are soluble in aleohol and ether
in the cold, but are reduced when the solutions are warmed. When
carefully leated, platinic chloride loses two atoms of chlorine, and
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becomes reduced to platinous chloride; when strongly heated it
yiclds metallie platinum and chlorine,

Platinic chloride is remarkable for the ease with which it forms
donble chlorides with the chlorides of the alkalies and alkaline earth
metals, with thallium, and with the chlorides of many vegetable
alkaloids. These latter, as well as the double chlorides, with
potassium, cerium, rubidium, and ammonium, are difficultly soluble,
particularly in alechol, and may be used for the separation of these
compounds from solutions., These double chlorides have all the com-
position, Pt Cl,, 2M’' Cl, where M stands for a monad metal or
compound radical.

Preparation.—By disselving platinum in agua regia, evaporating,
gently heating the residue to expel excess of acid, adding water and
crystallising from it, or ecrystallising directly from the acid solution
when the compound, Pt Cly, 4 H Cl, 6 H, O, is obtained.

Ammonium Compounds.—DPlatinum, like cobalt, copper, silver, and
other metals, yields, with ammonia or with ammonium salts, compounds,
which, as in the case of these metals, may be viewed as ammonium
compounds, in which one or more molecules of the hydrogen of the
ammonium are replaced by platinum. A great many of such platinum
compounds have been prepared, and have been divided in no less than
twelve classes.

General Character of Platinum Compounds,—All platinum compounds
are converted into metallic platinum by ignition in air. Platinic
compounds are generally red or yellow, and from their solution
caustic potash throws down a yellow precipitate of platinic hydrate,
soluble in excess of the precipitant. Sulphuretted hydrogen yields
a brown precipitate of platinic sulphide, soluble in sulphide of
ammonium. Clloride of potassium or of ammonium yields a yellow
precipitate of the double chloride. The salts are mnot reduced
from their solution to the metallic condition by oxalic acid or
stannous chloride, but the latter reduces them to the platinous
condition. Ferrous sulphate and formates reduce them only on long
continued boiling, but formates reduce them to the metallic state
when boiled with them in presence of an excess of alkali.

PALLADIUM.*
Pd=1066. Melting point, aboui 1,500°, Specific gravity, 114 Specific heat, 0593,
Ocourrence in Nature—This metal is found in the native state accompanying platinon
and gold.

—~ e s

* So called by Wollaston in 1304, after the then newly discovered planet Pal'as.
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Properties.—Palladium is dimorphous; it is found erystallised in octahedra aud in
hexagonal tubes. It resembles platinum in eolour, but has o much lower specifle zravity,
and fuses at a lower temperature than any of the plativum group. It is malleable and
duetile, and can be welded. 1t is soluble in nitrie acid, and in warm concentrated sulphuric
acid, and in hydrochlorie acid in the presence of chlorine or of air. When strongly
heated in air it becomes violet in colour owing to slight superficial oxidation, but at a still
bhigher temperature it resumes its original colour.

Itz most remarkable property is its atiraction for hydrogen, of which it i= eapable of
ahbzorbing 600 times its volume, combining with it chemically; it retains the gas at 1007,
but begins to lose it at 130°, and parts with the whole of it on prolonged heating.
The hydride which it forms corresponds to the composition Pdy H. Spongy palladinm
absorbs 1000 times its volume of hydrogen, but only retains 600 volumes at 100°. The
bydrogen compound has & less sglecific gravity than palladium ; it yields vp its hydro-
gen at a high temperature only, Owing to this attraction for hydrogen a piece of
palladivm held in the flame of a spirit lamp becomes eoated with fnely divided carbon,
Palladivm saturated with hydrogen acts as a powerful reducing agent, and will, for
example, precipitate mercurons chloride and mereary from a solution of mercurie chloride.

Preparation —Palladium is separated from solutions containing other metals of the same
group by precipitation, az cyanide (Pd Cy;), or iodide (Pd L), and from these compounds
the metal may be oblained by strongly heating them.

Oxides and Salts, —Palladium forms three oxides—Pd. 0, PA0, and P40, The two
latter give off all their oxygen on slowly heating, and form salts known as palladions and
palladic salts respectively, the palladions salts being the more stabla. Palladions chloride,
Pd Cla, 2 Hy O, may be obtained in red erystals by dissolving the metal in agua segia, and
aareful evaporation: the palladie chloride is known only in golution. Palladiouns iodide,
Pd 1, is precipitated black from a solution of the chloride by a solution of potassiom
iodide; it is insoluble in water, and forms a most delicate reaction for palladium. Several
other salts have been prepared, and many ammonia compounds similar to the platinum

«compounnds are known.
Distinguishing Tests —Palladious salts yield a black precipitate (Pd I,), with a solution of

potassium iodide,

IRIDIUM.*
Ir=198. Specific gravity, 2285 Specific heat, -0326.

This metal occurs in zomewhat larger quantity in the platinum ores, in the form of an
alloy with platinom or with csmiom (eemiridium). It is much less fusible than platinum,
and next to esmiom and rothenfom it is the least fusible of the group. It iz white in coloar
and is rather brittle. An alloy of platinom and iridium, containing 10 per cent. of iridinom,
‘has the elasticity of steel, and is permanent in air. Iridium redoced by hydrogen at a low
temperatore, oxidises glowly at a red heat, and dissolves in agua regia, but the compact
metal is permanent in air and is not acted on by acids or ague regia. Its separation from
peminm is based on the volatility of osmium chloride.

It forms several oxides, Ir O, Irp Oy Ir Oy, and several salts, corresponding to the two

Jutter, are known,

OSMIUM. +
0s=199-2. Specific gravity, 22'47. Specific hagt, 0311,

This metal geeurs alleyed with iridium. It is almost infosible, but slightly volatile, at the
bighest known temperatures. It is the heaviest of kpown substances, When finely

* ygsg, the rainbow ; in allusion to its many-coloured salts,
t depedy @ smell; in alluslon to the peculiar odour of its velatile oxide.
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divided, it takes fire on heating in air and burna to the tetroxide, Os 0. It forms s veral
oxides, 0s 0, 08, 0g, 050, 0805, and 030y, The trioxide is an acid-forming oxide, but ia
not known in the frea state. The tetroxide is specially characterised by ita volatility, and
the formation of thie compound forms a means of separating osmiom from the other
platinum metals, This oxide is further characterised by a peculiar odour, and by ita
dangerous irritant action on the lungs and eyes, and by its highly poisonous nature. A
number of salts of the metal are known.

RHODIUM.*

Ri=1044. Specific gravity, 12°1. Specific heat, 00580,

This metal oecurs in platinum ores in small quantity. It is white in eolour, insoluble in
acids and in agua regia, but soluble in the latter when alloyed with much platinum. It is
obtained rom solutions of the platinnm metals afler removal of platinom and palladium.
It forms three oxides, Bh O, Rh, O3, and Rh 04, of which the salts of the sesquioxide are
best known,

RUTHENIUM.t

Ru=1044. Specific gravity, 12-26. Specific heat, 00511,

This metal orenrs also in plationm ores and associated with osmividium, It is hard and
brittle, and, after osmium, the most difficultly fusible of the platinum group. It is scarcaly
attacked by agua régia. The melted metal slowly oxidises in air. It forms no less than
six oxides, Ru 0, Ru; Oz, Ru Og, Bu O3, Ru Oy, and Ru, O;.

GENERAL CHARACTERISTICS OF THE METALS.

As already mentioned in Chap. xiv., the division of the elements into
non-metals and metals is not one that can be strictly enforced, for
their properties, being a function, apparently, of their atomic weights,
more or less merge into each other gradually, without any decided
break. Nevertheless, the division is found to be advantageous. The
general properties of the various groups should not, however, be taken
as characterising in every case members of that group only, but on the
whole, as indicating these characters most distinetly. Bearing this in
mind, the following generalisations may prove useful.

Occurrence in Nature.—Some metals are found in the free or uncom-
bined state, native as it is called; among these are gold, platinum,
silver, mercury, copper, bismuth, and (though rarely) iron. Most of
these metals are also found in combination (ores). Many are found
chiefly combined with oxygen or sulphur; among these are arsenie,
manganese, iron, cobalt, nickel, lead, silver, mercury, &e. Many, and
especially those whose oxides are strong bases, are found as salts—
among these are sodium, potassium, calcium, aluminium, &e.

* sedew, mpoze, in allusion (o the colour of solutions of ite Aalts,
$ S0 called vy Osaonn, in allusion to Roassia, whara it was first discoverad.
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A, Physical Characteristics.

State of Aggregation.—All the metals are solid at ordinary tempera-
tures, with the exception of mercury. Most of them crystallise in the
regular system, and generally in cubes or octahedra.

Lustre,—All metals are possessed of a certain peculiar lustre, which
is most aptly described as metallic lustre; they exhibit this only in
compact masses however, for when in a fine state of division, they are
devoid of it, but it may be induced in them, under such circumstances,
by pressure between hard surfaces.

Behaviour to Electricity.—They are all, more or less, good conductors
of electricity, but differ materially in their conducting power. Silver
being the best, is generally taken as the standard (c¢f. Table, p. 46).
Copper is also an excellent conductor, and being the cheaper metal, is
commonly used for electrical purposes. Iron is a comparatively bad
conductor.

Behaviour to Heat.—They are all, more or less, good conductors of
heat, and as already pointed out, a remarkable relation exists between
their conducting power for heat, and for electricity (see p. 46), so that
a metal which is a good conductor of electricity, is equally a good
conductor of heat.

All metals are fusible by heat, although here again they differ widely;
mercury, for example, fusing at —39°, and osmium at 2500°, and all
intermediate grades are represented.

Behaviour to Light.—Metals are, ordinarily speaking, in the highest
degree opaque to light, some of them, however, as gold and silver, can
be obtained in such fine leaves that they become translucent. They
are all good reflectors of light when polished, silver being the best.

The colonr of most metals is greyish-white, some of them, however,
have a decided eolour—copper is reddish; gold, yellow

Specific Gravity.—As regards specific gravity, they offer also a very
wide range; osmium, for example, which is the heaviest, being more
than thirty-seven times heavier, bulk for bulk, than lithium, which is
the lightest.

In connection with their specific gravity, metals have been divided
into two large groups, firstly, those which have a specific gravity below
O, these are called light metals; their oxides are heavier than the
corresponding metals, and all the members of the group have a strong
affinity for oxygen, Most of them have so strong an affinity for oxygen,
that they unite with the oxygen of the atmosphere at ordinary tempera-
tures, and cannot, therefore, be used in the arts in the metallic stagg,




344 GENERAL CHARACTERISTICS OF THE METALS.

but the compounds of some of them have a very extensive use. This
group of light metals consists of the alkali metals, potassium, sodium,
lithium, emsium, rubidium ; the metals of the alkaline earths, barium,
strontium, and calecium ; and the so-called metals of the earths, mag-
nesinm, aluminium, and the rarer beryllium, zirconium, thorium,
cerinm, didyminium, erbium, &e.

Secondly, such as have a specific gravity above 5, are ecalled
heavy metals; their oxides are lighter than the corresponding metals,
and the members of this group have not so strong an affinity for
oxygen, and are, therefore, most of them used in the arts. The
principal metals belonging to this group are manganese, iron, chromium,
cobalt, nickel, zine, cadmium, copper, lead, bismuth, mercury, antimony,
tin, silver, gold, and platinum.

Cohesion.—Some metals, when struck by a hammer, can be beaten
out into plates or leaves—they are called malleable; others break to
pieces when struck—these are called brittle. Again, many may be
drawn into wire, and these are called ductile.

Malleability and ductility do not always go hand in hand; iron, for
example, is not very malleable, but is very ductile. Gold is the most
malleable of metals; it can be beaten out into leaves so thin that 57
square inches do not weigh more than one grain, and 300,000 would
require to be placed on one another to attain to the aggregate thick-
‘ness of one inch. Platinum is the most ductile of metals. It can be
drawn so fine that 3,000 feet of wire would not weigh more than one
grain (Wollaston’s wire).

Instead of being beaten into plates, some metals are passed between
rollers (rolled). During rolling and drawing, many metals alter their
molecular structure, becoming harder and more brittle, and have to be
heated to dull redness to restore their malleability or ductility before
the process can be continued.

As regards the tenacity of metals, that is, the resistance they offer to
being torn asunder, they differ also in this respect considerably—for
example, a wire, 2 millimetres in thickness (about f3th of an inch), if of
nickel, requires for its rupture a weight of 750 lbs. ; if of iron, 500 lbs.;
of copper, 274 lbs.; of platinum, 250 lbs.; of silver, 170 lbs.; of gold,
136 1bs,; of zine, 50 Ibs.; of tin, 32 1bs.; and of lead, 24 lbs,

B. Chemical Characterisiics.

The Metals and Oxygen.—All the metals can be made to unite with
oxygen, but they will not all enter into direct combination with it, and

e el | il ol ST
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they differ further as regards the power with which they retain it when
combined. The lower oxides are usually basic, and this basie character,
as a general rule, distingnishes these oxides from the corresponding
oxides of the non-metals.

According to this varying strength of affinity for oxygen, the metals
may be arranged in five groups. Their affinity for this element being
measured (a) by the action of the metals on water; (1) by the behaviour
of their oxides to heat.

1. Potassium, sodium, lithium, cmsium, rubidium, barium, strontium,
calcium, —These metals decompose water at all temperatures, even the
lowest. and unite with oxygen at all temperatures, even the highest.
Their oxides are very powerful bases, and are soluble in water.

The first five are called the alkali metals; the last three, the metals
of the alkaline earths.

2. The most important members of this group are—magnesium,
aluminium, manganese, iron, chromium, nickel, cobalt, zinec, cadmium,
uranium, thallium.—These metals do not decompose water at ordinary
temperatures, but require a temperature ranging from 50° to a red heat;
but in the presence of a strong mineral acid they decompose it, even
at low temperatures. They unite with oxygen, even at the highest
temperature, and their oxides cannot be reduced to the metallic state
by heat alone. Their lower oxides are bases, but are insoluble in
water.

3. The most important members of this group are—wolfram, titanium,
tin, and antimony.—These metals decompose water only at a red
heat, but not at ordinary temperatures, even in the presence of an
acid., They unite with oxygen at a red heat. Their oxides are not
reduced to the metallic condition by heat.

Their oxides behave as acids to strong alkalies—these metals, there-
fore, decompose water readily in presence of a strong alkali.

4. Copper, cadmium, bismuth.—These metals decompose water only
at very high temperatures, and then but feebly, but not at ordinary
temperatures, even in the presence of strong acids or alkalies.

They unite with oxygen at a high temperature. Their oxides are
not decomposed by heat alone.

.. I'his group, known as the noble or precious metals, includes
mercury, silver, iridium, palladium, platinum, gold.—These metals do
not decompose water under any conditions. Their oxides are decon:-
posed by heat alone.

Metals and the halogens.—Chlorine acts even more violently on the
anetals than does oxyeen.  Most of them are easily converted by it into
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chlorides, some of them under vivid combustion. Bromine and iodine
act similarly, but less violently.

Metals and sulphur.—Most metals are capable of entering into direct
combination with sulphur when heated with it; some of them burn in
its vapour with considerable energy.

Alloys, *—DMost metals unite with each other, forming compounds
termed alloys, which have a metallic appearance, and which are in
their properties generally the intermediate of those of their constituent
metals. Most metals may be fused together in every proportion. Some,
however, mix only in definite proportions. (Zinc and tin.)

The specific gravity of alloys is generally, but not always, the mean
of its components,

The fusing point of alloys is often lower than the melting point of
any of the component metals—thus potassium and sodium are both
golid at ordinary temperatures, whilst an alloy of the two in atomic
proportions is liquid.

Lead fuses at 325°, bismuth at 265°, and tin at 228°, but an alloy,
composed of five parts lead, three parts tin, and eight parts bismuth,
melts at 98°.

Alloys containing mercury have received the special name of
amalgams.t

GENERAL CHARACTERISTICS OF SALTS.

We have already learnt (p. 94) that the term, salf, is applied to the
combination of an acid and a base, that the non-metals yield acid-
forming oxides, and that the metals, as a general rule, yield basic
oxides.

The metals, iron, manganese, and chromium, are among the more
common exceptions to this last rule, since they yield both basic and
acid oxides. Salts are divided into acid and basic salts, according to
the preponderance of the acid or basic component, and are called
ncutral when they possess neither acid nor basic properties.

It is the acid component in salts which mainly determines their
general physical and chemical characteristics; that is to say, we find
those salts most resemble one another in properties which possess the
game acid in common.

*0ld French, @ lai; Latin, ad legam, according to rule or law, a phrase used with
reference to the mixing of metals in coinnge.—Skeat.
t Supposed to be an alchemist's anagram of the Greek word, paizy e, an emollient.
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We should classify salts, therefore, according to the acid, and not
according to the basic component; this latter plays a secondary rife in
more or less modifying the general charactevistics due to the former.

State of Aggregation.—Salts arve, with few exceptions, solid at ordinary
temperatures, and are usually, though by no means always, crystalline.
Their melting points vary over a considerable range of temperature ; the
salts of the alkali metals belong to the more fusible, requiring only a
gentle red heat.

Specifie Gravity—Their specific gravity naturally varies very greatly,
as is also obviously the case with their solutions; the specific gravity
of these last varies according to the nature and quantity of the salt
dissolved, and the temperature at which the solution is made. In
the case of the more common salts, elaborate tables have been
constructed, by which it is possible to ascertain the quantity of salt
present in a solution from its specific gravity at a given temperature.

Solubility——With regard to the solubility of salts, this also varies
greatly (¢f., p. 107). The following general statement, may, however,
be made:—The salts of the alkalies, with scarcely any exception, are
soluble in water. All neutral nitrates, and, generally speaking, all
nitrites, hyposulphites, chlorates, perchlorates, acid phosphates, and
acid carbonates, are soluble. All chlorides (except silver, thallium, and
mercurous chlorides) are soluble, Most sulphates (except barium and
lead sulphates) are more or less goluble.

The following salte (with the exception of thosz of the alkali metals
and of the sulphides of the alkaliez and alkaline earths) are insoluble
or difficultly soluble, viz., borates, silicates, arsenates, neutral phos-
phates, and neutral carbonates, sulphites and sulphides.

Culour.—Most salts are colourless. Some are coloured (a) if the
acid, (b) if the base, or (¢) if both be coloured. The coloured salts
are few in number, and are in consequence easily recognised. Among
the more common we may mention—copper salls (blue or green),
ferric salls (reddish-brown), ferrous salts and wickel salls (green),
chromium salts (bluish-green), manganese salls (pink), ecoball salls (ved),
salts of chromic acid (red or yellow), of manganie acid (green), of per-
manganic acid (purple red), and of ferric acid (red).
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APPENDIX.

THERMAL VALUES OF SOME TYPICAL CHEMICAL
REACTIONS.

Tle Thermal changes involved arve given in Units of Heat, and represent the
effects produced during the formation of one molecule of the substance
expressed in grammes,

Substance Formed. Thermal Change. Conditions of Formation.

Ozone, O3 . . - 17,064 From O,.

Diamond . . + 3,720 about »» Amorphous Carbon.

Graphite . . + 3412 s L i

Prismatic Sul-

phar i ik - Goo ,, sy Octahedral Sulphur.
Plastic Sulphur | - 90 ., A i
Amorphous
Phosphorus . + 27,373 s» Ordinary Phosphorus.

1 5 73 11 e + 08,357 sy the elements at 18° C.

1 R 1 S i + 58,069 i .k » 100°C.

Hello: & o s - 23,059 »» Water, in dilute solu-
tion.

HAE L s + 22,001 Gaseous, from the elements.

H Cl + 400 Aq. + 39,3156 From the elements in pre-
sence of 400 mole-
cules of water.

H BN % . + 8,440 . Liﬁuid Bromine and

ydrogen.

e, i + 12,300 ,» the elements at GO° C.

HBr + Aq. + 28,376 ” o in pre-
sence of water,

Bl gt e o aakiing - 6,036 (Gaseous, from the elements.

HI + 400 Aq . * 13171 From the elements in pre-
sence of 400 mole-
cules of water.

B b T T + 29,000 ,, Oxygen and Amor-
phous Carbon.

LN e + 67,960 ek

5t U R s S O + 96,960 ys Oxyzen and Amor-
phous Carbon.

Nl 2 - 17,740 ys the elements.

N -
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Substance Formed. Thermal Chaunge. Conditions of Formation.

N,0,0. . - 25,410 From N, O by oxidation.

15 6 - 21,575 s the elements.

NOs. - 2,005 s 5

NO,O . + 19,570 »s N O by oxidation.

S0 . + 71,080 y» Octahedral Sulphur.

3 2 MR S + .‘1, 20 +y  Prismatic s

S0; + Aq . + . 7,699 Solution of gaseous S Og
in water,

S0 + Aq . +, 78,780 Formation of sulphurous
acid solution from the ele-
ments in the presence of
water,

PelOg. = %-x + 369,900 From ordinary Phosphorus.

B o 5t + 314,340 ys Amorphous s

S0z + Aq, 0. + 36,634 Formation of Hg S Oy from
aqueons solution of S O..

Hy80,. « « 4 192,920 Formation of Hy 8 O, from
the elements.

HMOs « o = + 41,510 Direct formation of Acid.

NO O, H. . + 63,085 From N O.

P Hg Oy Aq. . + 305,290 Formation fromthe elements
in presence of water.

HCl0, Aq . + 23,940 Formation in dilute solution.

H Br {JSI Aq. . + 12,420 E) 1 EL ]

HI 03: A{_{ . + ES,SI}D 1 LR ] 31

. . : - 26,010 From Sulphur and Amor-

phous Carbon,

i L ) e + 105,610 ,, the elements.

KCl 03 & al + 95,5840 Crystallised compound, from
the elements.

KCl0; . - 9,770 Crystallised |, from KCIL

BTl o ok + 95,310 From the elements.

KBtOg. . . + 84,062 Crystallised compound, from
the elements.

KBrOg . - 11,248 Crystallised compound, from
K Br.

1] i SRR + 80,130 From the elements.

KIO, + 124,489 Crystallised compound, from
the elements.

KIO; . + 44,359 Crysii'ullised compound, from
K 1.

Ag Cl. + 34,800 From the elements.

ﬁ.g Br . + 25,618 T T

J"-hg]: T + lﬂ,ﬁﬁl Ty 33

AgbBr . + 1,118 3 AgCl and KBr in

aqueous solution.

Azl , + 8,213 s AgBr and KI in

aqueous solution,

AeE o » G + 9,381 ss AgCl and EI im

aqueous solution.
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Specific gravity of solutions of Potash, Soda, and Ammonia.

Per Cent. KHO. Na HO. N H;.

5 1-036 1059 09790
10 1-077 1-115 09593
15 1-124 1-170 0414
20 1175 1-225 0251
25 1230 1279 0106
30 1-288 1-332 "8976
35 1349 1354 5564
40 1-411 1437 36°/, = 8544
45 1-475 1-488 asa
50 1-539 1540
5 1-604 1-591
60 1667 1'643
65 1-729 1-695
70 1790 1:748

Specific gravity of solutions of Sulphurie, Nitrie, Hydrochlorie,
Hydrobromic, and Hydriodic Acids respectively.

Pear Cent. H.50,. HN 0y H Cl. H Br. HI
5 | 10320 1:0284 1:0247 1:038 1:045

10 | 1-0680 1-0587 1:0495 1-077 1-091
15 | 1:1060 1:0892 1-0750 1117 1'138
20 | 11440 1-1198 1-1005 1159 1°187
25 | 11820 1:1526 1:1260 1:204 1-239
30 | 12230 1:1853 11510 1:252 1:296
35 | 12640 1-2178 11770 1305 1361
40 | 13060 1:2673 1:1999 1 365 1438
45 | 1-3510 1:3019 |42:9°/ =1212| 1-445 1533
50 | 1-3980 1-3310 PR R 1650
55 | 1-4480 1-3650 . [52°/ =1700
60 | 15010 1-3934 ;
65 | 15570 1:4210 :
70 | 16150 14443 .
75 | 16750 1:4655 :
80 | 17340 1:4843 .
85 | 17860 1:5029 ;
90 | 18220 1:5220 :
95 1'8376 1-5410 ;

100 | 18426 1:5590 "
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Weight of acid contained in 100 parts of Sulphurie, Nitric, Hydrochivric,
Hydrobromie, or Hydriodic Acid Solutions respectively, of various specific
gravities al 15°

Spec. gr. H, S50, HHN O, HCL H Er. HI.
1000 0000 0000 000 0-00 0-00
1025 423 447 506 329 DT
1-050 762 5-65 1003 G653 556
1075 10-80 12-70 1500 975 519
1-100 1410 1680 19-90 12-88 10-95
1125 1730 20°80 2480 1595 1362
1:150 2056 2460 25-30 18:93 16-22
1175 23-83 2542 34:70 21-86 1575
1-200 27°10 3225 4003 2456 2]1:25
s 30-24 36-10 1212 = 429 27-18 2366
1-250 33-18 39-88 o 29-79 2596
1275 36-25 43°50 32-07 2516
1300 3920 4737 3453 30°30
1-325 42-20) 51-37 3666 3224
1350 44-86 5570 o 3575 3374
1-375 4744 60°12 4062 3591
1-400 50-12 G493 4218 3775
1-425 5288 70-38 L 4375 39-16
1450 5512 7726 4535 4063
1-475 5755 54-36 4714 4]-04
1-500 5977 9226 o 4993 4327
1525 6203 95-33 1515 = 50 | 44-58
1:550 6465 | 1530 = 100 572
1575 G6-56 4679
1600 6583 4787
1625 70584 4502
1-Ga0 7302 50-00
1675 7497 al 00
1-700 7711 52400
1'725 7870
1750 8130 |
1775 8433 1'
1800 8681 |
1825 02-31 '
1:842 | 100-00 E
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.»  chloride, 333.
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33
33
2

1]
¥
1
1]



354

Argentic peroxide, 332,

,»  sulphate, 333,

,y  sulphide, 333
Argentous oxide, 331.
Argentum, 330.

Arragonite, 231, 254,
Arsenates, 313.
Arsenic, 311.

s acid, 313,

sy  anhydride, 313.

s  characters of the compounds
of, 315.

.y  disulphide, 314.

., oxide, 313.

,s» oxides of, 312.

»»  pentasulphide, 314,

»»  pentoxide, 313.

.,  trichloride, 314.

s trisulphide, 314.

white, 312,
Arsenical pyrites, 273.
Arseniferous antimony, 306.
Arsenious acid, 312,

o anhydride, 312,

2 sesquioxide, 312.

o trioxide, 312.
Arsenites, 313.

Arseniuretted hydrogen, 315.
Artiad elements, 63.
Asbestos, 237.

Atmosphere, the, 141-147.
Atom, definition of, 60.
Atomic heat, 33.

.» theory, 56.

»  weight, definition of, 60.

,»  Wweights, table of, 64.
Atomicity, 62.

Atoms and molecules, 55.

., Bize of, 11.
Auric chloride, 336; oxide, 336.
Aurous chloride, 336; oxide, 330.
Avogadro’s law, 58.

Azurite, 317.

BavrL Sopa, 214.
Barium, 225,
,y carbonate, 227,
sy  chlorate, 228,
»» chloride, 228,
,, chromate, 293,
dioxide, 226.
,. hydrate, 226,
,» hydroxide, 226,
,, monoxide, 226.
., hitrate, 227,

¥
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Barinm, oxides of, 226,
sy  permanganate, 272,
s  Balts of, 227,
i »  character of, 228,
s»  sulphate, 227,
sulphide, 228,
Bﬂ.ryt.a water, 226,
s whiﬁe 262.
Barytes, 225, 227,
Bauxite, 242,
Bell-metal, 218, 299.
Beryl, 242,
Beryllinm, 250.
Bessemer process, 276.
Biaxial Crystals, 13.
Bismuth, 303.
o8 conduction of heat, 27.
53 ochre, 303.
ys  oxide, 304; nitrates, 304.
salts of, 304. 305
Bismuthic hydra.te 304.
- oxide, 304.
Bismuthite, 3&3.
Bisulphide of carbon, 166,
Bitter earth, 238.
Black ash, 214.

3 band 273.
pel ore, 307.
g . 255,

45 omd& of manganese, 268
yy irom, 278.
Biast furnace, 276.

- 'hot the 276.
B]e:a,c:hing powder, 174.
Bloom, 275.
Blue vitriol, 321.
Bohemian glass, 247, 248,
Boiling point, 38.
Boracic acid, 148.
Borax, 218.
Boric acid, 148,

,» anhydride, 148,

s Oxide, 148,
Boron, 147.

., chloride, 178.

,» hitride, 149,
Bottle glass, 247, 248,
Boyle's law, 50.

Brass, 254, 318.

Braunite, 265, 266.
Bricks, 249,

Britannia metal, 295, 3C6.
Brittleness, 47.

Brookite, 302,

Bronze, 299,
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Pronze, coinage, 318.
Eromie acid, 181.
Bromine, 179.
oxygen acids of, 181.
Brown hematite, 273, 278.

CAapMrIUM, 256.
1 cnrhonate, 257.

s chloride, 257.
o nitrate, 257,
o oxide, 257.

5 salts of, 257.
i sulphate, 257.
sulphide, 257.
-E-esmm 220,
Calamine, 253.

o giliceous, 253.
Calcite, 2068.

‘Calcium, 231.

. carbonate, 234.

i chloride, 235.

2 dioxide, 233.

2 hydrate, 233.

i hydroxide, 233.

,»  Mmonoxide, 232.

Ll nitrate, 234.

5 oxides of, 232,

i peroxide, 233.

= phosphates, 236.

i salts of, 234.

i ., characters of, 236.
sulphate, 235.
sulphides, 235,
Cale- -spar, 231, 234.
Calomel, 326.

Cﬂlﬂl’i.metﬂl'ﬂ, 31.
Carat, 335.
Carb-n, 130,

43  bisulphide, 166,

., dioxide, 135.

- monoxide, 137.
Carhonate of ammonium, 221.

< potassium, 205.
sodium, 212,
Carbonic acid, 136.
- anh} dride, 135.
oxide, 13?
Cﬂmalllte 202, 237.
Carré's freem:ng machine, 129.
Cassiterite, 297.
Cast iron, 275, 276.
, Bteel, 276,
Catalytic action, 54.
Caustic potash, 204.

Lk ]

characters of, 257.
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Caustic soda, 212,
Celestine, 229, 230,
Cement, Portland, 250.
" Roman, 250.
2 steel, 276.
Cements and mortars, 249.
Cerium, 252,
Cerussite, 258, 261.
Cervantite, 308.
Chalk, 231.
« and mercury, 324,
Chalybeate waters, 279,
Charcoal, absorptive power of, for
rases, 132.
55 animal, 131,
o wood, 132,
Chemical action, 52.
= ,; influence of physical
state on, 52.
.y heat ,, 53.
,» light ,, 53,
.» electricity on, 53.
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2 1 1t31§latwn to energy,
40).

5  offinity, 74
& combination, laws of, 55.

H compound and mechanical
mixture, differences be-
tween, T4.

»»  equations, 70,

. notation, 68.

Chemistry, definition of, 1.
Chili saltpetre, 215,
China clay, 241.
sy hard, 249,
. soft, 249,
, true, 249,
Chlorate of potassium, 200,
Chloric acid, 176.
Chloride of ammonium, 223.
= boron, 178.
i lime, 174.

5 nitrogen, 178.
s potassium, 209,
sodium, 217.

Chlorides of ﬂulphur, 178.
Chlorine, 1G8.

»  dioxide, 176.

= peroxide, 176.
Chlorochromates, 293.
Chlorochromic acid, 293.
Chlorosulphuric acid, 178.
Chlorous acid, 175.

3 anhydride, 175.
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Chromates, 292,
Chrome alum, 246, 292,
Chrome iron ore, 273, 258,
Chromic acid, 291.
- anhydride, 291,
12 chloride, 292,
s  hydrates, 290,
i3 nitride, 295,
o oxide, 290.
£ peroxide, 291,
e salts, 202,
oA sulphate, 292,
o sulphide, 295,
e trioxide, 291.
Chromites, 290.
Chromium, 288.
= compounds, general cha-
racters of, 295.
= oxide of, 289,
Chromous chloride, 292,
3 oxide, 289,
= salts, 201,
" sulphate, 292,
Chromyl, 291.
o dichloride, 293.
Chrysoberyl, 242,
Cinpabar, 323, 327.
Classification of elements, 79.
Clay ironstone, 273, 279.
Clays, 241.
Coal, 131.
y»  dry distillation of, 134.
Cobalt, 284.
, ammonium compounds of, 287.
» glance, 284,
monoxide, 285.
oxides, 285,
sesquioxide, 285,
. silicates of, 287.
Cobaltic oxide, 285.
Cobalto-cobaltic oxide, 285, 286.
Cobaltous carbonate, 286.
L chloride, 286.
£ nitrate, 286.
e oxide, 285.
salts, 286.
e ,» characters of, 287.
sulphate, 286.
o sulphide, 286.
Coefficient of expansion of gases, 20,
liguids, 20.
solids, 27,

7"
"
1"
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Cuhesli’cm, 47,
Coke, 131.
Colloids, 48.

"y

Colour, 46.
Coloured glass, 249,
Combustible, 89.
Combustion, 88.
£ heat evolved during, 91.
" supporters of, 89.
= temperature of, 88.
Cﬂ;ﬂ:gjercial carbonate of ammonium,
Common salt, 217.
Compound radicals, 78,
Compounds and elements, nature of, 4.
Conduction of heat, 27,
Convection, 27.
Converters, 276.
Copper, 317 ; alloys of, 318,
;»  Ammonium compoundsof,322;
»»  blue carbonate of, 317.
;s conduction of heat, 27,
»»  €Xpansion of, 28,
» general character of com-
pounds of, 322,
»»  green carbonate of, 317,
;s 0xidesof,319; pyrites,273,317.
»  (quadrantoxide, 319,
Copperas, 280.
Coquimbite, 282,
Corrosive sublimate, 327.
Corundum, 242,
Crednerite, 270.
Crith, 21.
Crookesite, 264.
Crown glass, 247, 248,
Cryolite, 242.
Crystallisation, methods of, 18.
Crystallography, 12, 13.
Crystalloids, 48.
Crystals, 13.
»»  biaxial, 13.
y»  cleavage of, 12.
common form of, 15.
»»  Composite, 14,
aE direct and inverse, 17,
»»  hemihedral, 14.
»»  holohedral, 14.
»»  Optical axis of, 13.
,»»  size and shape of, 13.
s twin, 15.
yy  Uniaxial, 13,
Cubic nitre, 215.
Cupric arsenite, 321.
y» carbonates, 320.
y» chloride, 321; hydride, 321.
»» Ditrate, 321; oxide, 320.
ss Balts, 320.
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Cupric sulphate, 321.
ss sulphide, 321,
Cuprite, 317.
Cuprous chloride, 320; oxide, 319,
s salts, 320; sulphide, 320,
‘Cyanogen, 140,

Deacon's process, 171,
Decipium, 252,
Deliquescence, 107.
Descloizite, 316.
Dew point, 144,
Dialysed iron, 277.
Dialysis, 48.
Diamagnetism, 46.
Diamond, 130,
Diaspore, 242,
Dichloride of sulphur, 178,
Didymium, 252.
Diﬂ;{lsiﬂﬂ of gases, 50.

s 1quids, 47.
Dimorphism, 17.
Dithionic acid. 164.
Disodic hydric phosphate, 218.
Dispersion, 43.
Dissociation, 76.
Distillation, 38.
Disulphur dichloride, 178.
Dolomite, 231-237.
Dry distillation of coal, 134,
Ductility, 47
Dulong and Petit’s law, 32.
Dutch metal, 318.
Dynamical theory of heat, 38.

EARTHENWARE, 249,
Ebullition. 36.
fllorescence, 107.
Elasticity, 47.
Electricity, conductiv. of, bymetals, 406
Electrolysis, laws of, 77,
Electro-plating, 330.
Elements, 6.
and compounds, nature
of, 4.
approximate order
abundance of, 7.
classification of, 79.
order of discovery of, 8.
table of, 64.
5 valency of, 62.
Emerald, 242,
»»  Oriental, 242,
Emery, 242,
Endothermic, meaning of, 72.

3

LR Of’
bE |
LR

¥
y Ferrum

357

Energy, kinetie, 40.

o potential, 40,
English porcelain, 249,
Epsom salt, 237-239.
Equations, chemical, 70.
E'l;-'lbium, 252,
Evaporation, 36.
Exothermic, meaning of, 72.
Expansion by heat of gases, 29.
i-:iuida, 28.
80 idﬂ, 2?1

n »n

Farapay's law, 77.
Felspar, 241.

Fergusonite, 317.

Ferrate of potassium, 279,
Ferric acid, 279.
anhydride, 277, 279.
chloride, 232.

¥, hydrated, 283.
disulphide, 282,
hydrates, 278.
nitrate, 281.
oxide, 277.
phosphate, 283.
salts, 281.
sulphate, hexabasie, 252,
sulphates, 282,

»» sulphide, 282,
Ferroso-ferric lr}rdmte, 279.

- s oOxide, 277, 278,
Ferrous carbonate, 279.
chloride, 280,
hydrate, 277.
nitrate, 280.
oxide, 277.
salts, 279.
sulpbate, 230.
sulphide, 211.
redactum, 275.
Firedamp, 139,

Flame, nature of, 91,
oxidising, 92.

sy reducing, 92,

Flint glass, 247, 248,
Fluorine, 136,

Formulse, 68.

calculation of, 69.
empirical, 70,

‘. rational, 70,
Freezing mixtures, 35.
Fuller's earth, 241.

Fusible metal, 303.
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Gallium, 251,
Galvanised iron, 253.
Garnet, 242,
Gases, behaviour of, to pressure, 51.
condensation of, 51.
critical point c-f o1,
diffusion of, 50.
o hquﬂf:t.ctmn of, dl.
s  nature of, 11.
,» normal volume of, 51.
»»  solubility of, in liguids, 49,
EPEﬂlﬁL gravity of, 26.
Ga}r Lussac’s law, 60.
tuwer 161, 162.
General characters of met.a.ls, 199,
non-metals, 199,
Germa.u ailver, 288.
Glass, 247-8; Bohemian, 247-8,
y»» bottle, 247-8; coloured, 247-8
»» crown, 247-8; flint, 247-8.
»»  expansion of, 28,
Glauber’s salt, 216.
Glover’s tower, 162,
Gneiss, 241,
Gold, 335.
,» characters of compoundsof, 337.
,» fulminating, 336.
,» malleability of, 333.
»» mosaic, 301.
. Oxide of, 336.
» Salts of, 336.
terchlm:de of, 336.
mnlte 241,
Granulated zine, 254.
Graphite, 131.
Greenockite, 257.
Green vitriol, 280,
Grey powder, 324.
Guignet’s green, 290,
Gun-metal, 298-318.
Gunpowder, 207.
Gypsum, 231, 235.
HAUSMANNITE, 265-207.
Heat, atomie, 33
e condition of, 26-46.
,» conversion of, 27.
»» dynamical theory of, 38.
;s expansion by, 27.

1y
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” ’s of gases, 29.

T - of liquids, 28,

o of solids, 27.

o ]I:ltEIJH-lt:,F of, 29.

i measurement of, 29,

Zy Iat-ent 20-32,
of liquids, 34

" 11

—

INDEX,

Heat, latent, of vapours, 35.
,»» mechanical equivalent of, 38.
»»  quantity of, 29,
o ,»  measurement of, 31.
»» relation to chemical action
of, 72,
ss sensible, 29,
s Specifie, 32-40.
relation of, to atomie:
weight, 32,
»» unit of, 31.
Heavy lead ore, 261.
,s etals, 253,
»  Spar, 225-227,
Hepar sulphuris, 209, :
Hexabasic sulphate of iron, 282.
Horn silver, 330-333.
Hot blast, 276.
Hydrargillite, 242,
Hydrobromic aeid, 180.
Hydrochloric acid, 171,
Hydrofluoric acid, 187.
Hydrofluosilicic acid, 188.
Hydrogen, 97.

LR} ¥

e antimoniuretted, 307.

=2 arseniuretted, 315.

o diammonium phosphate,
223,

- peroxide, 110.

=3 persulphide, 166 ; sulphide,.
Hydrometers, 23. [164.
Hydroiodic acid, 1584.
Hydrosulphuric acid, 164.
Hygroscopic salts, 107.
Hypoantimoniates, 308.
Hypobromous acid, 181.
Hypochlorous acid, 174.
Hypochlorous anhydride, 173.
Hypophosphorous acid, 196.
Hyposulphurous acid, 163.
IeNiTION, temperature of, D0.
Ilmenite, 302,
Indium, 251.
Todic acid, 185; anhydride, 185.
lodide of nitrogen, 186.

2 potassium, 210.
Todine, 182; chlorides of, 186.
Iridium, 341.

Iron, 272.
.,y action of acids on, 274.
5y Blum, 246.
s black oxide of, 278.
s cast, 275, 276.
., conduction of heat of, 27.
y» expansion of, 28.
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Iron, galvanised, 253.
., magnetic oxide of, 278.
. Mmeteoric, 273.
,» Native, 973.
. Oxides of, 277.
y» Pyrites, 273-282.
- o white, 282.
.y tust, 278,
,» Ssalts, character of, 283.
., various forms, manufacture
of, 275.
wruught 274, 275.
TIsomerie mmpuuur.is, 67.
Isomorphism, 17. [weight, 18.
in relation to atomic
KAIHITE 202-237.
Kaolin, 241,
Kermes-luineml, 309,
Kieserite, 237-239,
Kupfer-nickel, 287.
LampeLACK, 132
Lana ph]los-ﬂplnca 254.
Lenthanum, 252.
Lapis Lazuli, 242,
Latent heat, 34.
Laughing gas, 119,
Law, Avogadro’s, 58.
,» Berthelot's, 73.
s Boyle's, 50.
,»» Dulong and Petit’s, 32.
,» BElectrolitic, 77.
»» Faraday’s, 77.
. Gay-Lussac's, 60.
,» Mendelejeff’s, 80.
sy Neumann’s, 33.
,» Newlands’, 80.
= riodie, 80.
Law of equivalent proportion, 55.
»» fixity of proportion, 55.
,s Mmaximum work, 73.
»»  multiple proportions, 55.
33 volumes, 60.
Laws of chemical combination, 55.
s  thermo-chemistry, 72.
Lead, 25% ; action of water on, 238,
y» brown oxide of, 261.
4 carbonate, 261.
y» chloride, 263; chromate, 293.
,» conduction of heat of, 27.
,, dioxide, 259-261.
s expansion of, 28,
»» Mmonoxide, 259, 260,
,s Ditrate, 262,
,y oOxides of, 259.
s oxychlorides of, 263.
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Lead, peroxide of, 261.

s salts of, 261-2¢3.

»  8par, 261

. Buboxide, 259,

y» sulphate, 263,

»» sulphide, 258.

vy Sulphite, 263.

tree, 259,

Leblanc process, 213.
Lepidolite, 219.
Leucite, 202-241,
Liebigite, 297,
Lime, 232.

., stone, 231.

.,y Wwater, 232,
Limonite, 273.
Limpidity, 47.
Liquids, diffusion of, 47.

.,y  Dature of, 11.
" ar:-lutzzm of, 107. £ 2,
ific gravity o

quum- ngavu fl;lgnua.lrst:"r 301,
Litharge, 260.
Lithium, 219.
Liver of Sulphur, 209.
Loadstone, 273-278.
Loam, 242,
Lunar caustic, 332.

Maaxgesia, 238.

- alba, 238.
Magnesite, 237.
Magnesinm, 237.

5 carbonate, 239.

o chloride, 240.

B nitrate, 239.

= oxide of, 238.

¥ phosphates, 240.

5 pyrophosphates, 240,
iE salts of, 239.

23 »» Characters of, 241,
sulphate, 239,
Ma.guetm iron ore, 273.
PE oxide nf iron, 278,
- pyrites, 273-252,
Magnetism, 40,
Magnetite, 273,
Malachite, 317.
Malleability, 47.
Manganates, 270,
a of potassinm, 270.

- of sodium, 271,
Manganese, 265.

o blende, 272,

- compounds, characters

of, 272.



360

Manganese, dioxide, 268,
monoxide, 266,
oxides of, 265.
peroxide of, 265-2G8
salts of, 269.
sesquioxide, 266.
spar, 265-269.
Ma.ngmuc acid, 270,
a,nhydrlde. 265-270.
hydrate, 267.
oxide, 265, 266.
salts, 270.
sulphate 270.
Ma.ngn.mte, 265-267, 268.
Manganites, 269, 270.
Ma.ngano-manganic oxide, 267,
Manganosite, 266.
Manganous carbonate, 269,
chloride, 270.
hydrate, 266.
hydroxide, 266.
nitrate, 269.
oxide, 265, 266.
phosphates, 270.
sulphate, 269.
sulphide, 272.
Ma.rhle 231.
I-.ln.rcamte, 282,
Marl, 242,
Marsh gas, 139.
Massicot, 260.
Matter, chemical and physical, pro-
perties of, 2.
conditions of, 11,
definition of, 1.
fundamental properties of, 2.
indestructibility of, 4.
solid, liquid, gaseous, 11.
structure of, molecular and
atomic, 10.
Mechanical equivalent of heat, 38.
mixtures and chemical
compounds, differences
between, T4.
o theory of heat, 38.
Meershaum, 237.
Melting point, 36.
Mercuric carbonates, 326,
chloride, 327
eyanide, 328,
iodide, 328.
nitrates, 327.
oxide, 325.
salts, 326.
sulphate, 327.
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i Mereurie sulphide, 327,

Mercurous chloride, 326.
iodide, 326,
nitrates, 325,
oxide, 325.
salts, 325.
sulphate, 325,
Mamur_}r, 323.
ammonium compounds
of, 328.
general character of com-
pounds of, 329,
green oxide of, 326,
moncxide, 325,
oxide of, 324,
red oxide of, 328.
Metaﬂmds, 79.
Metals, alkali, 202.
alkaline earths, 225,
definition of, 79.
earths, 241,
general character of, 342,
the, 202.
the noble, 323.
Meta.ntlmomates, 308,
Metaphosphorie acid, 194,
Metastannates, 300.
Metastannic acid, 300.
Meteoric iron, 273.
Methane, 139,
Metric system, 20.
Micas, 241.
Microcosmic salt, 224,
Milk of lime, 233.
,, sulphur, 155.
Minium, 260.
Mispickel, 273-311.
Molecular weight, 57; table of, G4,
Molecule, definition -:rf, 62,
Molecules and atoms, 55,
elementary and compound,
11.
velocities of gaseous, 39.
\Iﬂltnmlte 316.
"-Il:-lj.fbdeulte, 205,
Molybdenum, 295,
Molybdic ochre, 295.
Monazite, 302,
Mortars and cement, 249,
»»  hydraulic, 250,
Mosaie gold, 301.
Multiple proportions, law of, 55.
Muriatic acid, 171.
Mysorin, 320.
NASCeNT state, 54.
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Native iron, 273.

Nessler’s reagent, 224, 325,

Newmann's law, 33.

Newlands' law, 80.

Nickel, 287 ; :i.ntlrnnma.l 3006.
,» oxides and salts uf 288.
»»  Salts, characters of, 288,

Niobium, 3]7,

Nitre, 206.
. cubie, 215.

Nitric acid, 115.

s action of, on metalloids,
116.
i action of, on metal:s, 116.
0 e 2 Organic matter,
117.

Nitric anhydride, 114,
,, Oxide, 120.
,»»  peroxide, 124.
Nitride of boron, 149,

i chromium, 295.
Nitrites, preparation of, 124.
Nitrogen, 111.

i iodide of, 186.

3 trichloride of, 178.
Nitro-hydrochloric acid, 173,
Nitrous acid, 123.

ys anhydride, 122,

» Oxide, 119,
Nix alba, 254.
Noble metals, the, 323.
Non-metals, 79.

5 general
of, 199.

Nordhausen sulphuric acid, 162,
Norwegium, 305.
Notation, chemical, 68.

O1L of vitriol, 159.
Opaque, definition of, 41.
‘Orangite, 302.
Drp:ment 311-314.
Orthoclase, 202-241.
‘l}rtimphﬂsphnrin acid, 193,
Osmiridium, 341,
Osmium, 341,
Osmosis, 48.
Oxides, acid-forming
93

characterizstics

(anhydrides),

»»  and salts, 93,

sy ~ basic, 98.

,»»  nomenclature of, 93,94.
Oxychloride of pliosphorus, 198,
Oxygen, 84.

Ozone, 9.
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Partapium, 341.

5 hydride, 341.
Pattinson’s white oxychloride, 263,
Pattison's process, 331,
Paramagnetism, 46.

Pearl ash, 205.
Pentachloride of phosphorus, 197,
Pentathionic acid, 164,
Perchloric acid, 177.
Perchromie acid, 291,
Periodie acid, 186.
Perissad elements, 63,
Peroxide of barium, 226.
Peroxides, 95.
Peroxides of chlorine, 176.
Peroxide of hydrogen, 110.
Permanganic acid, 271.
anhydnde 271.
Pemuiph:de of hydrogen, 166.
Petalite, 219,
Pewter, 289, 209, 306,
lesphnmttcd hy{lrucren, 196.
Phosphorie acid, meta, 193,
o urf:-h-::- 194,
pyro, '193.
Phusphm ic acids, 192.
anhydude 192,
Phuaphuroua acid, 195.

o amorphous, 189,

. a,nhygriﬂe, 195.

- ordinary, 189,

. oxychloride, 198.
= pentachloride, 197,

trichloride, 197.

I’husphc-rus, 188.
Physical states, changes of, 36.

- . of water, 11.
Pipe clay, 241.
Pitch blende, 297.
Plaster of Paris, 235.
Platinie chloride, 339.
Platinum, 337.

2 ammoninm comp. of, 340,
. conduction of heat uf 27.
Le expansion of, 28,

L general characters of com-

pounds of, 340.
5 oxidesof, 338; =alts of,338.
tet-raﬂhlonde 339,
Plumh&tes. 261.
Plumbie ecarbonate, 261.
i chromate, 204.
i nitrate, 262.
,»  sulphate, 263.
o sulphide, 2G3.
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Plumbum, 258,
Polianite, 268.
Pollux, 220.
Palyaulpludea of potassium, 208.
Porcelain, 249.
A English, 249.
Porphyry, 241.
Portland cement, 250.
Potash, 204.

sy  alum, 245,

s  Telspar, 202,
Potassa, 204,
Pyrophosphorie acid, 194,
Pyrosulphuric acid, 162.

o chloride, 178.

Potassium, 202

3 bicarbonate, 206,
= bichromate, 293,
us bromide, 210.
N carbonate, 2035,
o chlorate, 209.
b chloride, 209.
o chromate, 293.
- dichromate, 293.
-3 ferrate, 279,
= hydrate, 204.
i hydroxide, 204.
5 iodide, 210.

s manganate, 270.

L monosulphide, 208.
T monoxide, 203.

- nitrate, 206,

e perchlorate, 209,

=5 peroxide, 205.

&% permanganate, 271.

s polysulphides, 208.

o salts of, 205.

b ., testa for, 210.
sulphate (acid), 208.
sulphydrate, 208.

Protochloride of iron, 280.
Protosulphate of iron, 280.
Protoxide of manganese, 266.
Proustite, 330.

Psilomelan, 265, 270.
Pucherite, 310.

Puddling of iron, 275.

Purpereo-cobalt chloride, 284, 285.

Purple of Cassius, 337.
Pyrargyrite, 330.
Pyrites, copper, 273, 317.
- iron, 273.
5 magnetic, 252,
Pyrochroit, 266.

(neuntral), 208.

IRDEX,

{ Pyrolusite, 265, 2(S.

QUuIiCcKLIME, 232,
Quicksilver, 323.

Raprcaws, cump:}und, 78.
valency of, 78.
Rﬂa.lgar 311, 314.
Red copper -}re 317.
,» hmmatite, 'E.‘T-'*I, 277.
,, lead, 260.
y» oxide of manganese, 267.
; ZIne ore, 253.
Reflection, total, 43.
Refraction, 41.

o double, 42.

e index of, 42,
Remingtonite, 286.
Respiration, 85.
Rhodium, 342,

Rock salt, 211.
Roman alum, 245.
cement, 250.
Rﬂsmahte 316.
Rose's mef-al a03.
Rubidium, 290,
Rub {unental 242,
Rutheninm, ‘342
Rutile, 302.

SAL AMMONIAC, 223.
.» Vvolatile, 222,
Salt, 217.
., cake, 213.
Salt of hartshorn, 222,
Saltpetre, 206.
Salts, deliquescent, 107.
,y efflorescent, 107.
»»  general character of, 346.
o EJ raroscopic, 107.
Salts of chromium, 291.
.y silver, 332,
N a:;:-:lium, 212.
distinguishing tests:
of, 218.
,s  Strontium, 230.
sy tim, 500,
Samarinm, 252.
Sapphire, 242,
Scandium, 252,
Scheme of properties, 83.
Scheelite, 296,
Scheelitine, 296.
Selenite, 231, 235,

i Seleninm, 167.
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Sesquichloride of iron, 282,
Sesquioxide of chromiam, 290.
& cobalt, 285.
5 iron, 277.
E: manganese, 269,
Shot, 259.
Silica, 151.

+»  natural forms of, 150,
Silicates, common, 150,

Silicic acid, 152.
Silicon, 149.

ss  hydride, 153.

., tetrachloride, 188..
Silicuretted h}rdrc}gen 153.
Silver, 330.

,» antimonial, 316,

., chromate, '293; chloride, 333,

i canduutmn of heat of, 27.

.» dioxide of, 332.

.»  English standard, 330.

1 fulminating, 332.

,»  glance, 330.

,, monoxide, 332; oxide, 331.

»»  Pplating, 330,

Slag (irom), 276.
Slaked lime, 233.
Slate, 241.
Smalt, 285.
Smithsonite 253,
Soda, 212,

., ash, 214,
Sodalite, 211, 241,
Sodium, 211.

,» ammonia phosphate, 224,

,» biborate, 218.

,» bicarbonate, 215.

,»» carbonate, acid, 215.

= = neutral, 212.

;s dioxide, 212,

s»» hydroxide, 212,

»»  hypobremite, 181.

»» hyposulphite, 217.

,» manganate, 271.

sy monoxide, 212,

,; Ditrate, 215,

s»» permanganate, 272,

,» salts of, 212,
distingnishing tests

of, 218,

s  Besquicarbonate, 215,

»s sulphate, acid, 216.

o o neutral, 216,

thicsulphate, 217.
Eol{ler. 259, 298,
Solution, 49

»y n
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Solution, coefficient of, for gases, 49,
Spartalite, 254.
Spathic iron ore, 273, 279.

Specific gravity—
g ,,g blrieﬁnit-ion of, 21,
o of rases, 26.
- of liquids, 22,
o of solids, 24,

of solutions, 350, 352.
Spec:.ﬁ-:s heat, 32.
Specific volume, 63.

s its relation to isomer-
ism, 67.
5 of gases, 63.
e E::g-ll.lldﬂ 66.
= ids, 66,
Spectrum, 43.
= analysis, 43.

Specular iron ore, 273, 277,
Speculum metal, 298,
Speiss cobalt, 284
Spiegeleisen, 275.
Spinelle, 237, 242,
Spodumene, 219,
Stannates, 300.
Stannic acid, 300,
,» chloride, 301.
,y Oxide, 299,
» ., hydrates of, 300.
.»»  Sulphate, 301,
y»»  sulphide, 301.
Staunous chlc-nd’e 300,
ys  hydrate, 299,
.y  nitrate, 301.
.y  Oxide, 299,
s  Balts, 300,
»»  sulphate, 301
sulphide, 301
Btn.mlum, 297.
Steel, 274, 276.
e ca.at, 2706.
s cement, 276.
Stibine, 307.
Stibnite, 305.
Stoneware, 249,
Stream-tin, 297.
Strontia, 229,
Strontianite, 229, 230.
Strontinm, 299,
s carbonate, 230,
55 dioxide, 229.
"~ hydrate, 229,
B hydroxide, 229,
e monoxide of, 229,
i nitrate, 230,
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Strontium, oxides of, 229,
e salts, 230.
& sulphate, 230.
»»  character of, 230,
Suhhma.tmn, 38.
Substitution, 78.
Sulphautimmmtes. 309,
Sulpharsenates, 314.
Sulphate of ammonium, 222.
= barium, 227,
53 pc-tussmm 208.
sodiam, 216.
Sulp]u(le of aluminium, 295.
e ammanium, 222,
Sulphur, 153, 157.
;s auratum, 309.
,»  chlorides of, 178.
,s  dichloride of, 178.
.+  dioxide, 157.
,» electro-negative, 156.
.»  electro-positive, 156.
,»  oxychlorides of, 178.
,»  tetrachloride, 178,
trioxide, 158.
Sulp huretted hydrogen, 164.
Sulphunc acid, 159,
oy +s» Nordhausen, 162,
e anhydride, 158.
= chloride, 178.
o hydroxychloride, 178.
Sulphurous acid, 157.
1 anhydride, 157.
chloride, 178.
Sulphuryl chloride, 178.
Syenite, 241,
Sylvine, 202,
Symbols, 68,
Synthesis and analysis, 4.

TasLEs of specific gravity of various
solutions, 350-352.
thermal values, 348.
Tm::hj- drite, 237.
Talc earth, 238.
Tantalite, 317.
Tantalum, 317.
Tellurium, 167.
Temperature, 29; absolute, 39.
1 measurement of, 29,
Tﬂnamt_',r, 47.
Tenorite, 317,
Ter Luum 052,
Terchloride of nitrogen, 178.
Tetrachloride of sulphur, 178.
Tetrafluoride of silicon, 158.

INDEX.

Tetrammonium dihydrie carbonate,
221,
Tetrathionic acid, 164.
Thallium, 264.
Thermal values, table of, 34S.
Thermo-chemistry, laws of, 72.
Thermometers, various, 29.
Theory, atomie, 56.
Thionyl chloride, 178.
Thiosulphurie acid, 163.
Thorite, 302.
Thorinm, 302.
Tin, 297.
,» aection of nitric acid on, 298.
,» alloys of, 297; a.ma.lgam, 209,
,s butter of, 301,
- conduction of heat, 27,
,, dioxide, 299,
,, distingnishing character of com
ounds of, 302,
,, foil, 298.
s monoxide, 299,
s oxides of, 299,
,y Oxychlorides of, 300.
yy OXymuriate of, 301.
Lt B ]
,s prepare liquid, 300.
s spaltpaﬂﬂﬂ :
stone, 293.
Tltanlum 302,
Topaz, 242,
,» oriental, 242,
Translucent, 41.
Transparent, definition of, 41.
Tribasic phosphoric acid, 193.
Trichloride of phosphorus, 197,
Trichromie tetroxide, 291.
Trimancanic tretramde, 264, 265.
']rlph}rﬁm 219.
Triple phosphate, 240.
Triplumbic tetroxide, 259, 260.
Trithionic acid, 164.
Troilite, 281.
Tungstates, 296.
Tungsten, 206.
Turner's patent yellow, 263,
Turquoise, 242.
Type metal, 306.
ULTRAMARINE, 247.
Uniaxial crystals, 13.
Uranite, 297.
Uranium, 297.

V ALENCY, notation of, 69,

- of compound radicals, 78.

IR
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Valency of elements, 62,
Vanadinite, 316.
Vanadium, 316.
Vapour tension, 37.
Varvicite, 270.
Verdigris, 320.
Viscosity, 47.
Vis viva, 39.
Vitriol, blue, 321.
»»  green, 230,
«» oil of, 159,
»  white, 253.
Volborthite, 316.
Volume, specific, 63.
of gases, 63.
v liquids, 66.
»» solids, 66.

Lk ] 2y
LR 1"
" 1

Wab, 265, 270.
Water, 102.
»»  combination of, 105.
»»  composition of, 103.
»»  preparation of pure, 108.
Waters, impurities in, 109.
o natural, 108.
Wavellite, 242,
Weight, atomic, 57.
o molecular, 57.
i ,» relation of, to specific
gravity of vapour,
a8

Weights and measures, 19.
Weldon's process, 170, 269.
Witherite, 227, 245,
White arsenic, 312.

V\.Co
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White iron pyrites, 252,
» lead, 261, 262.
.,  precipitate (fusible), 320.
= 2 (infusible), 329,
.y  vitriol, 255.
Wolfram, 296.
& ochre, 296.
Wrought iron, 274, 275,
Wulfenite, 295.

Yrrersium, 252,
Yttrium, 252.
Y ttrotantolite, 317,

ZAFFRE, 254,
Zero, absolute, 39,
Zinc, 253.
.» blende, 253.
y»» carbonate, ¥55; chloride, 255.
,» conduction of heat of, 27.
,s dust, 254.
,» granulated, 254,
,, hydroxide, 254,
,» Ditrate, 255,
., oxide, 254,
s s hydrated, 254,
., Balts of, 255.
,, salts, general character of, 256.
., apar, 253.
., sulphate, 255.
,» sulphide, 255.
,» white, 254, 262,
Zircon, 303,
Zirconium, 303.

BELL AND BAIN, LIMITED, PRINTERS, MITCHELL STREET, GLABGOW.






STANDARD STUDENTS' TEXT-BOOKS.

In Extra Crown Svo, with Litho-plates and Numerous Illustrations.
Cloth, 8s. Gd.

PHARMACY AND MATERIA MEDICA

(A LABORATORY COURSE OF):
Including the Principles and Practice of Dispensing.

ADAPTED TO THE STUDY OF THE BRITISH PHARMACOP(EIA AND THE REQUIRE-
MENTS OF THE PRIVATE STUDENT.

Br W. ELBORNE, FLS8, F.CS,

Late Assistant-Lecturer in Materia Medica and Pharmacy in the Owens College, Manchester.

GENERAL (CoNTENTS. — Introduction — Chemical Pharmacy — Galenical
Fharmacy—A Practical Course of Dispensing—Forms of Medicine, &c.,
&c.

** A work which we can very highly recommend to the perusal of all Students of Medicina.
« - - ADMIRABLY ADAPTED to their requirements.”—Edinburgh Medical Journal,

“ AMr. Elborna evidently appreciates the Requirements of Medieal Students, and thera can
be no doubt that any one who works through this Course will obtain an excellent insight into
Chemical Pharmacy."—British Medical Journal.

“Thesystem . . . which Mr. Elborne here sketches is thorouzshly sound.”— Chemiat
and Druggizl.

WORKS by Prof. HUMBOLT SEXTON, F.I.C, F.C.8, F.R.S.E,,

Glasgow and West of Scotland Technical College.

QUANTITATIVE ANALYSIS (OUTLINES OF).

With Illustrations, THIRD EDITION. Crown 8vo, Cloth, 3s.

gl Rra.cticﬂI work by apractical man . . . will further the attainment of accuracy and
method."" —Sournal of Educaiion.

" An apMiraBLE little volume . . . well fulfils its purpose. —Schoolmaster.

“ A COMPACT LARORATORY GUIDE for beginners was wanted, and the want Lias been weLL
STFFLIED. » . A good and useful book."—Lancel.

BY THE SAME AUTHOR.

QUALITATIVE ANALYSIS (OUTLINES OF).

With Illustrations. THIRD EDITION. Crown 8ve, Cloth, 3s. &,

" The work of a thoroughly practical chemist . . . and one which may be unbesitat-
ingly recommended." — British Medieal Jownal.

* Compiled with great care, and will supply o want."—Journal of Education.

LONDON : CHARLES GRIFFIN & CO., LIMITED.



STANDARD STUDENTS’ TEXT-BOOKS.

BIOLOGY (A Text-Book of). Comprising Vegetable and
Animal Morphology and Physiology, By J. R. A. Davis, B.A., Pro-
fessor of Biology, University College, Aberystwyth. In Extra Crown
8vo, with numerous Illustrations. [Second Edition in preparation.

By the same Author.
THE FLOWERING PLANT, as illustrating the first principles

of Botany. Specially adapted for London Matriculation, &c., Examin-
ations. SEcoND EpitioN. Extra Crown 8vo, with numerous Illustra-
tions, Cloth, 3s. Gd.

A ZOOLOGICAL POCKET-BOOK ; or, Synopsis of Animal
Classification. Comprising Definitions of the Phyla, Classes, and
Orders, with explanatory Remarks and Tables. By Dr, EmiL SELENKA,
Professor in the University of Erlangen. Authorised English transla-
tion from the Third German Edition. In Small Post 8vo, Interleaved
for the use of Students, Limp Covers, 4s,

EMBRYOLOGY (An Intrcduction to the Study of). For
the Use of Students. By A. C. Happox, M.A., Professor of Zoology,
Royal College of Science, Dublin, In Medium 8vo, with very numerous
[llustrations, 18s.

A SURGICAL HANDBOOK FOR THE USE OF PRACTI-
TIONERS, STUDENTS, HOUSE-SURGEONS, and DRESSERS.
By F. M. Cairp, M.B., F.R.C.5. (Edin.), and C. W. Cataeary, M.B.,
F.R.C.S. (Eng. and Edin.), Assistant-Surgeons, Royal Infirmary, Edin-
burgh. With very numerous Illustrations. Fourtn EpiTion. Pocket
Size, leather, 8s. 6d.

PRACTICAL HISTOLOGY (Outlines of). By WiLLiam
StirLiNG, M.D., Sc.D., Professor in the Victoria University; Bracken-
bury Professor of Physioclogy and Histology in the Owens College,
Manchester ; Examiner in the University of Oxford. In Extra Crown
8vo, with 344 Illustrations, 12s. 6d.

By the same Author.

PRACTICAL PHYSIOLOGY (Outlines of). Being a Manual

for the Physiological Laboratory, including Chemical and Experimental
Physiology, with Reference to Practical Medicine. In Extra Crown
8vo, with numerous Illustrations., SEco¥p EpiTioN. Revised and

Enlarged, 9s.

MAGNETISM AND ELECTRICITY : with Examination Ques-
tions. By Prof. Jamiesox, M.Inst.C.E., F.R.8.E., Glasgow and West
of Scotland Technical College. In Crown 8vo, fully Illustrated.

Secoxp Epition. Cloth, 3s. 6d.

LONDON : CHARLES GRIFFIN & CO., LIMITED.




A

EATAIOCUE

OF

SCIENTIFIG AND TECHNICAL WORKS

PUBLISHED BY

CHARLES GRIFFIN & COMPANY.

LONDON:
12 EXETER STREET, STRAND.,






SCIENTIFIC AND TECHNICAL WORKS. 3

GENERAL SCIENTIFIC WORKS

-RELATING TO

CHEMISTRY (THEORETICAL AND APPLIED) ; ELECTRICAL
SCIENCE ; ENGINEERING (CIviL AND MECHANICAL) ;
GEOLOGY, &c.

THE DESIGN OF STRUCTURES:

A Ppractical Treatise on the Building of Bridges, Roofs, &c.

BY 5. ANGLIN, C.E.,
Master of Engineering, Royal University of Ireland, late Whitworth Schelar, &c.

With very numerous Diagrams, Examples, and Tables.
Large Crown 8vo. Cloth, 16s.

The leading features in Mr, Anglin’s carefully-planned *f Design of Struc-
tures ” may be briefly summarised as follows :—

1. It supplies the want, long felt among Students of Engineering and
Architecture, of a concise Text-book on Structures, requiring on the part of
the reader a knowledge of ELEMENTARY MATHEMATICS only.

2. The subject of GRAPHIC STATICS has only of recent years been generally
applied in this country to determine the Stresses on Framed Structures; and
in too many cases this is done without a knowledge of the principles upon
which the science is founded. In Mr. Anglin's work the system is explained
from FIRST PRINCIPLES and the Student will find in it a waluable aid in
determining the stresses on all irregularly-framed structures,

3. A large number of PracTICcAL EXAMPLES, such as occur in the every-day
experience of the Engineer, are given and carefully worked out, some being
solved both analytically and graphically, as a guide to the Student.

4. The chapters devoted to the practical side of the subject, the Strength of
Joints, Punching, Drilling, Rivetting, and other processes connected with the
manufacture of Bridges, Roofs, and Structural work generally, are the result
of MANY YEARS' EXPERIENCE in the bridge-yard ; and the information given

on this branch of the subject will be found of great value to the practical
bridge-builder. ;

‘* Students of Engineering will find this Text-Book INVALUABLE “"—dschifect.

**The author has certainly succeeded in producing a THOROUGHLY PRACTICAL Text-
Book. "—Builder.

“We can unhesitatingly: recommend this work not only to" the Student as the BEST
TexT-Book on the subject, but also to the pmfesmnna.l enguw:r a5 An EXCEEDINGLY
vaLuapLE book of reference.—Wechanicad Warld, |

“This work can be conFrpenNTLY réecommended to engineers. The author has wisely
chosen to use as little of the higher mathematics as possible, and has thus made his book of

REAL USE TO THE FRACTICAL BNGINEER. . . . Alter careful perosal, we havenothing but
praise for the work."—Nafure.

LONDON: EXETER STREET, STRAND,



4 CHARLES GRIFFIN & CO.'S PUBLICATIONS,

With numerous Tables and Illustrations. Crown 8vo. Cloth, 10/6.
Second Eﬂ":-fwr: Re'used

ASEAYING: (b Tekt<Book 0f):

For the use of Students, Mine Manayers, Assayers, &e.
oV
C. BERINGER\E.IC;) F.C.S,,
Late Chief Assayer to the Rio Tinto Copper Company, London,
AND
J. J:"BERINGER, “FiI'C.,” F.C.S,

Public Analyst for, and Lecturer to the Mining Association of, Cornwall,

General Contents.

Part I.—InTrROoDUCTORY ; MANipvLATION : Sampling : Drying ; Calculation of Re-
sults—Laboratory-books and Eeports - MEeTHops : Dry Gravimetrnic; Wer Gravimetric—
Volumetric Assays: Titrometric, Colorimetric, Gasometric—Weighing and Measuring—
Reagents— Formulz, Equations, &c.—Specific Gravity.

ParT Il.—METALS : Detection and Assay of Silver, Gold, Platinum, Mereury, Copper,
TL.ead, Thallium, Bismuth, ﬁnhmuuél Iron, Mickel, Cebalt, Zinc, Cadmium, Tin, ‘Fungsten,
Tltamum Manganese, Chmmmm, c. —Earths, Alkalies.

Part I1l.—Non-MeTars: Oxygen and Oxides ; The Halogens—Sulphur and Sul-
phates—Arsenic, Phosphorus, Nitrogen—Silicon, Carbon, Boron.

Appendiv.—Yarious Tubles useful to the Analyst.

“A REALLY MERITORIOUS WORK, that may be safely depended upon either for systematic
instruction or for reference. "—hm’m:

““Of the fitness of the authors for the task they have undertaken, there can be no ques-
tion. . ... Their book ADMIRABLY FULFILS ITS PURFOSE. . . . The results given of
an exhaustive series of experiments made by the authors, showing the effects of varving

connITioNs on the accuracy of the method employed, are of THE UTMOST IMPORTANCE."—
Industries.

In Preparation.. Large 8wvo.

PHOTOGRAPHY (A Text-Book of):

Its History, Processes, Apparatus, and Materials, Comprising
Working Details of all the more important Methods.

By A. BROTHERS, F.R.AS.

With. Illustrations by many of the Processes described.

LONDON: EXETER STREET, STRAND.
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MINE-SURVEYING (A Text-Book of):

For the use of Managers of Mines and Colleries, Students
at the Royal School of Mines, dec.

BY*"BENNETT H. BROUGH, F.G.5.,

Instructor of Minc-ﬁun’cying, Royal School of Mines,
With Diagrams.  THIRD EbDITION. Crown 8vo. Cloth, 7s. 6d.

GENERAL CONTENTS.

General Explanations—Measurement of Distances—Miner's Dial—Variation of
the Magnetis- ﬂeﬁdk—ﬁunc}rmg with the Magnetie-Needle in presence of Iron—
Surveying with the Fixed Needle—German Dial—Theodolite—Traversing Under-
ground—Surface-Surveys with Theodolite—Plotting the Survey—Calculation of
Areas—Levelling—Connection of Underground- and. Surface-Surveys—Measuring
Distances by Telescope—Setting-out—Mine-Surveying Problems—Mine Plans—
Applications of Magnetic-Needle in Mining—.4ggendices.

"It is the kind of book which has long been wanted, and nio English-speaking Mine Agent
or Mining Student will consider his technical library complete without it.”"—Nazure.

*f Supplies a long-felt want."—Jfron.

" A waluable accessory to Surveyors in every department of commercial enterprise,”—
Collirry Guardiun.

i ] G S

By WALTER R. BROWNE, M.A,, M. InsT. C.E,,
Late Fellow of Trinity College, Cambridge.

THE STUDENT’S MECHANICS:
An Introduetion to the Study of Foree and Motion.

With Diagrams, Crown 8vo. Cloth, 4s. 6d.

“ Clear in style and practical in method, ‘The STrpERT's MECHANICS' is cordially to be
recommended from all points of view. " — A thenaum.

FOUNDATIONS OF MECHANICS.

Papers reprinted from the Engineer., In Crown 8vo, Is.

FUEL AND-“WATER:
A Manual for Users of Steam and Water.
By Pror, SCHWACKHUOFER anp W, L. BRDWNE, M.A. (See p. 44).

LONDON : E‘(ETEI\ STI\EET STRAND.



6 CHARLES GRIFFIN & C0.'S PUBLICATIONS.

PRACTICAL GEOLOGY
' (ATDS IN):

WITH A SECTION ON PALAEONTOLOGY.

BY

GRENYVILLE Aidar GOEE, KRGS,

Professor of Geology in the Royal College of Science for Ireland.

With Numerous Illustrations and Tables. Large Crown 8vo. Cloth, ros. 6d.

THis work 'is intended as a companion to any ordinary Text-book of Geology :
and will be of special service to those students who have made exeursions into gt];E
field, and who wish to determine their specimens for themselves,

A large section of the book has been devoted to rocks and to the ordinary
minerals of the earth’s crust, since these will always present themselves to the
observer during any expedition or in any country. '

The section on Blowpipe-work has been inserted as an aid to Travellers; while
the description of the hard parts of fossil invertebrates will probably assist those
Eea.d&rs who find it impossible to distinguish genera by means of mere names and

gures,

GENERAL CONTENTS.

PART I.—SAMPLING OF THE EARTH'S CRUST.
Observations in the field. | Collection and packing of specimens.

PART II.—EXAMINATION OF MINERALS,

Some physical characters of minerals.
Simple tests with wet reagents.
Examination of minerals with the blowpipe.
Simple and characteristic reactions.

Blowpipe-tests.

Quantitative flame reactions of the felspars
and their allies.

Examination of the optical properties of
minerals.

PART III.—EXAMINATION OF ROCKS,

Introductory.

Rock-structures. easily distinguished.

‘Some _ph].rsical characters of rocks.

Chemical examination of rocks.

Isolation of the constituents of rocks.

The petrological microscopeand microscopic

The more prominent characters to be ob-
served in minerals in rock-sections.
Characters uf the chief rock-forming minerals
in the rock-mass and in thin sections
Sedimentary rocks.

Igneous rocks.
etamorphic rocks.

PART IV, —EXAMINATION OF FOSSILS.

preparations.
Intraductory. . B
Fuossil generic types:—Rhizopoda ; Spongiz ;
Hydrozoa ; Actinozoa.

Polyzoa ; Brachiopoda,
Lamellibranchiata.

Scaphopoda ;. . Gastropoda;  Preropoda ;
. Cephalopoda. -, :
Echinodermata ; Vermes.
Anthropoda.

Suggested list of characteristic invertebrate

035118

* A more useful work for the practical geologist has not appeared in handy form."—

Seollish Geopraphical Magazine.

“ This ExcELLENT MANUAL o« . will be A VERY GREAT HELP.

The section

on the Examination of Fossils is probably the BesST of its kind yet published. . . . FuLn
-of well-digested information from the newest sources and from personal research."—Anrals

af Nal. History.

—

LONDON: EXETER STREET, STRAND.
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SEWAGE DISPOSAL WORKS:

A GUIDE TO THE CONSTRUCTION OF WORKS FOR
THE PREVENTION OF THE POLLUTION BY
SEWAGE OF RIVERS AND ESTUARIES.

W. SANTO CRIMP, Assoc. MEM. INST.C.E., F.G.S.,
Assistant-Engineer, London County Council. '

With Tables, Illustrations in the Text, and 33 Lithographic Plates.

-----

PART I,—INTRODUCTORY.

Introduction. . Settling Tanks.
Details of River Pollutions and REecommenda- | Chemical Processes.
tions of Varions Commissions. The Disposal of Sewafe—sludge.
Hourly and Daily Flow of Sewage. The Preparation of Land for Sewage Dis-
The Pail System as Affecting Sewage. - al.
TI}; Separation of Rain-water fmm%gc Sewage T;E!i of Sewage Farm Management.
Toper.

PART II,—SEwWAGE DNsPOSAL Works IN OPERATION—THEIR
CONSTRUCTION, MAINTENANCE AND COST.

Illustrated by Plates showing the General Plan and Arrangement adopted
' in each District. _ :
1. Doncaster Irrigation Farm. 12. New Malden, Chemical Treatment and

2. Beddington Irrigation Farm, Borough of Small Filters.
Croydon. 13. Friern Barnet.
3- Bedford Sewage Farm Irrigation. 14. Acton, Ferozone and Polarite Process.
4 Dewsbury and Hitchin Intermittent Fil- 15. llford, Chadwell, and Dagenham Sewage
tration | | Y A \_Disposal Warks. Ly T
5. Merton, Croydon-Rural Sanitary Autho- | 16. Coventry. - ; !
rity. : ' 17. Wimbledon.
6. Swanwick, Derbyshire. Ig. Birmingham.
. The Ealing Sewage Works. 19: Newhaven. e
. Chiswick. 4 zo. Portsmouth. -
o Kingston-on-Thames, A. B. C. Process. 21. Sewage Precipitation Works, Dortmund
10. Salford Sewage Works. {(Germany). :
t1. Bradford, Precipitation. 22. Treatment of Sewage by Electrolysis.

. “All persons interested in Sanitary Science owe a debt of gratitude to Mr. Crimp. .
His w will be especially useful to SANITARY AUuTHORITIES and their advisers . . .

EMINENTLY FRACTICAL AND USEFUL . . . gives plans and descriptions of MANY OF THE
MOST IMPORTANT SEWAGE woRKS of England . . . with very valuable information as to
the cosT of construction and working of each. . . . The carefully-prepared drawings per-

mit of an easy comparicon between the different systems."—ZLancet.

" Probably the MosT coMPLETE AND BEET TREATISE on the subject which has appeared
in our language. . . . Will prove of the greatest use to all who have the problem of
Sewage Disposal to face. . . .’ . The general construction, drawings, and type are all
excellent."— Edindurgh Medical fournal,

LONDON: EXETER STREET, STRAND.
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WAOCREK(B HOAWEL
J]. R" AINSWORTH DAVIS, BA,

FROFESS0R OF BIOLOGY, UNIVERSITY C'DLT..-EGE. IﬁBFl.R'\!'ETW‘f'!.'—H

BIOLOGY (A Texit-Book of):

Comprising Vegetable and Animal Morphology and Physiology. In Large
Crown 8vo, with 158 Illustrations. Cloth, 125, 64,

GENERAL CONTENTS.

PART I. VEGETABLE MORPHOLOGY AND PHYSIOLOGY, —Fungi—Algae—The
Moss—The Fern—Gymnosperms—Angiosperms.
Comparative Vegetable Morphology and Physiclogy—Classification of Plants.
PArT II. ANIMAL MORPHOLOGY AND PHYSIOLOGY. —Pmmma—(:celcnterata—-
Vermes—Arthropoda—Mollusca—Amphibia—Aves—Mammalia.
Comparative Animal Morphology and Physiclogy—Classification of Animals. |
Witk Bibliograghy, Exam.-Questions, complete Glossary, and 158 Tlusirations.”

-

‘““ As a general work of reference, Mr. Davis's manual will be HIGHLY SERVICEABLE to
medical men."—British Medical fournal,

f Furnishes a clear and comprehensive exposition of the subject in a systematic form."—
Saturdey Keview.

 Literally rPaAckeD with information."—Glasgow Medical fonrnal

THE FLOWERING . .PLANT:

AS ILLUSTRATING THE FIRST PRINCIPLES OF BOTANY.

Specially adapted for London Matriculation, S. Kensington, and University Local
Examinations in Botany. Large Crown 8vo, ‘with numerous lllustrations.  3s,; 6d.

“ [t would be hard to find a Text-book which would better guide the student to an accurate
knowledge of modern discoveries in Botany. . . . The SCIENTIFIC ACCURACY of statement,
and the concise exposition of FIRST PRINCIPLES make it valuable for educational purposes. In
the chapter on the Physiology of Flowers, an admirable récumé is given, drawn from Darwin,
Hermann Miiller, Kerner, and Lubbock, of what is !-munwn of the Fertilization of Flowers."-—
Jowrnal of the Linnean Society.

" We are mm:h pleased with this velume . . . the author’s style is M0OST CLEAR, and
his treatment that of a PRACTISED INSTRUCTOR. . . . The Illustrations are very goed,
suitable and helpful. The Appendix on Practical Work will be 18vALUADLE to the private
student. . . . We heartily commend the work.,"—Sckoolmaster.

*.* Recommended by the National Home-Reading Union ; and also for use in the
University Correspondence Classes.

LONDON : EXETER STREET, STRAND.
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ProF. Davis's Works—Continued.

A ZOOLOGICAL POCKET-BOOK;
Or, Synopsis of Animal Classification.

Comprising Definitions of the Phyla, Classes, and Orders, with explanatory
- Remarks and Tables. -

By DR - EMIL'SELENKA,
Professor in the University of Erlangen.

Authorised English translation from the Third German Edition. In Small
Post 8vo, Interleaved for the use of Students. Limp Covers, 4s.
“Dr. Selenka’s Manual will be found useful by all Students of Zoology. It is a cOMPRE-

HEXSIVE and SUCERSSFUL attempt to present us with a scheme of the matural arrangement of
the animal world."—Edin. Med. fonrnal

“Will prove very serviceable to those who are attending Biology Lectures. . . . The
translation is accurate and clear."—ZLawccl.

INORGANIC CHEMISTRY (A Short Manual of).

BY. A. DUPRE, Ph.D., F.R.S;, AND WILSON HAKE,
Ph.D., F.I.C,, F.C.5, of the Westminster Hospital Medical School.

With Coloured Plate of Spectra. Crown 8vo. Cloth, 7s. 6d.

A well-written, clear and aecurate Elementary Manual of Inorganic Chemistry. . .
We agree heartily in the system adopted by Drs. Dupré and Hake. WiLL make EXPERI-
MENTAL WORK TREBLY INTERESTING BECAUSE INTELLIGIBLE."—Saturday Review.

“There is no question that, given the PERFECT GrRoOUNDIRG of the Student in his Science,
the remainder comes afterwards to him in a manner much more simple and easily acquired.
‘The work 15 AN EXAMPLE OF THE ADVANTAGES OF THE SvSTEMATIC TREATMENT of a
Science over the fragmentary style so generally followed. B¥ A LONG wAY THE BEST of the
small Manuals for. Students.” —.Adsadyse, :

HINTS ON. THE PRESERVATION OF FISH,

IN REFERENCE TO FOOD SUPPLY.

By J. COSSAR EWART, M.D., F.R.S.E.,
Regius Professor of Natural History, University of Edinburgh.

In Crown 8vo.  Wrapper, 6d.

LONDON: EXETER STREET, STRAND,
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Royal 8vo. - With numerous Dlustrations and'vj Lithographi¢ Plates.
Handsome Cloth., Price 30s.

BRIDGE-CONSTRUCTION

(A ‘PR "i.CTICﬂ.L TREATISE ON]:

Bemg a Texf. Book on the Construction of Bndgesm
‘Iron and Steel.

FOR THE USE OF STUDENTS, DHAUGHTSMEH, AND ENGINEERS.

LY

T. CLAXTON FIDLER, M. INST. C.E,

Prof. of Engingering, University College, Dundee.

“ Of late years the American treatises on Practical and Applied Mechanics
have taken the lead ., . . since the opening up of a vast continent has
given the American engineer a number of new bridge-problems to solve

but we look to the PrRESENT TREATISE 0N BRIDGE-CoNSTRUCTION, and
the Forth Bridze, to bring us to the front azain.”"— Engineer.

“One of the VERY BEST RECENT WORKS on the Strength of Materials and its
application to Bridge-Construction. . . . Well repays a careful Study.”—
Engineering.

““ An INDISPENSABLE HANDEOOE for the practical Engineer."—Nature.

“The science is progressive, and as an exposition of its LATEST ADVANCES:
we are glad to welcome Mr. Fidler's well-written treatise.”—-Architect.

“ An admirable account of the theory and process of bridge-design, AT oxcE
SCIENTIFIC AND THOROUGHLY PRACTICAL. It is a book such as we have a right
to expect from one who is himself a substantial contributor to the theory of
the subject, as well as a bridge-builder of repute."—Saturday Review.

“This book is a model of what an engineering treatise ought to be.”—
Industries.
“* A BCIENTIFIC TREATISE OF GREAT MERIT."— Westminster Review.

“Of recent text-books on subjects of mechanical science, there has
appeared no one more ABLE, EXHAUSTIVE, or USEFUL than Mr. Claxton
Fidler's work on Bridge-Construction.” —Secotsman. |

LONDON: EXETER STREET, STRAND.
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FOSTER (C. Le Neve, D.Sc., Professor of Mining,
Rofal College of Science; H. M. Inspector of Mines, Llandudno) :

ORE AND STONE MINING (A Text-Book of), With numerous
Illustrations. Large Crown 8vo. Cloth. . [Shortiy.

GRIFFIN (John Joseph, F.CS.):

CHEMICAL RECREATIONS: A Popular Manual of Experimental
Chemistry. With 540 Engravings of Apparatus. 7enih Edition. Crown
4to. Cloth. Rl :

Part I.—Elementary Chemistry, 2/. _
Part II,—The Chemistry of the Non-Metallic Elements, including a
Comprehensive Course of Class Experiments, 10/6.
Or, -cﬂmplr:te in one volume, cloth, gilt top, . i

GURDEN (Richard Lloyd, Authorised Surveyor
for the Governments of New South Wales and Victoria) : '

TRAVERSE TABLES: computed to Four Places Decimals for every
Minute of Angle up to 100 of Distance. For the use of Surveyors and
Engineers. Second Edition. Folio, strongly half-bound, 21/.

* * Published with Concurrence of the Surveyors-Geneval for New South
Wales and Vicloria,

* Those who have experience in exact SurvEV-work will best know how to appreciate
the enormous amount of labour represented by this valuable book. The computations
enable the user to ascertain the sines and cosines for a distance of twelve miles to within
half an inch, and this sy REFERENCE To BUT ONE TABLE, in place of the usual Fifteen
minute computatons required. This alone is evidence of the assistance which the Tables
ensure to every user, and as every Surveyor i active practice has felt the want of such
assistance, few knowing of their publication will remain without them,"—Euginrer.

““We cannot sufficiently admire the hercic patience of the author, who, in order to
Erevem error, calculated each result by two different modes, and, before the work was
nally placed in the Printers' hands, repeated the operation for a third time, on revising

the proofs.”—Eungineering.

HUGHES (H. W., F.G.S.):

COAL MINING (A Text-Book of). = With numerous Illustrations
and Tables, Large Crown 8vo. Cloth. _ [Shardly.

e e

LONDON: EXETER STREET, STRAND.
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Griffin’'s Standard Publications

FOR

ENGINEERS, ELECTRICIANS, ARCHITECTS, BUILDERS,
NAVAL CONSTRUCTORS, AND SURVEYORS.

TAGE

Applied Mechanies, . 2 ProF. RANKINE, 0 21

- (Student’s), . W. R. BROWNE, : 5
Civil Engineering, . ; Pror. RANKINE, olpa]
Bridge-Construction, . Pror. FiDLER, i
Design of Struectures, . S. ANGLIN, . ; ; 3
Sewage Disposal Works, Saxto Crivp, . : 7
Traverse Tables, . : R. GURDEN, : Tl .
Marine Engineering, : A. E. Sgaton, . BN
Stability of Ships, ] Sir. E. J. REED, sy 133
The Steam-Engine, . : Pror. RANKINE, Nl
st (Student’s), Pror. JAMIESON, gl - ¢
Boiler Construetion, : P W TRAMT kg
»» Management, ! R. D. Muxro, . ekl
Fuel and Water (for {Scmmcm{ﬁFER AND } 26
Steam Users), : BROWNE,
Machinery and Millwork, Pror. RANKINE, I
Hydraulic Machinery, .  Pror. RoBiNsoX, o adi 2D

Useful Rules and Tables {I’HGFE. RANKINE mn}
for Engineers, &ec., . JAMIESON,

Electrical Pocket-Book, ~— Muxro axp Jamiesow, 17
Nystrom’s Pocket-Book, Dexxis Magrks, . P

=% For a COMPLETE RECORD of the PAPERS read before
the ENGINEERING, ARCHITECTURAL, and ELECTRICAL
SOCIETIES throughout the United Kingdom during each year,
vide “ THE OFFICIAL YEAR-BOOK OF THE SCIENTIFIC
AND LEARNED SOCIETIES OF GREAT BRITAIN AND
IRELAND” (page 32). '

LONDON : EXETER STREET, STRAND.
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Griffin’'s Standard Publications

FOR

MINE OWNERS AND MANAGERS, GEOLOGISTS,
METALLURGISTS, AND MANUFACTURERS.

Geology (Stratigraphical), R. ErneripGe,

- (Physiecal), Pror. SEELEY,

v (Practical), Pror. CoLE,
Mine-Surveying, . B. H. Broven, .

Coal Mining,

H. W. HvucHgs,

PAGE

19
18
6
5
11

Ore and Stone Muﬂng, . Pror. Le NEveE FostEr, 11
1 PHinLips AND BAUERMAN, 20

Metallurgy,

» (lntroduetmn tn),

Assaying, .

Electro-Metallurgy, oo W, M‘MiILLAN,

Pror. ROBERTS-A USTEN,

. ' C. & J. J. BERINGER,

24
4
16

Griffin’s Students’

Biology, .
Botany, .
Chemistry—

Inorganie, Dupré & Hake, 9
Qual. Analysis, Sexton, 26

Quant.

Recreations, Griffin, 11

PAGE

Text-Books.

PAGE

Davis, 8 | Magnetism and Eleetriecity,

Davis, 8§
Mechanies,

L] 2] Eﬁ

Experiments, Wright, 29 | Zoology,

Steam-Engine,

Jamieson,
Rankine,

Physies (Experiments),

Wright,
Jamieson,
Dawvis,

15
21

29
14

9

LONDON : EXETER STREET, STRAND.



14 CHARLES GRIFFIN & C0.’S PUBLICATIONS.

WO R K S .
By ANDREW JAMIESON, M.INsT.C.E, F.RSE,

Professor of Engineering, Glasgow and West of Scotland Techuical College.

Siern EpiTion, Revised add Enlargtd Octbwm 8vo, Clur.h 75 6d.

A TEXT-BOOK ON STEAM AND' STEAM-EHGINES

WitH oVER 200 ILLUSTRATIONS, FOUR FOLDING-FLATES, AND
ExAMINATION QUESTIONS.

“ Professor Jamieson fascinates ‘the T""'l.dti‘ b«y his '¢LEARNESS oF condEPTION | AXD
SIMPLICITY oF EXPRESSION.  Histreatment recails the lecturing of Faraday.’ —.rir!fm.-mm

*“The BesT Book yet published for the use of Stud:nts ‘—Engineer.

e Undn-uhtcdl_',r the MOST VALUADLE 'ARD mosT coMPLETE Hand-bock on the subject
that now exists."—Marine L'u.gmnr i

A POCKET-BOOK of ELECTRICAL RULES-and TABLES.
FOR THE USE OF ELECTRICIANS AND ENGINEERS. i JE

Pocket Size. Leather, 8s. 6d."' Seventh Edition, revised and enlarged.
(See under Munro ang famicson.),

ELECTRICITY & MAGNETISM (An Advanced Text-Book on)

For the Use of Science and Art, City and Guilds of London, and other
Students, With Illustrations.
: L 1) [Shortly,

- — —— - e
el

Pror. Jamieson’s ErLEMENTARY MANUALS FOR
FIrsT-YEAR STUDENTS.

{. STEAM AND THE STEAM-ENGINE
(AN ELEMENTARY MANUAL ON): _

Forming an Introduction to the larger Work by the same Author. With very
numerous Illustrations and Emmmahnn Questions,  Second E‘dffﬁm.
Crown 3vo. Cloth, 3s. 6d.

* Quite the right sort of Book . . . well tllualrnted wh‘h good diagrams and drawings
of real engines and details, all clearlyand accurntely lettered. . . o CaNNoT FAIL To BE
A MOST SATISFACTORY GUIDE Lo the apprentice and Student.” —Engineer.

** Should be in the hands of EVERY enginecering apprentice.’ —a"n:rnmn’ﬁngmnr

LGHDE-N-. EKE‘-FER STREET, STRAN‘I).
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PROF. JAMIESON'S ELEMEHTARY MAHU&LE—U:}nﬁumd.

Crown Bvo, ‘lﬁ-l‘h very .nun"mmua Illustratmns
2. HAGNETISM AND ELECTRICITY
(AN ELEM ENTARY MANUAL ON).
With very Numerous Diagrams and Examination Questions,
Complete in One Volume, 3s. 6d.

“The arrancement is as good as it well can be, . . . thediagramsare EXCELLENT.

« . The subjeet treated as an essentiall pmcucal one, and very elear instruetions

given. Teachers are to be mngratlﬂated on having ﬁuch B THOROUGHLY TRUSTWORTHY
I'ext-Boox at.their disposal.’’ —Nafure. i

** An excellent and very PRACTICAL elementary treat:se M ,Eiedﬁmf. Review.

** An ADMIBABLE Introduction to Magnetism and Eleetricity . . . the production
of a skilled and experienced teacher. . -. . HExplained at every point by simple
experiments, rendered easier by admirable illustrations.””— Brifish Medical Jour md

*A CAPITAL TEXT-BOOK. . . . lha diagrams are an important feature.”
Schoolmaster. e '

8. APPLIED MECHANICS (An Elementary Manual on).

With Diagrams and Examination Questions, men 8vo.

i
—

] SRR e —

[Shortly.

In Crown Svo, very ftﬂy Iﬂustraded l['.'—‘foih Bs. ﬁd

STEAM ~BOILERS:

THEIR DEFECTS, MANAGEMENT, AND CONSTRUCTION.

By Ri~D' MUNR O, kL
Engineer of the Scoltish Boiler Insurance and Engine Tnspecifon'Co.

This work, which is written chiefly to meet the wants of Mechanics,
Engine- Leepers and Boiler-attendants, also contains 'information of the
first importance to every user of Stea.m—puwer It is, above all, a PRACTICAT,
work written for PRACTICAL men, the language and rules being throughout
of the simplest nature.

GENERAL CONTENTS.

Explosions caused by Overheating of Plates: (a) Shortness of Water:
(B) Deposit—Explosions caused by Defective and Overloaded Safety-Valves
—Arca of Safety-Valves—Explosions caused by Cﬂrrosmn—Explcrsmna
caused by Defective Design and Construetion, &e., &e.

% The volame is a valuable companion for wurkmen and engineers engaged
about Steam Poilers, and ought to be carefully ﬂtudmd and ALWAYS AT
HAND."—Colliery Guardian.

“The subjects referred to are ‘handled in a trustworthy, clear, and practical
MBnTer. . . .« Jdbe hmk 18 VERY USEFUL, especially to steam users,
artisans, a.ud young engineers.”— Engineer.

LONDON: EXETER STREET, STRAND.
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ELECTRO-METALLURGY (A Treatise on):

Embracing the Application of Electrolysis to the Plating, Depositing,
Smelting, and Refining of various Metals, and to the Repro-
duction nf Printing Surfaces and Art-Work, &e.

By WALTER @ M‘MILLAN, F.I.C, F.CS,

Chemist and Melallurgist o the Cossipore Foundry and Shell-Faclory; Lale Demonsirator
of Melallurgy in King's College, London.

With numerous Illustrations. Large Crown 8vo. {jloth, 10s. 6d.

GENERAL

Introductory and Historical—Theoreti-
cal and General—Sources of Current—
General Conditions to be observed in
Electro-Plating—Plating Adjuncts and
Disposition of Plant—Cleansing and Pre-
paration of Work for the Depositing-Vat,
and Subsequent Polishing of Plated (Gooads
— Electro-Deposition of Copper—Electro-
typing—Electro-Deposition of Silver—of
Gold—of Nickel and Cobalt—of Iron—of
Platinum, Zine, Cadmium, Tin, Lead,
Antimony, and Bismuth: Electro-chromy

*‘This excellent treatise, . . .

CONTENTS.

—Electro-Deposition of Alloys—Electro-
Metallurgical Extraction and Refining
Processes— Recovery of certain Metals
from their Solutions or Waste Substances
—Determination of the Proportion of
Metal in ecertain Depositing Solutions—
Glossary of Substances commenly em-
ploved in Electro- Metallurgy—Addenda :
Various useful Tables—The Bronzing of
Copper and Brass Surfaces—Antidotes to
Poisons.

one of the BEST and MOST COMPLETE

manuals hitherto published on Electro-Metallurgy.”—=Electrical Review.

“*Well brought up to date, including descriptions such as that of Elmore’s
recent process for the manufacture of seamless copper-tubes of extraordinary

strength and tenacity by electro-deposition of the pure metal. . .

Illus-

trated by well-executed and effective engravings.”—Journal of Soc. of Chem.

Industry.

“This work will be a sTaANDARD."—Jeweller,

* Any metallurgical process which rEDUCES the cosT of production must of

necessity prove of great commercial importance. .

We recommend this

- -

manual to ALL who are interested in the PRACTICAL APPLICATION of electrolytic

processes, '— Nature.

LONDON: EXETER STREET, STRAND.'
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MUNRO & JAMIESON'S ELECTRICAL POCKET-BOOE.

SEVENTH EpITION, Revised and Enlarged.

A POCKET-BOOK

ELECTRICAL RULES & TABLES

FOR THE USE QF ELECTRICIANS AND ENGINEERS,
BY
JOHN MUNRO, C.E.; & Pror. JAMIESON, M.Ixst.C.E., F.R.S.E.
With Numerous Diagrams, Pocket Size. Leather, 8. 64d.

This work is fully illustrated, and forms an extremely convenient POCKET
CoMpanioN for reference on important points essential to ELECTRICIANS AND

ELECTRICAL ENGINEERS.

GENERAL CONTENTS.

UNITS OF MEASUREMENT. ELECTRO-METALLURGY.
MEASURES. BATTERIES,
TESTING. | DyxaMos anp MoTors.
CONDUCTORS. TRANSFORMERS,
DIELECTRICS. ELEcTRIC LIGHTING.
SUBMARINE CABLES. MISCELLANEOUS.
TELEGRAPHY. LOGARITHMS,
ELECTRO-CHEMISTRY. APPENDICES.

“WonperFuLLy PErFECT. . . . Worthy of the highest commendation we can

give it."—Electrician. :
“The STERLING VALUE of Messrs. Muxmro and Jasmieson's Pocker-Book."—

Electrical Review.

NYSTROM’S POCKET-BOOK

0

MECHANICS & ENGINEERING.

REVISED AND CORRECTED BY

W. DENNIS MARKS, Pu.B., C.E. (VALE s.5.:5.),
W hitney Professor of Dynamicnl Engineering, University of Pennsylvania.

Pocket Size, Leather, 15s. TweNTIETH EDITION. *Revised and greatly
enlarged. ' :

LONDON: EXETER STREET, STRAND.
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I}a.my- Svo, Handsome e¢loth, 18s. -

PHYSICAL GEOLOGY AND
PALEONTOLOGY,

ON THE BASIS OF PHILLIPS.
BY

HAR BY2G-0 VERRL §ER LR V)R S

PROFESSOR OF GEOGRAPHY IN KING'S COLLEGE, LONDON:

Tditb Frontispiece in Chrome=Lithograpby, and Fllustrations,

“ It is impossible to Praia‘e too highly the research which PROFESSOR SEELEY'S
* PHYsICAL GEOLOGY ’ evidences. IT IS FAR MORE THAN A TEXT-BOOK—it is
a DIRECTORY to the Student in prosecuting his researches.”"—ZExtract from the

Presidential Address vo the Geological Socicty, 1885, by Kev. Professor .Ean#qr,

£, Seey LoDy, IS,

“ PROFESSOR SEELE‘:’ maintains in his * PuvsicAL GeoLocy’ the  high
reputation he already deservedly bears as a Teacher. . . . Itisdifficult,
in the space at our command, to do fitting ]usur;e to so large a work. . ¢
The final chapters, which are replete with interest, deal with the: Bmlngmal

aspect of Palmontology. Here we find discussed the origin, the éxtinction, '

succession, migration, persistence, distribution, relation, and variation of species
—with other considerations, such as the Identification of Strata by Fossils,
Homotaxis, Local Faunas, Natural History Provinces, and the relation of
Living to Extinct forms.”—Dy, Henzy Woodward, F.R.S.; in the ** Geoiogical
Magazine.” :
‘“ A deeply interesting volume, dealing with Physical Geology as a whole,

and also presenting us with an animated summary of the leading doctrines and
facts of Palxontology, ‘as looked at froni 2 medern stahdpoint.”—Scotsman.

“ PROFESSOR SEELEY'S work includes one of the most satisfactory Treatises
on Lithology in the English language., . . . So much that is not accessible
in other works is presented in this volume, that no Student .of Geology, «can
afford to be without it.”"—American jmrm:zf of Engincering.

‘“ Geology from the point of view of Evolution."— Westminster Review.

¢ PROFESSOR SEELEY’s PHYsICAL GroLocy is full of instructive matter,
whilst the philosophical spirit' which it displays will charin many a reader.
From aargv days the author gave evidence of a anerful and eminently original
genius, o one has shown more convincingly than the author that, in all
ways, the past contains within itself the interpretation of the existing world.”—
Annals of Natural Hislory,

LONDON: EXETER STREET, STRAND.
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Demy 8vo, Handsome cloth, 34s.
'STRATIGRAPH’ICAL GEOLOGY
AND PAL&ONTOLOGY

THE BESIS OF .PHILLIPS

BY

ROBE B -ETHERTIDWGE,  FiR. 8/
OF THE NATURAL HIST. DEPARTMENT; BRITISH MUSEUM, LATE PALAONTOLOGIST TO THR

GEULOGICAL SURVEY OF GREAT BRITAIN, PAST PRESIDERT OF THE
GEOLOGICAL SOCIETY, ETC.

Tith Map, ﬂumﬁmus' Tables, and Thirtp=sir Plates.

“In 1854 Prof. .IDH"I MDRR]S published the Secnnd Edition of his ‘Catalogue
of British Fossils,” then numbering 1,280 genera and 4.000 species. Since
that date 3,000 genera and nearly 12,000 new species have been described,
thus bringing up the muster-roll of extinet life in the British Islands alone m
3,680 genera and 16,000 known and described species.

“¢ Numerous TAB]iES of ORGANIC REMAINS have been prcpared and
brought down to 1884, embracing the accumulated wealth of the labours of
past and present investigators during the last thirty years. Eleven of these
Tables contain every known British genus, zoologically or systematically placed,
with the number of species in each, showing their broad distribution through
time. The remaining 105 Tables are devoted to the analysis, relation,
historical value, and distribution of specific life through each group of strata.
These tabular dﬂdutlmns as well as the Palzontological ﬁnali,rsts through the
text, are, for the first tum‘:,r fully prepared for English students,”—Extract jrom
Author's .F}':ﬁzr:

* * PROSPECTUS of the above imporiant work—jperkaps the MOST ELABORATE of
ils fkind ever written, and one calculated to give a new strength to the study
of Geology in By ilain—may be had on application to the Publishers, -

Il.-li not too much to say that the work will be found to occupy a place
Enﬂﬂlol ¥ its own, and will become an indispensable guide to every British
eologist.

-

" HG such compendium of geological knowledge has ever been brought together before,”—
Westminster Review,

“1f Pror, SRELEY'S volume was remarkable for its originality and the breadth of its views,
Mr. ETugrince fully justifies the assertion made in his preface that his book differs in con-

struction nm'l detail from a.n:.r lu:u::wu manual, . . . Must take HIGH RANK AMONG WORKS
OF REFERENCE."—d{kenzum

LONDON: EXETER STREET, STRAND.
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Tarp EpiTioN, Revised by Mr. H. Bauerman, F.G. 5.

ELEMENTS OF METALLURGY:

A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS
FROM THEIR ORES.

By J. ARTHUR PHILLIPS, M.Inst.C.E,, F.0.8, F.G.8,, &c.,
. . AND
H BAUERMAN, V.P.G.S,

With Folding Plates and many Illustrations. Med. Svo.
Handsome Cloth, 36s.

GENERAL CONTENTS.

Refractory Materials, Antimony., - Iron.
Fire-Clays. Arsenic. Cobalt.
Fuels, &c. Zine. Nickel,
Alumivium. Mercury. Silver.
Copper. Bismuth. Gold.
Tin. Lead. Platinum.

*.* Maoy NOTABLE ADDITIONS, dealing with new processes and developments,
will be found in the New Edition.

“The value of this work is almost inesfimable. There can be no question
that the amount of time and lahour bestowed on it is enormouns, . . . There
is certainly no Metallurgical Treatise in the language calculated to prove of

such general utility.”"—Mining Journal.

‘‘‘ Elements of Metallurgy’ possesses intrinsic merits of the highest degree.
Such a work is precisely wanted by the great majority of students and
practical workers, and its very compactness is in itself a first-rate recom-
meundation. The anthor has treated with great skill the metallurgical opera-
tions relating to all the principal metals. The methods are described with
surprising clearness and exactness, placing an easily intelliﬁih]a picture of each
process even before men of less practical experience, and illustrating the most
mmportant contrivances in an excellent and perspicuous manner. . . . In
our opinion the best work ever written on the subject with a view to its
practical treatment.”— Wesiminsier Review.

“1In this most useful and handsome volume is condensed a large amount of
valunable practical knowledge. A careful study of the first division of the
book, on i“uala, will be found to be of great value to every one in training for
the practical upplicatinus of our scientific knowledge to any of our metallurgi-
cal operations."—Athencum,. .

* A work which is equally valuable to the Student as a Text-book, and to
the practical Smelter as a Standard Work of Reference. . . , The Illustra-
tions are admirable examples of Wood Evngraving.”"— Cheémical News,

LONDON : EXETER STREET, STRAND.
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SCIENTIFIC MANUALS

BY

W. J. MACQUORN RANKINE, C.E, LL.D.,, F.R.S.,

Late Regius Professor of Civil Engineering in the University of Glasgow.

Tm}muc:Hw_szrsm BY ‘W. Js MILLAR; C.E.
Secretary to the Institute of Engineers and Shipbuilders in Scotland.

In Crown 8vo. Cloth.

|

I. RANKINE (Prof): APPLIED MECHANICS:

comprising the Principles of Statics and Cinematics, and Theory of Struc-
tures, Mechanism, and Machines, With numerous Diagrams, Thérteentl
Edition, 12/6. '

“ Cannot [ail to be adopted as'a text-book. . . . The whn]c of the information is so
admirably arranged that there is every facility for reference."—MWining Fournal.

II. RANKINE (Prof): CIVIL ENGINEERING:

comprising Engineering Surve]rs, Earthwork, Foundations, Masonry,
Carpentry, Metal-work, Roads, Railways, Canals, Rivers, Water-works,
Harbours, &c. With numerous Tables and Illustrations, Kighteenth
Edition, 16/, - .
* Far surpasses in merit every existing wnrk of the kind. . As a manual for the hands
of the professional Civil Engineer it is sufficient and unrivalled, and even when we say

this, we fall short of that high appreciation of Dr, Rankine's labours which we should
like to express."—The Engineer.

[1I. RANKINE (Prof): MACHINERY AND

MILLWORK : comprising the Geometry, Motions, Work, Strength,
Construction, and Objects of Machines, &c. [Illustrated with nearly joo0
Woodcuts, Sixth Edition, 12/6.

‘! Professor Rankine's * Manual of Machinery and Millwork® fully maintains the high
reputation which he enjoys as a scientific author ; higher praise it is dJ.Enr:ult to award to
any book, It cannot fail to be a lantern to the feet of every engineer.”— The Engineer.

LONDON : EXETER STREET, STRAND.
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PROF. RANKINE'S WORKS—(Continued).

IV. RANKINE (Prof): THE STEAM EN-
GINE and OTHER PRIME MOVERS. With Diagram of the
Mechanical Properties of Steam, FuIdlngvPlates, numerous Tables and

Illustrations.  Zhirteenth Edition, 12]6.

V. RANKINE (Prof.): USEFUL RULES and

TABLES for Engineers and others, With ' Appendix: TABLES, TESTs,
and FORMULZE for the use of ELECTRICAL ENGINEERS; comprising
Submarine Electrical Engineering, Electric nghtmg, and Transmission
of Power. By ANDREW JaMiEsoN,C.E.,F.R.S.E. Seventh Edition,10/6.

“Undoubtedly the most useful collection of engineering data hitherto produced.”—
Mirning Fournal, " :

* Every Electrician will consult it with profit."—Engineering.

VI. RANKINE (Prof): A MECHANICAL

TEXT-BOOK. by Prof. MacQuorN RANKINE and E. F. BAMBER,
C.E. With numerous Illustrations, Fowrth Edition, g/,

* The work, as a whole, 15 very complete, and likely to prove invaluable for furnishing
a useful and reliable outline of the subjects treated of."—Mindng Fauwrnal,

*s' THe MecHanical TexT-Book forms a simple intreduction to ProFESS0R RANKINE'S
SERIES of MANUALS on ENGINEERING and MECHANICS,

VII. RANKINE (Prof.): MISCELLANEOUS
SCIENTIFIC PAPERS, Royal 8vo, Cloth, 31/6.

Part I. Papers relating to Temperature, Elasticity, and Expansion of
Vapours, Liquids, and Solids. Part II. Papers on Energy and its Trans-
formations, Part III. Papers on Wave-Forms, Propulsion of Vessels, &c,

With Memoir by Professor TA1T, M.A. Edited by W. J. MiLLAR, C.E.
With fine Portrait on Steel, Plates, and Diagrams,

* No more enduring Memorial of Professor Rankine could be devised than the publica-
tion of these papers in an accessible form. . . . The Collection is most valuable on
account of the nature of his discoveries, and the beauty and completeness of his analysis,
.« » The Volume exceeds in importance any work in the same dcpnrtmr.nt published
in our time."—drchitect.

= — e e e ——
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THE STABILITY OF SHIPS.

SIR EDWARD J. REED, K.C.B., F.R.S., M.P,

KENIGHT OF THE IMFERIAL ORDERS OF S5T. STAMILAUS 'OF RUSSIA; FRANCIS JOSEPH OF
AUSTRTA ;| MEDJIDIE OF TURKEY. AND RISING SUN OF JAPAN; VICE-
PRESIDENT OF THE INSTITUTION OF NAVAL ARCHITECTS.

With nitmerows Hllustrations and Tables.

‘TH15 work has been written for the purpose of placing in the hands of Nawval Constructors,
Shipbuilders, Officers of the Royal and Mercantile Marines, and all Students of Naval Science,
a complete Treatise upon the Stability of Ships, and i1s the only work in the English
Language dealing exhaustively with the subject.

The plan upon which it has been designed is that of deriving the fundamental principles
and definitions from the most elementary forms of floating bodies, so that they may be
clearly understood without the aid of mathematics; advancing thence to all the higher and
more mathematical developments of the subject.

The work also embodies a very full account of the historical rise and progress of the
Stability question, setting forth- the results of the laboursof Boucuer, Bernourri, Don
Juaw p'ULroa, EviLer, CHAPMAN, and RoMmuME, together with these of our own Countrymen,
Arwoon, MoseLEy, and a number of others. h -

The mcdern developments of the subject, both home and foreign, are likewise treated
with much fulness, and brought down to the very latest date, so as to include the labours ‘not
only of Daxcwigs, Reech (whose famous Meémoire, hitherto a sealed book to the majority
of English naval architects, has been reproduced in the present weork), Risnec, FerranTyY,
Dupin, Guyov, and DavyMmarp, in France, but alse those of Rangine, WooLLey, ELGAR,
Joun, ‘-\"m’r;s, Gray, DeExyy, Ingeis, and BeEnjamin, in Great Britain. -

In order to render the work complete for the purposes of the Shipbuilder, whether at
home or abroad, the Methods of Calculation introduced by Mr. F. K. Barnes, Mr. Grav,
M. Reec, M. Davmarp, and Mr. Bexjamin, are all given separately, illustrated by
Tahles and worked-out examples.  The book contains more than 200 Diagrams, and 1s
illustrated by a large number of actual cases, derived from ships of all descriptions, but
especially from ships of the Mercantile Marine,

The work will thus be found to constitute the most comprehensive and exhaustive Treatise
hitherto presented to the Profession on the Science of the StABILITY OF SHITS.

" Sir EDwARrD REED'S ‘ STABILITY OF SHIPS ' is INVALUADLE. In it the STUDENT, new
to the subject, will find the path prepared for him, and all difficulties explained with . the
utmost care and accuracy ; the SHIP-DRAUGHTSMAN will find all the methods of calculation at
present in use fully explained and illustrated, and accompanied by the Tables and Forms
employed ; the Surrowner will find the variations in the Stability of Ships due to differences
in and dimensions fully discussed, and the devices by which the state of his ships under
all conditions may be phically represented and easily understood ; the Navar ArcHiTeECcT
will find brought mgcfﬂ and ready to his hand, a mass of information which he would other-
wise have to seek in an almost endless variety of publications, and some of which he would
possibly not be able to obtain at all elsewhere."—8fcamskip,

““This IMPORTANT AND VALUABLE WORK . . canngt be too highly recommended to
all connected with shipping interests.” —fron.

*“This VERY IMPORTAKT TREATISE, . . . the MOST INTELLIGIBLE, INSTRUCTIVE, and
coMPLETE that has evzr appeared.”—Nafure.

& ““The volume is an ESSENTIAL oNE for the shipbuilding profession.”— W esiminsier

%
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In Large Crown 8vo, Handsome Cloth, with .-'H'umeruus
H."usfmﬂnna, .'-"3. Gid [ .

METALLURGY

(AN INTRODUCTION TO THE STUDY OF).

BY

W. C..ROBERTS-AUSTEN, C.B, F.R.S,

CHEMIST AND ASSAYER OF THE ROYAL MINT; PROFESS0R OF METALLURGY IN
THE ROYAL COLLEGE OF SCIENCE.

GENERAL CONTENTS.

RELATION OF METALLURGY TO | MATERIALS AND PRODUCTS OF
CHEMISTRY. : METALLURGICAL PRDCESSES
Pavsical. PROPERTIES OF - FURNACES.
METALS. - MEANS OF SUPPLYING AIR TO
ALLOYS. FURNACES.
THE THERMAL TREATMENT TyPICAL METALLURGICAL
oF METALS. Processgs.
FUEL. | EcoxoMIC CONSIDERATIONS.

“ No Enghgh tew:tabnnk at all apprnaches this one either in its method of
treatment, its general arrangement, or in the COMPLETENESS with which the most
modern views on the subject are dealt with. Professor Austen's volume will be
INVALUABLE, not only to the student, but also to those whose knowledge of the
art is far advanced." —Chemical Netws.

** This volume amply realises the expectations formed as to the result of the
labours of so eminent an authority. - It is remarkable for its ORIGINALITY of con=
ception and for the large amount of information which it contains. - . . . The
enormous amount of care and trouble expended uponiit. . . . We recom-
mend every one who desires information not ﬂnly to consult, but to sTUDY this
work." —Engineering.

* WWill at once take FRONT RANK as a text-book,—Science and Art.

LONDON: EXETER STREET, STRAND.
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- Mediwm 8vo, Handsome cloth, 25s.

HYDRAULIC POWER
HYDRAULIC MACHINERY.

HENRY ROBINSON, M. INST. " Coliy -2 FaGS.,

FELLOW OF H[h{;s {dLLEGE, LD]‘\.DIDN' FROF. OF CIVIL ENEIHEEHIHG,
KING 5 COLLEGE, ETC., ETC,

Tith numerous TWloodcuts, and 43 Litbo. Plates.

GENERAL CONTENTS..

Th: Flow of Water under Pressure,

General Observations.

Waterwheels.

Turbines.

Centrifugal Pumps.

Water-pressure Pumps,

The Accumulator.

Hydraulic Pumping-Engine.

Three-Cylinder Engines and
Capstans.

Motors with Variable Power.

Hydraulic Presses and Lifts,

Movable Jigger Hoist.

Hydraulic Waggon Drop.

The Flow of Solids.

Shop Tools, :

Cranes.

Hydraulic Power applied to Bridges.

Dock-Gate Machinery,

Hydraulic Coal-discharging
Machines.

Hydraulic Machinery on board
Ship.

Hydraulic Pile Driver.

Hydraulic Excavator,

Hydraulic Drill.

Hydraulic Brake.

Hydraulic Gun-Carriages. -

Jets, -

Hydraulic Ram.

Packing,

Power Co-operation.

Cost of Hydraulic Power.

Tapping Pressure Mains.

Meters,

Waste Water Meter.

- Pressure Reducing Valves.

Pressure Regulator,

“ A Book of great Professional Usefulness."—Jfron.

A full Prospectus of the above important work—giving a deseription of the
Pla.tts—majr be had on apph-:atmn to the Publishers.
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SCHWACKHOFER 'and' BROWNE: __

FUEL AND WATER: A Manual for Users of Steam and Water,
‘By Prof. FRANZ SCHWACKHOFER of Vienna, and WALTER
R BROWNE, M.A,, C.E,, late Fellow of Trinity College, Cambridge.
Demy 8vo, with Numerous llluﬁtratmns, 9/.

GesERAL CoNTENTS.—Heat and Combustion—Fuel, Varieties of —Firing Arrange-

ments : - Furnace, Flues, Chimney— The Boiler, Choige of -~ Varieties — Feed-water
Heaters— Steam Pipes— Water ; Composition, Purification—Prevention of Scale, &., &e.

“The Section on Heat is one of the best and most lucid ever written."—Engineer.

* Contains a vast amount of useful knowledge. . . . Cannot fail to be valuable to
thousands compelled to use steam power, -'—Rfﬂfﬂﬂ.l' Engineer.

“* Its practical utility is beyond question.”—Mining Journal.

SHELTON-BEY (W. Vincent, Foreman t{:: the

Imperial Ottoman Gun Factories, Canstantmﬂple}

THE MECHANIC'S GUIDE: A Hand-Book for Engineers and
Artizans, With Copious Tables and Valuable Recipes for Practical Use,
Ilustrated. Secomd Ldition,  Crown 8vo. Cloth, 7/6.

GenErRAL CoNTENTS.—Arithmetic—Geometry- 'ﬂi:nsumtiun—?e!m:ities in Boring
and Wheel-Gearing—Wheel and Screw-Cutting—Miscellaneous 'Subjects and : Useful
Recipes—The Steam Engine—The Locomotive—Appendix : Tables for Practical Use,

“The MecuaMic's Guing will answer its purpose as completely as & whole series of
elaborale text-books."—Minine Journal

WORKS by Prof. HUMBOLDT SEXTON, F.LC., F.C.5., FRS.E,

Gfasgm m.*d I est q,.r" Scotland Tecknical College.

OUTLINES OF QUANTITATWE ANALYSIS

FOR THE USE OF STUDENTS.
With Tllustrations.; | Trien EpiTtioN. Crown 8vo, C[crIJI, 35;

A Eractica.l work by a practical man . . . will further the attainment of accuracy and
method." —Journal of Education.’

“An ADMIRABLE little volume . . . well fulfils its purpose.”—Schoolmaster.

‘A COMPACT LABORATORY GUIDE for beginners was wanted, and the want has been WELL
SUPPLIED. ._ . . -A good and vseful beok."—Lancet,

“ Mr. Sexton's hnnk will be welcome to many teachers ; for the processes aré WELL CHOSEN,
the principle which underlies each method is always CLEARLY EXPLAINED, and the dutctmu:-
are both simrLE and cLEAR."— Brrt. Med fournal,

BY THE SAME AUTHOR.

OUTLINES OF QUALITATIVE ANALYBIS

FOR THE USE OF STUDENTS.
With Illustrations. THIRD EpITION. Crown 8vo,.Cloth, 3s. Ed.

“The work of a lhumup;hli practical chemist . . . and one which may be unhﬁltal‘.-
ingly recommended.” — Sxiiish Medical Journal.
“ Compiled with great care, and will supply a want. —Iaumf af Eciwmﬁm
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Now Ready, Tenth Edition, Revised and Enlarged, Price 18s.

* Demy 8vo, Cloth. ' With Numerous Illustrations, reduced from
® & & 57 " Working Drowings. :

A MANUAL

MARINE. ENGINEERING:

COMPRISING

THE DESIGNING, CONSTRUCTION, AND WORKING OF
MARINE MACHINERY.

= e S =T — ot S el B, G 187 Y

Lecturer on Marine Engineering fo the Royal Naval College, Greenwich ; Member of the
Insi. of Civil Engineers; Member of Councid of the Inst. of Naval Architecls;
Meanber of the fnst. of Mech. Enginesrs, de.

GENERAL CONTENTS.

Part I.—Prineiples of Marine Pistons, Valves, Expansion
Propulsion. Valves, &e. :
Part II.—Principles of Steam

Part IIL.—Details of Marine | Part V.—Boilers.
Engines: Design and Cal-

eulations for Cylinders, | Part VI.—Miscellaneous.

“In the three-fold capacity of enabling a Student to learn how to design, construct,
and work a modern Matine Steam-Engine, Mr. Seaton’s Manual has NO RIVAL as
regards comprehensiveness of purpose and lucidity of treatment.”’—T'imes.

“The important subjeet of Marine Engineering is here treated with the THOROUGH-
NESS that it requires. No department has escaped attention. . . . Gives the
results of much close study and practical work.”—Engineering.

““ By far the BesT MANUAL in existence, . . . f(Givesa complete aceount of the
methods of solving, with the utmost possible economy, the problems before the Marine
Engineer.”"— dthencum,

“The Student, Draughtsman, and Engineer will find this work the M0ST VALUABLE
Haxppook of Reference on the Marine Engine now in existence.”’—Marine Engineer.
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SEco¥D Enn'lm.u. fievised and Enlarged. Pockei-Size, Leather, also for Office; Use, Cloth, 125,

BOILERS, MARINE AND T.AND;

THEIR CONSTRUCTION AND STRENGTH,.
} i i :
A Hawpeook oF RuLes, Formurs, TABLES, &C., RELATIVE To MATERIAL,
SCANTLINGS, AND PRFSSUREE, SAFETY "J’At,vss, SPRI‘\GE,

FITTIHGb ﬂn Mw:ﬂﬂwcs, &e.
For the Use ut all Steam=Tsers.

By T. W, TRAILL, M. Inst,C.E, F.E.R. N,

Engineer Eu{-rﬂrﬁr-mdﬂhlaf to the Board of Trade,

*o" In the New Issue the subject-matter has been consziderably extended ;
Tables have been added for Pressures up to 200 lbs. per square inch, and some
of the Tables have been altered, besides which new ones and other matter
have been introduced, which have been spema.lly preparecl and computed for
the SEcoxD EpiTION.

e ——————

“Very unltke any of the namerons treatises on Boilers which have preceded it. . . . Rea.ll
usefl., . . . Containg anw ExosMovs QUANTITY OF [XPORMATION ATTAD inia very conv enmul;
form, . . . Those who have to design boilers will find that they can settle the dimensions for any
given pressure with almost no calenlation with its aid. . . . A MOST USEFUL VOLUMB . .,
supplying information to be had nowhere elee.”"—The Engincer.

* As a handboo’ of rules, formulae, tables, &c., relating to materials, mntlim and pressures, this
work will prove mosr vseprrL. The name of the Author is a sufficient uarantee for its aceuracy. It
will save engineers, inspectors, and draughtsmen a vast amount of ealeulation,”—Nature,

* Mr. Traill has done a véry seful and unpretentions plece of work. Rules and tables are given in
a way simple enough to be intelligitle to the most unscientific engineer."—Saturday Review,

“ By such an anthority cannot but prove a welcome addition to the literature of the snbject. Tn the
handsa ::ul’ the practical engineer or boilermaker, its value as a ready, reliable, and widely eomprehensive
book of reférence, must prove almost inestimable. . " . "Will rank high as a standard work on the
suhject. We can strongly recommend it as being the MosT COMPLETE, eminently practical work on the
subject.”"—Marine _.'mgmﬂ:r

“To the nnl?nenr and practieal boiler-maker it will prove ixvarvinie. (Copiouns and ¢arefully
worked-ont tables will save much of the caleulating drudgery. Many éxceedingly useinl and
practical hints'are given with regard to the t-r'EFlEJI'IEI'ltﬁl' irom anid nteal which are exceedingly valuable,
ani the ontcome of a wide experience. The tables in all wobability are the most extinustive yet

published. . . . Certainly deserves a place on the shelf in the.drawing office of every boiler ulmp -
Practical Engineer.
“Wo give it a hearty weleome, . . . A handy pocketbook. wh 'l}tl!‘ readers eannok dn hgt.ter

than purchase a copy. Cheap ab five thnes the price. The intelligent engineer can make
Enfe investmient that will yield him a rh':h and satisfactory return.”— Enginecrs™ Gazelte,

“From the author's well-known character for I,hnrnug'lmm and exactness, there is cvery reason to
believe that the results given in the tables may be relied om. . . . The great experience of the anthor
in all that relates to hufar congtruction eonstitutes him an suthority that no one nnud be ashamed of
quoting, and a guide as safe as any man in Britain,"—Shipping World.

LONDON: EXETER STREET, STRAND.
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With very Numerous Ilustrations, inlarge -'ﬂrnwn-ﬁvhn,' Handsome Cloth, 6s.
Also Presentation Edition, Gilt and Gilt Edges, 7s. 6d.

THE THRESHOLD OF SCIENCE:
A VARIETY OF EXPERIMENTS (Over 400)

ILLUSTRATING

SOME OF THE CHIEF PHYSICAL AND GHEMICAL FﬁUPEHTIEﬁ OF SURROUNDING OBJECTS,
AND THE EFFECTS UPON THEM OF LIGHT AND HEAT,
BY

C. R. ALDER WRIGHT, D.Sc, F.R.S,

Lecturer on Chemistry and Physies in St. Mary’s Hospital Medical School, London.

In this work the object aimed at is to provide a kind of
« Playbook,” which, in addition to affording the means of
amusement, shall also to some extent tend in the direction of
the course of mental education advocated by the British Asso-
ciation Committee, so that whilst the young philosopher finds
pastime and entertainment in constructing simple apparatus and
preparing elementary experiments, he may at the same time be
led to observe correctly what happens, to draw inferences and
make deductions therefrom.,

“ An ADMIRABLE cOLLECTION of Physical and Chemieal Experiments . . .
a large proportion of these may be performed at home without any costly
apparatus.”—Journal of Education.

“‘ Just the kind of book to add to a school library.”— Manchester Guardian.

“t Clear, terse, and attractive, the volume is to be most highly recommended.”
—Public Opinion.

*“Dr. Alder Wright has accomplished a task that will win for him the
hearts of all intellizent youths with scientific leanings. . . . Step by step
the learner is here gently guided through the paths of science, made easy by the
perfect knowledge of the teacher, and made flowery by the most striking and

curions experiments. Well adapted to become the TREASURED FRIEND of many
a bright and promising lad.”"— Manchester Examiner.

“ The work is quite as insteuctive as it is entertaining. . 7. . The
language throughout is clear and simple.”—Sechool Guardian.
“ From the nature of gases to the making of soap-bubbles, from the freezing

of water to the principles of ‘pin-hole’ photograpby, Dr. Alder Wright's book
is an anthority. E')r- Liverpool Mercury. ' 4
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FORTHCOMING WORKS.

P

At Press. In Crown 8ve, Cloth.

GRIFFIN'S- ELECTRICAL PRICE-BOOK

(For 1892).

For the use of Electrical, Civil, Marine, and Borough Engineers,
Local Authorities, Architects, Railway Contractors, &c., &c.

EDITED BY

H. J. DOWSING, A.M. Inst. EE.

By Prof. LE NEVE FOSTER, D.Sc.

At Press. In Svo, with Numerous Illustrations.

ORE AND STONE MINING (A Text-Book of).
By C. LE NEVE FOSTER, D.Sc,

Professor of Mining, Royal College of Science; H.M. Inspector of Mines, Llandudno, &e."foe.

By H. W. HUGHES, F.G.S.
At Press. In Large Crown 8vo, with Numerous Ilustrations, Cloth.

COAL-MINING (A Text-Book of).

By Prof. A. JAMIESON, M. Inst. C E., M. Inst. E.E., &c.,
Glusgow and Wes: of Scotland Technicul College,

I. ELECTRICITY AND MAGNETISM
(A Text-Book on):
For the use of Science and Art and other Students. &

In Large Crown 8ve, with Numerous Illustrations and Ezamination
Questions, Oloth,

II. APPLIED MECHANICS
(An Elementary Manual on). s
With Diagrams and Examination Questions, — Crown -Svo, Cloth.

LONDON : EXETER STREET, STRAND,
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Eighth Annual Issue. Now Ready.

g5 For a COMPLETE RECORD of the PAPERS read before the
.+ ENGINEERING SOCIETIES throughout the United Kingdom
ww during each year, vide

THE OFFICIAL YEAR-BOOK

OF THE

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT

: BRITAIN AND IRELAND. Price 7/6.
COMPILED FROM OFFICIAL SOURCES.

Comprising (together with other Official Information) LISTS of the
; PAPERS read during 1890 before the ROYAL SOCIETIES of LONDON
and EDINBURGH, the ROYAL DUBLIN SOCIETY, the BRITISH.
ASSOCIATION, r.ma' all the LEADING SOCIETIES throughout: the
Kingdom engagea’ in the following Departments of Research :—

§ 1. Science Generally: i.e., Societies occupy- | § 6. Economic Science and Statistics.

mg themselves with seﬂeral Branches of 7. Mechanical Science and Architecture,
Science, or with Science and Literature | 3 3. Naval and Military Science.
Q.
(a8
I.

|
jointly. [ Agriculture and Horticulture,

fn i El
i e e e e L

2. Mathematics and Physics. 10, Law.

3. Chemistry and Photography. 11. Medicine.

4 Ceology, Geography, and Mineralogy. 12. Literature,
5. Biclogy, including Microscopy and An- | § |_3,* Psychology.

thropology. § 14. Arch=ology.

“ The YeAr-Book oF Socieries is a Record which ought to be of the greatest use for
the progress of Science."—Sir Lyon Playfair, F.R.8., K.C.B, M.P.,, %ﬂ.ﬂ' Fresident
of the British Association.

“It goes almost without saying that a Handbook of this subject will be in time
one of the most Et‘:nerauy usaful works for the |lbr-.3.l’:. or the desk."— The Trmees.

" The YEAR 'I‘uuh OF SOCIETIES meets an obvious want, and promises to be a valuable
swork of reference.”— A flrene s,

“*The YEar-Book oF SCIENTIFIC AND LEARNED SOCIETIES meets a want, and is there-
fore sure of a welcome."— W estminster Keview.

“ In the YEAR-Book oF SocigTiEs we have the FirsT Issue of what 15, without doubt,
a very useful work."—Sgecfntor.

The Year-Book oF SocieTies fills a very real want. The volume will become a
Scientific Directory, chronichng the work and dtamvcncﬂ of the year, and enabling the worker
in oné branch to try his hand in all that mtere:.ls him in kindred lines of researc We trust
that it will meet with an encouraging reception.”—FE npefnseringe.,

““The OrricialL YEaR-Boox oF SocieTiEs, which has been prepared to meet o want long
felt by scientific werkers of a Representative Book, will form a yea rfﬁarccnrd of Scientific Pro-
gress, and a Handbogk of Reference. . . . II: is carefully printed, and altogether well got
up."—LPubiic Opinion.

Copies of the First IssUE, giving an Account of the History,
Organisation, and Conditions of Membership of the wvarious
Societies [with Appendix on the Leading Scientific Societies
throughout. the world], and forming the groundwork of the Series,
may still be had, price 7/6. Also Copies of the followwing Issues.

The YEAR-BOOK OF SOCIETIES forms a complete INDEX TO
THE SCIENTIFIC WORK of the year in the various Departments.

it is used as a ready HanDBOOK in all our great SCIENTIFIC
CENTRES, MuseUMS, and LiBrARIES throughout the Kingdom, and |
will, without doubt, become an INDISPENSABLE BOOK OF REFEREHCE
to every one engaged in Scientific Work.

We predict that the yEAR-BoOK oF socieTIES will speedily become one of those Year-
Books wHICH!IT WOULD BE IMPOSSIELE TO DO WITHOUT,"—Bricfol .rld':rmr:r

LONDON: GHAHLES GRIFFIN & COMPANY, EHETEH STREET, STRAND.















