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v PREFACE.

furnish the student with a kind of skeleton of the science,
which it is intended he should himself clothe with the
already known and daily increasing facts of experimental
research. To aid him in this, he has the choice of nu-
merous standard treatises, amongst which may be men-
tioned Watts’s ‘ Dictionary of Chemistry,” Gmelin’s ¢ Hand-
book of Chemistry,” Miller’s ¢ Elements of Chemistry,’
¢ Gerhardt’s ¢ Traité de Chimie Organique,” ‘Traité de
Chimie Générale’ by Pelouze and IFrémy, Kolbe’s
‘ Lehrbuch der organischen Chemie,” and Kekulé’s
¢ Lehrbuch der organischen Chemie.’

I have often noticed with regret the great amount of
labour which an earnest student expends in noting down
the reactions and the names and formule of substances
which are presented to his notice in the lecture-theatre.
He is thus greatly interrupted in following the arguments
and explanations of the speaker, and he often loses more
important generalizations in securing a record of details.
One of my chief objects in the preparation of this book
has been to relieve him from such distractions. For this
purpose a very full list of names and formule are given,
and a comparatively large amount of"space is devoted
to equations expressing the reactions occurring in the for-
mation and decomposition of the substances treated of.

The graphic notation of Crum Brown which was adopted
in the former edition to illustrate important constitutional
formulze has been somewhat modified in the present, by the
omission of the circles surrounding the symbols of elements.
These circles appeared likely to render the formule more in-
telligible to begnners; in practice, however, I find that even
young students prefer to draw the formule without the
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circles, hence there is no reason for retaining them.
Moreover, in the mean time, this modified form of graphic
notation has been adopted by a large proportion of those
chemists who are engaged in the investigation of phe-
nomena ; indeed such constitutional formula have become
almost a necessity to give precision to that hypothetical
reasoning which ever stimulates to further research. Ttis
therefore desirable that the student should use that form
of graphic notation which is most extensively employed.

Graphic notation affords most valuable aid to the
teacher in rendering intelligible the constitution of chemical
compounds, especially when it is supplemented by the
glyptic formulee of Hofmann. The system of symbolic
notation, which I have explained in Chapter IIL., is so
framed as to express the same ideas, of the chemical
functions of atoms, as the graphic and glyptic formule,
with which, therefore, it harmonizes completely ; whilst it
enables the student, if he be so disposed, gradually to
dispense with the last two forms of constitutional notation.

Graphic and glyptic formule are sometimes objected to,
on the ground that students, even when specially warned
against such an °aterpretation, will be liable to regard
them as representations of the actual physical position of
the atoms of compounds. In practice I have not found
this evil to arise ; but even if it did occasionally oceur, I
- should deprecate it less than ignorance of all notion of
atomic constitution.

In conclusion, I have much pleasure in thanking my
assistant, Mr. Herbert M¢Leod, for his valuable help
in the preparation of this second edition. Mr. M¢Leod

has devoted much attention to the constitutional formulae
b

L
2 & . -
























LECTURE NOTES

FOR

CHEMICAL STUDENTS.

P T R PR T 8 AR P L M P i it

CHAPTER 1.

INTRODUCTORY.

DEerrxiTioN.—Chemistry is the science which treats of the
composition of all kinds of matter, and of those changes in
composition which result from the action, either of different
kinds of matter upon each other, or of external forces upon
one and the same kind of matter.

SmPLE AND CompouND MarTER.—AIll kinds of matter are
divided into two great classes,—simple substances, and com-
pound substances, A simple substance is one out of which it is
impossible to obtain, by any known process, two or more essen-
tially different kinds of matter. A compound substance, on the
other hand, is one which can be resolved into two or more
simple substances. The simple substances at present known
are sixty-two in number, and are termed elements. By the
combination of these elements with each other, all the infi-
nitely varied forms of terrestrial matter are produced.

Mopzes oF CrEMIcAT Acrion.—Matter undergoes chemical
change in five different ways, viz. :—

1st. By the direct combination of elements or compounds
with each other.

2nd. By the displacement of one element or group of ele-
ments in a body by another element or group of elements.

3rd. By amutual exchange of elements or groups of elements
m two or more bodies.

4th. By the rearrangement of the elemeuts or groups of
elements already contained in a body.
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2 ATOMS AND MOLECULES.

5th. By the resolution of a compound into its elements, or
into two or more less complex compounds.

Aromic Werenr.—Chemists assign to every element a
number called its afomie weight. This number is not fixed
according to any invariable rule, but the following, especially
the last two, are the chief considerations which serve as guides
in its determination :—

Lst. The smallest proportion by weight in which the element
enters into or is expelled from a chemical compound,—the
smallest weight of hydrogen so entering or leaving a chemical
compound being taken as unity.

2nd. The weight of the element in the solid condition which,
at any given temperature, contains the same amount of heat
as seven parts by weight of solid lithium at the same tem-
perature.

3rd. The weight of the element which, in the form of gas
or vapour, occupies, under like conditions of temperature and
pressure, the same volume as one part by weight of hydrogen.

The atomic weight of a compound is the sum of the atomie
weights of its elements.

The atomic weights of the elements are given in the Table
at page G.

Aroms AND MorecuLes.—The proportional amount of any
element represented by its atomic weight, as above described,
is commonly called an afom of that element.

When an element is isolated, or geparated from every other
kind of matter, its atoms still exist, except in a few cases, in
combination with each other. In many instances the atoms of
isolated elements are associated in pairs when thus combined.
Such an isolated atom or group of atoms constitutes an elemen-
tary molecule.

The bulk of a molecule, or the molecular volume of an ele-
ment in the gaseous or vaporous condition, is the same as the
molecular volume of hydrogen at the same temperature and
pressure, and the smolecular weight of an element is in a large
number of cases twice its own atomie weight,
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The following is a list of those elements whose molecular
volumes have been determined.

Molecules containing of the element

_——

One atom. Two atoms. Three atoms, Four atoms, Bix atoma.
Monatonic Diatomic Trictomic Tetratomic Heratomic
Molecules, Molecules, Molecules. Molecules. Molecules.
Mercury. | Hydrogen. | Oxygen (as | Phosphorus, | Sulphur.
Cadmium. | Oxygen. Ozone). Arsenie.
Zine. Chlorine.
Bromine,
Todine.
ﬁluurirm.
1trogen.
Sulph%fr.
Selenium.

It will be perceived from the above Table that an element
may have two distinet molecular weights. This is known to
be the case with oxygen and sulphur.

The moleenlar weight of a compound is, with very few excep-
tions, identical with its atomic weight. The molecular volume
or the space occupied by the combining proportion of a com-
pound is, with very few exceptions, equal to that oceupied
by two combining proportions, or one molecule, of hydrogen.
Hence the law—equal volumes of all gases and vapours contain, at
the same temperature and pressure, an equal number of molecules.

With very few exceptions, therefore, the molecules of all
compounds in the gaseous or vaporous condition, no matter
how great may be the aggregate volume of their constituents,
occupy, when compared at the same temperature and pressure,
one uniform volume, which is exactly the same as that filled
by one molecule of hydrogen. Thus:

vol vol. vols.
1 of Hydrogen +1 of Chlorine.......ccccoumiiaininiinininn form 2 of Hydrochlorie acid.
1 of Hydregen +1 of Bromine vapour .................. w2 of Hydrobromic acil.
2 of Hydrogen +1 of Bulphur vapour .............ce.. w 2 of Bulphuretted Hydrogen.
3 of Hydrogen +1 of Oxygen ......ooocovvmnnnicininnnes w 2 of Bteam.
3 of Hydrogen +1 of Nitrogen........coeeeesvencsss w2 of Ammonia,
4 of Hydrogen + a2 of Carbon vapour ........... eyl » 2 of Marsh-ns.

6 of Hydrogen +1 of Oxygen +2xof Carbonvapour ,, 2 of Aleohol vapour.
12 of Hydrogen -+1of Oxygen +35xof Carbon vapour ,, 2 of Amylic a'cohol vapour.

B2



4 POSITIVE AND NEGATIVE ELEMENTS.

Cueymrcar Arrivity.—The force or power which holds to-
gether the elements of a compound is termed chemical affinity.

Elements which readily combine with each other, and develop
much heat on combination, are said to have a powerful affinity
for each other. The elements which thus exhibit towards each
other a great affinity are possessed of widely different properties;
and when their compounds are decomposed by an electric cur-
rent, the constituents are evolved at the opposite poles.
Those elements which, under such ecircumstances, make their
appearance at the positive pole are termed electro-negative or
negative elements, whilst those disengaged at the negative pole
are called electro-positive or positive elements. It must be re-
membered, however, that the difference between these two
classes is one of degree only ; they insensibly merge into each
other, since the members of both classes exhibit a graduated
intensity of the positive or negative quality. Thus potassium
is more positive than sodium, and oxygen more negative than
sulphur, whilst mercury is negative to sodium but positive to
iodine.

The following eight elements are negative towards the re-
maining fifty-four elements, which are more or less positive :—

Fluorine. Oxygen.
Chlorine. Sulphur.
Bromine. -~ Selenmium.
Todine. Tellurium,.

Although two positive or two negative elements can combine
together chemically, yet their union is rarely altended with
such striking phenomena as are manifested when the combi-
nation takes place between a positive and a negative element.
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NAMES OF ELEMENTS.

CHAPTER II.

CHEMICAL NOMENCLATURE.

TuE study of every science necessitates an acquaintance with
the system of names and peculiar modes of expression which
have been found most convenient to denote the materials and
to describe the phenomena which form its objects. Such names
and modes of expression form the groundwork of the langunage
of every science, upon the right employment of which depend
the precision and accuracy of scientific definition.

The nomenclature of a science ought to be distinguished for
its clearness and simplicity ; but it is by no means easy to
secure these conditions in a science like chemistry, where the
rapid progress of discovery necessitates the continual addition
of new and the frequent alteration of old names. The che-
mical name of a substance should not only identify and indi-
vidualize that substance, but it should also express the compo-
sition and constitution of the body, if a compound, to which it
is applied. The first of these conditions is readily attained ;
but the second is much more difficult to secure, inasmuch as
our ideas of the constitution of chemical compounds—the mode
in which they are built up as it were—require frequent modi-
fication. On this account all attempts to frame a perfectly
consistent system of chemical nomenclature have hitherto been
only partially successful.

It has been already mentioned that the number of elements
at present known is sixty-two. These have received the names
given in the following Table, in which the twenty-two most
important elements are distinguished by the largest type,
those next in importance by medium tppe, whilst the names of
elements which are either of rare occurrence, or of which our
knowledge is yet very imperfect, are printed in the smallest
type.
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-| Atomi Bym-| Atomic

i Sﬁ‘::ln wz?ght? L bj-gil we?ght..
ALUMINIUM | Al | 275 || Molybdenum...| Mo| 92

ANTIMONY..... Sb | 122 || N1ckEL .........| Ni | 688

ARsENTO.........| As | 75 || Niobium ...... Nb| 976
Barium .........| Ba | 137 | NITROGEN ...|N 14
Brsmure ......|Bi | 208 | Osmium......... Os | 199
BosoH ' . LB 11 || OXYGEN ...... O 16

BROMINE......|Br | 80 || Parzapiom ...|Pd | 1065
Cadmium ...... (d | 112 | PHOSPHORUS P 31

Ceesium ......... Cs | 1833 | PLATIRUM ...... Pt | 1974

CALCIUM ..... Ca | 40 | POTASSIUM.. K 39

CARBON ...... 8 12 || BroDpIUM ..... Rh | 104
Clarm: < i Ce | 92 || Rubidium ...... Bb| 855
CHLORINE ...| (I 355 || Ruthenium ...| Bu | 104
CaromMioM ...|Cr 52:5 | Selemmum ...... Se 79
COBATT i Co | 588| SILICON ...... St 285
COPPER ...... Cu| 63-5| SILVER........| Ag | 108
Didymium ...... D 96 | SODIUM ... |[Na| 23
FLUORINE ...|F 19 || SrroNTIUM ...|Sr 876
Glueinum ...... G 14 | SULPHUR...... S 32
£ 2 £l I 8 S Au | 1967 | Tantalum ...... Ta | 1875
HYDROGEN ...| H 1 || Tellurium ...... Te | 128
Indinm .. In 74 || Thalliom ...... Tl | 204
IODINE .........|] 127 || Thomam. . ...... Th | 2315
InIpIUM .. ... T el | R b . e A i e
TRON ... b Fo,| 66 | Trrawioy ...... Ti 50
Lanthanum ...| L 92 |TUHI}STEH ...... W | 184
LRAD - Pb | 207 || UrANIUM ...... U | 120
Lathivm . ..5s. ... L 7 || Vanadium ......| ¥V 518
Maiovestum ... Mgl 24 | Ytbrium.........|Y | 68
MANGANESE | Mn| 55 | ZINC ............ Zn | 65

MERCURY .. Hg] 200 || Zirconium ...... Zr | 90

These elementary substances have been long divided into
two great classes—metals and non-metals, the latter being also
sometimes termed metalloids. The metals are by far the more
numerous, the non-metals comprising only the following thirteen
clements :—Boron, Bromine, Carbon, Chlorine, Fluorine, Hy-
drogen, ITodine, Nitrogen, Oxygen, Phosphorus, Selenium,
Silicon, Sulphur.
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The names of the elements can scarcely be said to have been
given according to any rule; many of them are derived from
the most prominent property of the bodies themselves, whilst
others have a mythological origin. An attempt has been
made to distinguish the metals by the termination wm, as
potassium, sodium, &e. ; but the common metals, such as gold,
copper, iron, &ec., still retain their original names; and one
substance, selenium, which at the time of its discovery was
regarded as a metal, has had no change made in its name,
although further research has divested it of all metallic attri-
butes. An important group of electro-negative non-metals—
~ fluorine, chlorine, bromine, and iodine—have received the termi-
nation #ne ; three are distinguished by the terminal syllable ox,
viz. carbon, silicon, and boron ; and three others have gen for
their final syllable, viz. oxygen, hydrogen, and nitrogen, these
last names being derived from Greek words denoting the pro-
perty possessed by these elements of generating respectively
acid, water, and nitre.

When two elementary bodies unite together, they form a
chemical compound of the first order, to which the name
binary compound has been applied. The names of these com-
pounds are formed from those of their constituents, the name
of the positive constituent or some abbreviation thereof, with
the terminal ie, preceding that of the negative constituent,
which is made to terminate in ide, thus :—

Potassium and Sulphur form Potassic sulphide.
Sodium » Oxygen , Sodic oxide.

Silver » Chlorine ,, Argentic chloride.
Zine » Jodine , Zincie iodide.
Calecium ,, Chlorine ,, Caleie chloride,

But the same elements frequently form with each other two
compounds, in which case the one which contains the smaller
proportion of the negative element is distinguished by changing
the terminal syllable of the name of its positive constituent
into ous, the terminal i¢ being retained for the compound con-
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taining the larger proportion of the negative element. Thus,
One atom of tin and two atoms of chlorine form Stannous chloride.
One atom of tin and four atoms of chlorine form Stannie chloride.

Sometimes, however, the same elements form with each other
more than two compounds. In these cases the prefixes hypo
and per are employed as marks of distinetion ; but their use is
very rarely required.

If a binary compound contains oxygen, and forms an acid
when made to unite with water, or a salt when added to a base,
it is termed an anhydride or anhydrous acid. Thus,

One atom of carbon and two atoms of oxygen form carbonie anhydride.
Two atoms of nitrogen and five atoms of oxygen form nitric anhydride.
Two atoms of nitrogen and three atoms of oxygen form nitrous anhydride.
One atom of sulphur and three atoms of oxygen form sulphurie anhydride.
One atom of sulphur and two atoms of oxygen form sulphurous anhydride.

In the following cases, the systematic names have not dis-
placed the trivial and irregular names used for the same sub-
stances :—

Systematic name. Trivial or irregular name,
Hydric oxide .........cn...: ‘Water.
Hydric sulphide ............ Sulphuretted hydrogen.
Hydrie selenide ............ Seleniuretted hydrogen.
Hydric telluride............ Telluretted hydrogen.
Hydric chloride ............ Hydrochlorie acid.
Hydric bromide ............ Hydrobromic acid.
Hydric iodide............... Hydriodie acid.
Hydrie fluoride ............ Hydrofluorie acid.
Hiydrio carbidh i . {M;;ﬂgggggg_fhghtﬂﬂrh“rﬂtted
Hydric nitride ............ Ammonia.
Hydrie phosphide ......... Phosphuretted hydrogen.
Hydric arsenide ............ Arsenuretted hydrogen.
Hydrie antimonide......... Antimonuretted hydrogen.

The term acid was originally applied only to substances pos-
gsessing a sour taste like vinegar; but analogy has necessitated
the application of the same name to a large number of com-
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pounds which have not this property. In the modern accepta-
tion of the name, an acid may be defined as a compound con--
taining one or more atoms of hydrogen, which become displaced
by a mefal when the latter is presented to the compound in the
form of a hydrate. The hydrogen capable of being so displaced
may be conveniently termed displaceable hydrogen. An acid
containing one such atom of hydrogen is said to be monobasic,
two such atoms dibasic, &e. Acids of a greater basicity than
unity are frequently termed polybasic acids.
Thus nitric acid gives, with sodic hydrate, sodic nitrate :
NOH 4 ONaH =  NONa <+ OH,
Nitric acid. Bodic hydrate. Bodie nitrate. Water.
Sulphuric acid gives, with potassic hydrate, potassic sulphate:
SOH,' + 20EH = S0K 4 20H.:

Bulphurie acid. Potassic hydreate. Potassic nulpimtn:. Water,

and hydrochloric acid gives, with potassic hydrate, potassic

chloride :
HOL 4+ OEH = EKCI + 0H.

Hydrochlorie Potasaic Potaasic Water.
acid, hydrate. chloride.

‘When an acid contains oxygen, its name is generally formed
by adding the terminal ic either to the name of the element
with which the oxygen is united, or to an abbreviation of that
name ; thus sulphur forms, with oxygen, sulphuric acid; nitro-
gen, nitric acid; and phosphorus, phosphoric acid. But it
frequently happens that the same element forms two acids
with oxygen; and when this occurs, the acid containing the
larger amount of oxygen receives the terminal syllable ie,
whilst that containing less oxygen is made to end in ous.
Thus we have sulphurous acid, nitrous acid, and phosphorous
acid, each containing a smaller proportion of oxygen than that
necessary to form respectively sulphurie, nitric, and phosphoric
acids.

In some instances, however, the same element forms more
than two acids with oxygen,in which case the two Greek words
hypo, under, and Ayper, over, are prefixed to the name of the
acid. Thus an acid of sulphur containing less oyxgen than
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sulphurous acid is termed hyposulphurous acid; and another
acid of the same element containing, in proportion to sulphur,
more oxygen than sulphurous acid and less than sulphurie,
might be named either hypersulphurous acid, or hyposulphuric
acid ; but the latter term has been universally adopted. The
prefix per is frequently substituted for Ayper ; thus in the case
of chlorine, which forms the following four acids with oxygen,
viz. hypochlorous acid, chlorous acid, chlorie acid, and hyper-
chlorie acid, the latter is generally named perchlorie acid ; but
per can only be used as a prefix to the acid containing the
largest proportion of oxygen.

Some acids do not contain oxygen amongst their constituents,
but consist of sulphur or hydrogen united with other elements,
This peculiarity of composition is expressed in their nomen-
clature by the prefixes sulpho or sulph, and kydro or hydr : thus
sulpharsenic acid and sulphostannic acid denote acids composed
respectively of sulphur, hydrogen, and arsenic, and sulphur, hy-
drogen, and tin ; whilst the names hydroehloric acid and hydri-
odic acid are given to acids composed, the first of hydrogen
and chlorine, and the second of hydrogen and iodine. The
terminals ous and ic are also applied to these acids in exactly
the same manner as to the oxygen acids: thus we have sulph-
arsenious and sulpharsenic acid, the latter containing a
larger proportion of sulphur than the former; but the appli-
cation of the first of these terminals has mot hitherto been
found necessary in the case of hydrogen acids, since no ele-
ment has yet been observed to form more than one acid with
hydrogen.

The term anhydride or anhydrous acidis applied to the residue
obtained by the abstraction (in combination with oxygen as
water) of all the displaceable hydrogen from one or two mole-
cules of an oxygen acid. Thus,

OB & Om e
Bulphuric acid. Water.  Bulphuric anhydride.
gNO.H '~ OH, = N0,

Nitric acid. Water. Nikric anhydride.

il T
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The term dase 1s applied to three classes of compounds, all of
which are converted into saltsby the action of acids. These are—

1st. Certain compounds of metals with oxygen, such as sodic
oxide (Na,O), zincie oxide (Zn0), &e.

2nd. Certain compounds of metals with the compound radical
hydroxyl (HO), such as sodic hydrate ((NaHO)), zincic hy-
drate (Zn(HO),), &e.

3rd. Certain compounds of nitrogen, phosphorus, arsenie,
and antimony, such as ammonia (NH,).

There are also a few organic compounds to which the name
base is sometimes given, but which are not included in the
above classes; it is, however, unnecessary further to allude to
them here.

The bases of the first class are named in accordance with
the rules already given for compounds of two elements. The
following bases, however, still retain their irregular names :—

Systematic names. Irregular names,
Baric oxide ............... Baryta.
Strontic oxide ............ Strontia.
Oaleio oxide . e Lime.
Magnesic oxide............ Magnesia.
Aluminie oxide............ Alumina,

Glucinic oxide ............ Glucina,
Zirconic oxide ............ Zirconia.

The names of the bases belonging to the second class are
formed by changing the terminal syllable of the name of the
metal into d¢ or ous, and the word hydroxyl into hydrate. Thus
ciesium and hydroxyl form casic hydrate (GB(HD)); barium
and hydroxyl, baric hydrate (Ba (HO),); and iron and hy-
droxyl, ferric hydrate (F e, (HO),).

A few of these bases have trivial or irregular names, which
are almost invariably used instead of the systematic names :—

Systematic names. Teregular names.
Potassic hydrate ......... Potash.
Sodic hydrate ............ Soda.

Lithic hydrate ............ Lithia.
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The bases of the third class are distinguished by the terminal
syllable ine, except nitrine, (NH,), which retains its trivial |
name ammonia. These bases belong almost exclusively to the
department of organic chemistry, and their nomenclature could
not be advantageounsly discussed here.

It has been already mentioned that by the mutual action of
an acid and a base upon each other, a salfis produced. If the
salt be free from oxygen and sulphur, like common salt, (NaCl),
it 1s termed a haloid salt ; if it contain oxygen it is termed an
oxysalt ; and if this oxygen be replaced by sulphur, it is distin-
guished as a sulphosalt.

The haloid salts are named aceording to the rules for binary
compounds above given, thus:

Name. Formula.
Sodie chloride ............... NaCl
Caleic todide i s Cal,.
Ferrous bromide ............ FeBr,.
Ferric bromide ............... Fe,Br,.

Oxysalts are divided into normal, acid, and basic.

A normal salt is one in which the displaceable hydrogen of the
acid (see page 9) is all exchanged for an equivalent amount of
a metal or of a positive compound radical.

The following examples will serve to illustrate this definition
of a normal, or as it is sometimes incorrectly called, a neutral
salt, the displaceable atoms of hydrogen in the acid, and the
metal by which they have been displaced in the salt, being
printed in italies :—

Aeid, Normal salt.
Wik a1 T AL L
Sulphuric acid ... v o { R e e
Phosphorio acid w...... PO, ..... { s f:i;]}:}iz‘;ﬂ‘:m“_": f;}g,f;}ﬁ.,&

Hypophosphorous acid.. PO,H, H ... Sodic hypophosphite... PO, I Na.
Phosphorous acid......... POHH, ... Potassic phosphite ... PO,HK,
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Acid. . Normal salt.
Metaphosphoric acid ... PO,/ ...... Lithic metaphosphate ,. PO, Li.
Pyrophosphoric acid ... P,0.H, ... Caleic pyrophosphate... P,0,Ca",.
i B "“11"1"“""} 8,0,4,...... Sodic bisulphate......... 5,0,Na,.
Unknown acid ......... Cr,0.H, ... Potassic bichromate ... Cr,0, K.

An acid salt is one in which the displaceable hydrogen of the
acid is only partially exchanged for a metal or positive compound
radical.

The following examples illustrate the constitution and nomen-
clature of these salts :—

Acid. Acid salt.
Sulphuric acid ... 80, H, Hydrie sodic sulphate ...... SO, HNz.
Carbonic acid ., 'E.'\D H ? Hydrie potassic carhuuutc CO,HK.
Hydrie disodic phosphate... PO HNa,.
Phosphoric acid... PO H, { Dihydrie sodie phosphate... PO, H, Na. 1
Microcosmie salt ............ PO, H(NH ) Na.
(Hydric ammonic sodie phosphate.)

Acid salts are produced almost exclusively from polybasic
acids.

When the number of bonds* of the metal or compound positive
radical contained in @ salt exceeds the number of atoms of displace-
able hydrogen in the acid, the compound is usually termed a basic
salt—as, for instance,

Acid. Basic salt.
e Malnabebe' & iciiiiseasncersianie CO,H,Cu",
Carbonic acid ........ it {Blua cuprie carbonate ......... C,0.H, Cu,,
Py Tribasic cuprie sulphate ...... SO H, Cu",.
Sulphuric acid.......... 80,4, {Turpeth mineral ..o SO, Hy",.

These and most, if not all, other basic salts do not differ
essentially in their constitution from the normal and acid salts.
This will be seen from the arrangement of their atoms given
under the different metals entering into their composition.

The nomenclature of organic bodies is founded upon the
same principles as that of inorganic compounds ; butits discns-
gion could not be conveniently introduced here.

* For an explanation of this term see Chap. ITL p, 18,
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CHAPTER III.

CHEMICAL NOTATIOHN.

SymBoric NorarroN.—Every element is represented by a
symbol, which is frequently the initial letter of the mame
of the element; but as in some cases the names of two or
more elements begin with the same letter, it is necessary to
distinguish them by the use of a second letter in small type,
which is either the second letter of the word, or some other
letter prominently heard in its pronunciation; thus carbon,
cadmium, cobalt, and cerium all begin with the same letter;
but they are distinguished by the symbols C, Cd, Co, and Ce.
In the use of the single letters, the non-metallic elements have
the preference ; thus oxygen, hydrogen, nitrogen, sulphur, phos-
phorus, boron, carbon, iodine, and fluorine are expressed by the
single letters O, H, N, 8, P, B, C, I, and F ; whilst the metals
osmium, mereury, nickel, strontium, platinum, bismuth, cobalt,
iridium, and iron are symbolized by two letters each; thus Os,
Hg (hydrargyrum), Ni, Sr, Pt, Bi, Co, Ir, and Fe (ferrum). In
the selection of the single letter for other cases, preference is
given to the most important element; thus sulphur, selenium,
and silicon are all non-metallic elements, beginning with the
same letter, but sulphur being the most important, the single
letter S is assigned to it ; whilst selenium and silicon are de-
noted respectively by Se and Si.

The symbols of compounds are formed by the simple juxta-
position of the symbols of their constituent elements. Such a
group of two or more symbols is termed a chemical formula.

Thus:
Argentic chloride ..........c.coennnnnnna. AgCL

Zi]:l.ci.ﬂ nxide ARG rmE ERw e R s A e B sEe e ZnDl

The symbols not only represent the elements for which they
are used, but they also denote a certain definite proportion by
weight of each element ; the formula HCI, for instance, does:
not merely denote a compound of hydrogen and chlorine, but:
it signifies a molecule of that compound containing one atom:
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(1 part by weight) of hydrogen, and one atom (35'5 parts by
weight) of chlorine. 'When, therefore, the molecule of a com-
pound contains more than one atom or combining proportion
of any element, it is necessary to express such fact in the for-
mula: this is done by the use of a coefficient placed after the
symbol of the element :

Zineic ehloride ..........ccveeneesenneinenne 200,
Farrlc.ehlorade ..ol Fe,Cl,.
Btannous chloride ..........oiccviiiivvinsis SnCl,.
Stannic chloride .......................... 80Ol

‘When it is necessary to denote two or more molecules of
any compound, a large figure is placed before the formula of
the compound ; such a figure then affects every symbol in that

formula : thus 3S0,H, means three molecules of the compound

SO H.,.

The changes which occur during chemical action are expressed
by equations,in which the symbols of the elements or compounds,
as they exist before the change, are placed on the left, and
those which result from the reaction on the right. Thus, taking
an example from each of the five kinds of chemical action
before mentioned, we have

(1) Zn + Cl, = ZnCl,.
Hine, Chlorine, Zineie chloride.
(2) BHOl 4 . s B0l +.H,

Hydrochloric acid, Zine, Zingic chloride. Hydrogen.

3) 80,Cu + (NO,)Ba = SOBa + (NO,) Cu.

Cupric sulphate. Barie nitrate. Baric sulphate. Cuprie nitrate,
(4) (CN)O(NH,) = N, HJ(CO).
Ammonic eyanate, Uren.
(5) SOH, . 50 b« GHL.
Water. Oxygen. Hydrogen.

The sign +, as seen from the foregoing examples, is placed

. between the formule of the moleeules of the different substances

which are brought into contact before the reaction, and of
those which result from the change. This sign must never be
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used to connect together the constituents of one and the same
chemical compound.

The sign — is only very rarely used in chemical notation,
but when employed it has the ordinary signification of abs-
traction; thus,

BOH. = HO =80,
Sulphurie acid. Water. Sulphuric anhydride.

Use of the bracket.—The bracket has been employed in
various senses in chemical formule ; but in the following pages
it is used in notation for one purpose only, viz. for expressing
chemical combination between two or more elements which
are placed perpendicularly with regard to each other and next
to the bracket in a formula. Thus in the following cases,

I II. I1I1.
CH, CH, NO,0
CH, 0 Ba

: CH, NO,0

the formula No. I signifies that two atoms of carbon are
directly united with each other, No. 1I. that two atoms of car-
bon are linked together, as it were, by an atom of oxygen, the
latter being united to both earbon atoms ; whilst in like manner
No. III. indicates that one atom of oxygen in the formula
of the upper line is linked to another atom of oxygen in the
formula of the lower line, by an atom of barium.

Use of thick letters.—As a rule, the formula in this book are
so written as to denote that the element represented by the
first symbol of a formula is directly united with all the active
bonds of the other elements or compound radicals following
upon the same line: thus the formula SO,Ho, (sulphuric acid)
gignifies that the hexad atom of sulphur is combined with the
four bonds of the two atoms of oxygen, and also with the two
bonds of the two semi-molecules of hydroxyl. Such a formula
is termed a constitutional fornula *.

Occasionally, however, owing to the atomic arrangement of -

* For further information on this subject see Aromrcrry or Evevests and
Coxrouxp Rapicars below,
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a compound not being known, its formula cannot be written
according to this rule ; and in order to prevent such rafional
or empirical formule* from being mistaken for constitutional
formule, the first symbol of a constitutional formula will
always be printed in thick type. It deserves also to be men-
tioned that, as a rule, the element having the greatest number
of bonds will occupy this prominent position. Thus,

Halpbinrie geid ..t s i . 80.Ho,
TREREEIS s o e et e A OH.,.
B aodd .5 mp i codss DO RO,

Microcosmie salt.................. POHoAmoNao.

Aromrciry oF EnEMENTS.—If has been already stated that
the atomic weight of an element is the smallest proportion
by weight in which that element enters into or is expelled
from a chemical compound. The atoms of the various ele-
ments, the relative weights of which are thus expressed,
exhibit very different values in chemical reactions. Thus an
atom of zine is equivalent to two atoms of hydrogen ; for, when
zine i3 brought into contact with steam at a high temperature,
one atom of zine expels from the steam two atoms of hydrogen
and occupies their place—thus,

OH, &+ ZIn"= OZh' + B,
Water. Zincic oxide.

Again, when zincic oxide is brought into contact with hydro-

* A rational formula is one in which the atomic composition of a molecule
is expressed, but without reference to the manner in which the elements are
combined amongst themselves. An empirical formula merely expresses, by
the smallest integers, the proportional number of atoms of each element
entering into the composition of a compound. Thus the three formule of
ferric hydrate are written :— .

Empirical formula .........coc0uiee. Fell,0O,.

=3
Rational P Ry reee o HEE)
Constitutional,,  ......cccccesn.ens Fe llo,.

Thus both constitutional and rational formule are csscntinlljr molecular
formulse, whilst empirical formula afford no indication of the number of atoms
entering into the eomposition of a molecule; they are, in fact, only used to
represent bodies the molecular weights of which are unknown.

C
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chlorie acid, the place of the zine becomes once more oceupied
by hydrogen, but two atoms of hydrogen are found to be neces-
sary to take the place of one atom of zine :
OZn + 2HCI = 2ZmnCl, 4+ OH,
Zineie oxide. Hydrochloric acid.  Zineie chloride. Water.

In like manner one atom of boron can be substituted for
three atoms of hvdrogen, one atom of carbon for four, one of
nitrogen for five, and one atom of sulphur for no less than six
atoms of hydrogen.

To give a concrete expression to these facts, the atom of
hydrogen may be figuratively represented as having only one
point of attachment or dond by which it can be united with any
other element, zine as having two such bonds, boron three, and
so on. Thus the atoms of these elements may be graphically
represented in the following manner :—

5 B oh o) e Bl S H-
DR 2 i nine e s i s i aain e T
oot
Lo o gl e U R D ]?
I
RRHENY s s bl sas ey —(l,f—
0|
Nittogen.......ooni0is RSN N/
7
Y
RIADINE o Mt i sl —3—
Pl

In symbolic notation, the same idea is conveyed by the use
of dashes and Roman numerals placed above and to the right
of the symbol of the element ; thus,

Hydrogen......... H': Cirhan .t 5. BLg
ZNG o i abyes ronn Zn", Nitrogen ......... N',
BOpOl. ", 5 i exinns 5 Jeie Sulphut ......... B%

No element, either alone or in combination, can exist with
any of its bonds disconnected ; hence the molecules of all ele-
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dyad, with three a friad, with four a tetrad, with five a pentad,
and with six a hexad. Elements with an odd number of bonds
are termed perissads, whilst those with an even number are
named artiads.

In order to avoid the unnecessary use of atomicity-marks in
symbolic notation, I shall never attach them to a monad or to
oxygen, which, it must be remembered,is always a dyad. Neither
will the atomicity-coeflicient be attached to the tetrad element
carbon, in the formule of organic bodies, unless this element
plays the part of a dyad—an occurrence of extreme rarity.
‘When not otherwise marked, therefore, carbon must always be
understood to be a tetrad.

It will also, as a rule, be unnecessary to mark the atomicity
of the elements which are expressed by symbols in thick type,
because their atomicity is clearly indicated by the sum of the
atomicities of the elements or compound radicals placed to their
right, or connected with them perpendicularly by a bracket.
Thus in the formula

CCl,

{ean

each atom of carbon is united with three atoms of the monad

chlorine, whilst the bracket indicates that the two atoms of

carbon are also united by one bond of each, thus stamping C
as a tetrad element.

From what has just been said with regard to carbon, it is
evident that the atomicity of an element is, apparently at least,
not a fixed and invariable quantity : thus nitrogen is sometimes
equivalent to five atoms of hydrogen, as in ammonic chloride,
(NI Cl), sometimes to three atoms, as in ammonia (IN""H,),
and sometimes to only one atom, as in nitrous oxide (ON,).
But it is found that this variation in atomicity always takes
place by the disappearance or development of an even number
of bonds: thus nitrogen is either a pentad, a triad, or a monad ;
phosphorus and arsenie, either pentads or triads; carbon and
tin, either tetrads or dyads; and sulphur, selenium, and tellu-
rium, either hexads, tetrads, or dyads.
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These remarkable facts can be explained by a very simple
and obvious assumption, viz. that one or more pairs of bonds be-
longing to one atom of the same element can unite and, having
saturated each other, become, as it were, latent. Thus the pentad

nitrogen becomes a triad when one pair of its bonds becomes -

Jatent, and a monad when two pairs, by combination with each
other, are, in like manner, rendered latent,—conditions which
may be graphically represented thus :—

PEntnd; Triad. Monad.
b4 P
N ~N- -
AN &) o
And in the ease of sulphur:
Hexad. Tetrad. Dyad.
e =
—-8- ...S"i -—Q—
AN W/ O

Adopting this hypothesis, it will be convenient to distinguish
the maximum number of bonds of an element as its absolufe
atomicity, the number of bonds united together as its latent
atomicity, and the number of bonds actually engaged in linking
it with the other elements of a compound as its active atomicity.
The sum of the active and latent atomicity of any element must
evidently always be equal to the absolute atomicity. Thus in
sulphuric acid (8%0,Ho,) the absolute and active atomicities
are both =v1, therefore the latent atomicity =0. In sulphu-
rous acid ("S"OHo,) the active atomicity =1v, and conse-
quently the latent =vi—r1v=1r; whilst in sulphuretted hydro-
gen ("S"H ,) the active and latent atomicities are respectively
ir and 1v.

The apparent exceptions to this hypothesis nearly all dis-
appear on investigation: thus iron, which is a dyad in ferrous
compounds (as FeCl), a tetrad in cubical pyrites (FeS",), and
a hexad in ferric acid (FeO,Ho,), is apparently a triad in ferric
chloride (FeCl); but the vapour-density of ferric chloride
ghows that its formula must be doubled—that, in fact, the two

B

g —————
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with the absolute atomicity of every element as expressed in
the Table at page 32. TFor a similar reason, it will also rarely
be necessary to express the same idea in graphic notation: thus,
for instance, ammonia will be drawn

H

H
H—&—H and not H—ﬁ—eﬂ

It will be necessary, however, to employ these coefficients in
symbolic formulie, where two or more atoms of the same ele-
ment are joined together under such circumstances, that the
number of bonds uniting them cannot be found by subtracting
the coefficient of active atomicity from the absolute atomicity
of the element ; as in hydrie persulphide ('S’ H,), for instance,
which might otherwise be viewed as "'S', H,, or 'S’ H.,.

In rare cases, in which oxygen links together two elements
or radicals in the same line of a formula, a hyphen is placed
before and after the symbol O, thus:—

CH,-0-CMeO
CH.-0.-CMeO"

Diacetie glycol.

Graraic Norarion.—This mode of notation, although far
too cumbrous for general use, is invaluable for clearly showing
the arrangement of the individual atoms of a chemical com-
pound. It is frue that it expresses nothing more than the
symbolic notation of the same compound, if the latter be written
and understood as above described ; nevertheless the graphic
form affords most important assistance, both in fixing upon the
mind the true meaning of symbolic formule, and also in making
comparatively easy of comprehension the probable internal ar-
rangement of the very complex molecules frequently met with
both in mineral and organic compounds. It is also of especial
value in rendering strikingly evident the causes of isomerism
in organic bodies.
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Graphic notation, like the above method of symbolic notation,
is founded almost entirely upon the doctrine of atomicity, and
consists in representing, graphically, the mode in which every
bond in a chemical compound is disposed of. Inasmuch, how-
ever, as the principles involved are precisely the same as those
already described under the heads of symMBoric Xorarrox and
ATOMICITY OF ELEMENTS, it i unnecessary here to do more
than give the following comparative examples of symbolic and

graphic formule :—
Symbolic. Graphic,
Wb s bl dale Oll.. H—0—H
8]
Nitrie aead o oo ciansns . . ANELH O, lu]'—{}-—II
'I:F}
H
‘Ammonic chloride ......... NH (L II?}|I:CI
H - H
O
Sulphurie anbydride ...... S0,. ;U#;::D
{tj
0
Sulphuric acid ......... SO - e II—D—}L"\—O—— H
aa
Carbonie anhydride ...... CO,. 0=C=0
Potassic carbonate ......... COKo, EK—0—C—0—K

I
o
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Symbolic. Graphie,
I
|
Marsh-gas............. G, H—?—H
? H
15 [ H K

, RERY, R
Ammonic carbonate, COAmo,. H——-IIJ—O—C-—-O—N--H
| !
W

O 0

NO,0 } I i

Zincie nitrate ... Yn" }. N—O0—Zn—0—N
NO,0 I I

O O

It must be carefully borne in mind that these graphie for-
mule are intended to represent neither the shape of the mole-
cules, nor the supposed relative position of the constituent
hypothetical atoms. The lines connecting the different atoms
of a compound, and which might with equal propriety be drawn
in any other direction, provided they connected together the
game elements, serve only to show the definite disposal of the
bonds, the latter again being only a concrete symbolic expres-
sion of an abstract train of reasoning: thus the formula for nitric
acid indicates that two of the three consti- 0
tuent atoms of oxygen are combined with !
nitrogen alone, and are consequently united N_Q—J
to that element by both their bonds, whilst ||
the third oxygen atom is combined both with O
nitrogen and hydrogen.

The lines connecting the different atoms of a compound are
but crude symbols of the bond of union between them ; and it
18 scarcely mecessary to remark that no such material con-

' mexions exist, the bonds which actually hold together the con-

stituents of a compound being, as regards their nature, entirely
unknown :
It may also bz here mentioned that graphic, like symbolie
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formule, are purely statical representations of chemical com-
pounds ; they take no cognizance of the amount of potential
energy associated with the different elements. Thus in the
formule for marsh-gas and carbonie anhydride,

H
H—Jllﬂ—]:[ 0=0=0
H
Marsh-gas. Carbonie anhydride.

there is no indication that the molecule of the first compound
contains a vast store of force, whilst the last is comparatively
a powerless molecule.

CHAPTER IV.

COMPOUND RADICALS.

Tue term compound radical may be applied to any group of!
two or more atoms, which takes the place and performs the:
functions of an element in a chemical compound. In practice,,
however, it is only applied to any such group when the latter:
is met with in numerous chemical compounds.

An element is a simple radical, and enters into combination:
in the following manner; a, b, ¢, and d being monad elements,,
a" a dyad, &' a triad, and ¢" a tetrad elenient :—

a + b=ab,

a' +2b=a"b,
a'+3b=a""b,
&e. &e.

A group of elements replacing @, «”, or ¢" in the above equas-
tions is a compound radical, as in the following examples :—
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@'8) - o B=(a"B)b,
(a"b)" +2b=(a""b)"b,
@"b) + b=(a"be)d,
(a*b)"  +3b=(a"b)"D,
(@"be)" +2b=(a"be)"d,,
(@"bed) + b=(a"bed)b.

The group of elements (a"?) constitutes a compound monad

radical equivalent to one atom of hydrogen or chlorine. The
group (e¢"'0)" 1s a compound dyad radical, &e. It is there-
fore evident that a polyad element is essential to every com-
pound radical ; in fact @ compound radical consists of one or
more atoms of a polyad element in which one or more bonds are
unsatisfied ; and it is either a monad, dyad, triad, §e. radical, ac-
cording to the number of monad atoms required io salisfy its
active atomicify. Such a radical, when a monad, triad, or pentad,
cannot exist as a separate atom ; like hydrogen or nitrogen,
when isolated, it combines with itself, forming a diatomic mole-
cule. It is only by the union of two atoms that the vacated
bonds can in these cases be satisfied.
. From the above definition of a compound radical, it is evi-
. dent that an almost infinite number of such bodies must exist ;
for in the compounds of every polyad element it is only neces-
sary to vacate successive bonds to create each time a new com-
pound radical. Thus marsh-gas CH, minus one atom of
hydrogen gives the compound radical methyl CH,; minus two
atoms of hydrogen, it forms methylene (CH,)", and by the
abstraction of three hydrogen atoms 1t is transformed into the
triad radical formyl (CH)"; but, except in a few cases, it is
not advantageous thus to incorporate, as it were, compound
radicals, which, instead of simplifying notation and nomencla-
ture, would, if thus multiplied, only embarrass them. No
ecompound radical, therefore, ought to receive a recognition as
such unless it can be shown to enter into the composition of a
large number of compounds.

The following are the names and formule of the chief inor-
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ganic compound radicals recognized in the notation of this
book :—

Molecular formule.  Atomie formulme. ntﬁ;? I;i:g.{dlm.
Hydroxyl: ... .. (HO), HO Ho.
Hydrosulphyl...... (HS), HS Hs.
Ammonium ...... (NH,). NH, Am,
Ammonoxyl ...... (NH,0), NH,0 Amo,
Amidogen ......... (NH,), NH, Ad.

In addition to these, certain compounds which metals form
with oxygen are also regarded as compound radicals—for

instance,

Molecular Atomie Abbreviated
formulze. formulee, atomic formule,
Potassoxyl ......... (KO), KO Ko.
O
Zincoxyl  ii.: (Zn0,) Jl Zn" Zno",
0

The essential character of these last compound radicals is
that the whole of the oxygen they contain is united with the
metal by one bond only of each oxygen atom, as seen in the
following graphie formule :—

15 i .oy f PERES ERE R S —0—-H
Potassoxyl......... e i, —0—K
Zincoxyl.........cooevvcvivines. —0—Zn—0—

The metal thus becomes linked to other elements by these
dyad atoms of oxygen. The functions of such compound radicals
will be sufficiently evident from the following examples of
compounds into which they enter, and in which their position
is marked by dotted lines.

IRAbTIe BCTE . oot i e s nnnes N--0—10






30 ATOMIC AND MOLECULAR COMBINATION,

CHAPTER V.

ATOMIC AND MOLECULAR COMBINATION.

Ix all the cases of chemical combination considered in the
above Chapters, a union of atoms has been invariably contem-
plated. This atomic union is generally attended by the breaking
up of previously existing molecules—two such molecules, by
the mutual exchange of their atomic constituents, producing
two new and perfectly distinet molecules. Thus when chlorine
unites with hydrogen to form hydrochloric acid, a molecule
of chlorine and one of hydrogen yield up their constituent
atoms, forming two molecules of hydrochloric acid, .

Cl,+H,=2HCL

In comparatively rarve cases, two molecules combine to form
only one new molecule; thus a molecule of carbonic oxide and
one of chlorine combine to form one molecule of carbonie
oxydichloride or phosgene gas: but the union is even here
essentially atomic ; for after combination both the oxygen and
chlorine are directly united with the atom of carbon :

C'0 + C, = C"OOL.
Carbonic oxide. Chlorine. Phosgene gas.

Chemists are, however, compelled to admit an entirely dif-
ferent kind of union, which not unfrequently occurs, and
which, in conformity with the atomic hypothesis, may be ap-
propriately termed molecular union or molecular combination. In
the formation of such compounds, no change takes place in the
active atomicity of any of the molecules. It is this kind of
combination which holds together salts and their water of crys-
tallization, as, for instance,

Sodic chloride erystallized at —10° C.......NaCl, 20H.,.
Sodic bromide crystallized below +30°C... NaBr, 20H,,
Sodic iodide erystallized below +50°C...Nal, 20H,.
4117l SRR ORI 1 i 1 ' € ol TR




CLASSIFICATION OF ELEMENTS, 31

Numerous other instances of molecular combination might
be adduced ; but it is only necessary here to point out that such
molecular unions will be distinguished from atomie combi-
nations by the use of the comma, as in the above and following
examples :

Tetramethylammonie tri-iodide......... NMe, I, I,
Tetramethylammonic pentiodide ...... NMe, I, 21..
Tetramethylammonic iodo-dichloride .NMe, I, Cl..

In all cases molecular combination seems to be of a much
more feeble character than atomic union ; for, in the first place,
such bodies are generally decomposed with facility; and secondly,
the properties of their constituent molecules are markedly per-
ceptible in the compounds. Thus the above so-called perio-
dides of the organic bases present in appearance great resem-
blance to iodine,

CHAPTER VI.

CLASSIFICATION OF ELEMENTS.

It has already been mentioned that the elements may be
divided into two great classes, the metals and the non-metals
or metalloids. A second division into positive and nega-
tive elements has also been explained. A third and still more
mmportant classification is founded upon the atomicity of the
elements. In the following classified Table all three methods
are embodied, the metalloids being printed in red type,and the
metals in black, whilst the positive elements are printed in
Roman characters, and the negative in italics. In addition,
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French Measures of Length.
; In English : In English |[In English
s fect-012 o A fathome=6 | miles=

s T T R i feet. 1760 yards.

Millimitre ..... 005837 0003281 00010936 0-D005468 | 0-0000006
Centimitre...... 038371 D-DAZR05 000 08363 00054682 | 00000062
Décimitre ...... 03708 0-323080 01093633 (0546816 | 0-0000621
Mitre ............ 3037079 Se2E0899 10036391 r3463165 | 00006214
Décamébtre ...... S83-T0790 32:803002 10363310 54881855 | 00052138
Hectomitre 393707900 | 323080920 | 100-3633100 | 546816550 | 0-D621E82
Kilomitre ...... INETO-TH000 | 3280°899200 | 1095-6331000 | 546:8165500 | 06213824
Myriomitre o 393707-90000 | 32208-992000 | 10936-3310000 | 5468-1855000 | 62138244

1 inch=2-5340854 centimitres.
1 foot =3-0470449 décimitres,

1 yard=0-0143835 mitre.
1 mile=1G093149 kilomitre.

—
French Measures of Suiface.
In English | In English |In English | In English
In English |square yards| poles= roods= ACres=
square feet, | =0 square | 272:25 sq. | 10890 sq. | 43560 ag.
feet. feet. feet. feet.
Centisre or sq.mittre 10-764209 1-196053 0-0395383 | O-0DOBS85 | 0-0002471
ﬁra or 100 sq. mitrea) 1076-420034 | 119-605526 S0538290 | 00938457 | 00247114
ectare or 10,000 = : : - ga "
square matres. :— 107642003418 | 11060:332602 | 305-3825050 | 98845724 | 24711431
1 square inch=#6"4513660 square centimitres,
1 square foot =0-2899633 square décimitres.
1 gquare yard=0"83609715 square mitre or centiare,
1 acre =0"4MB7102 hectare,
French Measures of Capacity.
| Incubic | In pints= | In gallons : In bushels
In cubic | feet= | 34465023 =8 pinta | =8 pallons
inches, 1728 cubic eubie =277-27484 | =2218-19075
inches. inches. |eubic inches. cubie inches.
Millilitre or cubiceen-1 | g05103| 000085  0:00176| 0-0002201| 00000275
Centilitre or 10 cubic ; ) ] o \ :
centimitres ....... 061027 | 0000353 001761 00022010 | 00002751
Décilitre or 100 eubiel | g10p71| 0003592 017608 00220007 | 00027512
Litre or cubic déciml:tre‘ 6102705 | 0035317 178077 02200067 00375121
Décalitre or centistire...| 610027052 | 0353166 1760773| 220006868 02751208
Hectolitre or décistére.. 6l02°T0515 | 3531658 17607734 | 220096677 2751 2085
Kilolitre, or Btére, orl | 03705152 | 35916381 | 176077341 | 2200966767 275120846
Myriolitre or decastére. 610270-51519 |#5:3-165507 | 1760773414 22000667675 275:1208459
1 euhbie inech=16-386176 cuhbic centimitres.
1 cubie foot =28°315312 cubic décimitres, or litres,
lgallon  =4-543355 litres.
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French Measures of Weight.

. Introy |Inavoirdu-| In cwts.= Tons=
In English ﬂunmn{— pois Iba.= | 112 lbs, = | 20 owta. =
e 480 graine. | 7000 grains. | 784000 gra. |L5630000 grs.
Milligramme ......... 001543 | 0000032 | 00000022 |  O-DODOOOD | O-OOOOO0D
Centigramme ......... 0-15452 [ 0000322 [ 00000220 | 00000002 | 00000000
Décigramme ......... 154323 Oe0EE2 15 OOD0E205 OO0 Q-0O000IT
Gramme ............... 15-453235 0-082151 0023046 00000197 00000010
Décagramme .........| 15433349 [ 0321507 | 00220462 | 00001963 |  0°0000098
Heotogramme ...... 1543-23488 | 3215073 | 0-3204621 | 0-0019684 | 00000954
]'ﬁingrurmne casennaas| 1043234880 | 32150727 2:2046213 00196841 0000342
Mynogramme ...... 15432543800 | 321-607267 | 22-0462126 | 01963412 | 0098421
1 grain = 0064799 pramme. 1 1b. aveir.= 0453593 kilogr.
1 troy oz.=21'103496 rrammes. 1 ewt. =50-80237T7 kilogrs.

Temperatures are expressed upon the Centigrade scale, and
barometric measurements are given in millimetres,

For the ready conversion of gaseous volumes into weights, I
have adopted the crith, or standard multiple proposed by Dr.
Hofmann. The crith is the weight of one litre or cubic deci-
metre of hydrogen at 0° C. and at a pressure of 760 millimetres
of mercury. The following is Dr. Hofmann’s description of
the value and applications of this unit.

“The actual weight of this cube of hydrogen, at the standard
temperature and pressure mentioned, is 00896 gramme; a
figure which I earnestly beg you to inscribe, as with a sharp gra-
ving tool, upon your memory. There is probably no figure in
chemical science more importaut than this one to be borne
in mind, and to be kept ever in readiness for use in calculation
at a moment's notice. For this litre-weight of hydrogen
=0'0896 gramme (I purposely repeat it) is the standard
multiple, or coeflicient, by means of which the weight of one
litre of any other gas, simple or compound, is computed. Again,
therefore, I say, do not let slip this figure—0'0896 gramme.
So important, indeed, is this standard weight unit, that some
name—the simpler and briefer the better—is needed to denote
it. For this purpose I venture to suggest the term crith, de-
rived from the Greek word xpd)j, signifying a barley-corn,
and figuratively employed to imply a small weight. The weight
of 1 litre of hydrogen being called 1 crith, the volume-weight
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of other gases, referred to hydrogen as a standard, may be ex-
pressed in terms of this unit.

“For example, the relative volume-weight of chlorine being
355, that of oxygen 16, that of nitrogen 14, the actual weight
of 1 litre of each of these elementary gases, at 0°C. and 076
pressure, may be called respectively 855 criths, 16 eriths, and
14 eriths.

“So, again, with reference to the compound gases; the rela-
tive volume-weight of each 1s equal to half the weight of its
product-volume. Hydrochlorie acid (HCI), for example, con-
sists of 1 vol. of hydrogen+1 vol. of chlorine=2 volumes ;
or, by weight, 1435-5=36"5 units ; whence it f{}llt}ws tha,t the
relative volume-weight of hydrochloric acid gas is %°=1825
units ; which last figure therefore expresses the numher of
eriths which one litre of hydrochloric acid gas weighs at 0° C.
temperature and 0™76 pressure; and the crith being (as I
trust you already bear in mind) 0°0896 gramme, we have

1825 x 00896=16352

as the actual weight in grammes of hydrochlorie acid gas.

“ So, once more, as the product-volume of water-gas (H,0)
(taken at the above temperature and pressure) contains 2
vols. of hydrogen+1 vol. of oxygen, and therefore weighs 2416
=18 units, the single volume of water-gas weighs 12—3=9 units ;
or, substituting as before the concrete for the abstract value,
1 litre of water-gas weighs 9 eriths ; that is to say, 9 x 00896
gramme=08064 gramme.

“In like manner the product-volume of sulphuretted hydro-
gen (H,S)=2 litres of hydrogen, weighing 2 ecriths, +1 litre
of sulphur-gas, wmghmg 82 criths, together 2+ 32=34 criths,
which, divided by 2, gives —~-].? eriths=17 x 00896 gramme
=1 a232 gmmme-—the we1ght of 1 litre of sulphuretted hydro-
gen at standard temperature and pressure.

“ And so, lastly, of ammonia (NH,); it contains in 2 litres
3 litres of hydrogen, weighing 8 criths, and 1 litre of nitro-
gen, weighing 14 criths; its total product-volume-weight is

D2
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therefore 3+14=17 criths, and its single volume or litre
weight is consequently

=85 criths=8'5 % 0'0896 gramme=07616 gramme.

“Thus, by the aid of the hydrogen-litre-weight or erith
=0'0896 gramme, employed as a common multiple, the actual
or concrete weight of 1 litre of any gas, simple or compound,
at standard temperature and pressure, may be deduced from
the mere abstract figure expressing its volume-weight relatively
to hydrogen.”

The number expressing in criths the weight of 1 litre of any
gas or vapour being identical with its specific gravity compared
with hydrogen taken as unmity, it is easy, when this number
is known, to calculate the specific gravity of the gas compared
with air taken as unity. For this purpose it is only necessary
to multiply by *0693, which is the specific gravity of hydrogen
compared with air =1.

Thus the specific gravity of oxygen compared with air is

16 x "0693=11088 ;
of chlorine,
300 % '0693 =2"46015 ;

of hydrochloric acid,
1825 X '0693 =1-264725.

CHAPTER VIIIL.

MONAD ELEMENTS.
Secrroxn 1.
HYDROGEN, H..

Atomic weight =1. Molecular weight =2. Molecular volume
[Tl 1litreweighs 1 crith, Atomicity', being the standard
of comparison.
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Seerrow I1.
CHLORINE, CL,.

Atomic weight=2355. Molecular weight="T1. Molecular volume
1. 1 litre weighs 355 eriths. Has not been solidified.
Liguefies at 15°°5 C., under a pressure of 4 atmospheres.
Atomicity'. FEvidence of atomieity, HCI.

Occurrence.—Always in combination—with sodium and other
metals in sea-water, and in the solid state in the salt-beds of
Cheshire, Worcester, &e. Evolved from voleanoes in the form
of hydrochlorie acid.

Preparation.—1. By heating certain metallic chlorides, as
platinic and auric chlorides :—

P01l = EC]Q 4+ Pt.

4
Platinic chloride.

2. By gently heating a mixture of manganic oxide and hy-
drochlorie acid, when the reaction takes place in two stages :—

Mn0O, + 4HCI = MnCl, 4 20H;

Manganic oxide. Hydrochloric acid.  Manganie chloride. Water.

MnCl, = MnCl, + CI.

Manganic chloride. Manganous chloride,

3. By heating a mixture of sulphuric acid, sodic chloride,
and manganic oxide, when the whole of the chlorine present is
liberated :—

MnO, + 280Ho, + 2NaCl = SO/Nao, +

Manganie oxide. Sulphurie acid. 8odie chloride. Bodie sulphate.
SO Mno" + 20H, 4+ C(l,.
Manganous sulphate, Water.

If in the second process a mixture of manganic oxide,
hydrochlorie acid, and sulphurie acid be employed, the whole of
the chlorine is evolved :—

MnO, + SOHo, + 2HClI =

Manganic oxide.  Sulphuric acid. Hydrochlorie acid.

SO, Mno” + 20H, + Ol

Manganous sulphate. Water,
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4. By the electrolysis of hydrochlorie acid.

5. Cuprous chloride, heated in air and moistened with hy-
drochloric acid, or heated in a current of hydrochloric acid gas,
steam, and air, produces cupric chloride. By raising the tempe-
rature chlorine is evolved, and cuprous chloride reproduced :—

Cu(l, + O + 2HClI = -2CuC], 4 OH,
and 2CuCl, = Cull, + OCl.

Reactions.—1. A mixture of chlorine and hydrogen unite
instantly, with explosion, under the influence of sunlight, or
of powerful artificial light, or on the application of a burning
body to the mixture. A burning jet of hydrogen continues to
burn when plunged into chlorine,

H, + .0, = dHe

2. Chlorine has so great an attraction for hydrogen, that it
removes the latter from its compounds with carbon. When a
rag moistened with turpentine is plunged into chlorine, the
chlorine and hydrogen unite, with evolution of heat and light,
carbon being liberated :—

C.H, + 80, = 16HCI + 10C.

Turpentine, Hydrochlorie acid.

HYDROCHLORIC ACID, Chlorhydrie Acid, Muriatic Acid.
HCI+

DMolecular weight =365, Molecular volume [1]). 1 litre
weighs 1825 eriths.  Has not been solidified. Condenses
at 10° under a pressure of 40 atmospheres.

Oceurrence.—Evolved from voleanoes.

Preparation.—1. From its elements, ag above described.

2. By gently heating sodie chloride with sulphuric acid, pre-
viously diluted with a small quantity of water :—
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S0,Ho, + NaCl = S0HoNas + HOIL:

Sulphurie acid.  Sodic chloride. Hydric sodic sulphate. Hydrochloric acid.

or 8OHo, + 2NaCl = 8SONao, 4+ 2HCL
Bulphurie acid. Sodic chloride. Bodic sulphate.  Hydrochlorio acid.

Reactions.—Hydrochloric acid may be converted into salts
termed chlorides by the action of certain metals as deseribed
above, and also by that of the metallic hydrates or oxides :—

OKE #i. Hel = "Kdl'g ‘O
Potassic hydrate. Hydrochloric acid. FPotassic chloride. Water.

Zn0 - SHC = ,ZaCl 4 OH,
Zingie oxide. Hydrochloric acid. Zineic chloride. Water.

For the remaining monad elements of this Section, see
Chapter X1V.

CHAPTER 1X.
DYAD ELEMENTS.
SEcTION I,

0XYGEN, O,.

Atomic weight=16, Molecular weight=32. Molecular volume
[T, 1 litre weighs 16 criths. Afomicity”. Evidence
of atomicity :—

T e IR LS R OH,.
Potagaic hydrate ......c.icatonirenn s OKH.
Argentic oxide ...... L. i adenes. ... OAg.
Hypochlorous anhydride............... OCl..

Occurrence.—In the free state in the atmosphere. In the
combined state in water, in most mineral bodies, and in almost
all animal and vegetable compounds.

Preparation.—1. If metallic mercury be heated to its boiling-
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8. By the action of heat upon a mixture of manganic oxide
and sulphurie acid :—

(Atomic) MmO, + SO,Ho,= S0,Mno"+ OH, 4+ O, or |

(Molecular)2MnO, + 280 ,Ho, =280,Mno"420H, + O,.

Manganic Sulphuric Manganous Water.
un'Elﬂ::. acid. S'Elllgl?alu,

9. By heating a mixture of potassic bichromate and sulphurie
acid :— |

Cr0,Ko
210 + 8SOHo, = 280,Ko,
Cr0,Ko
Potassic bichromate, Sulphurie acid. Potassie sulphate.
+ 28,0,(C",0) + 30, + SOH,
Chromic sulphate. Water,

10. By passing steam and chlorine through a red-hot porce- |
lain tube, hydrochloric acid and oxygen are formed :— |

1 ITER ;) CRRORRPY . ) SRR |

Water. Chlorine. Hydrochlorie acid.

Reaction.—A. mixture of two volumes of hydrogen and one
volume of oxygen explodes at a red heat, water being produced.
The same compound is formed when hydrogen is burnt in oxy-
gen or oxygen in hydrogen :—

(Molecular) 2H, 4+ O, = 20H..

ALLOTROPIC OXYGEN or 0ZONE, O..

Molecular weight=48. Molecular volume [1 1. 1litre weighs

24 criths.
Preparation.—1. When electric sparks are passed through air
or oxygen, a peculiar odour, which is due to ozone, is observed.
2. By placing phosphorus in moist air at about the ordinary

temperature for a few hours.
3. By passing an electric current through dilute sulphurie

or chromie acid.



0ZONE. 43

Thus obtained, ozone is always mixed with a large proportion
of air or oxygen.

Properties—Powerfully oxidizing. It oxidizes organic mat-
ters, and the metals silver and mercury, at the ordinary tem-
perature. 'When oxygen is converted into ozone, contraction
of volume takes place; and when the ozone is heated to 290°,
it is retransformed into the original volume of ordinary oxygen,
—indicating that the molecule of ozone contains more atoms
than the molecule of ordinary oxygen.

In most cases of oxidation by ozone no diminution of the
volume of gas takes place, the additional atoms previously in-
troduced into the molecules of oxygen being removed, and
ordinary oxygen becoming free. But oil of turpentine absorbs
the whole molecule of the ozone, leaving untouched the oxygen
which was previously present in the state of admixture. By
observing the contraction during the production of the ozone
and the diminution of volume produced by absorbing it with
oil of turpentine, the density of ozone may be readily calcu-
lated, and consequently its atomic constitution.

By this means the specific gravity of ozone has been shown
to be 24, the molecular weight being therefore 48, which is the
weight of 3 atoms of oxygen.

In ordinary oxygen, the molecule is composed of two atoms
of oxygen, and is represented by

{{?) weighing 32,
|
In ozone the molecule contains 3 atoms of oxygen, and is re-
presented by
0—0 weighing 48,

it
0
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WATER, Hydric Oride.
H—0—H OH.,.

Moleeular weight =18. Molecular wvolume [1]. 1 litre of
water-vapour weighs 9 criths. Fuses at 0°. Boils at 100°,

Occurrence.—Most abundantly in nature.

Formation.—1. By the direct union of hydrogen and oxygen,
as above.

2. As a secondary product in numberless chemical reactions,
as, for instance, in the action of hydrochloric acid on potassie
hydrate :—

O T8 HOI &7 0 VKoL

Potassic hydrate.  Hydrochlorie acid. Water. Potassic chloride.

Reactions.—1. By its action many metallic oxides are con-
verted into hydrates : —

OK; "4 'OH. ‘=" 20KH.

Potassic oxide. Water. Potassie hydrate.
BaO0 + OH, = BaHo,
Baric oxide. Water, Baric hydrate,

2, It transforms anhydrides into acids :—

N,0, + OH, = 2NO,Ho.
- Nitric anhydride. Water, Nitrie acid. |

80, 4+ OH, = S0Ho,

Sulphuric anhydride.  Water. Bulphuric acid.
P,0, + 80H, = 2POHo,. |
Phosphorie anhydride. Water. Phosphoric acid. '

3. It also unites molecularly with many compounds asj
water of crystallization (see Chapter V.), as in the following
instances :— '

BEDL 20 ek Barie chloride.
S0,Nao,, 100H, ............... Sodic sulphate.
S.0,Ko,('Al",0,)" 240H,... Alum,
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HYDROXYL, Hydric Peroxide.
H—O—g-O—H H,0, or (HO), or Ho, or {g% .

Probable moleculay weight = 34.

Pireparation.—By passing a current of carbonie anhydride
through water in which barie peroxide is suspended :—

{gBa” + €0, + OH, = COBao" + {gg

Baric peroxide. Carbonic anhydride.  Water.  Baric carbonate. Hydroxyl

Reactions.—1. By heat it is decomposed into water and
oxygen :—

o
{OH = 20H, + O,
Hydroxyl. Water. Oxygen.

2. Hydroxyl is transformed into- water by the action of nas-
cent hydrogen: if hydroxyl be introduced into an apparatus
generating hydrogen, the gas ceases to be evolved :—

H
SO0,Ho, + Zn + { O . S0,7Zno" + 20H,.
Bulphurie acid. H}'dro:_-,l Zincio sulphate. Water.

8. Hydroxyl liberates iodine from potassic iodide :—

BH -
oK1 + {OH T 11a : (T
Potassic iodide. Hydroxyl.  Potassic hydrate.  Iodine.
4. Hydroxyl is a powerful oxidizing agent ; it converts, for
instance, plumbic sulphide into plumbie sulphate ;—

PbS’ 4+ 4{3% = SOPho" + 4OH,

Plumbic sulphide. Hydroxyl. Plumbie sulphate, Water.
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COMPOUNDS OF CHLORINE WITH OXYGEN
: AND HYDROXYL,

Oxygen forms many compounds with chlorine and with
chlorine and hydroxyl; but none of them can be produced by

direct combination. The following list contains all that are
known :(—

Hypochlorous
Lt }0012. Cl—0—0l
Chloric oxide? ... { 9 Cl—0—0—Cl
‘ocl
Cblorous anby- % o Reric o
P T N ] ‘OO
ocl
Chlorie peroside 1 o- =0-26=0=0=-01
Loal
rocl
. 0
Chloric hyper- 2 Q. (1—0—0—0—0—0—0—Cl
Locl
Hypochlorous acid, OCIH, or ClHo. j2 55 I |
Chlorous acid...OCIHo, or { et H—0—0—Cl
ocl
e . 1
Chl i { ORI i S L O
oric acl O'HU EOH
oa . [a&
Perchloricacid ¢ O, or q 5 - B0 0a0—0—1
| Olio 0%
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HYPOCHLOROUS ANHYDRIDE.
OCl,.
Molecular weight =87. Molecular volume [1]. 1 litre of

hypochlorous anhydride vapour weighs 43°5 criths. Boils at
about 20°,

 Preparation.—By passing chlorine over mercuric oxide at a
low temperature :—

HeCl
=D | pcos0L = {0 + 00l
Hg(Cl
Mercuric Mercurie Hypochlorous
oxide, oxychloride. anhydride.

-

CHLOROUS ANHYDRIDE.
Ol
N
oCl

Molecular weight =119. Molecular volume anomalous [T 1 1.
1 litre weighs 39T eriths.
Preparation.—By gently heating in a water-bath a mixture
of potassic chlorate, nitric acid, and arsenious acid. Four dif
ferent reactions are to be distinguished in this operation :—

L {Ok, + Nome = {8 + mOKo;

OHo
Potassic chlorate. Nitric acid. Chlorie acid. Potassic nitrate.
2. AsHo, + NOHo = NOHo 4 AsOHo,;
Arsenious agid. Nitrie acid, Nitrous acid. Arsenic acid,
(901 2 Won, = oom NO
Chloric acid. K ltrous acid. Chlorous acid. Nitric acid:

Ol
4. 20CHo = {0 + 'OH,

OCl

Chlorous acid.  Chlorous anhydride.  Water.
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CHLORIC PEROXIDE.

OCl
4 e
0

0Cl

Molecular weight =135. Boils at 20°,

Preparation—By the action of sulphuric acid on potassic
chlorate :—

ocl oG

foci i) 0
3 OKD-}-ESO._.H%A 0 +2S0,HoKo+OH, + G
: o 2 ocl
Potassic Sulphuric Potassic Hydric potassic Water.  Chlorie
chlorate. acid. perchlorate. sulphate. peroxides

HYPOCHLOROUS ACID.
OCIH, or ClHo.

Molecular weight =52°53,

Preparation.—1. By the action of water on hypochlorous

anhydride :— '
DEL Sibiah o MOEE - N <SR
Hypochlorous anhydride. Water. Hypochlorous acid.

2. By the action of chlorine upon mercurie oxide in the pre-
sence of water:—

Heg(Cl
°oHgO0 4+ OH, + 20, = {0 + 2CIHo.
Hg(l
Mercurie oxide. Water, Chlorine. Mmi:-iuri‘ri Il'nmn]’_'nlurum ]

Reactions.—1. By the action of hydrochloric acid, chlorine:
is cvolved from both the hydrochloric acid and hypochlorouss
acid : —

)] 2 PR Ml VTR - S T D -

Hypochlorous acid. Hydrochlerie acid, Chlorine. Water.

i ]
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2. By the action of argentic oxide, oxygen is evolved from
both compounds :—

OAg, + 20Ho = 2AgCl 4+ OH, + O,

Argentio Hypochlorous Argentic Water.
oxide. acid. chloride.

3. By the action of hypochlorous acid, metallic oxides or hy-
drates are converted into hypochlorites :—
OKH  + ClHo = ko = OH,

Potassic hydrate. Hjypochlorous Potassic Water.
acid. hypochlorite.

It was formerly supposed that hypochlorites, together with
chlorides, were formed when chlorine acted upon certain me-
tallic oxides and hydrates :—

2Cl, + 2CaHo, = €CaCl, + Cao"Cl, + 20H..
Calcie hydrate. Caleie chloride.  Caleie hypochlorite. Water.

But the so-called chloride of lime or bleaching-powder does
not contain caleic chloride, and the true reaction appears to be

CaHo, + Cl, = Ca(OC)Cl + OH,
Calcic hydrate. Bleaching-powder*, Water.

By the action of acids this compound yields free chlorine :—
Ca(OCI)C1 + S8SOMHo, = 80,Ca0” + OH, + Cl.

Bleaching powder. Bulphurie acid. Calvie sulphate. Water.

CHLOROUS ACID.

OClHo or { gﬁl .

Molecular weight =068-5.

Preparation.—DBy the action of water upon chlorous anhy-
dride :—

2 OCl
b ¢4 o v g 100
oCl ;
Chlorouns anhydride. Water Chlorous acid.
# Cl—Ca-—-0-CL












BORON. 53

2. By passing borie chloride over heated potassium :—

anol 4o SE_ 1S BECL. 4+ B.

Borio chloride, Potassic chlorvide,

B. Diamond boron.—By fusing boric anhydride with alumi-
nium :—

AR RO A0 B

2 2
Borie anhydride,  Aluminic oxide.

Reactions.—
a. Amorphous boron.—1. Decomposes hot sulphuric acid :—

. £ 880 Ho, -~ (B0, +w00H. ., 4= 380..

Sulphuric acid.  Boric anhydride. Water. Sulphurous anbydride.

2. Decomposes nitric acid :(—
B, + 6NOHo = 92BHo, + SN0,

Nitrie acid. Borie acid. Nitric peroxide.

3. Decomposes alkaline carbonates,sulphates,and nitrates:—

B, 4+ 3CONao, = 2BNao, + 3C"0O.
Bodic carbonate. Trisodic borate.  Carbonie oxide.
B, + 3S0,Ko, = 2BKo, + 380,
Potassic sulphate. Tripotassic borate. Sulphurous anhydride.
B, + 6NOKo = 2BKo, + 3Nw0,
Potassic nitrate. Tripotassic borate. Nitrie peroxide.

4. Boron is one of the very few elements which unite directly
with nitrogen :—
B e Nyoo= 2B

Borie nitride.

8. Diamond boron.—1. When fused with hydrie potassic sul-
phate, boric anhydride is formed :—

6S0,HoKo + B, = B,0, + 380,Ko, + 30H, + 3S0,,

Hydric potassic Borie Potassic sul- Water. Bulphurous
sulphate. anhydride. phate. anhydride.

No compound of boron with hydrogen has been obtained ;
but the chloride, bromide, and fluoride are known.

&
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BORIC CHLORIDE.
BCl..
Molecular weight =1175 Molecular volume [1]. 1 litre
of boric chloride vapour weighs 5875 eriths. Sp. gr. 135
at 7°.  Boils at 17°. )

Preparation.—By passing chlorine over a mixture of boric
anhydride and charcoal heated to redness :—
~ BO, + 8C, + €, = 2BCl, 4+ 3CO.

Boric anhydride. Boric chloride. Carbonic oxide.

Reaction—In contact with water it forms hydroehloric and
borie acids :—

BCl, + 80H, = 8HCI + BHo,
Boric chloride. Water. Hydrochloric aeid.  Boric acid.

BORIC BROMIDE.
BBEr,.
Molecular weight =251.  Molecular volume [T]. 1 litre of
borie bromide vapour weighs 125°5 criths. Sp. gr. of liguid
=269. Boils at 90°.
Prepared and decomposed in exactly the same way as the
chloride.

BORIC FLUORIDE.
BF..
Molecular weight =08. Molecular volume [T ). 1 litre weighs
34 eriths.
Preparation—1. By strongly heating boric anhydride with
calcic fluoride :—

9B,0, + 3CaF, = B(Ca", + 2BF.
Boric anhydride.  Caleic fluoride, Caleic borate. Borie fluoride.

S s Tt ek A e e o
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BORIC ACID, Boracic Acid, Orthoboric Acid,
BHo

i
Molecular weight =62, Sp. gr. 1'479.
Occurrence.—Contained in the steam which escapes from the
suffioni in some parts of Tusecany.
Preparation.—By the addition of hydrochloric acid to a hot
saturated solution of borax, when the acid crystallizes out on
cooling :—

B,0,NaO, + 2HClI + 50H, = 4BHo, + 2NaCl
Borax. Hydrochlorio Water. Borie Bodic

acid. acid. chloride,
Reactions.—1. At the temperature of 100° it loses water,
being converted into metaboric acid :—

BHo, — BOHo + OH,

Borie acid, Metaborie acid. Water,

2. By the action of metallic hydrates, oxides, or carbonates,
borates are formed.

The mineral #incel contains borax, an abnormal sodic borate,
B, 0,Nao,, 10011,

0 O

Na—O0—B }3— 0—B B—-0—Na.

0./ 0./

A trimagnesic octoborate is known as the mineral boracite :—

0—Mg—0
O~ O~

0B B-0— B0 Hi0=H “Bllp
| o VI

Mg Mg
1t’1 0
I |
B B
| [
0 O
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"CHAPTER XI,

TETREAD ELEMENTS,

3 SecrIoN I
CARBON, C.
Atomic weight =12, Atomicity " and ™. Evidence of atomi-
city :—
Carbonie oxide............ C"0.
Carbonie tetrachloride... C"Cl,.
Il -T0B o TH.
Chiorofgrerm = . 72 40008 C"HCL,

Occurrence.~—In large quantities in nature, but chiefly in
combination.

Three varieties of carbon are known :—

. Amorphous carbon.

Occurrence—~In small quantities in nature as mineral
charcoal,
~ Preparation.—1. By the action of heat on animal and vege-
table matters, without access of air.

2. By the action of potassium at a high temperature on
carbonic anhydride.

Reaction.— By treatment with a mixture of potassie chlorate |
and fuming nitrie acid, it is converted into brown compounds
soluble in water,

B. Graphite. .

Occurrence.—As the mineral called plumbago.

Preparation—1. By the action of intense heat on the
diamond. '

2. By dissolving charcoal in melted cast iron, and subsequent
cooling, when the graphite separates in the crystalline state.
3. By heating the various forms of amorphous carbon in the
electric are. |

Reaction.~~By prolonged digestion with a mixture of nitrie
acid and potassic chlorate it is converted into graphic acid, a
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brown crystalline body insoluble in water. Graphic acid,
when heated in the dry state, swells up suddenly, being
changed into pyrographitic oxide, which is dissolved by the
mixture of potassic chlorate and nitric acid.

y. Diamond.

Occurrence.—In small quantities in nature. Has not yet
been obtained artificially.

Reaction.—1Is not affected by a mixture of potassic chlorate
and nitric acid.

COMPOUNDS OF CARBON WITH OXYGEN.

CARBONIC ANHYDRIDE.
CO.,.

Molecular weight =44. Molecular volume [11. 1 litre
weighs 22 eriths. Fuses at —57°, Boils below its melting-
point.

Occurrence.—In the atmosphere, and dissolved in water.
Formation—By the combustion of earbon and of earbona-
ceous substances in air or oxygen. In respiration, decay, putre-

faction, and fermentation. During the formation of coal.
Evolved from volcanoes.

Preparation.—1. By burning carbon in air or oxygen i—
C + O, CoO,.

Carbonic
anhydride.
2. By the action of acids upon metallic carbonates :—

COKo, + 8SOHo, = €O, + OH, 4+ SO0,Ko,

Potassic Bulphuric acid, Carhomic Water. Potassic
earbonate, anhydride, sulphate.
COKoHo + NOMHo = €O, + OH, 4+ NO,Ko.

Hydrie potassic Nitrie acid. Carbonie Water. Potassic
carbonate, anhydride. nitrate.

COCa0” + 2HCI = €CO, + OH, 4 CaCl,

Caleie Hydrochloric Carbonie Water, Calcic
carbonats, acid, anhydride, chloride,
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Reactions.—1. Carbonic anhydride is decomposed by heated |
potassium :—
8C0, 4 "2K, = 2C0Re, '+ €.
Carbonic anhydride. Potassic carbonate,
2, It acts upon metallic hydrates, forming carbonates:—

g0 & ok Ml g0Ks ' Of
Carbonic anhydride. Potassic hydrate. Potassie earbonate. Water.

CO, + CaHo, = COCa" 4 OH,
Carbonie Caleie Calcic Water.
anhydride. hydrate. carbonate.

Carbonic acid, COHo,, is not known.

CARBONIC OXIDE.
CO.
Molecular weight =28, Molecular volume [11. 1 litre
weighs 14 eriths. : |
Formation.—In the combustion of earbon or carbonaceous
matter with a limited supply of air. In the destructive dis-

tillation of many organic substances containing oxygen.
Preparation.—1. By passing carbonic anhydride over red-hot

charcoal :—

P PR

00, 4+ 0 = 200

Carbonie anhydride. Carbonip oxide.
2, By passing carbonic anhydride over red-hot iron :—
4C0, + Fe, = "(Fe)"0, + 4CO.
Carbonic anhydride. Triferrie tetroxide.  Carbonic oxide.

3. By heating iron or carbon with a carbonate :—
COCa0" + C = Ca0 + 2CO.

Calcie carbonate. Lime, Carbonic oxide.
4. By heating oxalic acid with sulphurie acid (by which water
is removed from the former), and then separating the carbonic
anhydride by washing with sodic hydrate :—

COH
{ SOH. = OH, + €0 4 00,

Oxalic aeid. Water. Carbonic Carbonic
oxide, anhydride

-
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- Occurrence.—In the free state in the atmosphere. In some
nebule ? In combination, in animal and vegetable bodies.

Preparation.—1. By burning phosphorus in air, whereby
the oxygen is removed from the latter.

2. By passing air over ignited copper, when the oxygen
unites with the copper.

3. By heating ammonic nitrite, or a mixture of ammonie
chloride with potassic or sodic nitrite :—

N"O(N'HO) = N, + 20H,

Ammonie nitrite. Water.
NHCl + NONao = NaCl + N, + 20H,
Ammonic chloride. Bodic nitrite. Bodic chloride. Water.

4. By passing chlorine through an excess of solution of
ammonia :—

SNH;! + BCI_ — GNH*CI -+ Nﬁ.

Ammonia. Ammonic chloride.

COMPOUNDS OF NITROGEN WITH OXYGEN
AND HYDROXYL.

Nitrous oxide ............... ON.. N—O—N
B
Nitric oxide® ..........., { ﬂg | & |
NO O 0
Nitrous anhydride . ..... O | |
NO N—O—N

* This compound is anomalous; for its molecule, deduced from the spe--
cific gravity, is represented by NO. The dissociation which in the»

caso of «{ggi is very imperfect at 0° C., but almost complete at 100° C.,,
2

is probably nearly complete in the case of N,O, at the lowest temperature to:
which this gas has hitherto been exposed.
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2, 80,HoKo 4+ NOKo = 80,Ko, + NOHo.
Hydric potassic sulphate. Potassic nitrate. Potassic sulphate. Nitric acid.
Decompositions.—1. The decomposition which the nitrie
acid undergoes by heat is expressed in the following equa-
tion :—
4NO.Ho = 20H, + 2'N*0, 4+ 0.
Nitric acid. Water. Nitrie peroxide, Oxygen.
2. By the action of metallic oxides or hydrates, nitrie acid
produces nitrates :—

OKH + NOHo = NOKo + OH,

Potassic hydrate. Nitrie acid. Potassic nitrate. Water.
NO,
PbO + 2NOHo =< Pbo" + OH.
NO,
Plumbic oxide, Nitric acid. Plumbic nitrate. Water.

NITRIC ANHYDRIDE.
N0,

Probable molecular weight =108. Probable molecular volume
(0. Fuses at 29°5. Boils at 45°,

Preparation.—By passing dry chlorine over argentic ni-

trate:—
4NO Ago + 2C, = 4AgCl 4+ 2NO, + O,
Arpgentic nitrate. Argentic Nitrie

chloride, anhydride.

Reaction.—By the action of water it forms nitric acid :—
DD, oh OE e ORIGHE

Witrie anhydride. Water. Nitrio acid.

L e ST
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NITROUS ANHYDRIDE.
: N.O..
Probable molecular weight =76. Probable molecular volume
[
Preparation.—1. By heating together nitric acid and starch.
2. By gently heating nitric acid with arsenious anhydride:—
As0O, + 2NOHo = As0O, + NO, + OH,.

Arsenions NMitrie agid. Arsenie Nitrous Water,
anhydride. anhydride. anhydride.

3. By the action of nitric acid on silver :—
6NO,Ho + 2Ag, = 4NOAgo + N,O, + B30H.
Nitric acid. Argentic nitrate. Nitrous anhydride. Water.

- NITROUS ACID.

NOHo.
Molecular weight =47.
Preparation—By mixing liquefied nitrous anhydride with a
small quantity of water : —
NO, + OH = 2NOHo,.
Nitrous anhydride. Water. Nitrous acid.
Decompositions.—1. In the presence of much water, nitric
acid and nitric oxide are formed :—
8NOHo = NOHo + 'N'0, + OH,
Nitrous acid. Nitric acid. Nitric oxide. Water.
2. Nitrous acid acts asa reducing agent under some circums-

stances :—
2NOHo + O, = 2NO,Ho;

Nitrous acid. Nitrie acid.
and as an oxidizing agent under others :—
4NOHo = 2N"0, + 20H, 4+ O,
Nitrous acid. Nitric oxide, Water, Oxygen.
3. By the action of metallic oxides or hydrates, nitrous acid
forms nitrites :—

OKH + NOHo = NOKo 4 OH,

Potassic hydrate, Nitrous acid. Potassic nitrite, Water.
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NITROUS OXIDE, Laughing Gas.
ON,.

Molecular weight =44. Molecular volume [T]. 1 litre weighs
22 criths. Fuses at —101°. Boils at —88°.

Preparation—1. By the action of dilute nitric acid on zine :—

NOF
10NO,Ho 4+ Zn, = ON, + 4 Zn{t; ' 4+ B50H..
' N
Nitrie acid.’ Nitrous oxide. Zincie uitrgah;-. Water.

2. By heating ammonic nitrate :— .

NO,(N'HO) = 20H, + ON, |
Ammonic nitrate. Water. Nitrouns oxide. ]1

NITRIC OXIDE.

{ gg, or 'N".0..

Molecular weight =60. Molecular volume anomalous
1 litre weighs 15 eriths.

Preparation.—By the action of nitric acid upon mereury or
copper :—

NO
3Cu 4+ S8NOHo = 38 { ETW " + 'N"0, + 40H..
Nitrie acid. Cuprie nitrﬂn.t.e. Nitrie oxide. Water.

Reaction.— Unites directly with oxygen:—
¥N"O, + 0, = IN"0,:
Nitric oxide. Nitrous anhydride.

‘N0, -+ O = "NRD,

itrie oxid Nitrie peroxide.
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NITRIC PEROXIDE.

N N
{ N{g}:’ or 'N",0,.

Molecular weight =92. Molecular volume (1] to . 1'lsore
weighs 23 to 46 eriths.

Preparation.—1. By the union of nitric oxide with oxygen

(see above).
2. By the action of nitrie acid upon tin :—

' 8n, + 20NO,Ho = Sn,0,Ho,, + 50H, + 10N"0,.

Nitrie acid. Metastannic acid. Water. - Nitric peroxide.

Decomposition—By the action of metallic hydrates and
oxides it produces nitrites and nitrates :— '

N0, + 20KH = NOKo + NOEs + OH,
Nitric Potassic Potassic FPotassic Water=
peroxide, hydrate. nitrate. nitrite.

COMPOUNDS CONTAINING NITROGEN, CHLO-
RINE, AND OXYGEN.

NITROUS OXYCHLORIDE, Chloronitrous Gas.
NOCL

Molecular weight =65'5. Molecular volume [T]. 1 litre
weighs 32°75 eriths. Boils at 0°,

A mixture of nitrie and hydrochloric acids possesses the
property of dissolving gold, and is therefore called aqua regia;
when heated it evolves chlorine and nitrous oxychloride :—

NOHo + 8HCI = NOCI + 20H, + Ol

Nitric acid. Hydrochlorie Nitrous Water.
agid. oxychloride.

F 2



68 AMMONIA.

NITRIC DIOXY-TETRACHLORIDE, Chloronitric Gas.
'N'.0,Cl,.

Prepared, together with nitrous oxychloride, by heating a
mixture of nitric and hydrochloric acids :—

9NO,Ho + 6HClL = 'N",0,Cl, + 40H, + OCl,

Nitric acid. Hydrochlorie acid.  Chloronitric gas. Water.

NITRIC DIOXYCHLORIDE, Chloropernitric Gas.
NO,CL.

Preparation.—By mixing phosphoric oxytrichloride and
plumbic nitrate :—

NO,
3{Pho" + 92PCLO = P,0,Pho", + 6NO,CL
NO,

Plumbie nitrate. Phosphorie Triplumbie Nitrie
oxytrichloride. diphosphate. dioxychloride.

COMPOUNDS OF NITROGEN WITH -HYDROGEN.
AMMONIA.
NH.,.

Molecular weight =17. Molecular volume [T ). 1 litre weighs
85 criths. Fuses at —75° Boils at —38°5.

Occurrence.~In the atmosphere in very minute quantities.

Formation—By the decay of animal and vegetable mafters
containing nitrogen.

Manufacture—By the destructive distillation of animal
matter, as horn or bones, and of vegetable matter, as coal.

Preparation.—By heating a mixture of lime and ammonic

chloride (sal-ammoniac) :—

?NH,Cl + Ca0 = CaCl, + 2NH, + OH,

Ammonic Lime. Caleic Ammonia. Water.
chloride, chloride.

e et ol i i o
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Reactions.—1. Decomposed by chlorine (see p. 62).
2. Unites directly with acids, forming the ammonium galts in
which the atomicity of nitrogen is ":—

N"HE, .+ - HCl .= . NHCL

Hydrochlorie acid. Ammonie chloride *,
N"H, 4+ NOHo = NO(NHO).
Nitric acid. Ammonic nitrate {.
oN"H, + SOHo, = SO(NH)0),
Sulphuric acid. Ammonie sulphate .
AMMONIUM.
NH,
NH,

This monad radical has never been obtained in the free state,
‘but its compounds are perfectly analogous, in erystalline form
and other properties, to those of potassium. These facts
have induced some chemists to consider the group NH, as a
metal, to which they have given the name ammonium—an hypo-
thesiswhich is considered to receive support from the production
of an unstable amalgam of this radical. All the compounds of
mercury with metals are found to possess metallic lustre; and
this is also the case with the amalgam of ammonium. It may
be prepared by two different processes.
1. If a solution of ammonic chloride be electrolyzed, the
negative electrode being mercury and the positive a platinum

H 15 il
¢ H_N_I - oL
Kol £ &
R | TR
$ ol ALl

N [l A N
H H" o' B H
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plate, the mereury is observed to swell up, owing to the forma-
tion of a spongy metallic mass.

2. By preparing an amalgam of potassium or of sodium, and
pouring it into a slightly warmed solution of ammonic chloride,
the amalgam is found to swell enormously, potassie or sodic
chloride being simultaneously formed :—

Hg,Na, + mNH/(Cl = Hg(N'H,), + mNaCl
Bodic amalgam. Ammonic chloride. Ammonic amalgam, Sodie chloride.

Ammonic amalgam rapidly decomposes into mercury, am-
monia, and hydrogen, the ammonia and hydrogen being liberated
in the proportions of 2NH, to H,:—

2Hg,(N'H)), = 2nHg 4+ 2mNH, + mH,

Ammonic amalgam. Mercury. Ammonia.

Ammonium plays the part of a compound monad radical, and
its salts are isomorphous with those of potassium; they are
all volatile, unless the acid from which they are derived be
fixed.

COMPOUND OF NITROGEN WITH CHLORINE.

NITROUS CHLORIDE.
NCI, ?

Preparation.—By the action of chlorine upon ammonie
chloride :—

NHCl 4 3C, = N“C, 4+ 4HCL
Ammonic chloride. Nitrous chloride. Hydrochloric acid.

The formula of this compound is not fixed with certainty ; it
may contain hydrogen, and it is possible that the two compounds
intermediate between ammonia and nitrous chloride may exist:—

NH,, NH,C], NHCL, NC..
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COMPOUND OF NITROGEN WITH IODINE AND
HYDROGEN,

NITROUS HYDRODINIODIDE.

Preparation.—By the action of ammonia on iodine a brown
substance is obtained, which has the composition NHI,. It is
formed according to the following equation :—

SNH, 4+ 2I, — NHL 4 2NH[L.
Ammaonia. Nitrouns Ammonic
hydrodiniodide. iodide,

CHAPTER XIIIL.

HEXAD ELEMENTS,
Secrion L

SULPHUR, §,.

Atomic weight =32.  Molecular weight =64. Molecular volume
[T at 1000°% but only one-third of this at its boiling-
point. 1 litre of sulphur vapour weighs 32 criths. Rhom-
boidal variety fuses at 114°5 and boils at 445°, Atomicily
" and v, Evidence of atomicity :—

Hydrosulphuric acid ............ S"H,.

Triethylsulphine iodide ......... SVEt,I.
Sulphuric dioxydichloride ...... S"0,0Cl,.
Sodic nitrosulphate................ 8"0(NO),Nao,.

Occurrence—Found in the free state in voleanic districts,
and widely diffused in combination with metals and oxygen, as
sulphides and sulphates.

Manufactured from native sulphur, and from

LPOD. PYTIEER ... .nvees otsids wiznss st D, oo
Copper pyribes... ... .. derrsgeseas (FeCu)S"..
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Character.—Sulphur is capable of existing in several allo-
tropic forms, of which the following are the most important :—

Behaviour with car-

Condition. Bpecific gravity. bonic disulphide,
a. Octohedral ...... 2:05 Soluble.
$. Prismatic ....:.... 1-98 Transformed into «,
I L | e Insoluble.
6. Powder . 1:95 Insoluble.

‘When united exclusively with basylous elements or radicals,
sulphur is almost invariably a dyad ; and it is then the analogue
of oxygen, as will be seen from the following formulse :—

Oxygen compounds ... OK,, OKH, CO, COKo,.
Sulphur compounds ... SK,, SKH, C8",, CSKs,.

COMPOUNDS OF SULPHUR WITH POSITIVE

ELEMENTS.
Sulphuretted hydrogen ............ SH,
Hydrosalphyl ..........cociene ... 'BLUH, op Ha
Carbonic disulphide ............... C5"..

SULPHURETTED HYDROGEN, Hydrosulphuric Acid,
Sulphhydrie Acid.
SH, H—S—H.
Molecular weight =34. Molecular volume[ T 1. 1 lLitreweighs
17 eriths. Solid at —85°5. Liquid under a pressure of
17 atmospheres at 10°,

Occurrence—Evolved with other gases from volcanoes and

fumaroles. Found also in hepatic mineral waters,and frequently

in waters which contain both organie matters and sulphates.
Preparation.—1. By direct union of its elements :—

H + 8 = SH,

_ Py 5N
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2. By the action of hydrochloric or dilute sulphuric acid on
ferrous sulphide :—

FeS' 4+ 2HCl = SH, + FeOl,

Ferrous Hydrochlorie  Sulphuretted Ferrous

sulphide. acid. hydrogen, chloride.
FeSs" + 8SOHo, = SH, 4 8O0/[Feo".
Ferrous Bulphurio Bulphuretted , Ferroua
sulphide, aeid. hydrogen. sulphate.

3. By the action of hydrochloric acid on antlmnmous sulphide
with the aid of a gentle heat :—

SbS", + 6HCI = SSH, + 2SbCl.

Antimonious Hydrochlorio Bulphuretted Antimoniouna
sulphide. acid. hydrogen. chloride.

Reactions.—1. It is immediately decomposed by chlorine,
thus:—

SH, + (, = 2HCI + 8.

2. Itis alsorapidly decomposed by many metallic compounds
rich in oxygen, such as ferric oxide :—

Fe”,0, + 8SH, 9PeS’ + B + SOH,
Ferric oxide. Bulphuretted Ferrous Water.
hydrogen. gulphide.

3. Thesulphhydrates and sulphidesof the metals are produced

by the action of hydrosulphuric acid on the hydrates and
oxides, thus:—

OEF, " 4. 8. =SB <t O

Potassic Bulphumm:d Potassic Water.

hydrate. hydrogen. sulphhydrate.

Balo, + 28H, = BaHs, + 20H,.

Baric hydrate. Bulphuretted Baric Water.
hydrogen, sulphhydrate,

OAg, + SH, = Si;, + OF,

e el T

Cu0O + SH, = Cus" + OH,

Cupric Bulphuretted Cupric Watee.

oxide, hydrogen. sulphide,
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HYDROSULPHYL, Hydric Persulphide.
'S,'H,, or Hs,.
H—S5—83H.
Probable molecular weight =66. Sp. gr. 1-769.

Preparation.—By pouring a solution of calcic disulphide
into hydrochloric acid :—

‘§,Cd" 4+ 2HClI = 'S H + CaCl,
Caleie disulphide. Hydrochlorie acid. Hydrosulphyl. Caleio chloride.
Character.—1t is the analogue of hydroxyl in composition
and functions.

HYPO-SULPHUROUS HYDROSULPHATE.

Hs
SHs,, or 48",
Hs

Probable molecular weight =98.

Preparation.— When a cold saturated solution of strychnine

in alcohol is mixed with an alcoholic solution of yellow am-
monic sulphide, a crystalline compound is formed containing
C,,H,,N,0,, HS, By the action of sulphuric acid upon this
compound, hyposulphurous hydrosulphate is liberated as a

yellow oily body.

CARBONIC DISULPHIDE, Bisulphide of Carbon.
CS..

Molecular weight =76. Molecular volume [T ). 1 litre of
carbonie disulphide vapour weighs 38 criths. Specific gravity
of liquid 1:293. Boils at 46°°6.

Preparation.—1. By passing sulphur over strongly ignited

charcoal :—
€ + 8 = C§,

Carbonie

disulphide.

e i e il i
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2. By heating together charcoal and iron- or copper-py-
rites :— |

T R
Iron tes. Carbonic Ferrous
Ferric disulphide. disulphide. sulphide.

Decompositions.—1. Heated potassium burns in the vapour
of carbonic disulphide, with formation of potassic sulphide and
liberation of carbon:—

Cs", - 2K, = 28K, + C.
Carbonic disulphide. Potassic sulphide.

2. When brought into contact with a solution of an alkaline
hydrate, carbonic disulphide is decomposed, a carbonate and a
sulpho-carbonate being formed :—
60KH + 3CS8", = 2C8"Ks, + COKo, + 30H,

Potaszsio Carbonic Potassie Potassic Water, -
hydrate. disulphide. eulpho-carbonate. carbonate. :

3. In contact with solutions of aI]{a,Iine-sulphides, carbonic
disulphide also forms alkaline sulpho-carbonates :—
SK, + Cs", — CS5"Ks,.
Potassic sulphide.  Carbonic disulphide,  Potassic sulpho-carbonate,
4. When the vapour of carbonic disulphide is passed over
heated calcic hydrate it is decomposed, carbonic anhydride and
sulphuretted hydrogen being evolved :—

CS, + 2CaHo, = 2Ca0 + CO, + 2SH,

Carbonic Calcic j Caleic Carbonie Sulphuretted
disulphide, hydrate. oxide, anhydride. hydrogen.

SULPHO-CARBONIC ACID.
CS"Hs,.

Preparation.—By the action of hydrochloric acid on ammonie
sulpho-carbonate :—

CS'(NH;S), + 2HCL. = C8'Hs, 4+ 9NHCL

Ammonie Hydrochloric  Bulpho-carbonic © Ammonie
sulpho-earbonate. peid, acid, chloride,
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0 (8]
Tetrathionie acid. SP‘HQ | |
(Disulphodithi- g H—0—S—8S—8-—§8_0—H
onic acid.) ...... S0, Ho g {l':l’
S0,Ho 0 0

Pentathionic acid. | 8" I I
(Trisulphodithi-< 8" . H—0—8—8—8—8—=8S—0-H
onic acid.) ... ... S | |

S0,Ho 0 0

SULPHUROUS ANHYDRIDE.
S0

v

Molecular weight =64. Molecular volume 1. 1 litre weighs
32 eriths. Solidat —76°. Liquid under the pressure of two
atmespheres at 7°.

Occurrence.—1. As a volcanic product.

2. In the air of towns.

3. Evolved in the roasting of copper pyrites and other sul-
. phureous ores. ;

. Preparation.—1. By the combustion of sulphur in air or in
| oxygen:—
|

3 2*

2. By heating sulphuric acid with copper or mercury :—

980,lo, + Cu = S0, + S0,Cuo” + 20H,

Bulphuric acid. Bulphurous Cuprie sulphate. Water.
anhydride.

980,Ho, + Hg = S0, + SO0Hgo" + 20,

Bulphuric acid. Bulphurous Mercuric sulphate. Water.
anhydride,

3. By heating charcoal with sulphuric acid :—

980Ho, + C = 280, + ©O, + 20H,

Bulphuric acid. Bulphurous Carbonio Water.
anhydride. anhydride,
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4. By heating a mixture of about three parts by weight of |
sulphur (two atoms) with four of manganic oxide (one mole-
cule) :—

Betvar  MmQ ) o B0 SRS | MEaEY
Manganic oxide.  Sulphurous anhydride. Manganous sulphide.

Reactions.—1. Dissolved by water, producing an acid liquid
which, when cooled to 0° deposits white cubical crystals of
sulphurous acid : — T

SO, + OH, SOHo,.
Bulphurous anhydride. Water. Bulphurous acid.

2. Sulphurous anhydride, when passed into solutions of the
metallic hydrates, produces sulphites. If the sulphurous an-
hydride be in excess, an acid sulphite is obtained :—

OKH - + SO, = SOHoKo.
. Potassic hydrate.  Sulphurous anhydride. Hydric potassic sulphite.
8. If the metallic hydrate be in excess, the normal sulphite
18 formed, thus :—

DONGH ik ARODRO IO RIS s
Potassic hydeate.  Bulphurous anhydride. HorEn:du! ﬁmﬁ Water.

4. Sulphurous acid, when acted upon by metallic hydrates, '
produces the same salts :— :
OKH + SOHo, SOHoKo 4+ OH,:
20KH + SOHo, = 8S0Ko, + 20H,
5. Sulphurous anhydride, when passed over metallic per-
oxides, produces sulphates:—

PbO, + SO, = 8O,Pbo".
Plumbie peroxide. Bulphurous anhydride. Plumbic sulphate.

Detection.—Sulphites are recognized by the pungent odour
of sulphurous anhydride which they evolve on the addition of §
a strong acid, such as sulphuric acid :— ‘

S0Ko, + SO0Ho, = 80,Ko, + S0, + OH,

Potasgic Bulphuric Potassic Bulphurous Water.
sulphite. ncid. snlphate. anhydride.
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When solutions of sulphites are mixed with solution of
argentic nitrate, a white precipitate of argentic sulphite is
formed :—

SOKo, + 2NOAgo = SO0Ago, 4+ 2NOKo.
Potassic Argentic Argentic Potassic
sulphite. nitrate. sulphite, nitrate.

‘When this argentic sulphite is boiled with water, it becomes
black, owing to the separation of metallic silver :—

BOlkigh, - 7 «OH, 1T 4@ 80 Ho, -+ uhg.
Argentic sulphite. Water.  Sulphuric acid. J

SULPHURIC ANHYDRIDE.
SO,.
Molecular weight =80. Molecular volume 1. 1 litre of

sulphuric anhydride vapour weighs 40 criths. Fuses at
924°5. Boils at 52°6.

 Preparation—1. By passing a mixture of sulphurous anhy-
- dride and oxygen over ignited spongy platinum :—

e ol Sy

3
Sulphurous anhydride. Bulphuric anhydrideé.
| 2. By heating Nordhausen sulphuric acid :—
| S0, Ho
=. 0 = 80Ho, + 80,
: S0 Ho
Nordhausen Bulphuric acid. Sulphurie
sulphuric acid. anhydride,

3. By heating the so-called anhydrous sodic bisulphate
(disodic disulphate) :—

S0,Nao
0 = S0, Nao, + = 80,
S0, Nao

Anhydrous sodie bisulphate Sodic sulphate. Sulphurie

Disodic disulphate). anhydride.
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4. By heating sulphuric acid with phosphoric anhydride :-—
S0Ho, 4 PO, = 80, 4  9P0Ho.

Sulphurie Phosphoric Bulphurie Meta-phosphoric
acid. anhydride. anhydride. acid.

SULPHURIC ACID.
S0,Ho,.
Molecular weight =98. Molecular volume . Dissociation.

1 litre of sulphuric acid vapour weighs 245 criths. Sp.
gr. 1'85.  Boils at 325°,

Preparation.—1. By the action of hydroxyl upon sulphurous

anhydride :— :
S0, + Ho, = S0, Ho,.
Bulphurous anhydride. Hydroxyl. Bulphuric acid.

2. By the exposure of a solution of sulphurous acid to air
or oxygen :— . : i
S0Ho, + O = 80Ho, ]
Sulphurous aecid. Sulphuric acid.

3. By the addition of water to sulphuric anhydride :—
ED! + OE: = EOﬁﬂn.

Bulphurie Water. Bulphuric
anhydride. ; acid.
4. By the action of nitric peroxide and oxygen on sulphurous -
anhydride and subsequent decomposition by water of the white -
crystalline compound thus produced (Brining and De la

Provostaye) :—
SO,(N*0) A
280, 4+ 'Nv0O, + O = 0 : |
S0,(N*0,)
Sulphurons Nitrie White erystalline

anhydride. peroxide. compound.

Uil T o
T ———
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S0,(N'0,)
0 + 20H, = 280Ho, '+ N0,
SO,(N*0,)
White crystalline Water. Bulphuric Nitrous
componnd *. awid. anhydride.

In the manufacture of sulphuric acid on the large scale, the
nitrous anhydride is again acted on by water and transformed
into nitrie acid and nitric oxide :—

SN.O, + OH, = 2NOHo 4+ 2N".0.,.
Nitrous Water. Nitrie acid. Nitric oxide.
anhydride.

The nitric oxide, by the action of oxygen, reproduces mitric
peroxide, which is then ready to undergo the same processes a
second time. The nitric acid is at the same time reduced to
nitric peroxide by the action of sulphurous anhydride :—

SO, + 2NOHo = 8S0,Ho, + 'N*O0,.

Bulphurons Nitrie acid. Sulphuric Nitrie
anhydride. acid. peroxide.
The erude sulphuric acid may be freed from traces of nitrous
anhydride (which it always contains) by the addition of some
ammonic sulphate :—

SO,NH0), + N,0, = SOHo, + 30H, + N,
Ammonic sulphate. Iql'itrlngj Eulp]p&ui{: Water.
anhydride. aecid.

Character.—Sulphuric acid forms several classes of salts :—

0

Hydrie potassie sul- |!
phBTE. ... s } SO, KoHo. H—O—n'ﬁ—o_]{
0]

00 OO0
1 |
* N—S—-0—8—N
. [ |
00 © J:»
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DITHIONIC ACID, Hyposulphuric Aecid.
'S*,0,Ho,.

Preparation.—Powdered manganic oxide is suspended in
water and a current of sulphurous anhydride passed through
‘the liquid, when the manganic oxide gradually dissolves. The
solution contains manganous dithionate or hyposulphate :—

MnO, + 280, = 'S§%,0,Mno".

Manganic Sulphurous Manganonus
ﬁx:gdnv. anhydride. d.itlnlfbu.ate.

This solution is next treated with baric sulphide, which pre-
cipitates manganous sulphide, barie dithionate existing in the
solution :—

'‘S7,0,Mno” 4+ BaS" = MaS" 4 'S§Y,0Bao".
Manganous dithionate.  Barie sulphide.  Manganous sulphide. Barie dithionate.

By adding sulphuric acid to a solution of the baric dithio-
nate, baric sulphate is precipitated and dithionic acid remains
in solution :—

‘S*0,Bac” + 80Ho, = 80,Bao” + '8',0,Ho,.}

Barie Sulphurie Baric snlphate. Dithionic acid,
dithionate. actd.

TRITHIONIC ACID, Sulphodithionic Aecid,
Sulphuretted Hyposulphuric Acid.

S0,Ho

SI, L]

S0, Ho

Preparation.—By digesting hydrie potassic sulphite with

sulphur, potassic trithionate and potassic hyposulphite (sul
. phosulphate) are formed :— |

50,Ko

6S0KoHo + 25 = Z{E” + 8§8'0Ko, 4+ 30H,.
S0,Ko

Hydrie potassie Potassic Potassic Water.

gniphite, trithionate. Hyposulphite,
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The following compounds are known :—
Hydrotelluric acid (felluretted ﬁydraym} Tel..

Hypotellurous chloride ..................... TeCl,
"Telhirons chloride =R B ih SRl Te(l,.
Tellavons anhydride . ... foe s i sn cos s TeO,.
Tellurie anbydride....c. .. 5. stresseto. oo B
Pellurousaoil o i m i TROHO?
I E T T T O R R e 5 [

CHAPTER XIV.

MONAD ELEMENTS.
SecrioN I1. (continued from Chap. VIIL.).
BROMINE, Br..

Atomic weight =80. Molecular weight =160. Molecular vo-
lume [T). 1 litre of bromine vapour weighs 80 criths.
Sp. gr. 3:18.  Fuses at —20°. Boils at €3°. _Alomicily .

Lvidence of Atomicity :
Hydrobromic acid ............... HDBr.
Potassic bromde.........coiieeee. KBr.

Argentic bromide ............... AgBr.

Occurrence.—~In small quantities in some saline mineral
waters. In sea-water, and the waters of the Dead Sea.
Preparation.—1. By the treatment, with chlorine, of the
mother-liquors of saline waters containing bromides, and ex-
tracting the liberated bromine by ether:—
2ZEBr - 0L = 2K B

Potassic bromide. Potasgsie chloride.
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2. By heating together sulphuric acid, sodic bromide, and
. manganic oxide :—

9NaBr + MnO, + 280,Ho, = DBr,
Sodic bromide.  Manganie oxide. Sulphuric acid.

+8S0,Nao, 4+ SOMno" + 20H,
Bodic sulphate. Manganous sulphate. Water,

Character.—DBromine unites with several metals directly, and
with great energy. Antimony and arsenic burn in it with bril-
liancy.

At 0° bromine combines with water, forming a crystalline
compound, Br,, 1001,

HYDROBROMIC ACID.
HBr.

Molecular weight =81, Molecular volume [T]. 1 litre of
hydrobromic acid weighs 40°5 criths. Fuses at —73°. Boils
at —69°.

Preparation.—1. By passing a mixture of hydrogen and
bromine vapour through a red-hot tube, or by burning hydro-
gen in a mixture of bromine vapour and air:—

H, + Br, = 2HBr

Hydrobromio
acid.

2. By heating potassic bromide with phosphoric acid :—

3KBr + POHo, = POKo, + 3HBr.
Polassie Phosphorie Potassic Hydrobromiec
bromide. acid. phosphate. acid.

Sulphurie acid canmot be employed for this operation, as a
portion of the hydrobromiec acid is then decomposed, bromine
being liberated :—

SO,Ho, + 2HBr = Br, + 20H, + SO,

Bulphuric acid. Hydrobromic Water. Bulphurous
acid. H.I'J.El}'dﬁﬂt‘.
3. By the action of water upon phosphorous tribromide :-—
P"Br, + 80H, = P'OHHo, + 8HBr.
Phosphorous Water. Phosphorous Hydrobromic

tribromide. aoid. acid.




4. By gradually dropping bromine into water containing
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|
amorphous phosphorus :— ]

|

P, + 3Br, + 60H, = 2P'OHHo, + 6HBr.
Water. Phosphorous Hydrobromie
acid, acid.

5. By passing sulphuretted hydrogen through water con- :
taining bromine :—

OBH, 4 9By, = 4HBr 4 B
Bulphuretted Hf&ro!.idr_onﬂq

hydrogen.
Reactions.—1. Decomposed by chlorine with liberation of
bromine :— | |

2HBr + Cl, + 2HCI + Br,.
Hydrobromic Hydrochlorio
acid. acid.
2. By the action of atmospheric oxygen a'small quantity of
bromine is liberated, but the decomposition is soon arrested :—

4HBr 4+ O, = 20H, 4+ 2Br,

Hydrobromie Water Bromine.
acid.

3. In contact with metallic oxides, hydrates, and salts, bro-‘:;
mides are formed.

COMPOUNDS OF BROMINE WITH OXYGEN
AND HYDROXYL,

Hypobromous anhydride OBr,.

Hypobromous acid ...... ODBrH.
OBr

Bromic aeid ............... { e
OH

The graphic formule of these compounds are analogous tu"
thoseof the corresponding ehlorine compounds, given at page 46,
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Reaction—By boiling, bromic acid decomposes into water,
bromine, and oxygen :—

OBr
4{°HD = e o 20H ‘4 60, |
Eromic acid. Water, |

Preparation of bromates—1. By adding bromine to a solu-
tion of a metallic hydrate, and separating the bromate by erys-

tallization :— ]
6KHo + 8Br, = 5KBr + Lgﬁ‘; = B0,
Potassie Potassic otassic Water.
hydrate. bromide. bromate.

2. By the action of potassic hydrate on bromine pentachlo-
ride :—

it OBr :

6KHoe + BrCl, = B5KCl 4+ OKo T 301,
Potassic Bromine Potassic Potaesie Water.
hydrate. pentachloride. chloride. bromate.

Character of bromates.—Some of the bromates when heated
lose oxygen, being transformed into bromides :—

OBr 3

E{OKG = OB o HO
Potassio Potassio
bromate. bromide.

Others evolve bromine and a portion of their oxygen, leaving
metallic oxides :—

OBr
(0]
2< Mgo" = 2Mg0 -+ 2Br, + 60,
O
OBr .
ot e TP

IODINE, I,
Atomic weight =127. Molecular weight =254. Molecular
volume (1. 1 litre of iodine vapour weighs 127 eriths.
Sp. gr. 4°95.  Fuses at 107°.  Boils at 180°.  Atomicity .
Evidence of atomicity :—
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2. By the action of dilute sulphuric acid on baric iodide, or
of phosphoric acid on any iodide :—

Bal, + S8SO0,Ho, = 2HI 4 80,Bao".
Baric Bulphuric Hydriodie Baric ]
iodide. acid. acid. sulphate.

3. By decomposing phosphorous triiodide by water :—
PI, + 30H, = POHHo, + 3HL

Phosphorous Water. Phosphorons Hydriodic
triiodide. acid. acid.

4. By heating together water, potassic iodide, iodine, and
phosphorus :—
4KI + P, + 51, + 80H, = 14HI + 2POHoKo,.
Potassie Water. Hydriodie Hydric dipotassic
iodide. acid. phosphate.
5. A solution of hydriodic acid is obtained by passing sulphu-
retted hydrogen through water in which iodine is suspended :—

28H, + 2I, = 4HI 4+ 8.

Bulphuretted Hydriodie
hydrogen. acid.

SR

Reactions.—1. Decomposed by chlorine and bromine, with
liberation of iodine :—

9HI '+ € = 2HCl + 'L

NSO U—

Hydriodie Hydrochlorie
acid. ! acid.
2HIL 4+ Br, = 2HBr + L,
Hydriodic Hydrobromie
acid. acid,

2. It is gradually but completely decomposed by atmospheric
oxygen ; the iodine, which at first remains dissolved in the
hydriodic acid, is after a time deposited in erystals :—

4HT 4+ O, = 20H, + Z2IL.

Hydriodic Water.
acid.

8. With metallic oxides, hydrates, and some salts it forms
iodides. Even argentic chloride is transformed by hydriodie
acid into argentic iodide :—

ApOl 4+ HI = Agl 4 HCL

Argentic Hydriodig Argentic Hydrochlorie
chloride. acid. iodide. acid.






96 10DIC ACID.

Preparation.— By heating iodie acid to 170° when it sepa-
rates into iodic anhydride and water :—

(oI
0O
Ol
E{DHQ L OH, + JIB
| OI
Lodie aeid. Iodic anhydride.

Reaction.—When strongly heated, it decomposes into iodine
and oxygen.

I0DIC ACID.

Ol
OHo’
Preparation.—1. By the action of sulphurie acid upon barie
10date .
(OI
[ 0 L . OI s LI
Buo’ + SO0, = 2 { oL+ S0,Bac".
Ol
Barie iodate. Sulp!_'l&lric Todie acid. Baric sulphate.
BCLL.
2. By oxidizing iodine with strong boiling nitric acid :—
6NOHo + I, = 2 { O, + 20H, + 2N,0, + 'N",0,
Nitrie acid. Todie acid. Water. Nitrous Nitrie

anhydride. peroxide.
8. By acting upon iodine and water with chlorine :—

1. . 6OH. & BEL = z{ghﬂ + 10HCL
Water. Iodic acid. Hydrochloric

acid.
Reactions,—1, In contact with hydriodic acid it forms water
and iodine :—
OI SHI = SOH ST
o D AR o L

Lodic acid. Hydriodie Water.

acid.

B T
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2. Tt is reduced by many other deoxidizing agents.
Preparation of Iodates.—1. By treating solutions of metallic

hydrates with iodine, and separating the iodate by crystalliza-
tion :—

BEHo . 4 oL & BET ¥ {g%{ﬂ + 30H,.
Potassio Potassic Potassie Water.
e hydrate, iodide. iodate.

2. By dissolving iodine in potassic hydrate and treating the
mixture with chlorine :—
12KHo + I, + 501, = 10KCL + 2{3}@ + GOH,

Potassic Potassio Potassic Water.
hydrate. chloride. iodate.

3. By heating together potassic chlorate and iodine :—

Potassic Todine Potassic
chlorate, monochloride, ipdate.

Character of iodates—Some of the iodates when heated split
into iodides and oxygen, others into metallic oxides, iodine, and
oXygen.

Todic acid gives several well-defined anhydro-salts.

PERIODIC ANHYDRIDE.

Ol
rD
0
LD 0 20
O
0
_OI

Preparation.—By heating periodic acid to 160°:—

il

o1
2{0 = ‘1,0, 4 OH.

OHo
Periodie Periodie Water:
acid. anhydride.
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Leaction.—When heated it is decomposed into oxygen and
iodic anhydride, and ultimately into iodine and oxygen,

PERIODIC ACID,

O1
8 i
OHo

Preparation.—By decomposing plumbie periodate with sul-
phuric acid ;:—

01

O

0 (o]}

<{Pho" + S0Ho, = 3{0 4+ SOPbo".
O OHo

O

Ol

FPlumbie Bulphurie Periodie Plumbie

periodate. acid. acid. sulphate.

Preparation of Periodates.—Sodic periodate may be prepared
by passing chlorine through mixed solutions of sodic hydrate |
and sodic iodate :—

o1 Rell
ONao T 2Nalo + Cl, = {O +OH, + 2NaCL

ONao ;
Sodie Bodie Sodic Water. Sodic '
iodate, hydrate. periodate. chloride.

FLUORINE, F.. 1

Atomic weight =19. Molecular weight =38 (?). Molecular
volume [11. 1 litre weighs 19 eriths (7). Atomicity .
Lvidence of atomicity :—

Hydrofluoric acid............... HF.

Occurrence.—In combination with metals in fluorspar, cryo- |
lite, apatite, and other minerals.
Little is known of fluorine in the uncombined condition. N

:

g |
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COMPOUND OF FLUORINE WITH HYDROGEN,

HYDROFLUORIC ACID.
HF.
DMolecular weight =20. Molecular volume[ T ). 1 litre weighs

10 eriths. Boils at 19°°5. Sp. gr. of liquid 9875 at 13°,

Preparation—By heating calcic fluoride with sulphuric acid
in a leaden or platinum vessel :—

CaF, + SO,Ho, = 2HF + 80,Ca0".

Caleie Bulphurie Hydrofluoric Caleic
fluoride. acid. acid. sulphate,
CHAPTER XV,

g TETRAD ELEMENTS.

SzerioN 1. (Continued from Chapter X1,)
SILICON, Silicium, Si.

Atomie weight =28'5. Sp. gr. (graphitoidal) =249. Atomicity ™.

Evidence of atomicity :—
Silicic chloride ............ SiCl,.
Silicic fluoride.......... vinse ) DILH

Oceurrence.—Silicon is one of the most widely diffused ele-

ments. It is found, in combination with oxygen and metals, in
a very large number of minerals.

a. Amorphous Silicon.

Preparation.—1. By heating potassic silicofluoride with
potassium :—

! SiKF, + 2K, = 8i + 6KF.
Potassic Potassic
gilicoflnoride. fluoride.

H2



100 SILICON.

2. By heating sodium in a carrent of the vapour of silicic
chloride :—

SiCl, 4 2Na, = 8i + 4NaClL
Bilicic Bodic
chloride. chloride.
Reactions.—1. Silicon is dissolved by aqueous hydrofluoric
acid, and converted into hydrofluosilicic acid :—
Si 4+ 6HF = SiHF, ‘+ 2H,
Hgd;giftlttmm: Hrﬂmaﬂli:;{mhmﬂ
2. When fused with potassic hydrate, or boiled in its solu-
tion, it yields potassic silicate :—

Si 4+ 4KHo = SiEo, + 2H,
Potassic Potassic
hydrate. silicate.

3. Heated in the air, it burns, producing silicic anhydride.

f3. Graphitoidal Silicon. :

Preparation.—By fusing amorphous silicon with aluminium,
and boiling the compound in hydrochloric or hydrofluorie acid,
which dissolves the aluminium, leaving the silicon in the form
of hexagonal plates with a metallic lustre.

Character.—May be heated to whiteness in oxygen without
burning. | |
Is gradually oxidized by a mixture of nitric and hydrofluoric
acids. |

Is slowly attacked by fused potassic hydrate.

v. Adamantine Silicon.

Preparation—By heating aluminium very strongly in a
current of the vapour of silicic chloride. The aluminic chloride
which is formed volatilizes, leaving the adamantine silicon be-
hind ;— '

38iCl, 4+ 24, = 2AI'"Cl, + 8i,.

Eilic_ic Aluminie
chloride. chloride.
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SILICIC HYDRIDE,
SiH,.

Molecular weight =32'5.

Preparation.—1. By decomposing dilute sulphurie acid by
a feeble electric current passing from electrodes of aluminium
containing silicon, when the silicic hydride is evolved at the
negative pole.

2. By decomposing magnesic silicide with hydrochloric
acid :—

SiMg", + 4HCI = 2MgCl, + SiH,
Magnesio Hydrochlorio Magnesie Bilicic
gilicide. acid. chloride. hydride.

3. Both the above processes furmish silicic hydride mixed
with much hydrogen ; but if ethylic silicoformate be placed in
contact with sodium, it splits up into ethylic silicate and pure
silicic hydride, the sodium remaining unaffected :—

4SiH(C,H,0), = SiH, + 3Si(C,H,0),

Ethylic silicoformate. Bilicie Ethylic silicate,
: hydride.

Reactions.—1. Under reduced pressure or mixed with hy-
drogen, inflames spontaneously in air, producing water and
gilicic anhydride :—

SiH, + _20, = 8i0, 4+ 20H.,.
Bilicic Bilicie Water.
hydride. anhydride.

2, Decomposed by solution of potassic hydrate, yielding
exactly four times its volume of hydrogen :—

SiH, + KHo + OH, = SiOKo, | 4H,
Bilicic hydride. Polassic Water. Potagsic
hydrate. silicate,

SILICIC CHLORIDE,
SiCl,,
Molecular weight =1705.  Molecular volume [T). 1 litre
weighs 85°25 eriths.  Sp. gr. of liquid 1'52.  Boils at 59°.
Preparation—1. By burning silicon in chlorine.
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2. By heating a mixture of carbon and silicic anhydride in
a stream of chlorine :—

Si0, + 20 + ‘201 = SiCl, + 2CO.

2
Bilicie Bilicie Carbonic
anhydride. chloride. oxide.
Reaction.—By contact with water it produces silicic and hy-

drochloric acids : —

S0 4 40H = BiEo, + 4HOL
Bilicie . Water. Bilicie Hydrochloric
chloride. acid. acid.

SILICIC HYDROTRICHLORIDE, Silicon Chloroform.
SiHCL,.

Molecular weight =1855. Molecular volume [1]. 1 litre

weighs 6775 eriths. Boils at 36°, _

Preparation.—By heating crystallized silicon to dull redness
in a current of hydrochloric acid gas :—

Biv. 4+ 8HCL = SIHOL + Hg

Hydrochlorie Silicie
acid, hydrotrichloride.

Reactions—1. Is decomposed by chlorine at ordinary tem-
peratures :— -

SiHCl, + Ol = SiCl, + HCL
Bilicie Silicie Hydrochlorie
hydrotrichloride. chloride. acid

& & b

2. By contact with water it is transformed into Disilicic
kydrotrioxide, or Silicoformic anhydride —

SiHoO
28iHCl;, 4+ 80H, = O + GHCL
SilO
Silicic Water. Silicoformic Hydrochlorie
hydrotrich.oide. anhydride. acid.
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Reaction.—By contact with water it produces silicic and

hydrofluosilicic acids :— J
38iF, 4+ 40H, = SiHo, + 2SiH/JF,. 1
ﬂEIUg{ii: Water. Biliﬁiu Hydmﬁ!ﬂ::nil.icin

Woriie, A, .

By contact with metallic oxides, hydrates, and salts, hydrofluoe- i
silicic acid produces silicofluorides, some of which, as the potassic
and baric compounds, are insoluble in water :—

SiHF, + 92KHo = SiK,F, + 20H.

Hydrofluosilicie Potassic Potassic Water,
acid, hydrate, gilicofluoride.

COMPOUNDS OF SILICON WITH OXYGEN AND

HYDROXYL.
Silicic anhydride............ Si0,.
Siliciepeid. v SiHo, and SiOHo,,

Modifications of Silicie acid.

SiOHo rSi0Ho rSi0Ho

1. 10 0 0
SiOHo {S}iO Si0

y 3. < 0
E‘OH“ Si0 Si0

4 0] (9]
810 | Si0Ho Si0

: R
L‘EIOI{U . { Sio

0

Si0

0

Si0

0

(SiOHo
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SILICIC ANHYDRIDE,
Si0,.
Molecular weight =60'5. Sp. gr. 2:69.

Oceurrence—In the pure state in many minerals, as quartz,
agate, &c.
Preparation.—By heating silicic acid to 100°,

SILICIC ACID.
Tetrabagie... Silo,. Dibasie... 8i0Ho..

Preparation.—1. By treating a solution of a soluble silicate
with hydrochlorie acid :—

SiNao, + 4HCl = SiHo, + 4NaCl
. Bodie Hydrochlorie Bilicie Bodic

gilicate. acid. acid. chloride.
2. By passing a stream of carbonic anhydride through a
solution of a soluble silicate :—

SiNao, + 40H, 4+ 4CO, = SiHo, + .4COHoNao.
Bodie Water. Carbonie Biligie Hydric sodic

gilicate. anhydride. acid. carbonate.

A reaction similar to this is the cause of the disintegration
of granitic rocks.

3. By passing silicic fluoride through water. (See p. 104.)

4. The bibasic silicic acid is said to be produced by the eva-
poration in vacuo at 16° of a solution of the tetrabasic acid in
water.

The acid prepared by the first three of the above Pprocesses
has probably the formula SiHo, ; by drymn' in the air a com-
pound remains containing

8iHO, = B8i,0Ho,
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S St : L Nk s Si0 ~_ unr.
Diopside. Caleic magnesic disilicate ... Sioﬂau Mgo".
Tale, Tetramagnesic pentasilicato ...... Si,0,Mgo”,.
: [ SiHo,—
Okenite. Tetrahydric caleic disilicate. O Cao".
. | SiHo,—!
Eerpeytine. Dihydric trimagnesic disi- Meo” )
licate ......c..ooooooiviiiiinniinnninn | SiHoMgo'

Steatite. Trimagnesic tetrasilicate... ... Si,0,Mgo"..
‘SiHoMgo"
Meerschaum. Tetrahydric dimagnesic giHo
o 14T L AE S C | O :
| SiHoMgo"
; SiOHo
Pyrophyllite. Dihydric aluminic tetra- Si0™
e E
Slicode s ivriiviEa IR T A S 510_4_3
SiOHo :
Anorthite. Aluminic ealcic disilicate. 8i,('Al",0,)"Cao”,
BlO< -
Labradorite. Aluminic calcic trisilicate. SiCao"-Al 0",
8i0——

Grossularia. Aluminic tricaleic trisili- S!Gﬂﬂ”_l
Sl{jﬂ.ﬂ '—ﬂ_l!ﬂ"j.

L A s BRIt s e g e iCﬂ-D"—I
Emerald. Zriglucinic aluminic Iwm-} 4 Sl
P T SR AN R ] 8i,0,41,0"Glo",.
Si0—,
Chloropal. Ferrie trisilicate ..........., Si0-Te,0,30H,,
Si0—

Felspar. Orthose. Dipotassic alumi-
nic hevasilicate

} $i,0,Ko,Al0",

R T N TR AR TRUEE]
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|

SILICIC SULPHIDE,
sis”’gi
Preparation.—By passing the vapour of carbonie disulphide
over gilicic anhydride heated to redness :—

Si0, 4+ C8', = 8Si8', 4+ CO.
Bilicic Carbonic Bilicie Carbonie

|anhydride, disulphide, sulphide, anhydride.

Reaction.—By the action of water, hydrosulphuric acid is
evolved, and the solution contains silicie acid :—

SiS, + 40H, = SiHo, + 2SH,
Silicic Water, Silicie Sulphuretted
sulphide, acid. hydrogen.

TIN, Sn.

Atomic weight =118. Molecular weight unknown. Sp. gr.
7:28, Fuses at 228°. Alomicity " and ™, also a pseudo-triad.

‘The following are the names and probable formule of the
principal compounds of this metal :—

Stannous chloride ......... Sn(l,

Stannie chloride ............ SnCl,.

Stannous oxide ............ Sn0.

Stannic oxide or anhydride. SnO,,
SnCl '

Distannous oxydichloride.. { 0O . Cl—Sn—0--8n—C(l
SaCl

Stannous hydrate............ SmaHo, H—0—8Sn—0—1

(0]
Stannic acid ... SnOHo,. I

Dipotassic stannite ......... SnKo,.
Dipotassic stannate ......... Sn0Ko, 40H..
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CHAPTER XVI,
PENTAD ELEMENTS.
SecrroN I  (Continued from Chapter XII.)

PHOSPHORUS, P..

Atomic weight =81. Molecular weight =124. Molecular
volume [T1. 1 ltre of phosphorus vapour weighs 62
criths. Sp. gr. 1'83. Fuses at 44-45°. DBoils at 290°,
Atomicity "' and . Evidence of atomicity :—

Phosphorous trihydride............... P"H,
Phosphorous trichloride ............ P"CL.
Phoephoric chloride .,.,...p eeusnne. PCl,.
Phosphonic iodide .........ccocnnuenas EVH T

Occurrence—In combination as a constituent of several
minerals, and in small quantities in most rocks and soils.

In plants, and in the brain, nerves, urine, and bones of
animals,

Manufacture.—Calcined bones or Sombrerite, both of which
consist chiefly of calcic phosphate, are digested with sulphurie
acid, by which the triealcie diphosphate is converted into tetra-
hydric caleic diphosphate :—

P,0,Ca0", + 280,Ho, = P,0,Ho,Cao” + 280,Cao".
Tricaleie diphos- Bulphurie Tetrahydrie caleie Caleic
phate (Bone-ash). acid. ﬂi[lﬁﬂﬂphﬂ.tﬂp sulphate,

The tetrahydric caleic phosphate is extracted with water
from the calcic sulphate, evaporated, mixed with charcoal, dried
and distilled, when phosphorus, carbonic oxide, and tricalcie
diphosphate are produced :—

8P0Ca0" 4+ Cp, = P,0Ca0d", + 1060 4 P.

Caleie meta- Tricaleic Carbonic
phosphate. diphosphate. oxide,
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AMORPHOUS PHOSPHORUS. Allotropic Phosphorus. Red
Lhosphorus.

Obtained by heating common phosphorus to 230°-250° in

close vessels.
Neither the number nor the arrangement of the atoms in

the molecule of this variety of phosphorus is known.,

COMPOUNDS OF PHOSPHORUS WITH
HYDROGEN.

Phosphorus forms three compounds with hydrogen, which
cannot be obtained by the direct combination of their elements.

Solid phosphoretted hydrogen... { ggm}g.. ?
Tigrid A0 et P H,
Gageous difbo” ....oitan. PH.

GASEQOUS PHOSPHORETTED HYDROGEN.

I - |

| gl o | |

H—P—H |

Molecular weight =84. Molecular volume [1]. 1 litre weighs
17 eriths.

Preparation.—1. By heating hypophosphorous acid :—
2POHHo = PH, 4+ POHo..

Hypophos Jhorons Phosphoretted Phosphoric
acid. hydrogen, acid.

2. By heating phosphorous acid :— |
4POH Ho, = PH, — SPOHo,.

TPhosphorous Phosphoretted FPhosphorie
acid. hydrogen. acid.

B TR 3
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3. By heating phosphorus with solution of sodic or potassic
hydrate :—

8ONaH + P, + 30H, = SPOH,Nso + PH,

Bodie Water. Bodie Phosphoretted
hydrate. hypophosphite. hydrogen.
The gas prepared by this process contains free hydrogen and
the vapour of liquid phosphoretted hydrogen.
Reactions.—1. By combustion in oxygen it yields phosphorie
acid : —
PH, + 20, = POHo,.
Phosphoretted Phosphoric
hydrogen. acid.
2. When passed through a solution of cupric sulphate, it
‘causes a black precipitate of cupric phosphide :—

2PH, + 380,Cu" = P,Cu", + 380,Ho,
Phosphoretted Cuprie Cupric Sulphuric
hydrogen. sulphate. phosphide. acid.

3. When passed through a solution of argentic nitrate, me-
tallic silver and nitric and phosphorie acids are formed :—

PH, + 8NO,Ago + 40H, = POHo, + 4Ag, + 8NO, Ho.

Phosphoretted  Argentic Water. Phosphorie Nitrio
hydrogen. nitrate. acid. acid.

4. It unites directly with hydriodic and hydrobromic acids
when they are presented to it in the nascent state, forming
compounds isomorphous with the corresponding substances in
the nitrogen series:—

PH, + 3, = PI 4 B8HI;

P hosphoretted Phosphorous:  Hydriodic
hydrogen. triiodide. acid.

8PH, + 8HI = SPHLI
Ppder pudgie o gt
In this behaviour phosphoretted hydrogen bears a striking
analogy to ammonia, although, unlike the latter compound, it
does not unite with other acids.

I
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LIQUID PHOSPHORETTED HYDROGEN.

H H
g
PH, p_p

FPHRH” or { ?H ﬁ ﬁ
Molecular weight =6G.

Preparation.—By the action of water or very dilute hydro-
chloric acid upon caleic phosphide, 'P",Ca”,, the gas evolved
being transmitted through a freezing-mixture :—

P'Ca’y + 40H, = 'P'H, 4 2Ca"Ho,
Caleie Water. Llcilmri pl'-m- Caleic
phosphide. oretted hydrate,
;rdrogen

The calcic phosphide is prepared by passing the vapour of
phosphorus over lime heated to redness:— 9

14P 4+ 14Ca0 = 2'.5'2"33{33.-::”2 + 5P".Ca",.
Lime. Caleie Calcie
pyrophosphate. phosphide.

 Reaction.—Decomposed by sunlight into solid and gaseous
phosphoretted hydrogen :—

'P'H et P(P"H)"
5 P 4 — GPH + { PEPHHIH}:I P
Liquid phospho- Gaseona phoapho- Bolid phosphoretted
retted hydrogen. retted hydrogen. hydrogen.

SOLID PHOSPHORETTED HYDROGEN.
P(P J'J'H)
{ P(P:;:H)u P
Molecular weight =126 ?
Preparation.—By dissolving calecic phosphide in concen-
trated hydrochloric acid, or by the action of light upon the ©
liquid phosphoretted hydrogen.







116 COMPOUNDS OF PHOSPHORUS.

1 litre of phosphoric chloride weighs 52:1 to 10425 eriths.
Volatilizes below 100°.

Preparation—By the action of chlorine upon phosphorous
trichloride :—

PO -l Vgt s P
Phosphorous Phosphaoric
trichloride. chﬁid&.

Reactions.—1. By the action of an excess of water it pro-
duces hydrochloric acid and phosphoric acid :—

PCl, 4+ 40H, = b5HCI + POHo,.
Phosphorie Water. Hydrochlorie Phospharic
chloride. acid. acid.

2. When submitted to the action of alcohols and acids, the

chlorides of the radicals of the alcohols and acids are obtained,
thus :—

e = I

{GHm + POL = {SFq + Ea + PocL,

CH, (I
Ethylie Phosphoric Ethylic Hydrochloric  Phosphoric
aleohol. chloride. chloride. acid. oxytrichloride.

(Bl + 70 = Sy + w0+ om

Acetie acid. Phosphorie Acetylie Hydrochlorie Phosphoric
chloride. chloride. acid. oxytrichloride.

COMPOUND OF PHOSPHORUS WITH CHLORINE
AND OXYGEN.
PHOSPHORIC 0XYTRICHLORIDE.
Cl

I
POCI,  Cl—P—Cl

I
0

Molecular weight =153, Molecular volume UL, 1 litre of §
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phosphorie oxytrichloride vapour weiyhs 7675 criths. Sp.
gr. 1'7.  Boiling-point 110°.

Preparation—1. By the action of a limited quantity of
water on phosphoric chloride :—

PCl, + OH, = POCl, + 2HCL
Phospherio Water. Phosphoria Hydrochlorie
chloride, oxytrichloride. acid.

2. By passing oxygen through boiling phosphorous trichlo-
ride ;—

-1 T SR, SRR, -y Ty

Phoephorons Phosphorice
tri ride. oxytri ide.

3. By heating phosphoric chloride with phosphoric anhy-
dride :—
PO, 4+ 3PCl, = 5POCIL.

Phosphorie Phosphoria F horio
anhydride. chloride, oxytrichloride.

4. It is formed as a secondary produet in the preparation of
the chlorides of alecohol and acid radicals as above deseribed
(p. 116).

Reactions.—1. By contact with water it is transformed into
hydrochlorie and phosphorie acids :—

POCl, + 30H, = POHo, + SHCL

Phosphorie Water, Phosphaorie Hydrochlorio
oxytrichloride. acid. acid.

2. By distiliation with the salts of organic acids it yields
the chloracids :—

cH CH,
3{%%_% + POC, = 3{%01 + PONao,

Bodie Phosphorie Acetylic Sodic
acetate, oxytrichloride, chlgride, phosphate,

COMPOUND OF PHOSPHORUS WITH CHLORINE
AND SULPHUR.

PHOSPHORIC SULPHOTRICHLORIDE.
PS'Cl,.
Molecular weight =169'5, Boils at 128°.
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PHOSPHOROUS ANHYDRIDE,
PO,
Molecular weight =110.

Preparation—By the slow oxidation of phosphorus in a
gentle current of dry air.
Reaction—In contact with water it produces phosphorous
acid :—
PO, + 380H, = 2POHHo,

Phosphorous Water. Phosphorous
anhydride, acid.

PHOSPHOROUS ACID.
POHHo,.
Molecular weight =82,

Preparation—1. By the action of water on phosphorous
anhydride as above.

2. By the slow oxidation of phosphorus in moist air.

3. By the action of water upon phosphorous chloride (see
p. 115).

4. By passing chlorine through phosphorus under hot water.

Reactions—1. When heated, it yields phosphoric acid and
phosphoretted hydrogen :—

4POHHo = 3POHo, 4+ PH,
Phosphorouns Phosphoric Phosphoretted
ncid, acid. hy el

2, It absorbs oxygen from the air,yielding phosphoric acid :—
2POHHo, + O, = 2POHo,

Fhosphorous acid. FPhosphoric acid.
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PHOSPHORIC ANHYDRIDE,
PO,
Molecular weight =142,

Preparation—By burning phosphorus in excess of dry air
or oxygen.

Reaction.—By contact with water it forms metaphosphoric
acid :—

PO, + OH, = 2PO,Ho.
Phosphoric Water. Metaphosphoric
anhydride, acid.

METAPHOSPHORIC ACID.

PO, Ho.
Molecifiar weight =80.

Preparation.—1. By dissolving phosphoric anbydride in
water (see above).

2. By heating phosphoric acid to redness :—
POHo, = POHo + OH,.

FPhosphoric Metaphos- Water.
acid., phoric acid,

Preparation of metaphosphates—The metaphosphates may be
produced—
1. By igniting a dihydric phosphate with a fixed base :—

POHo,Nao = PONao + OH,.
Dihydric sodie Bodic Water.
pI{nﬂpham. metaphosphate.

2. By igniting a monohydric phosphate which contains one
atom of a volatile base :—

POHoNao(N'HO) = PONao + NH, 4+ OH,
Hydrie sodic ammonic Sodie Ammonia. Water
phosphate. metaphosphate. :

3. By igniting a dihydric pyrophosphate :—

PO HoNano, = 2PONac + OH,.
Dihydric disodic Bodie Water.
pyrophosphate metaphosphate.
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e el e e

PYROPHOSPHORIC ACID,
P 0,Ho,.
Molecular weight =178.

Preparation.—By decomposing plumbic pyrophosphate by
hydrosulphurie acid :—
P,0,Pbo", 4+ 28H, = 2PbR" 4 P,0Ho,

Plumbie Bulphuretted Plumbic ij]:rho::lphoriu
pyrophosphate. hydrogen, sulphide. acid.

Pyrophosphates are prepared by heating monohydric phos-
phates containing two atoms of a fixed base:
9POHoNao, = P,0,Nao, + OH,.

Hydric disodic Bodic Water.
phosphate, pyrophosphate.

PHOSPHORIC ACID, Orthophosphoric Acid.
POHo..
Molecular weight =98,

Preparation.—1. By boiling a solution of phosphorie anby-
dride or of metaphosphoric acid in water :—

P,0, + 30H, = 2POHo,

Phosphorie Water. Phosphaorie
anhydride. acid.

2. By the oxidation of amorphous phosphorus with nitric |
acid, and then boiling the product with water. -.
3. By the action of water upon phosphoric chloride and 3
phosphoric oxytrichloride (see pp. 116 and 117). :
4. By the combustion of phosphoretted hydrogen in air or
oxygen :—

PH, + 20, = POHo,

Phosphoretted Phosphoric
hydrogen. acid.
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5. By decomposing tricalcic diphosphate (bone-ash) with a
large excess of sulphurie acid :—

P,0,Ca0o’, + 8SOHo, + 6OH, = 2POHo,

Tricalcic Bulphuric Water, Fhosphoric
diphosphate. acid. acid,

+ 3SHo,Cao".

Gypsum. Tetrahydrie
caleio sulphate,

Reaction—When heated to 213° it produces pyrophos-
phoric acid :—

2POHo, = P,0,Ho, + OH,
I'hw_::hnm Pyrophosphorio Water.
acid, acid.

The phosphates are a numerous and important class of salts,
The following list contains some of the most interesting :—

C di hosphat
ommon sodi¢c phospha E} POHoNao,, 1201,

(Hydrie disodic phosphate)

Trisodic phosphate ............... PONao,, 120H,.

Hydric sodic potassic phosphate POHoNaoKo, OH.,.

Apatite (Froncolite) ............ P.0,0ad", gﬂa.")

- Triple phosphate (Dz’ammam’e} "

dimagnesic d@?xﬂ&fpﬁﬂfﬁ) SHOETR T SO E

I L, iR et BOTH

BVl ... ... e BROCAL, 0LV, IGEH.

Pyromorphite ..............ici.... PsoaPhn*;(gle").

ARSENIC, As,.

Atomic weight =75. Molecular weight =300. Molecular

volume [T]. 1 litre of arsenic vapour weighs 150 eriths.
Sp. gr. 9°6 to 59. Volatile at 180°. Atomicity " and ",
Evidence of atomicity :—
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Arseniuretted hydrogen ......... As""H,.
Arsenious chloride.................. As"Cl,. |
Tetrethylarsonic chloride ......... As'Et,Cl. |

Oceurrence.—In nature, in various ores, and sometimes 1n
the free state. In some mineral waters, and in the water and
mud of many rivers. In coal-smoke, and consequently in the
air of towns.

Preparation—DBy reducing, with charcoal, arsenious anhy-
dride, which is produced in the roasting of many ores :—

AsO, 4+ 3C = As, + 3CO.

Arsenions Carbonic
anhydride. oxide.

COMPOUND OF ARSENIC WITH HYDROGEN.

ARSENIURETTED HYDROGEN, Arsenious Hydride.
AslH,.
Molecular weight =T8. Molecular volume 1. 1 litre weighs
39 eriths, Boils at —40°,

Preparation.—1. Inthe pure state by the action of sulphurie
acid on an alloy of arsenic and zine :—
As7n", + 38S0Ho, = 380/7n0" + 2AsH,

Arsenionus Sulphurie Zincie Arseniuretted
zincide, acid. sulphate. hydrogen,

2. By the action of nascent hydrogen upon soluble arsenic
compounds, as by the introduction of arsenious acid into an
apparatus evolving hydrogen :—

AsHo, 4+ 38H, = AsH, 4+ 30H,

Argenions Arseninretted Water.
acid. hydrogen.

Reactions.—1. When burnt with free access of air, it gives
water and arsenious anhydride :—
2AsH, + 80, = As0, + 30H,.

Araeninretted Arsenious Water.
hydrogen. anhydride,
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2, When burnt with a limited supply of air, it yields water
and free arsenic :—

4AsH, + 380, = As, = G6OH,
Arseniuretted Water.
hydrogen.

3. When exposed to a red heat, it is decomposed into arsenic
and hydrogen.

4. Passed through a solution of argentic mifrate, it yields-
a precipitate of metallic silver, arsenious and nitric acids re-
maining in solution ;—

6NO,Ago + 8OH, + AsH, = 6NO,Ho

Argentic nitrate. Water. Arseniuretted Nitric acid.

Bl

+ AsHo, + 3Ag.

Argenious acid.

COMPOUND OF ARSENIC WITH CHLORINE.
ARSENIOUS CHLORIDE.
AsCL.

Molecular weight =181'5.  Molecular volume (1. 1 litre of
arsentious chloride vapour weighs 90°75 criths.  Sp. gr. 2:205.
Boils at 132°,

Preparation.—1. By the action of dry chlorine upon arse-
nic ;—
As, + 3Cl, = 2AsC(l,.

Argenions
chloride.

2. By distilling arsenic with mercuric chloride (corrosive
gublimate): i

As, + 6HgCl, = 3Hg,Cl, + 2AsCl,
Mercuric Mercurous Argenions
chloride, chloride. chloride.

3. By distilling sodic chloride, arsenious anhydride, and sul-
phuric acid :—

As,0, + 6NaCl + 6SOHo, = 2AsCl

Arsenious Hodie Bulphuric Araeni
nnhydride. chloride. qu-:'l'dlinL Lﬁﬁﬂﬁ?a
+ 680,HoNao + 380OII.
Hydrie sodie Water,

sulphate.
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Reaction.— With excess of water it forms arsenious and
hydrochlorie acids :—
AsCl, + 80H, = B3HCl 4 AsHo,

Arsenious Water. Hydrochlo- Arsenious
chloride. rie acid. acid.

COMPOUNDS OF ARSENIC WITH OXYGEN AND

HYDROXYL.
Arsenious anhydride ............... As 0,
Arsenic anhydride .................. As O,
Arpenious aeifd.. .. ...ocivciiiiineee AsHo,.
LI TR e e Skt AR ot S AsOHo,.

ARSENIOUS ANHYDRIDE, Arsenic, White Arsenie, White
Owide of Arsenic.
As O, |
Molecular weight =198. Molecular volume O. 1 litre of
arsenious anhydride vapouwr weighs 198 eriths (anomalous).
Sp. gr. 3°7.
Oceurrence.— Very rare in nature.
Preparation.—1. By burning arsenic in air or oxygen,
2. By roasting arsenical ores in certain metallurgical opera
tions.

ARSENIOUS ACID.
AsHo

Molecular weight =126. a
Only known in solution.
Arsenious acid forms many salts, of which the following are

examples :—

Dihydric potassic arsenite (Fowler's

BOMUMEOR)  1iversirspynsunenssnrsenmnyans SABIERE NN,
Hydric cupric arsenite (Scheele’s

IOy s vwives wevwsi oapnp Ty ooy SN ORINOY.

Triargentic arsenite .......covenvsnsensss ASAgO,
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COMPOUNDS OF ARSENIC WITH SULPHUR AND
HYDREOSULPHYL.

AES" ' o cilt
Realgar BA B EEE B S w e e s E AR SR RS BRSO {-&-SS” — A's ES a*

Sulpharsenious anhydride (Arsenious il
PR R T e } As S,

Sulpharsenic anhydride (Arsenic sul- As §"
IDRERG) oyl dnunobh: has s nedh s wab s hmaes s

Sulpharsenious acid .....c.coveenrieere.  AsHs,,
Su'lpharsenic Mid (AL A R NI RN &SS‘FHEH-

REALGAR, Diarsenious Disulphide.
UL AsS"
As"S", or { s
Molecular weight =214. Sp. gr. 8'5.
Occurrence.—Found native.
Preparation.—By heating sulphur with arsenious anhy-
dride ;:—
S, + 2As0, = 3880, 4+ 2As"S§".

Arsenions Sulphurouns Realgar,
anhydride. anhydride.

SULPHARSENIOUS ANHYDRIDE, Arsenious Sulphide,
Orpiment.
As S,
Molecular weight =246. Sp. gr. 3°5.
Oeccurrence.—Found native.

Preparation.—By passing sulphuretted hydrogen through a
solution of arsenious anhydride in hydrochloric acid :—

9As0l. + 3SH, = 6HCl + AsS".
Arsenions Sulphuretted Hydrochloric Arsenions
chloride, hydrogen. ncid, gulphide.
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Reaction.—Arsenious sulphide dissolves in ecaustic alkali,
produciug an arsenite and a sulpharsenite :—

As 8", + 40KH = AsHoKo, + AsHsKs, 4+ OH,.

Arsenious Potassic Hydrie dipo- Bulphhydrie Water
sulphide, hydrate. tassic arsenite, disnlphopotassic
salpharsenite.

By the addition of an acid, the arsenious sulphide is repre-
cipitated :—

AsHoKo, + AsHsKs, + 4HCl = 4KCl

Hydrie dipotas- Bulphhydrie Hydrochlorie Potasaie
sie arsenite, disulphopotassic acid. chleride.
sulpharsenite,
LR 1 i
Arsenious Water,
sulphide.

Proustite is a native sulphargentic sulpharsenite, AsAgs,.

SULPHARSENIC ANHYDRIDE, Adrsenie Sulplide.
AsS'.
Molecular weight =310,
Preparation.—By fusing together arsenious sulphide and

sulphur. Sulpharseniates may be obtained by passing sulphu-
retted hydrogen through solutions of arseniates :—

AsOHoNao, + 4SH, = AsSHsNas, + 4OH,.

Hydrie disodic Sulphuretted Bulphhydrie disulpho- Water.
arseniate, hydrogen. podic sulpharseniate.

ANTIMONY, Sb, ?

Atomic weight =122. Probable molecular weight =488. Sp.
gr. 67,  Fuses at 430°, Afomicity """ and”. Evidence of

atomicity i—
Antimonious chloride ..,......... Sbh"'Cl..
Antimonie tetretho-chloride .
(Tetrethyl-stibonic chloride). } B b0l
Antimonie chloride ............... Sb"Cl,.
K
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Occurrence—To a small extent in the native state. Alloyed
with metals in a few minerals. Sometimes in the form of
oxide, but principally in the form of grey antimony ore or
stibnite, which consists of antimonious sulphide.

Preparation.—1. By fusing the native sulphide and intro-
ducing metallic iron, which removes the sulphur :—

ShS", + 8Fe = 3FeS" + 8b,
Antimonious Ferrous
sulphide. sulphide.

2. The native sulphide is roasted in contact with the air,
when if is partially converted into antimonious oxide : —

98bS". + 90, = 28b0, + 6SO,
Antimonions Antimonious Bulphurous
gulphide. oxide. nnﬁ.ydridt-.

The roasted mineral is then fused with charcoal and sodiec
carbonate. The reaction takes place in two stages: first, the |
remaining sulphide is converted into oxide by the sodie carbo-
nate, and subsequently the oxide is reduced by the carbon.—

1. Sbis”a + SCDNﬂ% — 3002 - BSNE_, -+ Sba{}a;

Antimonions Bodie Carbonie Sodie Antimonions
sulphide. carbonate. anhydride. gulphide. oxide.
2. 8b0, + 80 =300 + Sh,
Antimonious Carbonie
oxide. oxide.

3. Antimony may be obtained in the pure condition by
reducing, with charcoal, the oxide formed by the action of nitrie
acid upon crude antimony,

COMPOUND OF ANTIMONY WITH HYDROGEN.

ANTIMONIUREITED HYDROGEN, Antimonious Hydride.
SbH..

E

Molecular weight =125,
This compound is unkuown in the pure condition.
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Preparation.—1. By the action of hydrochlori¢ acid upon an
alloy of zinc and antimony :—
Sb.Zn", 4+ 6HCl = 28bH, 4+ 3ZnCl,

Antimonious Hydrochloria Antimonions Zincic
zincide. acid. hydride. chloride.

2. By the action of nascent hydrogen evolved from zine and
sulphuric acid upon soluble antimony compounds. In both
these reactions the antimonious hydride is always mixed with
much hydrogen :—

SbCl, + 8H, = ShH, + 3HCL

Antimonious Antimonious Hydrochlorie
chloride, hiydride. acid.

Reactions—1. When burnt in air or in oxygen, it yields
water and antimonious oxide :(—
oSbH, + 80, = Sh0, + SOH,

Antimonious Antimonious Water.
hydride. oxide.

2. When burnt with a limited supply of air the hydrogen
only is oxidized, the antimony being deposited :—
4SbH, + 80, = 8Sb, + 60H,

Antimonions Water.
hydride.

3. Decomposed into its elements, like arsenious hydride,
when passed through a red-hot tube.

4. When transmitted through a solution of argentic nitrate,
it produces a precipitate of antimonious argentide, thus dif-
fering from arsenious hydride (see p. 125) :—

SNO,Ago + SbH, = 3NOJHo + SbhAg.

entic Antimonions Nitrie Antimonions
nitrate. hydride, acid. argentide.

From the composition of this compound, and from that of
some of its analogues, the composition of antimonious hydride
is inferred.

Antimonious hydride........................ SbH,,
Antimonious bromide ............cci00000. ShBr,.

Antimonious argentide ..................... SbAg,
K 2
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Antimonious zincide ..................... Sb,Zn",.
Antimonious ethide. (Zriethylstibine.) SbEL,.
Antimonious amylide. (ZLriamylstibine.) SbAy,.

COMPOUNDS OF ANTIMONY WITH CHLORINE.

Antimonious chloride.................. ShCL,. i
Antimonic chloride..................... Sb(Cl.. i

ANTIMONIOUS CHLORIDE.
ShCl.,.

Molecular weight = 228'5. Blolecular volume [1]. 1 litre of
antimonious chloride vapour weighs 11425 criths. Fuses
at 72°. Boils at 223°, 1

Preparation.—1. By passing chlorine over excess of metallic
antimony or antimonious sulphide, and purifying by distil-
lation :—

Sh, + 80, = 28bCl.

Antimonious

chloride.
98b S’ + 90, = d4ShCl, 4+ 8.0
Antimonious Antimonious Disulphnr
sulphide. chloride. dichloride.

2. By dissolving antimonious sulphide in hydrochloric acid,
or antimony in hydrochloric acid containing a little nitric acid,
evaporating and distilling the product :—

SbS", + 6HCl = 8SH, + 2ShCl

5@
ak

Antimonious  Hydrochloriec  Sulphuretted Antimonious
sulphide. acid, hydrogen. chloride.
Sb,+6HCl + 6NO,Ho = 28bCl, 4+ 60H, + 3'N"0,
Hydrochlorie Nitrie Antimonious Water. Nitrie

acid, aeid, chloride, peroxide.
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3. By distilling antimony or antimonious sulphide with
mercuric chloride :—

Sb, + 4HgCl, = 28bCl, + 'Sb".Hg', + 'Hg (L.

Mercurie Antimonious Dimorenrio Mercurous

chloride. chloride, diantimonide. chloride.
Sbs’, + SHgCl, = 2Sb0l, + 3SHeS"
Antimonious Mercnric Antimonions Mereuria
sulphide. chloride.! chloride. sulphide.

4. By distilling antimonious sulphate with sodic chloride :—
S,0.8p0", + 6NaCl = 28bCl, + 3SO,2Nao,

Antimonious Bodie Antimonious Bodia
sulphate. chloride. chloride. sulphate.
Reaction.— With water it produces antimonious oxychlo-

ride :—
ShCl, + OH, = 2HCI + SbOCL

Antimonions Water. Hydrochloric Antimonions
chloride. acid. oxychloride.,

Long-continued action of water transforms this compound
into antimonious oxide :—

28b0OC1 + OH, = 2HCI + 8b,0,.

Antimonions Water, Hydrochloric Antimonious
oxychloride. acid. oxide,

ANTIMONIC CHLORIDE,
Sh(l,.
Molecular weight =299'5. Fuses at (°.

Preparation—1. By acting upon antimony with excess of
chlorine :—
Sb, + 6&6Cl, = 28b(l,

Antimonia

chloride.

2. By passing chlorine over antimonious chloride, the latter
liquefies, producing antimonic chloride :—
SbCl, + Cl, = 8SbC(l.

Antimonious Antimonic
chloride. chloride,
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Reactions.—1. With a small quantity of water it forms
antimonie oxytrichloride, analogous to phosphoric exytrichlo-
ride :—

ShCl, + OH, = SbOCl, + 2HCL
Antimonio Water. Antimonic Hydrochlorie
ide. oxytrichloride. acid.

2. An excess of water transforms antimonic chloride into
orthantimonic acid or pyrantimonic acid, corresponding to
pyrophosphorie acid :—

SbCl, + 4OH,

SbOHo, + O5HCIL:

Antimonia Water. Orthantimonic Hydrochlorie
chloride, acid. acid.
or 28bCl, + 7OH, = SbOHo, + 10HOL
Antimonio Water. Pyrantimonic Hydrochlorie
chloride. acid. aeid,

3. By the action of sulphuretted hydrogen antimonic sul-
photrichloride is formed :—

SbCl, + SH, = 8SbS'Cl, + 2HCL
Antimonie Sulphuretted Antimonic Hydrochlorie
chloride. hydrogen. sulphotrichloride. acid.

Antimonious bromide, ShBr,, resembles antimonious chloride ;
it fuses at 90° bails at 270° and by the action of water 1s
converted into the oxybromide, ShOBr,

Antimonious iodide, SbI,, when acted upon by water forms
the oxyiodide, SbOL.

The corresponding fluoride, SbT,, is said to exist and to be
soluble in water without decomposition.

OXIDES AND ACIDS OF ANTIMONY.

Antimonious oxide or anhydride ...... Sb,0,.
Diantimonie tetroxide ............cocvvnen. '‘Sb",0,.
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2. Readily reduced to the metallic state by ignition with |
charcoal, hydrogen, &e.

BhO 40 e B A

Antimoniots Carbonie

oxide. oxide.

SbO, + 8H, = Sb, + B3OH,. ,
Antimonious Water. ]
oxide. !

3. Readily dissolved by a hot solution of hydric potassic tar-
trate (cream of tartar), forming potassic antimonylic tartrate
(tartar emetic) :—

gOHn g{) (8b™0,)
HHo 3 HHo :
24 Cmpia s b0, = 91 Sred 4+ OH,
COKo COKo
Hydrie potassic Antimonions Potassic antimonylic Water.
tartrate (Cream oxide. tartrate (Tartar
of tartar). emetic).

4. Dissolved by hydrochloric acid, forming antimonious
chloride :—

Sb,0, + 6HCI = 2SbCl, + S3OH,

Antimonious Hydrochlorie Antimonious Water.
oxide. acid. chloride.

METANTIMONIOUS ACID,

SbOHo.
Molecular weight =155,

Preparation.—By pouring a solution of antimonious chloride
1nto a cold solution of sodie carbonate :—

98bCl, + 8CONao, + OH, = 2SbOHo

Antimonious Bodie Water. Metantimonions
chloride. carbonate. acid.

+ 8C0, + 6NaCl

Carbonic Bodie
anhydride. chloride,
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Reactions.—1. Decomposed by heat (page 135). i
2. Readily dissolved by alkaline hydrates, producing ill-

defined antimonites,

DIANTIMONIC TETROXIDE.
{ SbO, _ Sb",0,
B0,

Molecular weight =308,

Occurrence.—Found native as cervantite.

Preparation.—1. By igniting antimonic oxide, or the white
golid produced by the action of nitrie acid upon metallic anti-
mony (—

28b,0, = 2Sbv0, + O,

Antimonig Diantimonio
oxide. tetroxide.

2. By heating antimonious oxide in contact with the air: —
2§b,0, + 0, = 28b"0

E ol
Antimonious Diantimonic
pxide, betroxide,

ANTIMONIC OXIDE OR ANHYDRIDE.
Sb,0,.
Molecular weight =324. Sp. gr. 6°6.
Preparation.—By gently heating the corresponding acids:—
28bOHo, = SbO, + 30MH,

Orthantimonic Antimonic Water.
acid. anhydride.

98b0O,Ho = Sb0, + OH,

Metantimonie Antimonic Water,
acid. anhydride.

FPyrantimonie Antimonie Water.
acid. anhydride.
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Reaction.—By the action of alkaline hydrates 1t produces
either metantimoniates or orthantimoniates :(—

SbO.Ho + OKH = 8SbO,Ko + OH,;

Metantimonic Potassie Potassic Water.
acid. hydrate.  metantimoniate.
SbO.Ho + OKI = SbOHo,Ko.
Metantimonic Potassic Dihydric potassic
acid. hydrate. orthantimoniate.

PYRANTIMONIC ACID, Parantimonic Acid.
(Metantimonic acid of Frémy.)
Sb,0,Ho,,
Preparation.—By acidifying solutions of pyrantimoniates :—
Sb,0.Ko,Ho, + 2HClI = 8bO0O,Ho, 4 2KCL

Dihydrie dipotassic Hydrochlorie Pyrantimonic Potassic
pyrantimoniate. acid, acid. chloride,

Dihydrie dipotassie pyrantimoniate is prepared by fusing an-
timonic anhydride with excess of potassic hydrate, and extract-
ing the mass with water, when an alkaline solution containing
dihydric dipotassic pyrantimoniate Sb,0,Ho,Ko, is formed.
This solution produces precipitates in solutions of sodium

salts, the sodic pyrantimoniate thus formed confaining
Sb,0,Ho,Nao,, 6OH.,.

COMPOUND OF ANTIMONY WITH OXYGEN
AND SULPHUR.

ANTIMONIOUS OXYDISULPHIDE.

ShS"
0 =8bhs"0.
Shs"

Molecular weight =324,

Occurs as a rare mineral known as red antimony.
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COMPOUNDS OF ANTIMONY AND SULPHUR.

Antimonious sulphide ............... Sb8",,
Antimonic sulphide .........00i000... S8,

ANTIMONIOUS SULPHIDE, Sulphantimonious Anhydride,
Sh.S"..
Molecular weight =340.
Occurrence.—In nature as stibnite or grey antimony ore.

Preparation—1. By heating together antimony and sulphur,
or antimonious oxide and sulphur in the proper proportions:—

28b, + 38, = 2Sbs".

Antimonious

sulphide.
28b0, + S, = 2SbS", + 380,
Antimonions Antimonious Bulphurous
oxide. sulphide. anhydride.

2. By passing sulphuretted hydrogen through a solution of
antimonious chloride :—

28bCl, + SSH, = Shs". + 6HCL

Antimenious Bulphuretted Antimoniouns Hydrochlorie
chloride. hydrogen. sulphide. acid.

Reactions—1. Decomposed by hot hydrochloric acid (see

p- 132). :
2. Soluble with decomposition in solutions of alkaline hy-
drates :—

Sb,8", + 6KHo = SbKs, + SbKo, 4+ 3O0H,.
Antimonious Potassic Tripotassic Tripotassio Water.
sulphide. hydrate. Eulphp.tl;.;t.x- antimonite,

monike,

Addition of an acid reproduces and precipitates the antimo-
nious sulphide :—

SbKs, + SbKo, + 6HCl = SbS", + 6KCl + 30H,

Trisulpho- Tripotassic Hydro- Antimo- Potassic Water.
wotassio antimonite. chlorig nious chloride.
pulphanti- acid. sulphide.

monite.
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3. Soluble in alkaline sulphhydrates :—
SbS', + 6KHs = 2SbKs, 4 3SH,.

" Antimonious Potasaic Tmsulphmmhxasm Bulphuretted
sulphide. sulph- ulphanti hydrogen,
hydrate. mumtc
SULPHANTIMONITES.

Many sulphantimonites occur in nature :—

Orthosulphantimonites.
General formule :—SbMs, and Sh,Ms",.

Dark-red silver. Trisulphargentic sulphan-

timonite ........ . SbAgs,.
Boulangerite. Tmu@?aaphﬁmbw su.’p?mn—

timonite .......... s . Sb, Pbs ..
Bournonite. Dasu{pkapﬁumbw su@p?mm

prous sulphantunonite ........... .. Sb,Pbs",(Cu,S8",)".

Metasulphantimonites.
 General formule :—SbS"Ms and Sh,S",Ms'.

Miargyrite.  Sulphai _gren.ﬁw metasulphan.-

SO e avmis i ShS”Arrs
Zinkenite. Su{pﬁaplumﬁm mamsu@pkanﬁ-

RIONE . ..l i e BB PhY,
Antlmony cﬂppar glancﬂ. Buﬂp.ﬁacchmu&

metasulphantimonite ............... . 8b,8",(CuS")".
Berthierite.  Sulphoferrous mﬁtasu.ﬁpi‘zm-

[ R R R ] ) T T

Pyrosulphantimonites.
General formule . —Sb S"Ms, and Sh 8" Ms",.
Feather ore. Sulphoplumbic pyrasu@:kau-
timonite ......... abe muam ik dae i any BB PP

Fahl ore. Sulgsi&acuj}mscﬁn ous pjm asu&ﬂa
ANLUNONTES ousveurssrunisnsivarsssinansnineseee SD,8"'(Co Fel" )",
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ANTIMONIC SULPHIDE, Sulphantimonic Anhydride.
Sh.S".. i
Molecular weight =404.

Preparation—1. By passing aﬁlp'huretted hydrogen through
a solution of antimonie chloride :— '

9SbCl, + 5SH, = ShS", 4+ 10HCL
Antimonie Bulphuretted Antimonie Hydrochloric
chloride. liydrogen: sulphide. aeid.

2. By the addition of an acid to a solution of a sulphanti-
moniate :—

9SbS"Nas, + 6HCl = SbS’ + 6NaCl + 3SH,.

Trisulphosodie Hydro- Antimonio Bodio Bulphn-
sulphantimoniate. chlorie sulphide. chloride. retted
acid. hydrogen.

Reactions.—1. Decomposed by boiling hydrochloric acid, into
antimonious chloride, sulphuretted hydrogen, and sulphur:—
Sb,8", 4+ 6HCl = 28bCl;, + 38SH, + &,

Antimenic Hydro- Antimonions Bulphu-

sulphide. chlorie chloride. retted
acid. ‘hydrogen.

2. Soluble in solutions of alkaline sulphides :—
ShS" + 8SK, = 2SbS'Ks,
‘Antimonic Potassie - Trisulphopotassie
sulphide. sulphide. sulphantimoniate.

3. Soluble in solutions of alkaline hydrates :—
48b,8". + 240KH = 38b0OKo, + 58b8"Ks, + 120H..

Antimonic Potagsic Tripotassic Triau_lfmhmm!amic Water.
sulphide. hydrate. antimoniste, gl I}h"“;.:l-
moniate.
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BISMUTH, Bi,?

Atomic weight =208. Sp. gr. 9°88. Fuses at 265°. Atomicity
""and ¥. Evidence of atomicily :—

Bismuthous chloride ............ Bi"Cl.
Bismuthous oxide.................. Bi".0,.
Bismuthous ethide ........ tLihERt Bi"'Et,.
Bismuthous dichlorethide ...... Bi'"EtCL.
Bismuthic anhydride ............ Bi*.0,.

Occurrence.—Principally in the metallic state in nature.

Preparation.—1. On a large scale by fusion and separation
from earthy impurities.

2. It may be obtained in the pure state by dissolving com-
mercial bismuth in nitrie acid, precipitating the basic nitrate
by addition of water, and reducing the precipitate by ignition
with charcoal. '

No compound of bismuth with hydrogen is known.

COMPOUND OF BISMUTH WITH CHLORINE.

BISMUTHOUS CHLORIDE,
BiCl,.

Molecular weight =314°5. Molecular volume 1. 1 litre of
bismuthous chloride vapour weighs 157°25 eriths.

Preparation.—1. By passing dry chlorine over metallie bis-
muth :(—
B, 4+ 80, &= 2BI0L;

Bismuthous
chloride.

2

2. By evaporating a solution of bismuth in hydrechlorie acid
containing a little nitric acid, and distilling,
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3. By distilling metallic bismuth with mercuric chloride :—

Bi, + 6Hg(ClL, = 2BiCl, + 3Hg 0L
Mercuric Bismuthous Merenrons
chloride. chloride. m&-

Reaction.—By the addition of water it is decomposed, form-
ing bismuthous oxychloride :—

BiCl, + OH, = BiOCl 4+ 2HCL

Bismuthous Water, Bismuthous Hydrochlo-
chloride. oxychloride. ric acid.

The following compounds are also known :—

Bismuthous bromide ............... BiBr,.
Bismuthous iodide .................. Bil,.
Bismuthous fluoride ............... BiF,,
Bismuthous oxybromide ......... BiOBr.
Bismuthous oxyiodide ............ BiOI,

Dibismuthous tetrachloride...... {BiClj.

COMPOUNDS OF BISMUTH WITH OXYGEN
AND HYDROXYL.

Dibismuthous dioxide............ { Bi0;
Bismuthous oxide ....c.ceeeereeeee. BiO..
Dibismuthic tetroxide ............ 'Bi%0,.
Bismuthic anhydride ............... BiO..
Bismuthous oxyhydrate,or meta- } BiOHo.
bismuthous acid ...............

Metabismuthic acid ............... Bi0, Io.

|

J
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3. By boiling bismuthous hydrate in solution of potassic hy-
drate, whereby it is converted into bismuthous oxide with loss
of water.

Reactions.—Dissolved by hydrochlorie, nitrie, and sulphurie
acids, forming the bismuthous chloride, nitrate, and sul-
phate :—

BiCl.. N,0,Bio". $,0,Bio",.
Biemuthous Bismuthons Bismuthous
chloride. nitrate. sulphate.

BISMUTHOUS OXYHYDRATE, Metabismuthous Acid.
BiOHo.

Preparation.—By pouring a solution of bismuthous nitrate
in dilute nitrie acid into dilute ammonia or potassic hydrate,
and drying the precipitate, which, at first, probably contains
orthobismuthous acid :—

N.OBio” 4+ 30KH = BiHo, + 3NO,Ko.
Bizmuthons Potassic Orthobismuthous Potassic
nitrate, hydrate. acid. nitrate.
Billo, — BiOHo + OH,
Orthobismuthons  Metabismuthous Water.
acid. acid.

Reaction.—By heat or by boiling with caustic alkali, water
is expelled, and bismuthous oxide formed (see p. 145).

An unstable metabismuthite is produced by fusing bismu-
thous oxide with sodie carbonate :—

Bi,0, + CONao, = 2BiONao + CO,
Bismuthous Sadic Bodie Carbonie
oxide. carbonate, metabismuthite. anhydride,

BISMUTHIC OXIDE, OR ANHYDRIDE.
Bi.0,.

Preparation.—By heating bismuthic acid to 130°.
Reactions.—1, When heated to the beiling-point of mer-




h

METABISMUTHIC ACID. 147

cury, it loses oxygen, being converted either into bismuthous
oxide or dibismuthic tetroxide :—

Bi0, = Bi0, + O,:
Bismuthic Bismuthous

oxide. oxide,

2Bi,0, = 2Bi"0, + O,
Bismuthic Dibigmuthic

oxide. tetroxide.

2. When heated in a current of hydrogen, it is readily reduced .
to bismuthous oxide.

3. Heated with hydrochloric acid, it evolves chlorine, produ-
cing bismuthous chloride and water :—

BiO, 4 10HCl = 2Bi0l + BOH, + 201
Bismuthic Hydrochlorie Bismuthous Water.
oxide, acid. chloride.

4. Sulphurous acid converts it into bismuthous sulphate :—
3Bi,0, + 6S0Ho, = 28,0Bio”, + Bi0, + 6OH,.

Bismuthic Bulphurons Bismuthous Bismuthous Water.
oxide. acid. sulphate. oxide.

5. When heated with sulphuric or nitric acid, it evolves
oxygen, producing bismuthous sulphate or nitrate :—

Bi0, + 3S0,Ho, = $,0Bio", + 80H, + O,;

Bismuthic Bulphuric Bismuthous Water.

oxide. aeid. aulphate,

Bi,0, + G6NOHo = 2N,0Bioc” + 30H, + O.
Bismuthic Nitric Bismuthous Water.

oxide. acid. nifrate.

METABISMUTHIC ACID.
Bi0O, Ho.

Preparation—Obtained as a red deposit by passing chlorine
through a solution of potassic hydrate containing bismuthous
oxide in suspension :—

40KH + 2C! 4 Bi O, = 2Bi0,Ho + 4KCl + OH..

Potassic Biemuthous Metabismuthic Potassic Water.
hydrate. oxide. aeids chloride,

L2
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Reaction.—Dissolves in hot solution of potassic hydrate. By

the addition of an acid to the liquid, a salt, said to have the
composition

Bi 0, HoKo,
is precipitated.

COMPOUNDS OF BISMUTH WITH SULPHUR.

Dibismuthous disulphide ...... 'Bi"S".
Bismuthous sulphide ............ Bisg",.

DIBISMUTHOUS DISULPHIDE.

Molecular weight =480. Sp. gr. 7'3.

Preparation.—By fusing bismuth and sulphur together in
the proper proportions.

BISMUTHOUS SULPHIDE.
BiS",
Molecular weight =512. Sp. gr. 64.

Occurrence.—As the rare mineral bismuth glance.

Preparation.—1. By fusing sulphur and bismuth in the
proper proportions.

2. By precipitating bismuth solutions by sulphuretted hy-
drogen :—

oBiCl, + 3SH, BiS" + 6HCL

Bismuthous Sulphuretted Bismuthous Hydrochloric
chloride. hydrogen. sitiphide. neid.
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In the juices of almost all plants, generally in combination
with organie acids.

In sea-water and in most mineral waters.

Preparation.—1. By the action of a powerful voltaic current
upon potassic hydrate, when potassium and hydrogen are libe-
rated at the negative pole:—

20KH "= < H H00

Potasgsic

hydrate.
2. By submitting potassic hydrate to the action of metallic
iron at a strong white heat :—

40OKH + 38Fe = i"(Fe)i0, + 2K, + 2H,.
Potassic Magnetic iron
hydrate. oxide,

3. By igniting hydrie potassic tartrate (cream of tartar) out
of contact with air, and subsequently mixing the residue, con-
sisting of potassic carbonate and carbon, with charcoal, and
distilling at a very high temperature :—

First operation :—

COKo
CHHo ar
2! ogH, = COKo, + 50H, + 4CO + 3C.
COHo
Hydrie Potassic Water. Carlonic
potassic carbonate, oxide.
tartrate. :
Second Dl}ﬂl'ﬂtlﬂﬂ e
COKoy % 20 = 300 % K,
Potassic Carbonic
carhonate. oxide.

Reactions.—1. Potassium decomposes water at the common
temperature with great energy, the heat evolved being suffi-
cient to cause the ignition of the liberated hydrogen :—

K, + 20H, = 2KHo + H,

Water. Potassic
hydrate.

2. When potassium is ignited in a stream of earbonic anhy-
dride, a portion of the latter is decomposed :—
2K, + 38C0O, = 2C0Ko, + C.

Carhonic Potassic
anhydride. carbonate.
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COMPOUNDS OF POTASSIUM WITH OXYGEN,

Potassic oxide ............ OK, K—0—K
N oK
Potassie dioxide ......... { oK K—0—0—K,
K
|
O
OK g}
: : 0
Potassic tetroxide ...... o - |
0K {|]'
O
|
K

POTASSIC OXIDE.

OK..
Preparation.—1. By heating potassic hydrate with potas-
BINLM ;: —
2KHo + K, = 20K, + H., :
Potasaic Potaasic |
hydrate. oxide. j

2. By fusing together, in a current of nitrogen, potassic
peroxide and potassium :—

K0, + 3K, = 40K,
Totassic Potassico
peroxide. oxide.

POTASSIC DIOXIDE.
K.0..

Preparation.—ODbtained by the action of water on potassic =
peroxide,
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POTASSIC TETROXIDE, Potassic Peroxide.
K0,

Preparation.—By fusing potassium in a current of oxygen.

COMPOUND OF POTASSIUM WITH HYDRO-
SULPHYL.
POTASSIC SULPHHYDRATE.
KHs.

Preparation.—By saturating potassic hydrate with sulphu-
retted hydrogen :—

KHo 4+ SH, = KHs + OH,
Potassic Sulphuretted Potassic Water.
hyidrate. hydrogen. sulphhydrate,

COMPOUNDS OF POTASSIUM WITH SULPHUR.,

The following have been obtained :(—

Dipotassic sulphide......... SK,. K—S—K
Dipotassie disulphide ...... K.S,. K—S—S—K
Dipotassic trisulphide...... S K—8——S—-8—-K
Dipotassic tetrasulphide... KJS. K—S—8—S8—8—-K
Dipotassie pentasulphide.. K,5,, K—8—S—S8—8—S—K

Dipotassic h""l’t“'} Ky g § a g g
sulphide , e

DIPOTASSIC SULPHIDE,
SK..
Preparation.—1. By the action of potassic hydrate on potassic
sulphhydrate :—
KHo + KHs = SK, + OH,

Potassic Fotassic Dipotassic Water.
hydrate. sulphhydrate. sulphide.
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2. By igniting potassic sulphate with hydrogen or carbon :—
S0,Ko, + 4H, = SK, + 40H..

Potassic Iltilllmtmai:: Water.
sulphate. sulphide.

Reactions of dipotassic sulphide and the higher potassic sul-
phides :—1. By heating dipotassic sulphide with the necessary
quantities of sulphur, it forms the higher potassic sulphides.

2. The potassic sulphhydrate and dipotassic sulphide, when
acted upon by acids, yield sulphuretted hydrogen :—

KHs + HCL = KC + SH,

Potassic Hydrochlorie Potasaic Sulphuretted
sulphhydrate, acid. chloride. hydrogen.
SK, + 2HOl = 2KCl + SH,
Dipotassic Hydrochloric Potassic Sulphuretted
sulphide. acid. chloride. hydrogen.

3. The higher potassic sulphides, similarly treated, yield sul-
phuretted hydrogen and a precipitate of sulphur:.—

Kf + 2HO = 2RO + SESFE B
Dipotassic Hydrochlorie Potassic Sulphuretted
trisulphide. acid. chloride. hydrogen.

4. A mixture of the higher potassie sulphides and potassic ‘
hyposulphite, known under the name of hepar sulphuris or liver
of sulphur, may be prepared by heating potassic carbonate with
sulphur :—
3C0Ko, 4+ 48, = 2K§S, 4+ 8S8"0Ke, + 3CO,;

Potassic Dipotassio Potassic Carbonie
carbonate. trisulphide. hyposulphite. anhydride.
SCOED kil = 9K v BV OKGwh-.3C0,,
Potassic Dipotassic Potassic Carbonic
carbonate. pentasulphide. hyposulphite. anhydride.

5. The last mixture, when acted upon by acids, suffers suc- |
cessively the following decompositions :—

2K,S, + 88'0Ko, + 6HClI = 6KCl
Dipotassic Potassic Hydrochloric Potassic
pentasulphide. hyposulphite. acid. chloride.
+ SS'OHo, + 28H, + 4S;
Hyposalphurous Sulphuretted
acid, hydregen.
then
r =
S8 01{02 = SL}J -+ S S OHE.
Hyposulphurous Sulphurous Water,

acd, anhydride
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- POTASSIC CARBONATE.
COKo,.

Preparation.—1. By lixiviating the ashes of land-plants.
2. By burning hydric potassic tartrate in a current of air.

SODIUM, Na,.

Atomic weight =23. Probable molecular weight =46. Sp. gr.
0:97. Fuses at 90°. Boils at a red heat. Afomicity '.
Evidence of atomicity :—

Bodie chloride .., cex. o dup ddrii s NaCl.
Hodie hydrate .o ioniiiie ONaH.
Bedivewide ..o saciates ONa,

Oceurrence.—In nature in the form of chloride. In sea-water
and most springs.  As silicate in several minerals.

Preparation.—1. By electrolyzing sodic hydrate.

2. By acting upon sodie hydrate with metallic iron at a
strong white heat.

Manufacture—By distilling in an iron retort a mixture of
sodic carbonate and charcoal :—

CONao, 4+ 2C = Na, + 3CO.

Bodie Coarbonic
carbonate. oxide,

Reactions.—Similar to those of potassium, but less energetic.
The compounds of sodium very much resemble those of po-
tassium.

SODIC CARBONATE,
CONao,.

Manufacture~1. Formerly by the lixiviation of the ashes
of marine plants.
2. By Leblanc’s process, which consists in first transforming
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sodic chloride into sodic sulphate by the action of sulphuric
acid :—
2NaCl 4+ SOHo, = 2HCI + SO,Nao,

Bodie Bulphure Hydrochlorie Bodie
chloride. acid acid. sulphate.

The sodie sulphate (technically termed “salt cake) is next
heated with caleie carbonate and small coal. The carbon re-
duces the sodic sulphate to sulphide, and the calcic carbonate
transforms the sodic sulphide into sodic carbonate, insoluble
caleic oxysulphide being simultaneously produced :—

580,Nao, + 20C = 58Na, + 20CO0;
Baodic Sodic Carbonic
sulphate. sulphide. oxide.
58Na, + 7C0Ca0”" = 5C0ONao.
Bodic Caleie Sodie
sulphide. carbonate. carbonate.
+ 5Ca8",2Ca0 + 2CO..
Caleic oxysulphide. Carbonic
e sbiriiakis

The sodic carbonate, commonly called sode ask, is obtained |
by the extraction of the resulting mass with water. |

LITHIUM, Ti..

Atomie weight =Y. Pyrobable molecular weight =14, Sp. qr. |
=059. Fuses at 180°, Atomicity'. Evidence of ato-
micity :—

Lithie ehloride ......... IR s e LiCl.
Lithic hydrate (Lithia) ............... OLiH.

Occurrence.—In nature, in the minerals pefalite, spodumene
lepidolite, and triphylline, and in small quantities in some
mineral waters and ashes of plants.

The properties of lithium resemble those of potassium and

sodium ; and the compounds of the three metals also exhibit
couaidemb}e similarity.
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CAESIUM and RUBIDIUM.,

The compounds of the two metals cesium (Cs=133) and
rubidium (Rb=85'5), which have been recently discovered,
closely resemble those of potassium and sodium,

Secrrox IV.
THALLIUM, T1,.

Atomic weight =204. Probable molecular weight =408, Sp.
¢r.11'81 to 11'91. Fuses at 561°. Atomicity' and perhaps"'.
Evidence of atomicity :—

Thallic chloride ........e...conreeeenses TICL
Fhallic oxifde ...y S
Thallic pexchloride ... eaasto iesn; Tk Ol 8

Occurrence.—In small quantities in certain variebies of py-
rites, and in minute quantities in some mineral springs.

Preparation.—By extracting with water the deposit formed
in the flues of sulphuric acid-chambers, and precipitating the
thallium by hydrochloric acid. The chloride is converted into
sulphate by the action of sulphuric acid ; and when purified, a
solution of the sulphate is decomposed by metallic zine, which
precipitates the metallic thallium,

The following list contains the principal compounds of this
metal :—

hallie ehlopide i, . ot e rissces TLEL
Thallic perchloride * ...\ ... as.en EICLT
BTG OXIRG . o v Murhin e bt F OTI..

OTI
Thallic peromide: T, ... {0 2

OTI
Thallie sulphide....d. .i: o ssaecnsnssanss BLL,
Thallie mbrate ... amivke s onsta A9, T10,
Thallic sulphate............co0s0000000000 B0, Tlo,,
Thallic earbonate ......cee..cvvesnioen e @0Tlo,.
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Two other compounds of thallium with chlorine have also
been deseribed, but they have not yet been completely investi-
gated.

SILVER, Ag,.

Atomic weight =108. Probable molecular weight =216. Sp.
gr. 104743, Fuses at about 1000°. _Atomicity . Evi-
dence of atomicity .—

Argentic chloride:. ... .uuacmsiiasnss AgUL
Arpentic 100M0B .oresi..voinmmes . mmsnen, AZL
AYgentic OXIdB.. [\ . einreiasneyusesns on DAL

Oceurrence—In nature in the free state, and as sulphide
in silver glance; as sulphantimonite in dark-red silver-ore
(see p. 141), as chloride in horn-silver, as a compound of bro-
mide and chloride (2AgBr, 8AgCl) in embolite, and also as
earbonate.

Extraction—1. The silver minerals are roasted with sodie
chloride, by which the metal is converted into chloride; the
mass is then mixed with water, scrap iron, and mercury, and
agitated for some hours. The iron reduces the argentic chlo-
ride to the metallic state, and the silver is then dissolved by
the mercury.

2. By crystallizing argentiferous lead. Nearly pure lead is
first deposited, and the residue rich in silver is then cupelled.

Reactions.—1. Silveris blackened by sulphuretted hydrogen, 1
argentic sulphide being formed. :

2. Silveris acted upon by hot concentrated sulphuric acid :—
Ag, + 280.Ho, = 80,Ago, + 20H, + SO,

Bulphuric Argentic Water. Sulphurons
acid. sulphate. anhydride.

3. Nitric acid readily dissolves silver :—

2Ag, + SNO,Ho = 6NO,Ago 4+ 40H, 4+ 'N",0,.

Nitric Argentic Water. Nitrie
acid. nitrate. oxide.

4. At a red heat silver decomposes hydrochloric acid :—
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Ag, 4 SHCL = H; + ZAgOl

Hrvdrochloric Argentic
3 acid. chl?l%ridn.

There are three compounds of silver with oxygen :—

Argentous oxide .............c.crvneeeee OAg,.

Argentic oxide......ooeririninieiiennnnns OAg,.
: ; OA

Argentic peroxide .................. { Oﬂg'

Argentous oxide is prepared by heating argentic citrate to
100° in a stream of hydrogen, dissolving the residue, which
contains argentous citrate, in cold water, and precipitating the
argentous oxide by potassic hydrate.

Argentic oxide is formed by precipitating argentic nitrate
with a solution of baric hydrate, and drying the precipitate,
which is probably argentic hydrate, AgHo. This is the salifi-
able oxide of silver.

Argentic peroxide is obtained by electrolyzing a solution of
argentic nitrate, when it is deposited upon the positive pole.

Argentie chloride, bromide, and iodide are insoluble in water
and nitrie acid.

CHAPTER XVIIL

DYAD ELEMENTS.
Secrron 11.

BARIUM, Ba.

Atomie weight =137. Probable molecular weight =137. Sp.
gr. between 4°0 and 5°0. Fuses below ared heat. Atomicity "
Evidence of atomicity :—

Baric chloride ...............cc00innen Ba'Cl,.

Daric DFOXALE | .ot anir ineaihdanses Ba"lo,.
BRI OIS o i v mmss s i o e Ba'0.
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Occurrence—In mnature in the form of sulphate in the
mineral keavy spar, and as carbonate (COBao") in witherite.

Preparation.—1. By electrolyzing moistened baric hydrate,
carbonate, nitrate, or chloride, the negative electrode being
mercury. An amalgam of barium is thus formed, from which
the mercury is removed by distillation.

2. By passing the vapour of potassium or sodium over baric
oxide strongly heated in an iron tube,and extracting the metal
by means of mercury.

3. By acting upon a solution of baric chloride with sodium
amalgam, barium amalgam is produced.

Reaction.—Barium decomposes water at the common tem-
perature : —

Ba 4 .20H, = H, 4+ BaHo,

Water. Barie
hydrate.

B L e e ——

COMPOUNDS OF BARIUM WITH OXYGEN.

Baric oxide .....ooveemscnnin... Ba0. Ba=0 =

| 7
Baric peroside ............... Bag}_ Ha |
0

BARYTA, Baric Oxide.
BaO,

Preparation.—1. By converting the native carbonate into
nitrate by the action of nitric acid, and then heating the nitrate
to redness in an iron crucible :—
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Occurrence.—In the form of carbonate as the mineral sfron-
tianite, and as sulphate in celestine.

Preparation.—1. By the same methods as those employed
in the preparation of barium.

2. By electrolyzing fused strontic chloride.

Character.—The compounds of strontium resemble those of
barium in constitution, preparation, and properties.

The strontic perovide can only be prepared by adding hy-
droxyl to a solution of strontic hydrate :—

Srio, '+ Ho, = s:-o} + 20M,

0
Btrontic Hydroxyl. Btrontic Water.
hydrate. peroxide,

Strontic carbonate is more easily decomposed by heat than
baric carbonate.

CALCIUM, Ca.

Atomie weight =40, Probable molecular weight =40. Sp. g,
1'6. Atomieity". Evidence of atomicity :—

Caleie chloride ©o.. .o i Ca"(l.
Claleie hydreatie: ... 0 b0, CalHol
Caloie 0XIdB " . e casnes oL

Occurrence—In nature as carbonate in the numerous eale
spars, chall, marble, &e.; as tetrahydric caleic sulphate
(SHo,Cao0") in gypswm, alabaster, selenite, &e.; as phosphate
in apatite and phosphorite (see p. 123) ; as fluoride in the fluor
spars (see p. 98), and in combination with silicon, oxygen, and
other metals in numerous minerals.

Preparation.—1. By processes similar to those employed for
the preparation of barium and strontium,

2. By fusing together sodium, zine, and ealeie chloride, and
subsequently heating the alloy of calcium and zine so obtained,
to a very high temperature in a crueible of gas-carbon, when
the zine volatilizes, leaving the calcium, which contains, how-
ever, a small quantity of iron.
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Character—The compounds of ealeium resemble those of
barium and strontium.

Culcic oxide or quicklime (Ca0) is manufactured on a large
scale by burning coal intermixed with chalk or limestone, when
carbonic anhydride is easily expelled from the chalk or lime-
stone, leaving calcic oxide.

Caleic hydrate or slaked lime (CaHo,) is formed by the action
of water upon calcic oxide ; it is much less soluble in water
than the barie and strontic hydrates.

By exposing quicklime to the action of the air it is converted
into dicalcic carbonate dihydrate, CO(0Ca"Ho),.

Calcic peroxide (Gag } ) is prepared like the corresponding

strontium compound.

By passing chlorine over ealeic hydrate, a compound known
as chloride of lime or bleaching-powder is formed. This has been
supposed to consist of caleie chloride mixed with ecalcie hypo-
chlorite, but it is more probably calcic chloro-hypochlorite, as
expressed by the following formule :—

Ca(OCDHCL.  Cl—Ca—0—ClL

The corresponding baric and strontic chloro-hypochlorites

Baglc l and SrgFl, are known.

Barium, strontium, and calecium all form soluble dihydric

dicarbonates :—
0 0

I |
H—0—(—0--Ca—0—C—0—1
They are produced by passing an excess of carbonic anhy-
dride through solutions of barie, strontic, and calcic hydrates.
The compounds are decomposed at 100°, carbonic anhydride
being evolved and carbonates precipitated :—

COHo
Cao" = CO0Ca0" + OH, + CO,
COMo 1
Dihydric caleic Caleic Weter. Carlonic
dicarbonate. carbonate. anhydvide
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MAGNESIUM, Mg.

Atomic weight =24. Probable molecular weight =24. Sp. gr.
1-75. Fuses at a red heat. Volatilizes at a bright-red heat.
Atomicity". Evidence of atomicity ;—

Magnesie chloride ...... 0 S Mg Cl,.
Magnesic oxide .,...iiieqiesnises M0,
Magnesic hydrate .................. Mg"Ho,.

Occurrence.—In nature in dolomife, the caleic magnesic di-
carbonate,

1] iF N 0 —-—-Cﬂ—-—-O“\
ggﬂaa Mgo 0=0 =0;
“O—Mg—0/

in brucite or magnesic hydrate, MgHo,, and in many minerals
containing silicon.

Preparation.—1. By electrolyzing fused magnesic chloride.

2. By fusing a mixture of magnesic chloride, potassie chlo-
ride, and sodium. '

Reactions.—1. It very slowly decomposes water at the ordi-
nary temperature, but more rapidly at a boiling heat.

2. It readily burns when heated to redness in the air.

Character.—Magnesium only forms one eompound with oxy-
gen, MgO, magnesia. It is obtained by burning magnesium
in air, or by heating the carbonate to redness.

Magnesic hydrate (MgHo,) is formed by the action of water
upon magnesic oxide, or by precipitating magnesic sulphate by
potassic hydrate :—

SOMgo" + 20KH = S80,Ko, + MgHo,
Magnesic Potassio Potassic Magsnesic
sulphate. hydrate. sulphate, hydrate.

1t scarcely dissolves in water.
Crystallized magnesic sulphate (SOHo,Mgo", 60H,) is pre-
pared by treating dolomite, the magnesic calcic dicarbonate, with
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OTHER COMPOUNDS OF ZINC.
Zincie hydrate (ZmHo,) is obtained as a white precipitate
by the action of potassic hydrate on solutions of zinc salts: —
S0,Zno" + 20KH = 2ZnHo, + SO,Ko,

Zincic sulphate. Potassio Zineie Potassic
hydrate. hydrate. sulphate.

The precipitate is dissolved by excess of potassic hydrate.

Crystallized zincic sulphate is isomorphous with crystallized
magnesic sulphate, and contains seven molecules of water, six of
which are easily expelled at a moderate heat, the last only being
driven off at a somewhat high temperature. It also resembles
magnesic sulphate in forming double salts with potassic and
ammonic sulphates :—

Zincic sulphate (crystallized) ............ SOHo,Zno", GOH..
S0 Ko

Dipotassic zincic disulphate (crystallized) { Zno” , 601L..
S0, Ko

Zineie earbonate (COZno") occurs in nature as calamine.

The precipitate obtained by adding a solution of sodic car-
bonate to a solution of a salt of zine has a variable constitution.,
The reaction usually takes place thus :—

CHo(0Zn"Ho),
580,7Zn0" 4+ 5C0ONao, 4+ 30H, = < Zno" |
CHo(0Zn"Ho),
Zincie sulphate.  Bodic earbonate. Water. Dihydrie pentazincie
dicarbonate tetrahydrate *.
+ 680, Nao, + 3CO,
Bodic sulphate. Carbonic anhydride.
H H
l |
o 0
* ]I--D—En—O—(JJ—vD —EII—D—é—D—En—-ﬂ—H
' b
O
1 |
Zn Zn
|
0 0
!

|
I 1
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CHAPTER XIX.

DYAD ELEMENTS.
Secrrox IV.

CADMIUM, Cd.

Atomic weight =112.  Molecular weight =112, Molecular
and atomic volume [ 1. 1 litre of cadmivm vapour weighs
56 eriths. Sp.gr.87. Fuses below 260°.  Easily volatile,
Atomicity". Evidence of atomicity :—
Cadmic chloride ..................<., Gd"CL,
Cadmie oxide......... WLt ALSS 4 Cd"0.

Occurrence—In nature in small quantities, associated with
zine ; and in the form of sulphide as greenockite. '

Preparation.—By distilling fractionally the more volatile part
of the metal obtained in the manufacture of zine, and then
dissolving this more volatile product (which consists of
zine, - cadmium, and a little copper) in hydrochloric or dilute
sulphuric acid, precipitating the cadmium and copper with
sulphuretted hydrogen, dissolving the mixed sulphides in
dilute sulphuric acid, and adding an excess of solution of
ammonic carbonate, which precipitates both cadmium and
copper, but redissolves the latter. The eadmie ecarbonate is
then ignited, and the resulting oxide reduced by charcoal.

Cadmic oxide (CAO) is prepared by heating the hydrate,
carbonate, or nitrate. s

Cadmic hydrate (CdHo,) is obfained by precipitating a solu-
tion of a cadmic salt by sodie or potassic hydrate.

Cadmic sulphate (S0,Cdo"40O1IL,) is obtained by dissolving
cadmic oxide or carbonate i sulphuric acid. By heating
this compound, or by partially decomposing it with alkaline
hydrates, it is transformed into

Dicadmic sulphate dibydrate ......... S0,(0Cd"Ho),
O

|
H—O—Cd—O—EEIFO— Cd—O0—H
0
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MERCURY, He.

Atomic weight =200. Molecular weight =200. Molecular

and atomic volume [1_]. 1 litre of mereury vapour weighs
100 ¢riths, Sp.gr.13:59. Fuses at —40°. Boils at 360°,
Atomicity ", also a pseudo-monad.

The following list contains the prineipal compounds of this
metal :—

Mercurous chloride | __ |, HeCl
(horn-mereury) } Hg',Cl, or {HEGI' Cl—Hg—Hg—Cl

Mercuric chloride... XgCl..
He

Mercurous oxide ... 'Hg',0, or {ggo. | O
s Hg/
Mercuric oxide ... HgO. Hg=0
Mercuroussulphide, Hg',S",or {EEE".
Merecurie sulphide
(vermilion, cinna- } Hegs".
T, B
0
Hg—O. |
Mercuroussulphate. SO,Hg 0" | 2
Hg—0"|
0
O
- ] f{-}“xi
Mercuric sulphate... SO,Hgo" Hg\U‘fﬁ
0
H
0’ rg
Trimercuric sulphate AL 1, O
Ioo" H
(Luwrpeth mineral). } Hgo', gKU’/SH“ O
]
L“Hv
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Dihydrie tetracupric
sulphate tctrah}r-} SHo,(OCu"Ho),.
drate.( Brochantite.)

I{\ H
0 d’
H—D—f‘u—[}—b—(} Cu—0—H
0 0
\‘\.
E‘u Cu
~
O O
i M
' H H

Hydrie pentacuprie)
sulphate pentahy- } SHo(OCu'"Ho),, 20H,,.
grabe i )

Ammoniocupric sul-;
1}T'm‘f:e. .(Dzﬁydﬁ'z:ﬂ U B Ao, [EHI%C ) :I
diammonic cuprodi- I
ammonic sulphate.)

hat 0.Ko
1‘1 12 Y 1) = S e L e P SUJLQ

0 0
| )
K—0-—-8—0-—Cu—0—8—0—K
I [

§) 0

Dipotassie cuprie disul- JIgD '[{0

Dicupric mlhmmtc]
(Mysorin.) . A |
|

Dicuprie carbonatedi-

hydrate, (Malachite.) |

CCuo'.,.

CO(OCu"Ia),
0

I
H—0— Cu—0—C—0—Cu—0—H
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Platoso-diammon di- {gHE(NvH*}HD
ammonic¢ dihydrate NH, (N'H,)Ho
II{ H
I IH (0] l’} H
e
H} }5—1%—& IN\{
N “
HH H. H H H B
3 : H D—
Diplatosammonie ox- [ NH; &f_ |
& ; { P 9 RN
i -
5 H H -H

Platinous sulphide... Pt8".
Platinic sulpbide ... PtS",.

CHAPTER XXIII.
TETRAD ELEMENTS.
SecTION IV,
LEAD, PDb.

Atomic weight =207. Molecular weight unknown. Sp. gr.
11'445. Fuses at 835°. Boils at a white heat. Ato-
. amicity "and, Also sometimes a pseudo-triad.

The following list contains the names and probable consti-
tutional formule of the most interesting compounds of this
metal :—

Plumbic chloride ... PbCL, Cl—Pb—Cl




























































204 INDEX,
Acids, formation from anhydrides, | Aluminium (continued).
44, Anorthite, 107.
., monobasie, definition of, 9. Atomieity of aluminium, 179,
,» nomenclature of, 9. Buchholzite, 181.
»  of antimony, 134, Chiastolite, 181,
y» of ehlorine, 48. Cimolite, 181.
» of nitrogen, 63. Collyrite, 181.
» polybasie, definition of, 9. Compounds of aluminiom, 179,
Action, chemieal, modes of, 1. Cyanite, 181,
Active atomicity, 21, Diaspore, 180.
Affinity, chemical, 4. Diha'dric aluminic tetrasilicate,
Imatolite, 151. 107.
abaster, 164. Dipotassic aluminate, 180.
Albite, 182, e aluminic hexasilicate,
Allophane, 180. 107.
Allotropic oxygen, 42, s  daluminie tetrasul-
- phosphaorus, 112, hate, 181.
o varieties of sulphur, 72, Emerald, 107.
Alum, common, 181. Felspar, 107.
Aluminite, 180. Fibrolite, 181.
Aluminium, 179. Gibbsite, 179.
Apalmatolite, 181. Grossularia, 107.
bite, 182. Kaolin of Ellenbogen, 181.
Allophane, 180, Labradorite, 107.
Alum, 181. Lepidolite, 182,
Aluminate, dipotassie, 180 Magnesie aluminate, 180.
o magnesie, 180, Malthacite, 182,
Aluminie ealeie disilicate, 107. Miloschine, 181.
5 caleie trisilicate, 107, Orthose, 107.
. chloride, 179. Porcelain clay, 181.
" hydrate, 179. Gk clay of Passau, 181.
i manganous disilicate, Prehnite, 180,
195. Pyrophyllite, 107.
B manganous tetrasul- Razoumoffskin, 182,
phate, 194. Saponite, 182,
- oxide, 179, Sillimanite, 181.
i oxydihydrate, 180. Spinelle, 180.
e 511{ hate, 180. Spodumene, 180, i
¥l Eul]Rmtu tetrahydrate, Topaz, 180. !
180. Triglucinic aluminic hexasili-
o sulphide, 150. cate, 107.
% tricaleic  trisilicate, Wernerite, 181.
107. Wiirthite, 181,
Aluminite, 180. Xemolite, 131. :
Alum, manganese aluminium, Zoigite, 150, o
194, Alum, manganese aluminiam, 194,
S potassium chrome, 191, »  potassium chrome, 191.
- potassium manganese, .» potassinm manganese, 114,
104, Alum-stone, 181.
Alum-stone, 151. Alunite, 181,
Alunite, 181. Amidogen, 28.
Analeime, 182, Ammonia, 61, G2,
Andalusite, 181, ,' Ammonic chloride, G1, G5,
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Ammonie salts, 68, T0.
Ammoniocupric carbonate, 177.

S sulphate, 176.
Ammonium, 69,

- amalgam, 6.
Ammonoxyl, 28
Amorphous boron, 52,

o carbon, 58,

i hosphorus, 112,
Amnaleime, 182,
Anatase, 110.
Andalusite, 181.

Anhydride, antimonie, 135, 137.

¥ antimonious, 134, 135.
e arsenie, 126, 127.

" Arsenions, 126.

= aurie, 178,

% bismuthie, 143, 144, 146.
" borie, 55.

i carbonie, 59.

5 chlorous, 47.

o8 chromie, 190.

= hypobromus, 91,

55 pjrd[gﬂchl_nrmls, 47.

3 100G, 95.

Z nitrie, 63, 64.

g nitrous, G2, G4.

i periodie, 95, 97.

a phosphorie, 113, 121.
R phosphorous, 118, 120,

i gelenious, 87.
1 silicie, 104, 105.
e silicoformie, 102,

Pl stannie, 108,

- sulphantimonie, 142.

= sulphantimonious, 140,

2 sulphargenie, 128, 129,

% sulpharsenious, 128.

- sulphochromie, 192,

% sulphurie, 76, 79.

L Bul]]humm-:, 76, T7.

5 titanie, 110,
Anhydrides, conversion into acids,44.

o definition of, &, 10.
Anhydrous acid, definition of, 8, 10.
.l".'l.l'lﬂl'th“'.{", 107.
Antimonie chloride, 129, 132, 133.

[ oxvtrichloride, 134.

v sulphide, 140, 142,

o sulphotrichloride, 134,
T tetretho-chloride, 120,
Antimonious amylide, 132

. anhydride, 134, 135,
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Antimonious argentide, 131,

- bromide, 131, 134.

W chloride, 129, 132.

o ethide, 132.

i fluoride, 134.

B hydride, 130.

e iodide, 134,

i oxide, 134, 135.

i3 oxybromide, 134,

o oxychloride, 133.

X oxydisulphide, 139.

o+ oxyiodide, 134,

2 sulphide, 140.

5 zincide, 132,
Antimoniuretted hydrogen, 130.
Antimony, 129, i

) compound of, with o
and sulphur, lf:-“f'gen
L compounds of, with sul-
phur, 140.
' copper glance, 141.
» ore, grey, 140.
o oxides and acids of, 134.
b red, 139,
Apatite, 123,
Aquafortis, 63.
Avre, 33

Argentic compounds (see Silver).
Arsenie, 123.
s compounds of, with
anpd hydroxyl, lﬂﬁ?ﬂgm
»  compounds of, with sulphur
and hydrosulphyl, 128,

»  sulphide, 128, 12’9.

s  white, 126.

Arsenious chloride, 124, 125,

»  hydride, 124,

i sulphide, 128,
Ayvgeniuretted hydrogen, 124,
Artiads, definition of, 20,

Atomie combination, 30.

»  weight, 2.

»  weights, table of, G.
Atomicity, absolute, 21,

e active, 21.

- apparent variation of, 20,
i latent, 21.

- law of variation of, 21,

o marks, 18,

s of elements, 17,
Atoms, 2.
Auric compounds (see Gold).

| Aurous compounds (see Gold).









208

Cobalt, 19‘9

Atomicity of coball, 19'.]
Cobalt pyrites, 200,
Cobaltic chloride, 199,

»  disulphide, 201.

»  oxide, 199,

o oxydihydrate, 200.

»_ sulphide, 200.
Cobaltoso-diammon-diammonie

dichloride, 200.
'E'Dhalt-nus chloride, 199,
" dicobaltic tetroxide,

199,

»  dihydrie  sulphate,
201,

- dinitrate, 200.

= dipotassic  dicarbo-

nate, 200,
o dipotassic disulphate,
200

A& hydrate, 200.
¥i oxide, 199,
sulphide, 200,
Cnmpnunrls of cobalt, 199,
Dicobaltic hexammon-hexam-
monie hexachlo-
ride, 200,
2 tetrammon-hexam-
monie hexachlo-
ride, 200,
Dicobaltous carbonate dihy-
ﬂl‘ﬂ.tﬂ 200.
fl.ude, 201.
]}1h‘_r,rﬂrmmhﬂltﬂu5 sulphate, 201,
4 pentacobaltous dicar-
bonate  tetrahy-
drate, 200.
Dipotassic cobaltous dicarbo-
nate, 200,
# cobaltous disulphate,
200

Hexacobaltic heptoxide, 199,
"Luteo-cobalt uhf:ride, 200.
Purpureo-cobalt chloride, 200,
Roseo-cobalt chloride, 200,

Collyrite, 181,

Combination, atomnie, 30.

o molecular, 30,
Combining proportions, 2.
Common sodic phosphate, ]‘7"3
Compound radicals, 26,

= radicals, chief inorganic,
list of, 28,

INDEX.

Compound radicals, definition of, 27

»  radicals, dyad, 27.

-+ radieals, monad, 27.

5 radieals, symbols of, 28,

»  radieals, triad, 27.

»  substances, 1.

S of nitrogen with chlorine,
T0.

» of nitrogen with iodine
and hydrogen, T1.

»  of nitrogen with chlorine

and oxygen, 67.
»  of nitrogen with hydro-
gen, 68,
Compounds, 1. .

» binary, 7.
i of boron with oxgen
and hydroxyl, 55.

3 of chlorine with oxygen
and hydroxyl, 46,
s of earbon with oxygen,
59,
» of nitrogen with oxyren
and hbj'rlrox 1, [‘f’rgﬁ
» of sulphur ‘mt{n positive
elements, 72,
Constitutional fnrmu_lm, 17.
Copper, 174.
Ammoniocupric carbonate, 17
sulphate, IJLI
ﬁ.trnmmty of copper, 174.
Azurite, 177.

Blue copper, 175.

» malachite, 177,
Brochantite, 176.
Compounds of copper, 174.
Copper azure, 177,

- glmtce. 175.
»  Ppyrites, 198,
Cupric ch oride, 174.
» hydrate, 175.
.,  nitrate, 175.
1 QIil’].E, 175.
s phosphide, 113.
»  sulphide, 175,
sulphohydrate, 175.
Ctlpro&ammunm carbonate,
177.
Cuprous chloride, 174.
e hydrate, 174.
ok hydride, 174.
e oxide, 175

4 t]undrantuiide, 175.
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Copper (continued). Definition of hexads, 20,
Cuprous sultfh}dﬁ, 175. “ hydrates, 11.
Dicupric carbonate, 176. o monads, 19. :
" carbonate dihydrate, o monobasie acids, 9.

176.
Diferrie dicuprie tetrasulphide,
198.
Dihydrie cuprie sulphate, 175.
it diammonie euprodi-
ammonicsulphate, 176
ai tetracupric  sulphate
I:etra];;drate, 176.
9 tricupric dicarbonate,
176.
Dioptase, 177.
Dipognssie cupric disulphate,
176.
Hydric cuprie silicate hydrate,
LTi;
5 pentacupric  sulphate
pentahydrate, 176.
o tricupric sulphate tri-
hydrate, 175,
Indigo copper, 175.
Malachite, 176.
Mountain-blue, 177.
Mysorin, 170.
Red copper ore, 175.
Ruby ore, 175.
Coquimbite, 198,
Cream of tartar, 136,
Crith, 34.
» use of the, 35,
Crocoisite, 191,
Cryl']atﬂ.llizntiun, water of, 30, 44,
Cubie foot, 53.
Cupric compounds (see Copper).
Cuprous compounds (see Copper).
Cyanite, 181.

Dark-red silver, 141.

Definition of acids, 8.
= acid salts, 13.
o anhydrides, 8, 10.
o anhydrous acids, 8, 10,
4 artiads, 20.
i bases, 11.
i basic salts, 13.
e chemistry, 1.
i compound radicals, 27.
% {lj*aé):: 20,
& dibasic acids, 9.

3 haloid salts, 12,

i neutral salts, 12,

- normal salts, 12.

- oxysalts, 12.

i peﬁ‘:da, 20.

e perissads, 20.

T polybasie acids, 9.

0 salts, 12,

e sulpho-salts, 12,

e tetrads, 20,

i triads, 20.
Diamide, trimercurie, 174.
Diamond, 59.

o boron, 53.
Diarsenious disulphide, 128,
Diagpore, 180,

Diatomic molecules, 3, 19.
Dibasic acids, definition of, 9,
Dibismuthie tetroxide, 144,
Dibismuthous dioxide, 144.

% disulphide, 148,

5 tetrachloride, 144.
Dicadmie sulphate dihydrate, 171.
Dicalcic earbonate dihydrate, 165,
Dichlorethide, bismuthous, 143,
Diglucinice silicate, 106.
Diopside, 107.

Dioptase, 177.

Disilicie hydrotrioxide, 102.
Disodie disulphate, T9.

Displaceable hydrogen, 9.
Disulphide, dibismuthous, 148,
Ditelluro-sulphide, bismuthous, 149,
Dithionates, 84,

Dititanic dinitride, 110.

,+  hexachloride, 110.
Dizireonie silicate, 106,
Dodecasodic decaphosphate, 119,
Dolomite, 166.

Dyad eompound radicals, 27.
» clements, 40, 159,
Dyads, definition of, 19,
» list of, 32.

Electrie calamine, 169,
Electro-negative elements, 4,
»  -positive elements, 4.
Elementary molecule, 2.
Elements, 1.
o atomieity of, 17.

L
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Selenium, compounds of, with oxy-
gen and hydroxyl, 87.

Seleniuretted hydrogen, 86,

Senarmontite, 135.

Serpentine, 107.

i noble, 106.
Signs, use of, 16.
Silicates, 106.
Aluminie caleie disilicate, 107,
5 caleie trisilicate, 107,
- tricaleic  trisilicate,
107.
Anorthite, 107. 53
Caleic magnesic disilicate,
107.

Ghlm'u;:-al, 107.

Diglueinic silicate, 106,

Dihydric aluminic tetrasilicate,
107.

& trimagnesic disilicate,

107.

Dimagnesic silicate, 106.

Diopside, 107.

Dioptase, 177.

Dipotassic aluminic hexasilicate,

07.

Dizincie silieate, 107.

Dizirconic silicate, 106.

Emerald, 107.

Enstatite, 106.

Felspar, 107.

Ferric trisilicate, 107.

Grrossularia, 107.

Hydric cuprie silicate hydrate,

i S

Labradorite, 107.

Meerschaum, 107.

Monomagnesie silieate, 1006.

Noble serpentine, 106.

Okenite, 107.

Ophite, 106.

Orthose, 107.

Peridote, 106,

Phenacite, 106.

Pyrophyllite, 107.

Serpentine, 107.

Sodie silicate, Yorke's, 1006.

Steatite, 107.

Tale, 107.
Tetrabydric ealeie disilicate,
107.
o flimugnesic trisi-

licate, 107.

INDEX.

Silicates (continued),
Tetramagnesic
107.
Topaz, 180.
Triglucinic aluminie hexasili-
cate, 107.
Trimagnesic tetrasilicate, 107,
Willemite, 106.
Zircon, 106.
Silicic bromide, 103.
y» _ chloride, 101.
» Huoride, 103.
y»  hydride, 101.
»  hydrotrichloride, 102,
,»  sulphide, 108,
Siliciferous manganese, 195,
Silicium, 99.
Silicoformic anhydride, 102,
Silicon, Y9.

pentasilicate,

- adamantine, 100,
v amorphous, 99.
3 chloroform, 102,

»  compounds of, with oxygen
and hydroxyl, 104,
»  graphitoidal, 100,
Sillimamite, 181.
Silver, 153.
Argentic chloride, 158, 159,

] hydrate, 15%.

i iodide, 158, 159.

& nitrate, 158.

i oxide, 158, 159.

i peroxide, 159,

i sulphate, 158.
Argentide, antimonious, 131.
Argentous oxide, 159,

Silver, compounds of, with oxy-

gen, 150,
o Elanne, 158.
” orn, 158,
,, ore, dark red, 158.
Sulphargentic  metasulphanti-

monite, 141,
Trisulphargentic sulphantimo-
nite, 141.
Simple radicals, 26.
.»  substances, 1.
Soda ash, 156,
Sodic carbonate, 159,
»  chloride, 155.
.» hydrate, 155.
»  Oxide, 150.
» mitrosulphate, 71.
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