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PREFACE.

Tue present work is designed exclusively for the use of
students attending Lectures on Chemistry, and is more particularly
adapted as a Text-book for my own Lectures. It has no preten-
sions to any more important character ; and is so far from being
intended as a substitute for any of the larger elementary works,
that its chief value, if it possess any, will be, that it serves as an
introduction to those works.

Every teacher 6f Chemistry must have felt the want of a
compact text-book, the price of which might place it within the
reach of every student ; and it is the long-felt sense of this want
which has led me to compile these outlines. The importance,
to beginners, of having some such guide and some such help to
the memory, cannot, I believe, be over-estimated.*

Some apology, or explanation at least, may seem to be requlred
for the omission of certain subjects, usually treated of in elemen-
tary works on Chemistry. I allude to the subjects of Heat, Light,
Electricity, and Magnetism : in short, to the Imponderables, It
is not without ample consideration that I have taken this step.

For nearly ten years past, I have been in the habit, in my
lectures, of treating these subjects very briefly, partly because,
in my opinion, they belong almost entirely to the province of
Physics : but also, and chiefly, because the enormously increased
extent and importance of Chemistry, especially of Organic

* Tt is proper here to state that this work was commenced before the
late work of Dr. Fownes was announced ; and that its publication has been
.delayed by circumstances connected w:th my removal from Aberdeen to
Edinburgh:

a 2



vi PREFACE.

Chemistry, rendered every moment of time, in a course of lectures
which at best could be but imperfect, precious in the hlghest
, degree.

Since I had the honour to be appointed to the Chair of
Medicine and Chemistry in the University and King’s College,
Aberdeen, in 1839, I have altogether discontinued the teaching
of the above-mentioned subjects as regular sections of the course;
and have only taught them incidentally, that is, where they
naturally come into very close connection with Chemistry ; and
by this means 1 have been enabled to devote about three months,
out of five and a half, to Organic Chemistry, a branch of the
subject of the highest importance to medical students, and, as is
well known, of daily increasing interest and value, from its
applications to physiology and to the useful arts. I am inclined
to believe that, if, by the omission of the Imponderables as a
regular part of the course, anything has been lost, the compara-
tively full, although yet too brief, development of Organic
Chemistry has furnished more than sufficient compensation.

But, in truth, the Imponderables are now very generally, as
they undoubtedly ought to be, taught as a part of Physics by the
lecturers on Natural Philosophy, so that the teacher of Chemistry
is not absolutely required to do more than to explain their most
important bearings on Chemistry.

It is probably on account of such considerations that the
opinion has long been gaining ground among teachers of Che-
mistry, that it would be desirable to confine their attention more
particularly to matters essentially chemical, than to those
branches of Physics which are in some measure related to
Chemistry. But although this opinion is very general, the habit
of teaching these branches of Physics as part of our courses of
Chemistry has still continued to prevail ; and, consequently,
the appearance of a chemical text-book without them will
appear to many a novelty.

I wish it to be clearly understood, that, in omitting these
subjects, I am not actuated by any doubts as to their great
importance and value to the chemist. It is necessary that the
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chemist should be well acquainted with them, at least in so far
as they bear on his own science ; but it is impossible for the
teacher of Chemistry, who gives a fair view of its present state,
to undertake, in addition, the teaching of so great a part of,
Physics. The student of Chemistry must obtain that knowledge
elsewhere, just as he does his knowledge of arithmetic, mathe-
matics, or mechanies; all of which are highly useful to him, but
which the chemist is not expected to teach.

The present work, therefore, is to be viewed as giving a brief
sketch of the Chemistry of ponderable substamces only; and
with the experience of several years in teaching this Chemistry,
with only occasional and incidental references to the Imponder-
ables, I venture to testify that this method of instruction in
Chemistry has many advantages over the old one ; in particular,
that this alone enables the teacher to do justice to Organic
Chemistry.

The reader will perceive that while I have given both the rival
theories of the constitution of Acids and Salts, I have indicated a
decided preference for the new one, that, namely, which considers
all Aydrated oxygen acids as really hydrogen acids, and thus
unites all acids into one series, while salts are viewed as com-
pounds in which the hydrogen of acids is replaced, wholly
or partially, by its equivalent of metals.

This theory, along with the usual view of acids and salts, will
be found minutely illustrated in the sections which treat of the
acids formed by sulphur and oxygen, of the phosphoric acids, of
salts generally, and of the phosphates in particular.

In close connection with the theory of acids and salfs, stands
the doctrine of polybasic acids, which in the present state of our
knowledge appears to be so well founded, that we must admit it,
and so simple that it materially facilitates the teaching of what
would otherwise be most complicated and difficult. This doc-
trine I have adopted and fully illustrated under the heads of
Phosphoric Acid and the Phosphates. But while adopting, on
these points, the views held by Professor Liebig, I agree with
him in considering them not as permanently established truth,

.
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but only as best agreeing with the facts known to us, and
therefore the best theoretical doctrines within our reach, although
likely, nay, certain, in process of time, to be modified or even
replaced by better, the natural result of improved knowledge.
In the mean time they serve an important purpose; that, namely,
of enabling us’ to systematize or classify our actual knowledge,
and thus to obtain fresh starting points for new researches.

There is one more feature of this work to which .I would
direct attention. In describing chemical processes, or chemical
changes, I have, as a general rule, added to the verbal description
a representation of the reaction in the form of an equation,
exactly as I am in the habit of doing in my lectures. This
method I have found most advantageous, and it gives me great
satisfaction to find that Professor Gmelin, in the new edition of
his “ Handbuch,” has followed exactly the same plan. The use
of such equations enables us to place the most complex reactions
in the clearest point of view ; and they also furnish data for all
the calculations which are so often required in the laboratory.*

Finally, the brevity with which Inorganic Chemistry has
here been treated will enable me; in the second part, without
adding to the intended size or price of the work, to devote to
Organic Chemistry a space proportionate to its importance, and
to the share of time allotted to it in my lectures. That second
part is now in preparation, and will appear early in Spring.

WILLIAM GREGORY.
University of Edinburgh,
20th Dec., 1844.

f Those readers of this work, among the students of the University of
Edinburgh, who may wish to perform for themselves the experiments and
processes described, will find the necessary apparatus and materials, at

reasonable charges, in the establishment of Messrs. Kemp & Co., opposite
the College.
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OUTLINES OF CHEMISTRY.

. INTRODUCTORY.

———

TuEe world in which we live is formed, in its different parts,
of a number of distinct kinds of matter, amounting, according
to the present state of our knowledge, to about 55. These are
called elements, elementary bodies, or simple substances.

The forms of matter with which we are most familiar, how-
ever, are not elementary. If we examine the matter of which
a rock, a tree, an animal, the atmosphere, or the ocean are
respectively composed, we shall find that all those objects may
be proved to contain two or more distinct kinds of matter ; that
is, two or more elements, Where this is the case, we call the
substance a compound body.

A compound, therefore, may be resolved into its elements ;
whereas an element, or simple substance, cannot be made, by
any means yet known to us, to yield more than one kind of
matter. Brass, which is compound, may be resolved into
copper and zinc ; but from copper or zinc we can obtain only
copper or zinc. Vermilion may be shown to contain sulphur
and mercury ; but sulphur can only be made to yield sulphur,
and mercury, mercury.

But when we call any substance elementary, or simple, we
do not mean that it is certainly or essentially so ; we only say
that hitherto, in our hands, and exposed to all the various
agencies which we can bring to bear on it, it has yielded only
one kind of matter, or element, and no more. In the early
part of the present century, the alkalies and earths were
believed to be elementary bodies, because only one kind of
matter had ever been obtained from them ; but the new power
of galvanism enabled Davy to discover that all these bodies
were compound. It is far from being improbable that, in
the progress of discovery, several, perhaps many, of the 55
elements which we are now compelled to admit, may, in like
manner, prove to be really compound bodies,

B



2 ELEMENTS.

Till then, however, we must be content to class together, as
elements, all those bodies which have mnot yet been resolved
into other kinds of matter ; and of these undecomposed bodies,
or elements, all material objects are constituted. Here follows
the list of the elementary bodies at present admitted, with the
abbreviation, or symbol, which is used for each element placed
after the name :—

ELEMENTS.

Oxygen : 4 e 0 ) Erbium ?
Hydrogen o e Terbium ?
Nitrogen . g . N Manganese . 5 . Mn
Sulphur . g o« 1 Iron (Ferrum). . e VHE
Phosphorus . Ty St Cobalt 3 o . Co
Carbon . 4 e Nickel . 4 ' TS FT
Chlorine . ? LAl - Ziae O 5 . . Znm
Bromine . . . .. Br'| Cadmium ! SARZHO8
Todine ‘ o s oI Lead (Plumbum) . Pb
Fluorine . X o swi Tin (Stannum) RCT i ™
Boron . 4 . B Bismuth . . Bi
Silicon . . ] e SR Copper (Cuprum) - o O

- Uranjum . U
Selenium . b . Se | Mercury (Hydrargymm) Hg

_— Silver (Argentum) . Ag
Potagsium (Kalium) . K Palladium 4 . Pd
Sodium (Natmum) . . Na | Rhodium . 3 . R
Lithium " s Ty Iridium . 2 R
Barium . a . . Ba | Platinum . a SR
Strontium . 4 . Sr | Gold (Aurum) . . Au
Calcium . . . . Ca | Osmium . A . Os
Magnesium . a . Mg | Titanium . % horeBi
Aluminum A o e M pefTandaimen s . Ta
Glucinum . : . G Tellurium g . Te
Yttrium . d A 4 Tungsten (Wolfram) P
Zirconium . 2 HN Molybdenum . oty e
Thorium . . . . Th | Vanadium . § -
Cerium . . . Ce | Chromium . . . Cr
Lantanium . . . La | Antimony (Stlblum) )
Didymium ? Arsenic 3 o SR

(The symbols or abbreviations are in every case taken from
the Latin names of the elements, so as to be universally under-
stood.  Should the three new metals lately discovered by
Mosander be established, the number of the elements will
be 58.)

Of the above list of elements, about 14 constitute the great
mass of our earth and of its atmosphere. The remainder
occur only in small quantity, comparatively ; while nearly a
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third of the whole number is so rare, as not to admit of any
useful application.

By their external aspect, the elements may be divided into
two classes ; and these classes are also found to possess other
distinctive characters. Thus the twelve first in the list, which
are called non-metallic bodies, or metalloids, are easily distin-
guished from all those after potassium, inclusive, which are
metals. The latter possess that peculiar brightness and opacity
of surface which is called the metallic lustre, of which the
former are destitute. Again, the metals are all found to be
excellent conductors of heat:and electricity, while the metal-
loids conduct these influences very badly, with the exception of
charcoal, which, when in certain states, conducts electricity
almost like a metal.

Selenium has the metallic lustre, and is by some considered a
metal ; but it is a non-conductor of heat and electricity, and -
in all its chemical relations and analogies belongs to the non-
metallic bodies.

This division of the elements is of great use in facilitating
the study of chemistry.

The elements are capable of combining together, metalloids
with metalloids, metals with metals, and metalloids with metals.

When two elements unite together, they give rise to a new
substance, a compound of the two ; and, generally speaking,
the compound has properties entirely distinct from those of its
elements. Thus, sulphur and mercury, a yellow earthy solid
and a white fluild metal, unite, and give rise to a fine red
powder, which is vermilion. It is not possible, by the eye,
to distinguish two kinds of matter in the vermilion, any more
than in its elements, so completely have the properties of those
elements disappeared. But, by chemical means, we can prove
that vermilion contains both mercury and sulphur. These
elements are said to be combined, so as to produce vermilion,
which is said to be a compound, or to be composed of them.
In such a case, the combined elements can no longer be sepa-
rated mechanically from each other. They are held together
by a force which 1s called chemical attraction, or agfinity, the
real nature of which we do not know. It resembles cohesion,
since it holds together the particles of matter: but while
cohesion is only exerted between particles of the same nature,
as, for example, between those of sulphur, or between those of
vermilion, affinity is only exerted between particles of different
kinds of matter, for example, between the particles of sulphur
and of mercury,

By affinity, then, we understand simply that force, whatever

B 2



4 COMPOUNDS.

may be its mature, by which the particles of one elementary
body are made ‘to unite with those of another. When once
united, the particles of the compound obey the laws of cohe-
sion exactly as if they were simple particles.

It is the object of chemistry to investigate the properties of
the elements, the laws which regulate their mutual actions,
and the nature and properties of the compounds which arise
from their union.

Before describing the individual elements, it is necessary to
explain to the reader certain terms and phrases of very frequent
occurrence, as well as to mention the general laws which regu-
late chemical combination.

Combination occurs when two or more bodies unite together :
decomposition takes place when bodies, previously united, are
made to separate from each other.

When oxygen enters into combination with any other
element, the compound is called an oxide ; the compound of
chlorine with any other element is called a chloride : and with
bromine, iodine, and fluorine, we have, in the same way,
bromides, iodides, and fluorides. The compounds of sulphur,
phosphorus, carbon, selenium, &c., with metals, are called
sulphurets, phosphurets, carburets, seleniurets, &c.

When a compound body possesses a sour taste, reddens
vegetable blue colours, and neutralises alkalies, it is called
an acid. If composed of oxygen united to a metalloid, such
as carbon, or a metal, such as chromium, the acid is simply
named from the metalloid or metal, as carbonic acid, chromic
acid. But if the acid contains hydrogen united to a metalloid,
the word “ hydro ” is prefixed ; as hydro-chloric acid (hydrogen
and chlorine), hydro-sulphuric acid (hydrogen and sulphur), &e.

Where the same element forms with oxygen several acids,
they are distinguished by their terminations, as sulphuric acid,
sulphureus acid ; the acid in ¢ always containing most oxygen :
but where new acids of intermediate composition are disco-
vered, it is necessary to use the prefix * hypo,”—as hypo-
sulphurous acid, hypo-sulphuric acid, meaning acids containing
less oxygen than snlphurous or sulphuric acids respectively ;
or “hyper,” as hyper-chloric acid, meaning an acid containing
more oxygen than chloric acid.

When a compound body has an acrid, urinous taste, restores
to blue the colour reddened by an acid, and, above all, if it
possess the property of neutralising acids, or causing their acid
properties to disappear, it is called an alkali, or more generally
a base, or a basic substance.

We have seen that oxygen is an element of many acids ; it
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is also an element in most bases. Almost all the metals are
capable of forming one base, several form more than ome base,
with oxygen. These bases are usually called oxides of the
metal : and where there are two, that which contains least
oxygen is usually called protoxide, and that which contains
most &;)xygen, peroxide; as the protoxide and peroxide of
iron, &ec.

Acids and bases unite together, and the characteristic pro-
perties of both disappear. They are said mutually to neutralise
each other, and the resulting compound is called a salt. If
neither the' acid nor base be in excess, the salt is a neutral
salt; if the acid predominate, it is called an acid salt, or a
super-salt, and if the base prevail, it is called a basic salt, or a
sub-salt. ~The salt is named from both the ingredients. Thus,
when sulphuric acid neutralises soda, the resulting salt is called
the sulphate of soda; when phosphoric acid unites with lime,
the acid being in excess, the salt is called acid phosphate of
lime, or superphosphate of lime ; and when nitric acid unites
with oxide of mercury, the latter being in excess, the compound
is called basic nitrate of mercury, or subnitrate of mercury.

Besides acids and bases, there is a third kind of oxides,
namely, such as have neither acid nor basic properties. They
are called indifferent oxides, and sometimes superoxides ; as,
for example, peroxide, properly superoxide of manganese.

The term “radical ” is applied to any body which, by uniting
with an element, can give rise to an acid or a base. Most of
the elements play the part of radicals: but we have, besides,
compound radicals, containing two elements, like cyanogen, or
even three or more elements, like benzoyle or kakodyle. The
compound radicals unite with elements, just as if they were
themselves elementary, Thus, cyanogen unites with hydrogen
{)o form an acid, and kakodyle unites with oxygen to form a

ase.
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e

Tae foree of chemical attraction, or affinity, is unequal in the
case of different substances. Thus, the affinity between potas-
sium and oxygen is more powerful than between gold and
oxygen.

The capacity of one body to unite with another is mainly
affected by two circumstances ; namely, the state or form of
the substances in question, whether solid, liquid, or gaseous,
and the temperature at which they are brought together.

Cohesion tends to keep the particles of bodies in close proxi-
mity, while the tendency of heat is to separate them from each
other. When cohesion predominates over the repulsion due °
to heat, the body is solid: when cohesion and repulsion are
exactly balanced, it is liquid ; and when repulsion predomi-
nates, it becomes gaseous.

It is obvious that, since chemical attraction operates between
the particles of different bodies, and only when they are at
infinitely small distances, the cohesion between the particles of
two solid bodies respectively must impede chemical action by
preventing the sufficiently close approximation and intermixture
of the particles which have affinity for each other. Hence the
solid form is most unfavourable to chemical action, although, in
rare cases, the power of affinity is sufficient to overcome the
obstacle. Thus, phosphorus and iodine, both in the solid form,
act powerfully on one another.

But if one or both of the bodies be liquid, the particles of
both readily come so near as to admit of affinity producing
its full effect. Thus, bromine acts violently on phosphorus,
although the latter is solid ; nitric acid, in like manner, dis-
solves metals, and the same acid acts with great energy on
alcohol. Indeed, the liquid form is so favourable to chemical
action, that the chemist generally endeavours to have one or
})oth of the substances, whose action he wishes to try, in that
orm.
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Moreover, when two solid bodies, as is generally the case,
refuse to act on each other, it is commonly sufficient to cause
one of them to assume the liquid form. This may be done in
two ways ; either by applying a sufficient heat to melt it, or by
dissolving it in water or some other solvent. Thus, iron and
sulphur, when mixed in the solid form, do not combine ; but if
the sulphur be melted by heat, rapid combination takes place.
Again : citric acid and carbonate of soda do not act on each
other when dry ; but if water be added to the mixture, the acid
dissolves, and brisk action ensues.

It is evident that heat, being opposed to cohesion, will
promote chemical action whenever cohesion or the solid form
is the obstacle : and this is the source of the immense value of
heat in chemical and manufacturing processes : as, for example,
in the smelting of metals from their ores.

But when cohesion has been still further overcome, and the
body has assumed the gaseous form, a new impediment is
offered to chemical action. The particles, by the predominance
of the repulsion due to heat, are now so far removed from each
other, as not to come readily within the sphere of chemical
affinity. Hence, two bodies in the gaseous form seldom act on
one another, unless their mutual attraction be very strong, as in
the case of hydrochloric acid gas and ammoniacal gas; or by
the aid of heat, light, or electricity, as in the case of chlorine
and hydrogen gases. As heat is here the cause of the obstacle,
the appropriate remedies are cold and compression, which tend
to bring the particles nearer. Heat and electricity are supposed
to act by producing compression of some particles in conse-
quence of the expansion of others ; but heat certainly acts also
by increasing the force of affinity.

Even where only one of the bodies is gaseous, chemical action
is much impeded, especially if the other be solid. Still, in
many cases, solids and liquids do slowly act on gases; and by
such means some of the most important processes in the organic
kingdoms are carried on: as, for example, the respiration of
animals, and the growth and decay of plants.

In some cases, as in that of hydrochloric acid gas, the affinity
between the gas and water is so powerful, that they combine
instantaneously when brought into contact.

There are other cases in which solid bodies at the ordinary
temperature are incapable of combining with gases, but in
which a high temperature, although it opposes chemical action
by its tendency to remove still further the particles of the gas,
yet, on the other hand, so much exalts the power of affinity as
to be the most powerful promoter of combination. The effect
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of heat in causing wood, coal, or charcoal, to combine with
oxygen, as in ordinary combustion, is a familiar example of this:
and as, in this form of experiment, the combustion, once begun,
produces a great amount of heat without external aid, it is in
this manner that heat is obtained and rendered available for
the useful purposes above alluded to.

A gaseous body, which under ordinary circumstances will not
combine with another substance, may be made to do so, if
presented to it in the nascent state, that is, while it is sepa-
rating from another solid or liquid body. Thus hydrogen gas,
if formed in contact with sulphur, will not combine with it ;
but if the hydrogen be formed. by the action of an acid on
sulphuret of iron, the sulphur is presented to the gas at the very
moment at which the former is separating from the iron, (in the
nascent state, as it is called,) and the gas which is now dis-
engaged is a compound of sulphur and of hydrogen.

It sometimes happens that the combination of two bodies is
promoted by the presence of a third, which does not combine with
either of the two, nor even with the resulting compound. Thus,
if oxygen and hydrogen gases be mixed, they do not combine ; but
the contact of spongy platinum causes their immediate union,
although the metal combines neither with oxygen nor with
hydrogen, nor with water, the product of their combination.

But.in all cases where the third body has a powerful affinity
for the resulting compound, its effect in promoting combination
is very great, and has got the name of predisposing affinity.
Thus, zine does not decompose water ; but if sulphuric acid be
added, the water is decomposed, its oxygen uniting with the
zinc. In this case, according to the usual explanation, the
oxide of zinc formed unites with the acid, and the affinity of the
acid for the oxide of zinc is called a predisposing affinity, as if
the acid had caused the formation of oxide of zinc because of its
affinity for that oxide when formed. In truth, however, all the
changes that occur are strictly simultaneous, and the phrase,
“ predisposing affinity,”” is not an accurate one. It is, however,
sufficiently convenient and expressive to be a good deal used in
regard to similar cases.

When two bodies, A and B, are in combination, the force
with which they are actually held together is not dependent
alone on their mutual affinity, but also on their relative mass.
In the compound ABB, A is retained by a greater force than in
AB. This is the result of the increased mass of B. Or we
may view it thus :—In the compound A ABB, the first A may
be removed with comparative facility, the relative masses of A
and B being equal. But after the removal of the first A, the
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mass of B is relatively doubled, and the second A requires for
its removal a much greater force. It is obvious that, conversely,
in ABB, the second B is less forcibly retained than the B
in AB.

When a body A is presented to two bodies B and C, for each
of which it has affinity, although unequal, then, if nothing
interfere, A will divide itself between B and C, according to its
affinity for each. But the effect of mass is seen here also ; for
if the mass of C, the body for which A has least affinity, be
much larger than that of B, then the division will be no longer
in the ratio of the affinities to A, but C will obtain more, and B
less, of A.

When to a compound body'A B, another body C is added, having
an affinity for B, both combination and decomposition occur :
for AB is decomposed, and at the same time B, which separates
from A, enters into combination with C. It does not often
happen that the mere force of affinity is sufficient to complete
such a change, but such cases do occur : as where iron acts on a
salt of copper, or copper on a salt of silver, the one metal taking
the place of the other, and the latter being entirely separated.,
More frequently a part only of B is separated from A and
combines with C ; and thus there are present, at the same time,
the compounds AB and BC, while part of A and of C exists in
the free or uncombined state along with them.

If now the free A be removed from the mixture, the free C,
being unresisted, at last effects a complete separation of A.
The removal of the free A is effected either when that body
assumes the solid form by virtue of its great cohesion, or when
it takes the form of gas in consequence of its feeble cohesive
power, or of the application of heat. The precipitation of an
nsoluble oxide by a soluble alkali is an example of the former ;
the formation of glass by the fusion of silicic acid with carbonate
of potash is an illustration of the latter case. Similar cases are
of constant occurrence.

In both cases, the decomposition is the more easy and com-
plete, the larger the mass of the decomposing body C employed.
And from this follows the curious fact, that if, in any given
temperature, we can alter the form or the mass of either of the
bodies which act on one another, the result of the experiment is
likewise altered : nay, it may actually be reversed. Thus, if
oxide of iron be exposed at a red heat to a current of hydrogen

_gas, the oxide is decomposed, its oxygen, with the hydrogen,
forming water, while the iron is reduced to the metallic state,
But if now the iron be heated red hot, and exposed to a current
of the vapour of water, the water is decomposed, its oxygen,
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with the iron, forming oxide of iron ; while the hydrogen is
reduced to the free state.

Decomposition is rendered complete, not only when the body
A, which is separated, assumes the solid form, but also when A
remains liquid or dissolved, and the new body BC takes the
solid form, or is insoluble. Hence the nature of the liquid, in
which a chemical action goes on, exerts a most important influ-
ence on the result of the action.

When two compound bodies, AB and CD, act on one another,
both decomposition and combination occur. When complete,
the change 1s called double decomposition, since both AB and
CD are decomposed ; but at the same time the two new com-
binations AD and CB have been formed. Should the change
be only partial, the four compounds AB, CD, AD and CB, will
be present together. Double decomposition is of very frequent
occurrence. S

In cases where a compound AB cannot be decomposed by a
body C, even with the aid of a high temperature, the addition
of a fourth body D, if it have an affinity for A, while there is
an affinity between C and B, will often enable us to accomplish
the decomposition. Thus, oxide of aluminum cannot be
decomposed by charcoal even at a white heat: but when a
current of chlorine gas is passed over the mixture, the chlorine
by virtue of its affinity for aluminum, added to that of carbon
for oxygen, effects the decomposition, and we obtain chloride of
aluminum and oxide of carbon.

‘When a compound of three or more elements is exposed to a
high temperature, the elements unite to form such new com-
pounds as are not decomposable by the temperature employed.

If such a compound be heated along with a body which is
capable of forming with some of the elements in certain propor-
tions a more fixed compound, the remaining elements give rise
to one or more new and more volatile compounds.

The two last are the principal laws which regulate the
phenomena of the destructive distillation of organic substances.

Such are the most important facts in regard to the circum-
stances under which combination and decomposition occur. We
now come to the subject of the proportions in which bodies
combine together, or ]

ComBINATION IN DErFiNiTE PrororTIONS.

The experience of chemists, derived from many thousand
analyses, has established the following laws ; which, however,
are purely the expression of ascertained facts, and involve no
hypothesis whatever :— q ’
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1. The quantity, by weight, of the body B, which is taken up
by a given weight of the body A, to produce the compound AB,
is definite and unchangeable. Thus 8 grains of oxygen are
invariably taken up by 1 grain of hydrogen (in round numbers)
to produce water : or, in other words, 9 grains of water are
invariably composed of 8 grains of oxygen and 1 of hydrogen.

2. When a body A combines with a body B in more propor-
tions than one, producing more than one distinet compound, the
quantity, by weight, of B, which is united to the same weight
of A in the different compounds, increases according to one of
two ratios. According to one, the series of compounds formed is—

A4+ B, 1st compound A . =0l
A + BB, 2nd do. ; AL B =2
A 4+ BBB, 3rd do. . " JIBI=3
A + BBBB, 4th  do. % N BN
A + BBBBB, 5th do. . b 20 P

According to the other, the series of compounds is—

A 4 BBB, Ist compound . A: B=—=1:3
A 4+ BBBBB, Rade FHe" AR Be="1
A +~ BBBBBBB, 3rd do. e e = Lo

The compounds of nitrogen and oxygen offer an example of
the first series of multiple proportions. In the first of these
compounds,

14 grs. of nitrogen are united with 8 of oxygen.
1

In the 2nd. ]4 2 »” 2 6 ”
» ord. 14 » ” » 24 9
» 4th, 14 2 » » 92 2
» Oth. 14 2 2 s 40 »

The compounds of arsenic and oxygen will illustrate the
second series. In the first of these compounds,

75'4 grs. of arsenic are united with 24 of oxygen.
In the 2nd. 754 o 41 5 40 »

"Here the quantities of oxygen increase in the ratio of 3 to 5.
3. The proportions, by weight, in which bodies combine, are
proportional to each other. Thatis: if a given weight of A
unite with weights of B and C, which are to each other as 3 to
4, for example ; then if a fourth body, D, unite with Band with C
likewise, the weights of B and C combined with D will also be
" to each other as 3 to 4. :
Thus, 100 grains of potassium. unite with 2041 grains of
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oxygen ; 100 grains of potassium unite also with 41:06 grains
of sulphur. Now 100 grains of silver unite with 739 grains of
oxygen, and also with 14'88 grains of sulphur. According to
this law, we find that 7-39 : 1488 : : 2041 : 41'06 ; or, in other
words, that the weights of oxygen and sulphur which unite with
100 grains of silver bear to each other the same proportion as
the weights of those elements which combine with 100 grains of
potassium,

Another consequence of this law is, that the weights of two
bodies which combine with the same weight of a third body,
will also represent the weights of these two bodies which unite
together, if they are capable of combination ; or if the propor-
tions should not be precisely the same, they will be found to be
multiples or submultiples of those weights.

Thus, 8 grains of oxygen combine with 1 grain of hydrogen
to form water ; and 8 grains of oxygen combine with 16 of sul-
phur to form hyposulphurous acid. Now, sulphur and hydrogen
combine together to form hydrosulphuric acid; and that com-
pound is found to contain sulphur and hydrogen in the propor-
tion of 16 grains of the former to 1 grain of the latter. The
same elements form another compound, the -persulphuret of
hydrogen ; and in this the proportions are 32 of sulphur to 1 of
hydrogen. Now 32 =16 X 2.

If, therefore, we know the weights of two bodies, B and C,
which combine with a given weight of A, we also know the
relative weights, in which, or in multiples or submultiples of
which, B and C will combine together.

Now oxygen is capable of uniting with all the other elements,
(save perhaps with fluorine) ; and therefore if we ascertain by
experiment the weights of the different elements which combine
with a given weight of oxygen, the weights thus obtained will
inform us, not only in what proportions (or their multiples) these
elements combine with oxygen, but also in what proportions (or
their multiples) they combine with each other, provided they are
capable of doing so. ;

It is obviously of no importance what number we select to
represent the standard weight of oxygen, to which the other
elements are referred. On the Continent 100 is usually taken,
and the combining numbers of the other elements are referred to
oxygen as 100. In this country, for the sake of convenience in
calculation, advantage has been taken of the fact that the com-
bining weight or number of hydrogen is the smallest of all, and
hydrogen has consequently been made the standard, with the
number 1, Now as 1 of hydrogen is found to combine (in
water) with 8 of oxygen, it is obvious that if hydrogen be repre-
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sented by 1, oxygen will be represented by 8. Again, on
the continental scale, oxygen being 100, hydrogen must be
1go = 125, the proportion being preserved exactly the same.
So that it is equally correct to say that water is composed of
100 grains of oxygen, combined with 12:5 of hydrogen, and to
say that water consists of 8 grains of oxygen and 1 of hydrogen.
Both scales are so extensively employed, that the chemist ought
to be familiar with both, and, accordingly, both are subjoined.
. It is hardly necessary to point out that the numbers of the scale

in which oxygen — 100, which we shall call the oxygen scale,
may be easily reduced to those of the other, or hydrogen scale,
in which oxygen = 8 by dividing the former by 12-5, and that
- conversely the numbers of the hydrogen scale if multiplied by
12.5, are converted into those of the oxygen scale.

The numbers, then, attached to the names of the elements in
the subjoined Table, are the results of experience, and merely
represent the relative weights of the elements which (or multi-
ples of them) combine with 100 of oxygen on the one scale, and
with 8 of oxygen on the other. In this work we shall use the
numbers of the hydrogen scale : but the table of the other scale
will be of use to those who read foreign chemical works ; and
the numbers of one scale may at any time be substituted for
those of the other, provided we do not mix them up together.
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The number 39, attached to potassium,* expresses the fact that
39 grains of potassium combine with 8 of oxygen, and 16 of
sulphur : 8 and 16 being the numbers respectively attached to
oxygen and sulphur.

These numbers further express the facts, that if we wish to
convert 47 grains of oxide of potassium, composed of 39 of
potassium and 8 of oxygen, into sulphuret of potassium, 16 grs.
of sulphur will be required to displace the 8 of oxygen, and
will give 55 grains of the sulphuret.

We thus perceive that 16 grains of sulphur are the equi-
valent of 8 grains of oxygen. Hence the term “ equivalent ™ is
used as synonymous with combining proportion, and we shall
in this work employ the term equivalent by preference.

When an element combines with oxygen in only one propor-
tion, the equivalent of that element is the weight which com-
bines with 8 (or on the other scale with 100) of oxygen. Or we
may calculate the equivalent from the compound, if there be
one, of the element with chlorine.

Thus, in the oxide of potassium (potash), 39 grs. of potassium
are combined with 8 of oxygen. If there were no other compound
of potassium and oxygen, we should take 39 for the equivalent
of potassium. But there is another compound of these elements,
and in order to acquire certainty, we refer to the compound (there
is but one) which potassium forms with chlorine. We find this
to contain 39 grs. of potassium, and 35 of chlorine ; and as 35 is
the equivalent of chlorine, we conclude that 39 is the true equi-
valent of potassium.

Where an element combines with oxygen in several propor-
tions, we are more uncertain. If the proportions of oxygen belong
to the series of simple multiples, the equivalent is usually calcu-
lated from that compound which contains least oxygen, assuming
that to contain an equivalent of oxygen.

Thus nitrogen forms 5 compounds with oxygen. In the first
14 grs. of nitrogen are combined with 8 of oxygen ; in the fifth,
14 grs. of nitrogen are united with 40 of oxygen. Taking the
former, we conclude 14 to be the equivalent of nitrogen ; but if
we selected the other, then the equivalent of nitrogen would
necessarily be five times smaller. On the ordinary view, we
consider the fifth compound to consist of one equivalent of nitro-
gen=14, and 5 equivalents of oxygen==8X5=40. But it will
be seen that this is, to some extent, arbitrary ; and that we might
consider the fifth compound as formed of one equivalent of each,
and the first as composed of one equivalent of oxygen, and 5 of
nitrogen,

#* Here the fractions, for convenience, arg omitted.
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The usual system of equivalents, above explained, being con-
sistent and uniform, as far as possible, is very convenient; but
the student must remember, that while the combining propor-
tions are fixed, it is, in any one compound, a matter of arbitrary
choice, whether it be viewed as containing one or more equi-
valents of any element.

A very large proportion of elements, however, combine among
each other according to laws so simple, that when we have
assumed 8, for example, to represent one equivalent of oxygen,
we need have no doubt as to the equivalents of the other
elements.

In those compounds of one element with two or three propor-
tions of another, where the quantities of the latter are not simple
multiples, but belong to the series 3 : 5 : 7, much greater uncer-
tainty prevails as to the equivalents. Thus, arsenic, antimony,
and phosphorus, form compounds with oxygen, chlorine, and
sulphur, belonging to this latter series ; and chemists are not fully
agreed whether they ought to consider the quantity of arsenic,
antimony, or phosphorus, which combines with 3 or 5 equiva-
lents of oxygen, chlorine, and sulphur, as representing one equi-
valent, or two equivalents. The same doubt occurs in other
cases ; and we are guided, in such instances, chiefly by probabi-
lities, and by the rule to avoid, as much as possible, fractions of
equivalents. Thus, if we suppose the first oxide of arsenic to
contain 1 equivalent of arsenic, and 1 of oxygen, the second
must contain 1 equivalent of arsenic, and 1% equivalent of oxygen.
We, therefore, prefer to consider the first as formed of 2 eq.
arsenic, and 3 eq. oxygen ; and the second as formed of 2 eq.
arsenic, and 5 eq. oxygen. There is still a third way, by which
also fractions may be avoided ; and that is, to make the first a
compound of 1 eq. arsenic, and 3 eq. oxygen ; and the second a
compound of 1 eq. arsenic, and 5 eq. oxygen. This last view,
however, does not, in many cases, agree so well as the pre-
ceding, with the composition of the other compounds of the same
element.

It is to be observed, that whichever view is adopted, the facts
of the proportions remain unchanged. 1t is only the equivalent
of arsenic which requires to be altered.

The equivalent of a compound body is the sum of the equiva-
lents of its component parts. Thus, potash being composed of
1 eq. of potassium, 39, and 1 eq. of oxygen, 8, its equivalent is
39+8=47. Sulphuric acid is composed of 1 eq. of sulphur, 16,
and 3 eq. of oxygen, 24; and, consequently, its equivalent is 40
=16+24. As in the case of elementary bodies, the equivalents
represent the combining proportions, Thus, the neutral sulphate



EQUIVALENT- NUMBERS. 17

of potash contains 47 grains of potash, and 40 grains of sulphuric
acid.  The law of multiples also applies to compound bodies ;
for there is‘another compound of sulphuric acid and potash, the
bisulphate ‘of potash, in which 47 grains of potash are combined
with 80 graing of sulphuric acid, or 1 eq. of potash with 2 eq. of
the acid. - i

The ‘use of equivalents enables us to define more accurately
some of the more important classes of compounds. ;

Oxygen acids are compounds of one or two equivalents of the
metalloids, and of certain metals, with two or more equivalents
of oxygen. G G :

Oxygen bases are, without exception, compounds of metals
with oxygen. In most cases, the base contains ¥ eq. of the metal,
and 1 eq. of 'oxygen ; in a few bases there are two eq. of the metal,
and 3 eq. of oxygen ; and'in one or two there are two egs. of
metal to 1 eq. of oxygen. o

A neutral salt is a compound of 1 eq. of an oxygen acid, with
1 eq. of abase ; or a compound of 1 eq.of a metal with 1eq. of
the radical of a hydrogen-acid. Thus neutral sulphate of potash
contains 1 eq. of sulphuric acid, and 1 eq. of potash ; while com-
mon salt is composed of 1 eq. of sodium, and 1 eq. of chlorine.

A hydrogen acid is, in almost every case, composed of 1 eq. of
hydrogen, and 1 eq. of a radical, simple or compound. Thus
hydrochloric acid is composed of 1 eq. of hydrogen, and 1 eq. of
chlorine ; and hydrocyanic acid is formed of 1 eq. of hydrogen,
and 1 eq. of the compound radical cyanogen.

The equivalent of an acid is that quantity which will form a
neutral salt with one equivalent of a base ; and, in like manner,
the equivalent of a base is that quantity which forms a neutral
salt with one equivalent of an acid.

The equivalent of potash is47. Now,in order to form a neu-
tral salt with 47 grains of potash, 54 grains of nitric acid must
be added : 54 is, therefore, the equivalent of nitric acid. Again,
40 is the equivalent of sulphuric acid; and in order to form a
neutral salt with 40 grains of sulphuric acid, 31 grains of soda are
required. - Hence, 31 is the equivalent of the base, soda or oxide
of sodium. '

Since the equivalent of a compound body is the sum of the
equivalents of its constituents, it follows, that if we know the
equivalent of a compound and the relative proportions by weight
of its component parts, we can calculate the number of equiva-
lents of each element contained in the compound. For example,
we find by analysis, that 100 grains of hyposulphuric acid are
composed of 44'59 grains sulphur, and 55°41 grains oxygen. We
also find, by experiment, that the equivalent of hyposulphuric

c
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acidis 72. Now, in order to ascertain the number of equivalents
of sulphur and oxygen contained in the acid, we first examine
how much sulphur and oxygen are present in 72 grains of the
acid. It is clear, that if 100 grains contain 44'59 of sulphur,
72 will contain 32 of sulphur ; and the remainder, 40, must be
oxygen. But 32 1is equal to 2 eq. of sulphur, the equivalent of
sulphur being 16 ; and 40 is equal to 5 equivalents of oxygen, or
5 times 8. Hence the acid in question is composed of two eq.
of sulphur, combined with 5 eq. of oxygen.

The rule for the above calculation is to ascertain the propor-
tions of the elements in the equivalent number of the compound ;
and as these proportions represent respectively the sums of
the equivalents of the elements, to divide the numbers by
the equivalents. In the above case, 32 (the proportion of
sulphur in 72, the equivalent of the acid)+16=2 eq. of sulphur;
and 40 (the proportion of oxygen in 72 of the acid)+8=5 eq. of
oxygen. :

In cases where we have ascertained the proportions of the
elements in a compound, but are ignorant of its equivalent or
combining proportion, we cannot determine with certainty the
absolute, but only the relative number of equivalents contained
in the compound. For example, it is shown by analysis that 100
grains of sugar of milk contain— {

Carbon . ; 3 . . 4045
Hydrogen . . . BY % 6-61
Oxygen . ; s E . 5294

100-00

But as sugar of milk enters into hardly any combinations, we
cannot ascertain its combining proportion or equivalent, and thus
it is, of course, impossible to tell how many equivalents of
carbon, hydrogen, and oxygen, are contained in 1 eq. of sugar of
milk. But we can ascertain the relative numbers of equivalents
as follows, Divide the weight of carbon in 100 parts of sugar
of milk by the equivalent of carbon, which is 6 : 40.45+6=6.74.
Next, divide the weight of hydrogen in 100, which is 6.61, by
the equivalent of hydrogen, whichis1 : 6.61+1=6.61. Lastly,
divide 52.94, the weight of oxygen in 100, by 8, the equivalent
of oxygen. 52.94-+8=6.61. Here, then, the relative numbers
of equivalents of carbon, hydrogen, and oxygen, are represented
by the numbers 6.74, 6.61, and 6.61 : or, making allowance for
the unavoidable errors of manipulation, there is an equal
number of equivalents of each. We cannot say whether sugar
of milk contains 1, 2, 8, 4, 6, 12, or any other number of equi-
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valents of each of its elements; we only know that if 1 eq. of
sugar of ‘milk contains 6 eq. of carbon, it must likewise contain
6 of oxygen and 6 of hydrogen.

When a body A combines with B and C, and the number of
equivalents of B and of C, which respectively unite with 1 or
more equivalents of A is equal, the compounds A B and A C are
said to correspond in constitution, or they are called correspond-
ing compounds. Thus, 1 eq. of potassium combines with 1 eq.
of oxygen, and 1 eq. of potassium combines with 1 eq. of chlorine,
and we say that chloride of potassivm and protoxide of potassium
(potash) are the corresponding chlorine and oxygen compounds of
that metal.

When two compounds, AB and CD, respectively consist of

an equal number of equivalents, they are said to be proportional
compounds. Thus, oxide of potassium contains 1 eq. of oxygen
and 1 eq. of potassium ; hydrochloric acid, contains 1 eq. of
hydrogen and 1 eq. of chlorine ; and we say that the composition
c()t' hydrochloric acid is proportional to that of oxide of potassinm
- (potash).
Whe21 two proportional compounds mutually decompose each
. other, the resulting compounds are likewise proportional ; and
we lrave a complete case of double decomposition. Thus 1 eq.
hydrochloric acid and 1 eq. oxide of potassium, act on each
other, and give rise to water (1 eq. oxygen and 1 eq. hydrogen)
and to chloride of potassium (1 eq. chlorine and 1 eq. potassium)
which new compounds are obviously proportional. Any excess
of either of the original compounds, beyond the 1 eq. required,
remains undecomposed, and mixes with the new compounds.

When two bodies act on one another, which are not propor-
tional, they may do so in the proportion of one equivalent of
each, or in the proportion of 1 eq. of the one compound to 2 or
more of the other.

In the former case there may be formed—

1. Two new compounds, not proportional to each other, but
corresponding respectively to the two original compounds ; or—

2. Two new proportional compounds, in which case one of the
elements of ome of the original compounds must be partially
separated. ;

We may thus have

1. AB 4 CDD producing AC + BDD
or,
2. AB 4 CDD producing AC + BD 4 D

In the latter case there may be formed—
c2
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1. An equal number of new compounds, not proportional, but
corresponding to the original compounds.

2. Two new compounds, proportional to each other, in which
case an element has been partially separated.

3. Two new compounds, not proportional, and one of which
does not even correspond to either of the original compounds.
Here also an element has been partially separated.
> We may thus have

1. A 4 5Band 5CD producing A 4+ 5C and 5 BD.
2. A 4 2B and 2CD producing AC, 2BD, and C.
3. A+ 5Band 5CD producing A + 3C, 5BD and 2C.

Numerous examples of these and of many similar modes of
decomposition will occur in the course of this work. For the
present, our space makes it necessary to confine ourselves to the
general statements,

Under all circumstances, and in the most complicated che-
mical changes, the composition of the new products must admit,
when expressed in equivalents, of a distinct relation being traced
to the composition of the compounds from which these products
have been derived. It isto the steady application of this prin-
ciple to the investigation of the complicated decompositions of
organic compounds, that we must ascribe the amazingly rapid
progress which has of late been made in organic chemistry.

It is obvious that where we are unable to trace the relation |
above mentioned between the products and the substances which
yield them, this must be looked upon as a proof that we do |
not yet fully understand the changes we are investigating ;
and that we are either mistaken in the composition which |
our analyses lead us to assign to oné or more of the new com- |
pounds, or have overlooked some one or more of the products |
actually formed. ‘

The laws of combination which have been briefly indicated in |
the foregoing pages, have been deduced from accurate observa- |
tion, and are nothing more than an abridged expression of facts.
They are consequently entirely independent of any theory or |
explanation of their causes which may be attempted. Neither
is it necessary to attempt any such theory or explanation, since,
for all practical purposes, the facts alone are required.

But the human mind is never satisfied with observing and
ascertaining facts, and deducing from them those general expres-
sions which are called laws of nature. Man ever strives to
account for, to explain, that which he has observed : and although |
his explanations never reach the essence of things, but onlﬁ
enable him to generalise to a greater extent, and to approach |
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somewhat more nearly the Great First Cause of all, still it appears
to be a law of his intellect, that he shall never cease from his
attempts to explain, by reference to some simple principle, the
complicated phenomena by which he is surrounded.

The facts of gravitation are well known, and entitle us to
admit the law, that all material bodies have a tendency to move
towards each other with a force which is proportional to their
masses, and which varies inversely as the squares of their dis-
tances. To account for this, we are in the habit of assuming the
existence of a certain force which we call the attraction of gravi-
tation. But we know nothing of the nature of this force ; and,
assuming its existence, it is only known to us bir its effects. Nor
does the assumption enable us to understand Aow, in what way,
it acts in attracting masses of matter towards each other.

But if we assume the existence of such a force, acting accord-
ing to the above law, then we can deduce, as necessary inferences
from these data, all the phenomena which have been observed,
and many which have not been observed, but which we are thus
enabled to anticipate. There is, therefore, an obvious advantage
in assuming the existence of this supposed cause, as we are thus
enabled to remember and to classify the phenomena much better
than in the form of a dry catalogue of facts, not attached to any
common idea.

If, in like manner, we seek for some hypothesis, which shall
account for the facts of combination in definite and multiple pro-
portions, the first obvious conclusion is that the cause of these
phenomena must be intimately connected with the mechanical
constitution of matter. But since our senses are not capable of
directly taking cognizance of the ultimate physical constitution
of matter, and since the ultimate causes of natural phenomena
are also beyond the reach of our senses, we must have recourse
to induction from facts, or to some hypothesis regarding the con-
stitution of matter, which may serve to explain the phenomena.

Different opinions have been held as to. the constitution of
matter ; but two in particular have prevailed. According to one,
matter is susceptible of being divided ad infinitum : according
to the other, matter is formed of particles, which are indeed very
minute, far too minute to be cognizable by our senses ; but which
still possess a definite size, and cannot be divided. They are
hence called atoms.

Now it is very remarkable, that if we assume the latter view,
or that which is called the atomic constitution of matter, to be
correct, and if we further assume that the individual atoms of
different elements possess different weights, but always the same
weight in the same element, we can from these data, deduce all
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the facts of combination in definite and multiple proportions.
This is the theory proposed by Dalton—the Atomic Theory.

No other hypothesis hitherto proposed is capable of explaining
the phenomena ; and therefore in the present state of our know-
ledge, and until a better explanation shall be given, we may
admit the atomic theory. It is to be observed, however, that we
have no positive proof of its truth, nor are we likely to obtain
such proof. On the other hand, the discovery of any fact incon-
sistent with the atomic theory would compel us to reject it, even
if we had no other theory to supply its place. But whether the
atomic theory be admitted or not, the facts of combination in
definite and multiple proportions remain unaffected.

Aromic. THEORY.

According to the atomic hypothesis, therefore, matter is com-
posed of certain minute, indivisible particles, or atoms ; and con-
sequently cannot be divided infinitely. We may divide a mass of
matter to a very great extent, far beyond the point at which our
senses cease to be able to follow; but still there is a limit to divi-
sibility, and we should reach that limit if we succeeded in dividing
so far that the resulting particles were the individual atoms.

Here it may be observed, that the partisans of the opinion
according to which matter is infinitely divisible argue thus: there
is no conceivable particle of matter so small that we cannot con-
ceive it to be divided into two halves, and so on ad infinitum :
therefore there is no limit to the divisibility of matter.

Now while we admit that there is no limit to owr conception of
the divisibility of matter, this does not prove that there may not
be a limit, in point of fact, to its actual divisibility. For, let us
consider a moment what division really is; and we shall find
that it can only be defined as the separation of one portion of
matter from others. Now as matter, in its usual forms, un-
doubtedly consists of particles held together, more or less firmly,
by cohesion, it is plain that we can easily, by overcoming cohe-
sion, separate those particles from each other, and this is ordi-
nary division. ’

But, on the atomic hypothesis, each of these visible ordinary
particles is, like the original mass, formed of still smaller particles
cohering together, but, in neither case, in absolute contact.
Indeed, the phenomena of expansion by heat, and contraction
by cold, demonstrate that the particles of matter are not in abso-
lute contact : in other words, an ordinary mass of matter may be
defined as @ portion of space not entirely filled with matter.

Let us now define an atom as @ portion of space entirely filled
by maiter, and we see at once that such a mass cannot possibly
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admit of division., It is strictly a unit, and as division implies
separation of one unit from another, it is here evidently impos-
sible. It is not meant that we can prove this to be the nature of
atoms, for we cannot even prove their existence: but the object
of the above illustration is to show that we can conceive the
existence of an indivisible particle, and therefore that the argu-
ment above described in favour of the infinite divisibility of
matter is not necessarily conclusive.

Such a particle or atom as has now been defined, or, in other
words, a single portion of matter entirely filling the space bounded
by its circumference, cannot be cut in two, like a mass of matter,
for there is no interstice into which, as in ordinary matter, the
edge of a cutting instrument can penetrate ; and it cannot, being
a unit, be separated from itself. It cannot be crushed to powder,
for the particles of a powder existed previously as distinct par-
ticles, in the solid mass of matter, and were only separated by
the force employed. It cannot be drawn out like metal into
wire, or beat out into thin leaves: for both drawing out and
beating out are merely new arrangements of a plurality of par-
ticles, and we have here only a unit.

Moreover, such a particle or atom would, in all probability, be
spherical, since no reason can be assigned why one dimension
should exceed another. It would no doubt be opaque; for
transparency is the result of the passage of light through the
vacant spaces between the particles of matter : and colourless,

ecause colour depends on the action of the particles of matter
on light ; and it would be perfectly hard.

In short, it is evident that we can imagine indivisible atoms
to exist ; and that the physical properties of matter are not in
any degree inconsistent with the idea that it is made up of such
atoms.

" The atomic hypothesis goes on to assume that the atoms of the
different elements possess different weights, but that those of
the same element possess invariably the same weight.

The third assumption is, that when one element unites with
another, the atoms of the two respectively combine. Thus, an
atom of A combines with an atom of B, to form an atom of the
compound AB. Or two atoms of A unite with three atoms of
B, to form an atom of the compound AABBB.

A distinction must here be made between simple or elemen-
tary atoms and compound atoms. It is obvious that an atom
of AB, if it contain an atom of A and an atom of B, may be
decomposed, and A separated from B. AB is, therefore, not
an atom in the fullest sense of the word. But A cannot be
separated from B by mechanical means, or otherwise than
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by chemical agency; so that, in a mechanical sense, AB is
an atom, although a compound one. A mass of the compound
AB is made up of mechanically indivisible, but chemically
divisible, particles of AB, each of which, although it may be
called an atom, contains an atom of each of the elements.

The absolute weight of the atoms of the different elements
is altogether unknown. If, indeed, we had any means of
ascertaining the number of atoms in a given weight of any
element, in one grain for example, we should know the actual
weight of each atom ; but this is for the present beyond our

ower.

- But we know the relative weights of two elements which
combine to form a given compound ; and, therefore, if we
assume that the compound contains one atom of each element,
we know at once the relative weights of the atoms of those
elements. Thus, 8 grains of oxygen unite with 1 grain of
hydrogen to form 9 grains of water ; and we assume that water
contains 1 atom of each element, or an equal number of atoms
of each. In that case it is clear that the relative weights of the
single atoms must be the same as those of what are assumed
to be equal numbers of each ; and, consequently, 1 atom of
oxygen will be eight times heavier than 1 atom of hydrogen. If
the 8 grains of oxygen contain 8,000,000 of atoms, then 1 atom
of oxygen would weigh ryy845u of a grain, and 1 atom of
hydrogen +yoboeos Of a grain. But although we shall most
probably never know the actual number in a given weight, or
the absolute weight of the atoms, we are not the less sure that,
if matter be composed of atoms, differing in weight for each
element, and if water be formed by the union of an equal number
of atoms of oxygen and hydrogen, then 1 atom of oxygen must be
8 times heavier than 1 atom of hydrogen.

These numbers, then, express merely the relative weights of
these atoms : on the above assumptions, 8 represents the weight
of an atom of oxygen, if an atom of hydrogen be supposed to
weigh 1; and 125 will represent the weight of an atom of
hydrogen, if an atom of oxygen be supposed to weigh 100. It
is evident that any other numbers might be used, provided the
ratio, in this case that of 8 to 1, were kept up.

It is now easy to see, that the atomic hypothesis, if assumed,
at once explains all the facts of combination in definite and
multiple proportions. As has already been remarked, no other
hypothesis, yet proposed, is capable of doing this; and, therefore,
while we must not lose sight of the fact that the atomic hype-
thesis has not been, and indeed probably never will be, demon-
strated to be true, we are justified in adopting it, until it shall
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be proved to be false, or until a better one shall be proposed
© in its stead.

It will be observed that the weights of the atoms, or atomic
weights, as they are termed, coincide with the equivalent
numbers previously given. When, therefore, the term atomic
weight is used, it is not as implying the established truth of the
atomic theory, but only as a convenient synonym for the term
equivalent, or for that of combining proportion. Whichever
name we use, it must never be forgot that the facts remain
unchanged, and are independent of all hypothesis. 9 grains of
water invariably contain 8 of oxygen and 1 of hydrogen, whether
we speak of the combining proportions, the equivalents, or the
atomic weights of oxygen and hydrogen being represented by
the numbers 8 and 1. The two former expressions have the
advantage of simply expressing the fact without any allusion to
hypothesis, and are, therefore, strictly speaking, preferable : but
the latter is much used, and may safely be employed when
properly defined.

In this country, the terms equivalent and atom have been from
the beginning held to be entirely synonymous. On the Continent,
this has not been the case : for the equivalent of many elements,
such as hydrogen, chlorine, &c., has been there assumed to
contain 2 atoms ; and hence the atomic weight of hydrogen, for
example, has been on the Continent one half of that adopted here.

This is a matter which is, to a great extent, arbitrary, and
only affects the mode of viewing and representing the composi-
tion of certain compounds. Thus Continental chemists, admitting
as we do that 9 grains of water contain 8 of oxygen and 1 of
hydrogen, consider water to be composed of 1 atom of oxygen
and two atoms (= 1 equivalent) of hydrogen ; they, consequently,
give to hydrogen the atomic weight of 0.5, that of oxygen being
8; or 6.25, that of oxygen being 100.

It is not easy to decide whether water be composed of I afom
of each element, or of 1 afom of oxygen to 2 atoms of hydrogen.
But as both parties agree that water contains 1 equivalent of
each element, it is obvious that the system adopted in Britain,
by which equivalent is made entirely synonymous with atom,
has the very great advantage of supgrior simplicity : and that
system will, therefore, be followed in this work. Within the
last year or two several of the most distinguished chemists on
the Continent have adopted the British system in this respect,
and there is little doubt that it will, ere long, become universally
prevalent. f

The table of equivalents, formerly given, is therefore, at the
same time a table of atomic weights. It is now time to give
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rules for the use of that table,and particularly for the use of the
abbreviations or symbols there attached to the elements, in the
construction of formule.

Cuemicar Sympors ANp FormuLz.

These have nothing in common with algebraical symbols and
formule. They are mere abbreviations, and are intended to
express only the arithmetical operations of addition and subtrac-
tion. Varlous systems have been given to the world : but that
which has finally obtained the most extensive currency among
the chemists of the day, is one proposed by Liebig and Poggen-
dorff, which we now proceed to explain.

The symbol of an element, standing alone, signifies 1 atom, or
equivalent, of the element. Thus O stands for 1 atom of oxygen,
H for 1 atom of hydrogen, and Fe for 1 atom of iron (ferrum).

A symbol, with a small figure below and to the right, signifies
as many atoms of the element as the figure expresses. Thus
O, means 2 atoms of oxygen, S, 5 atoms of sulphur.

Two symbols joined by the sign 4+, or simply placed together,
signify a compound of 1 atom of each element. Thus, H 4 O,
or simply HO, means water, a compound of 1 atom hydrogen,
and 1 atom oxygen.

If a figure be attached, as above, to either or both symbols, it
multiplies that symbol only to which it is attached. Thus Mn
O, is the symbol for peroxide of manganese, a compound of
1 eq. manganese and 2 eq. oxygen. Cu, O is the symbol of
suboxide of copper, composed of 2 eq. of copper and 1 eq. oxygen.
Fe, O, is the symbol of peroxide of iron, which contains 2 eq.
of iron and 3 eq. of oxygen.

When a compound, formed of two or more compounds, is to
be expressed, the compounds which combine are joined, either
by a 4 sign or by a comma. Thus HO + SO, or HO, SO,
both signify hydrated sulphuric acid, a compound of 1 eq. water
and 1 eq. dry sulphuric acid.

A large figure, printed on the same level as the symbol, and to
the left of it, multiplies every symbol as far as the next comma,
or the next 4 sign ; or it multiplies all within brackets if placed
before them. Thus 2 HO,means 2 atoms of water, 2 S0_,KO,
H O represents bisulphate of potash, a compound of 2 eq. sulphu-~
ric acid, 1 eq. potash, and 1 eq. water. It might also be written
2 80, + KO + HO. But the following, 2 (SO,, KO, HO)
would signify 2 eq. of a compound which was formed of 1 eq.
sulphuric acid, 1 eq. potash, and 1 eq. water.

When a compound contains 3 or more elements, the symbols
are written simply one after the other, with the necessary figures.
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Thus, sugar is represented by C , H,, O, ¢ that is 12 eq. car-
bon, 10 eq. hydrogen, and 10 eq. oxygen. Alcoholis C, H, O,.
If we wish to show that any compound of three or more ele=
ments really contains two compounds, it is expressed in the fol-
lowing manner : alcohol, C, H, O,, when viewed as a compound
of ether and water becomes C, H, O 4 HO. Benzoic ether,
C.. Igm O, becomes C,, H, O, (benzoic acid) + C, H, O
ether
! In this way we find it quite easy to express in symbols the
composition of the most complicated substances. For example,
crystallised alum is composed of 1 eq. neutral sulphate of potash,
1 eq. tersulphate of alumina, and 24 eq. of water of crystallisa-
tion. This is expressed in symbols, as follows :

KO, 80, + Al,0,. 380, + 24 HO.

And this abbreviated expression contains, in a line, in addition to
the general information concerning alum printed above, more
information as to details than could be given in a page of print.
It informs us, for example, that alum contains 4 eq. sulphuric
acid, of which 1 is combined with 1 eq. of potash, and 3 with 1
eq. of alumina : ‘that alumina is a sesquioxide of aluminum : that
1 eq. alum contains 1 eq. potassium, 2 eq. aluminum, 4 eq. sul-
phur, 24 eq. hydrogen, an(f 40 eq. oxygen, &c. &c. &c.

There are, besides the direct information thus conveyed by
symbols, two most important uses to which they are applied.

The first is, to render easily intelligible the view taken by a
writer.of any chemical change, however complicated. This is
done by means of a formula or equation: in which all that is
essential is, that the sum of the various symbols should be the
same on both sides. Thus, to take an example previously de-
scribed in words (at p. 19), the action of oxide of potassium on
hydrochloric acid. This is expressed in a formula as follows :

KO + HCl=HO 4 KCL

Here the symbols on the left are those of the bodies which act
on each other, oxide of potassium and hydrochloric acid : while
those on the right are the symbols of the new compounds pro-
duced, water and chloride of potassium.

Or, to take a more complicated case.

Sugar, C,, H,, O, , when acted on by 6 eq. of hyperman-
ganate of potash, Kd, Mn, O,, gives rise to 6 eq. of oxalate of
potash, KO, C, O,, 12 eq. of peroxide of manganese Mn O,,
and 10 eq. of water. All this is briefly and clearly expressed by
the equation

C,,H,,0,, 4 6 (KO, Mn, 0,)=
6 (KO, C, 0,) + 12 Mn O, + 10 HO.
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The second very important use to which these equations are
applied is, that of calculating the quantities of the different sub-
stances which must be employed, in order to operate as economi-
cally as possible, and likewise the weight of the products which
ought to be obtained. Thus, in the last example, we wish to
know what proportions of sugar and hypermanganate of potash
ought to be used, that nothing of either should be wasted: and
also how much oxalate of potash, peroxide of manganese and
water will be obtained. By means of the above equation,and
the table of atomic weights, we can easily make all these calcu-
lations. Since the equivalent or atomic weight of a compound
is the sum of those of its elements, it is obvious that the equi-
valent of sugar is equal to the sum of 12 eq. of carbon + 10 eq.
hydrogen 4 10 oxygen. Now by the table, the equivalent of
carbon is 6, that of hydrogen 1, that of oxygen 8. Hence the
equivalent of sugar is =6 X 124+1X 1048 X 10="72+
10 4 80=162. In like manner the equivalent of hyperman-
ganate of potash is found to be, in round numbers, 160. For
every 162 parts, therefore, of sugar, we must employ 6 times 160
=960 parts of hypermanganate of potash. 'The whole materials
employed amount to 1122, ’

On the other hand, we obtain of oxalate of potash, the equi-
valent of which is (in round numbers) 84, 6 equivalents=504 ;
of peroxide of manganese, the equivalent of which is 44, 12
equivalents = 528; and of water, the equivalent of which 1s 9,
10 equivalents =90 ; the whole products amounting to 1122.

It is hardly possible to exaggerate the value of so easy a
method of representing chemical changes, and of making all the
necessary calculations connected with them. Every chemist, and
every student of chemistry, ought to be quite familiar with the
use of chemical formulw® ; and, indeed, without this knowledge
it will soon be impossible to read chemical writings. The use
of formuls enables the writer so easily to put before his readers,
in a very small space, any conceivable view of the phenomena,
such as might require pages to explain in words, that they are
now universally employed.

Even in the commorest use of symbols and atomic weights,
that, namely, of expressing the composition of any compound,
the advantage derived from their employment is immense. Thus,
previous to the invention of tables of atomic weights, chemists
could only express the composition of a compound by giving the
proportions of the elements contained in 100 parts. For example,
water, the protoxide of hydrogen, was found to consist of—
Hydrogen, 11.11; and oxygen, 88.88, in 100 parts ; while the
deutoxide of hydrogen was found to consist of—hydrogen, 5.89;
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and oxygen, 94.11, in 100 parts. It is very difficult for the
memory to retain these numbers with accuracy, even in the case
of a few such compounds ; how much more so, then, must it be
to remember the composition of the numerous bodies with which
the chemist is constantly occupied !

If, however, we have recourse to symbols, we have only
to express the composition of water by HO, and that of the
deutoxide of hydrogen by HO, ; and referring to the table of
atomic weights, we find that the former contains 1 of hydrogen
to 8 oxygen, and the latter, 1 of hydrogen to 16 of oxygen.
Even if we could not retain these latter numbers, we should
thus still derive great benefit from the use of symbols; but the
fact is, that we soon learn the atomic weights of the more
important elements, and are not compelled to have recourse to
the table for them.

Bat this is not all ; for in the numbers, as given in 100 parts,
we can trace no relation ; and, consequently, if we commit them
to memory, must do so as bare numbers. In the symbols, on
the contrary, we see at a glance that the same quantity of
hydrogen which, in water, is combined with a given weight of
oxygen, is combined with double that weight in the deutoxide
of hydrogen ; and we are thus supplied, not only with a fact, in
itself, of the highest value, but also with a link by which the
composition of two substances is associated in the memory, and
therefore retained with facility.

Before quitting this part of the subject, it is well to point out
two results which follow from the atomic theory.

The first is, that since, by definition, an atom is that which
cannot be divided, there cannot be formed a compound of
‘1 atom, or equivalent of one element, and } an atom (or any
fractional number of atoms, as 1}, 24, &c.) of another element.
Should such proportions appear to exist, they must be so
expressed as to get rid of fractions, otherwise they imply a
contradiction in terms. Thus, for example, iron combines with
oxygen in two proportions. In the first compound, or protoxide
of iron, 28 parts (1 eq.) of iron are combined with 8 parts, or
1 eq., of oxygen. We, therefore, assume this compound to
contain 1 atom of each element, and express it in symbols by
FeO. In the other oxide, or peroxide of iron, 28 parts, or 1 eq.,
of iron are found to be combined with 12 parts of oxygen.
Now, 8 being 1 eq. of oxygen, 12 must be 14 eq. But as it
would be absurd to call this oxide a compound of 1 atom of iron
and 1% atom of oxygen, we get rid of the fraction by doubling
both numbers, and we represent the peroxide of iron by Fe, O,
Here the proportion is still that of 1 to 1}, but the absurdity of
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dividing an atom is avoided. It is obvious that the atomie
weight of the compound is double what it would be if we had
retained the fraction; for Fe, =56, and O, =24 : and 56 :
24::28:12. As the proportlon is still thaf of 1 to 1} atom,
although there are, in reality, 2 to 3, this compound is frequently
called sesquioxide of iron, from sesqui, a prefix signifying one
and a half. The prefix, sesqué, is used in many similar cases,
precisely in the same way,

Of course, where analysis indicates the proportions of 1 atom
of A to 24 or 3% of B, we, in like manner, to avoid fractions,
express these proportlons by 2to 5, or b{m 2to 7. The symbol
for p(l)losphorlc acid is P, O : that of ypermanganic acid is
Mn

The ‘second result or corollary from the atomic theory is, that
when two compounds having a common element unite together,
the amount of the comman element in the equivalent of the one
is, to its amount in the equivalent of the other, in a ratio which
may be expressed by whole numbers. Thus, potash is com-
posed of potassium and oxygen, sulphuric acid of sulphur and
oxygen. Here oxygen is the common element. Now, in an
equivalent of potash, KO, there is 1 atom of oxygen=8. In
an equivalent of sulphuric acid, 8O,, there are 3 atoms of
oxygen = 24 ; and it is obvious that the oxygen in the latter is
to that in the former as 3 : 1. This relation is at once seen in
the formula of the compound, sulphate of potash, which is
KO, S0, ; and it prevails necessarily in all neutral compounds
of sulphuric acid with bases which have an analogous consti-
tution., In nitrate of potash, KO, NO,, the ratio is different,
being as 5 : 1. When an acid, such as sulphuric acid, forms
a neutral salt with a base of a constitution different from that
of potash as, for example, with sesquioxide of iron, the relation
of 3 to 1 is still kept up : for the neutral sulphate of sesqui-
oxide of iron is Fe,O,,380,. In a compound not neutral,
such as Fe O, S(.g) “which” represents the basic sulphate
of sesqulomée of lron, the relation is different, being that of
3 :3o0rl:1; butstill it is capable of being expressed in whole
numbers.

COMBINATION BY VOLUMES.

When two gaseous bodies combine together, it is always in
such proportions, by volume, that 1 volume of the one gas
combines with one or two or more volumes of the other ; and if
the resulting compound be gaseous, its volume bears some simple
ratio to those of its elements. Thus, 1 vol. hydrogen combines
with 1 vol. chlorine, to produce 2 vol. hydrochloric acid ; and
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2 vol. hydrogen combine with 1 vol. oxygen, to form 2 vol. of
the vapour or gas of water. It is evident, that where two gases
combine in several proportions, the law of multiple proportions
must prevail in regard to the volumes as well as in regard to the
weights. For example, in the five compounds of nitrogen and
oxygen formerly mentioned, 2 vol. nitrogen are combined with
1, 2, 3, 4, and 5 vol. oxygen.

The volume of the compound is in all cases either equal to
the sum of the volumes of its component gases, or less than that
sum ; in the latter case condensation has taken place. It follows
that 1 vol. of a compound gas contains either 1 vol. of each of
its constituents, or a multiple or a submultiple of a volume of
one or hoth.

It is easy to see that there must be a relation between the
volume and the weight of gaseous elements, since the law of
definite proportions can be traced in both. Since water, for
example, is composed of 8 parts by weight of oxygen to 1 of
hydrogen, and of 2 parts by volume of hydrogen to 1 of oxygen,
it must be possible to construct a table of combining volumes, as
well as a table of atomic weights ; and in fact this may be done
in regard to all those elements which may be made to assume
the form of gas, and even in regard to some which cannot
be obtained in that form, but which combine with gaseous
elements to form gaseous compounds.

If the weight of a given volume of oxygen be called 1:000, it
will be found that an equal volume of hydrogen will weigh
sixteen times less, or 0°0625 ; and these numbers will represent
the relative specific gravities of these gases, But we already
know that in water 1 vol. of oxygen is combined with 2 vols.
hydrogen ; or, taking the specific gravities, 1'000 oxygen with
2X00625=0125 hydrogen. Now these latter numbers are
precisely the atomic weights or equivalents of oxygen and
hydrogen, oxygen being made the standard, and = 1-000.
Again, 1 vol. hydrogen combines with 1 vol. chlorine to form
hydrochloric acid. Now, if 1 vol. hydrogen as above, be repre-
sented as weighing 0°0625, 1 vol. chlorine will be found to
weigh 2:25 ; and these numbers are to each other precisely in
the ratio of the equivalents of the two gases, which, on the
oxygen scale, are 12'5 and 450, or on the hydrogen scale
1 and 36. o

It was for a long time supposed, especially among Continental
chemists, that equal volumes of the simple gases contained equal
numbers of atoms. Were this the case, the specific gravities of
the gases compared to oxygen as a standard, would of necessity
coincide with the atomic weights as compared with the same
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standard : and would at all events, whatever standard might
be employed, bear the same ratio to each other. * Specific
gravity in the gaseous form and atomic weight would then be
synonymous. . 5
Experiment, however, has demonstrated that this is not the
case ; but that, while an equivalent of one element is represented
by one volume of its gas, two volumes are required to make an
equivalent in: some cases; and  one-half volume, one-third
volume, or even less, in others. In the following table will be
found the specific gravities or the weights of equal volumes of
such elements as admit of their specific gravities being either
directly taken or calculated. In the first column are given
the usual specific gravities compared to atmospheric air as the
standard: in the second the specific gravities compared to hydro-
gen as the standard, in'order to show the relation to the atomic
weights :—

3

Specific Gravities. Chemical Equivalents,
Gas or Vapour.
Air=1. |Hydrogen=1.|. By Vol. |ByWeight.
Hydrogen. . . . .| 00690 1-00 100 1-00
Nitrogen . . . . .| 09727 14-12 100 14:15
Carbon (hypothetical) . | 0:4213 612 100 612
Chlorine . . . . . 24700 3584 100 3542
Todin'e' S0 SIS (T 8-7011 126-30 100 | 126-30
Bromine . . . . .| 543930 78:40 100 7840
Mercury . . . . . 69690 101-00 200 | 202-00
Oxygén . ' LG 1-1025 1600 50 800
Phosphorus . . . .| 4-3273 628 25 1570
Arsenic . : ... . [ 103620 1508 25 377
Sulphur . . .. . 6-6480 9648 16-66 16-10

It will be observed that the numbers in the second column are
not the same in all cases as the equivalent numbers of the
elements ; but many of them are so, and in these cases a volume
represents an equivalent. The other numbers are multiples by
a whole number of the equivalent, oxygen being represented, for
example, by 16 = 2 X 8, and sulpbur by 96=26 x 16. This
shows that if an equivalent of hydrogen, chlorine, be represented
by 1 vol., an equivalent of oxygen is represented by % vol., and
an equivalent of sulphur by & vol.

The knowledge of the proportions by volume according to
which bodies combine, and of the specific gravity of gaseous
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bodies, enables us to answer a great many questions, and decide
a great many doubtful points in Chemistry. Thus—

1. If we know the specific gravity of two simple gases and
the proportions by volume in which they combine, we can
calculate the composition, by weight, of the compound. Thus,
2 vols. of hydrogen combine with 1 vol. of oxygen to form
water. Now, the Sp. G. of hydrogen (Air = 1'000), is 0-0694,
and that of oxygen is 1'1111. © Therefore water is composed, by.
weight, of 0°0694 X 2= 0'1388 of hydrogen, and 1'1111 o
oxygen.

2. If we know the volumes of the elements of a compound,
and their specific gravities, and the volume of the compound, we
can calculate the Sp. G. of the compound. To take the same
example, 2 vols. hydrogen, Sp. G. = 00694, and 1 vol. oxygen,
SI\%L G. = 1'1111, combine to form 2 vols. vapour of water.

ow the vapour of water must weigh as much as the oxygen
and hydrogen taken together, that is, 00694 X 2+1-1111=1-2499.
But as this represents the weight of 2 vols. vapour of water, the
weight of 1 vol. vapour of water (or the specific gravity) must
be 12499 +-2=06249.

3. If we know the volume and the Sp. G. of one of the two
elements of a binary compound, and the Sp. G. of the compound
itself, we can calculate the composition, by weight, of the com-
pound. Thus, 1 vol. carbonic acid gas contains 1 vol. of oxygen ;
the Sp. G. of carbonic acid gas is 1'5239, and that of oxygen as
before is 1'1111. Subtracting the latter number from the former,
we have 04128, which must represent the weight of carbon
united with 11111 of oxygen ; and this is the composition, by
weight, of carbonic acid gas.

4. If we know the specific gravity of a compound and its

~ composition by weight, we can calculate the composition by
volume. Example—by experiment the Sp. G. of the vapour of
aldehyde gthe weight of 1 vol.), was found to be 1-532 ; and the
analysis of the compound showed that its composition by weight
was, carbon 55024, hydrogen 8983, and oxygen 35'993, in
100 parts. Now, in order to ascertain the composition by
volume, let us calculate the proportions of carbon, hydrogen, and
oxygen in 1°532.

If 100 parts contain 55:024 carbon, 1°532 contain 0-84279
i 5s 8983 hydrogen B 0:13760
o » 35993 oxygen o 0-55130

Now, the specific gravity or weight of 1 vol. of carbon is
hypothetical or calculated : it is assumed to be 042139 (see
‘table) : 1 vol. of hydrogen weighs 0'0694, and 1 vol. oxygen

D
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weighs 1'1111. It is easy to see, therefore, that 1 vol. of the
vapour of aldehyde contains :—

2 vol. vapour of carbon . . . . 084279
2 vols. hydrogen 4 4 7 . . 01388
4 vol. oxygen 3 Y . .. 05555

1t is obvious, therefore, that the knowledge of the volumes in
which gaseous bodies combine, and of their specific gravities, is
of great value to the chemist : but we must not forget that we
have no evidence that equal volumes of different elements con-
tain an equal number of atoms ; or, in other words, that the term
volume may be substituted for atom or equivalent, as was at one
time supposed. On the contrary, all the recent researches on
this point go to prove that, in the case of many elements, a
volume corresponds to two or more equivalents.

IsomorpHISM.

Most substances, when they assume the solid form slowly, so
as to allow the particles to follow their natural attractions,
exhibit, more or less perfectly, a regular form : in other words,
they crystallise. Thus carbon, when slowly deposited in the
form of diamond, assumes the form of a regular octohedron, or
of some form geometrically allied to it ; and common salt, a com-
pound body, takes the form of the cube and its modifications,
ncluding the octohedron.

Now 1t has been observed that the same substance invariably
crystallises in forms belonging to the same system, but that
different substances very frequently present different crystalline
forms. Thus, while diamond crystallises in regular octohedrons,
iodine forms acute rhombic octohedrons: and while common
salt crystallises in cubes, chloride of barium yields right rhombie
prisms.

It happens, occasionally, but rarely, that the same element is
capable of assuming two crystalline forms, belonging to’ different
systems, and not geometrically connected with each other.
Thus sulphur, crystallising from its solution in bisulphuret of
carbon, forms very acute rhombic octohedrons, but when melted
by heat, and allowed to consolidate by cooling, it yields oblique
rhombic prisms.

The same is occasionally observed in compound bodies. Thus,
carbonate of lime, in its common form of Iceland spar, crystallises
in obtuse rhombohedrons and in innumerable varieties of that
form : but in the rarer form of arragonite, it assumes the form of
a rhombic prism.
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These cases, and others which are analogous, are to be explained
by a different arrangement of particles, dependent most probably.
on a difference of temperature at the period of the formation of
the crystals. They are not, however, numerous enough to affect
the general law, that the same substance always assumes the
same crystalline form.

But the admirable researches of Gay-Lussac and of Mitscherlich
have established the fact, that in many instances, different com-
pounds assume the same form. Thus, the following substances,
and many others, take the form of the cube, tetrahedron, or
regular octohedron, which are geometrically connected. Chloride
of sodium (sea-salt), chloride of potassium, sal ammoniac :
bromide of potassium : iodide of potassium : sulphuret of lead :
fluoride of calcium: bisulphuret of iron: arseniuret of cobalt :
sulphate of alumina and potash (alum) : ammonia alum : chrome
alum, iron alum: sesquioxide of iron, sesquioxide of aluminum,
sesquioxide of chromium. In like manner, other crystalline
forms are found to be common to many different compounds,
although none occurs so frequently as the cube and its congeners.

Now at first sight it would appear that no relation whatever
could exist between the form of these numerous and very
different compounds, and their composition. But on closer
inspection, they are found to arrange themselves into groups. Of
these groups, two may be specified among the compounds above

‘enumerated. One is that of the chlorides, bromides, iodides, and
fluorides of metals, having %he formula MR, that is, 1 at : metal
to 1 at : radical. This includes chloride of potassium KCI, of
sodium Na Cl, of ammonium (sal ammoniac) Am Cl:* to which
may be added bromide of potassium KBr, iodide of potassium
KT, and fluoride of calcium Ca F : and this group is a very large
one. It will be observed that the members of it contain an
equivalent of a metal united to 1 equivalent of a metalloid, and
are therefore, so far analogous in composition. The next group

|15 that of the alums. Common alum has this formula,

KO, S0, + Al, 0, 3850, + 24 HO.
Now if we substitute ammonium for potassium, we have
AmO0, 80, + Al,0,, 380, + 24HO:
i and this is the formula of ammonia alum. Chrome alum is

KO, SO, + Cr, O, 380, + 24HO:

* See the section on Ammonjum.
D2
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and another may be formed by substituting Am for K. Iron
alum is
KO, S0, -+ Fe, 0,, 380, 4+ 24 HO.

And here also another alum is obtained by substituting Am for
K. A good many more alums may be procured by substituting
Na (sodium) for K, and Mn for Al, that is, manganese for
aluminum ; and all these salts have the same crystalline form and
the same general properties. Here, as in the former more simple
group, the analogy in constitution is at once obvious. Every
alum is :
m 0, S0, + My 05,380, + 24110 ;

m stands for a metal of one class such as potassium, sodium or
ammonium : and M for a metal of another class, such as alumi-
num, iron, chromium or manganese. It appears, therefore, that
a salt, containing 1 eq. of a neutral sulphate of a protoxide of one
of the former metals (mO, SO,), along with 1 eq. of a neutral
tersulphate of a sesquioxide of one of the latter metals, (M,O,,
380,), and 24 eq. water (24 HO) takes the crystalline form of
common alum, the type of this group. From this we must con-
clude that the similar arrangement of particles prevailing in all
these alums is one chief cause of the similarity in form. We see
that the particles need not be all identical in two similar crystals ;
for example, of common alum and of iron alum. But there must
be an analogy between those elements the equivalents of which
may be mutually substituted for each other. We find, accord-
ingly, in all other relations an analogy between potassium,
sodium, and ammonium, on the one hand, and between alumi-
num, iron, chromium, and manganese on the other. In the
group first mentioned, that of the chlorides, bromides, and iodides
of certain metals, we find the same analogy between potassium,
sodium, and ammonium on the one’side, and between chlorine,
bromine, and jodiné on the other.

Now to these groups of analogous elements, the name of
isomorphous groups has been given, as there is every reason to
believe that, as elements, they possess the same form (i00s, equal,
and popgm, form); and the phenomena of identical form in
compounds of different but analogous composition, have received
the name of isomorphism. Two elements are isomorphous,
which either crystallise in the same form, or may be substituted
for each other in their compounds, equivalent for equivalent,
(the other elements remaining unchanged) without affecting the
form of the compound.

The doctrine of isomorphism enables us, in many cases, to
decide on the formula of a compound, and, consequently, on its
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equivalent. Thus, we have seen that aluminum or iron may be
replaced by chromium, without change of form, in alum ; and we
find that sesquioxide of aluminum, sesquioxide of iron, and oxide
of chromium, also crystallise in the same form. Now, the com-
position of oxide of chromium was formerly uncertain ; but, find-
ing as we do, that it is isomorphous with the other two sesqui-
oxides, we conclude that it is also a sesquioxide, and that its
formula is Cr, O,. !

Again, chromic acid is found to contain twice as much oxygen
for the same am wnt of chromium, or it may be represented as
Cr, O,. This being a most improbable formula, we observe
next, that chromic acid may be substituted for sulphuric acid,
without change of form ; in other words, these acids are isomor-
phous. But the formula of sulphuric acid is S O,, and we,
therefore, conclude, that the formula of chromic acid is Cr O, ;
which agrees perfectly with the first observation, that it contains
twice as much oxygen for the same weight of chromium as the
oxide does ; for Cr O, is the very same proportion as Cr, O,

The following isomorphous groups have been establisiled, and
the existence of more is highly probable :—

1. i
Silver . g WPy, = A Salts of potash . SHRTO
Gold . G20 Aw Salts of oxide of ammo-
nium v @1 ¥ LAm 1@
2. (Or ammonia NH, +
Arsenious Acid (in its water, HO=NH, 0)
unusual form) . . As, O,
Sesquioxideof Antimony S§b, O, 8.
Oxide of silver . . Ag O
3. Oxide of sodium . . Na O
Alumina . e L 'S o
Sesquioxide of iron . Fe, O, | Baryta . ; . Ba O
. N chromium . Cr, O, | Strontia . . £ el =gtk 6)
3 manganese . Mn, O; | Lime (in arragonite) . Ca O
Oxide of lead . o §PHIO
. 4.
Phosphoric acid . & ByinOy 10.
Arsenic acid » + Asg Oy | Lime (in Iceland spar) . Ca O
Magnesia . .. Mg O
5. Protoxide of iron . . Fe O
Sulphuric acid . S b Ol % manganese Mn O
Selenic acid . AR A b5 b L ZINCT L o s L)
Chromic acid 3 O {4 cobalt . Co O
Manganic acid e el € 2 nickel . . Ni O
e copper . Cu O
6. A lead (in |
Hypermanganicacid . Mn, O, plumbo calcite) Pb O
Hyperchloricacid . , Cl = O,
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The above groups are almost all formed of compounds ; either
because these compounds are found to be actually isomorphous
when themselves crystallised, as, for example, the sesquioxides
in group 3 ; or because they may be mutually substituted for’
each other, in those compounds into which they enter, without
change of form. This, as we have seen, is the case with the
sesquioxides in the alums; and, indeed, three of these oxides
have been obtained in crystals, and found to be themselves iso-
morphous. But it is also the case with the acids ; for example,
in groups 4 and 5, although we do not positively know, what is,
however, most probable, that these acids possess, in each group
respectively, the same form. Although, for example, we cannot
say that arsenic and phosphoric acids are themselves isomor-
phous, since they do not crystallise, yet their salts are strictly
1somorphous ; and the analogy extends not only to form, but to
<colour, taste, and many other external qualities. So strong, in-
«deed, 1s this external resemblance that, in many cases, we must
actually decompose one of these salts, and ascertain whether it
contain arsenic or phosphorus, before we can say whether the
salt is an arseniate or a phosphate, The same extraordinary
similarity in all external characters, is seen in the salts of the
sulphuric and selenic acids.

We can hardly doubt that not only the salts, but the acids,
are really isomorphous, and would be found so, if we could ob-
tain them all in erystals ; and we have the same reason to con-
clude that the elements of these acids are also isomorphous ; that
arsenic and phosphorus, sulphur and selenium, for example,
crystallise in the same form.

Indeed, the only plausible explanation of the existence of
isomorphous groups of compounds is, that the elements charac-
terising those groups are isomorphous, and that hence their ana-
logous compounds are so. If we assume that arsenic and phos-
phorus are isomorphous, then we see that As, O, must be iso-
morphous with P, O,, since the oxygen in both is, of course,
the same. In like manner, arseniate of soda, As, O, 2 Na O,
HO, 24 aq., must be isomorphous with phosphate of soda, P,
0., 2 Na O, HO, 24 aq., since all the elements in these two
salts are the same in nature, number, and arrangement, except
that As, in the first is replaced by P, in the second, and the
elements As and P have been assumed to possess the same form.,

There is one case which requires explanation. It is the iso-
morphism of potash, KO, and oxide of ammonium NH_O ; or, in
other words, ammonia with 1 at : water, NH, HO. Here we have
a body composed of 6 equivalents isomorphous with one contain-
ing only two. But, on the one hand, there is good reason to
believe that the compound metal, ammonium, NH, exists ; and
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if we represent this by a single symbol Am, its oxide will be
Am O, corresponding in constitution to KO, each being formed
of 1 eq. metal, and 1 eq. oxygen. It is true, Am is a com-
pound ; but, on the other hand, this compound acts as an element,
and Am=NH, is only 1 eq. of metal. Besides, we cannot be
certain that even potassium, K, is not also a compound, although
we have not asyet succeeded in decomposing it, if it be one. At
all events, it is a fact, that NH, may be substituted for K with-
out affecting the form of the compound in which the substitn-
tion is made, as in the alums ; and we have only to assume that
the compound NH , happens to be isomorphous with the simple
substance K, and all the facts would follow. .

We shall have occasion to return to the subject of iso-
morphism, when treating of salts generally, and of their crys-
tallisation.

IsoMERISM.

We have seen that, as a general rule, analogy of composition
implies analogy or similarity in form and external properties.
But it has been observed in a number of cases, that two or more
compounds, formed of the same elements, in the same relative
proportions, and having, therefore, the same composition in 100
parts, are yet entirely distinct from each other in all their pro-
perties. Such bodies are called isomeric bodies (from tsos, equal,
and pepos, part.)

It is obvious that, as the proportions of the elements are the
same, the sounrce of the difference in properties must be sought
for in the absolute number, or in the arrangement of the atoms.
Thus, acetic ether and aldehyde are two entirely different
liquids, containing exactly the same relative proportions of
carbon, hydrogen, and oxygen. These proportions, reduced to
the smallest number of atoms, are C, H, O. Now, there is no
doubt that the absolute numbers in aldehyde are C, H, O, ;
and there is also no doubt that the absolute number of equi-
valents in acetic ether is C,H,O,. Here it is evident that,
although the proportions are the same, the equivalent of acetic
ether is twice as large as the equivalent of aldehyde. Again,
the composition, in 100 parts, and consequently the relative

roportions of the elements, of urea is exactly the same as
in hydrated cyanate of ammonia; while the equivalent of
both compounds appears to be the same, or, in other words,
they contain the same absolute number of atoms of the
element. But we know that the hydrated cyanate of ammonia
is represented by NH_ +C, NO, HO ; and that urea contains
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neither ammonia NH,, nor cyanic acid C,NO. Let us sup-
pose the atoms in urea to be simply united thus, C, N, H,O,,
and we see at once that the same relative and absolute number
of atoms may readily give rise to perfectly distinct compounds.
In some cases, we know what the arrangement is in both com-
pounds. Thus, hydrated acetic acid, C,H,0,, HO, and
formiate of oxide of methule, C,H,04-C,HO_, hoth contain
C,H,0,. Such isomeric compounds are called metameric
and where the absolute number of atoms differs, polymeric ;
where the absolute number in one or both is unknown, they
are called simply Zsomeric.

It is easy to see that, wherever the atoms of the elements of
a compound admit of more than one arrangement, metamerie
‘compounds may occur. In binary compounds, such as water,
HO, there is but one arrangement possible, as long as the
absolute number of atoms is not doubled, trebled, or still
further multiplied. But in such a compound as peroxide of
iron, Fe, O, for example, the elements might yield several
metameric compounds, such as 2Fe04-0, FeO+4FeO,, Fe+
FeO,, not to mention the multitudes of compounds which
might be formed with precisely the same composition in 100
parts, by increasing the absolute number of atoms.

The discovery of isomerism, however unexpected, is thus
entirely consistent with the atomic theory, of which it is
merely a special case. Isomerism is of very frequent occur-
rence among organic compounds, owing, no doubt, to their
usually large atomic weights, since the numerous atoms of the
elements afford much scope for isomeric modifications ; and
doubtless this principle plays an important part in the processes
of organic life and growth, as well as in decay. '

Having premised the preceding general or introductory
remarks, we now proceed to the actual description of the
elements, and of their compounds, which constitutes Chemistry,
properly so called. :

It is not possible, in the present state of our knowledge, to
follow any arrangement that shall not be open to objection.
The different classes or groups of elements are not so clearly
characterised as to permit us to follow a strictly scientific
arrangement, and therefore we shall only adhere to the division
of the elements into metalloids and metals; and, beginning
with the former, describe the elements in' the order of their
importance and interest. It has already been stated that even
this division is not always fully observable, since selenium is
classed by some as a metal, and arsenic by others as a metalloid.
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METALLOIDS.

There can be no hesitation as to that element which, being
the most important of all, ought to be first treated. We there-
fore proceed to describe—

1. Oxveen. O = 8.013

Is of all elements the most abundant ; forms 89 p. c. by weight
of all the water, and 23 p. c. of the atmospheric air of our
globe ; exists in all rocks, except rock salt ; and is an essential
element in all animal or vegetable bodies. It constitutes at
least & of the weight of our earth.
Obtained most easily by applying a heat rather below redness
to a mixture of chlorate of potash with 2 of its weight of
. peroxide of manganese.
The latter undergoes no
change, but promotes
in a high degree the
decomposition of the
chlorate. The mixture
being introduced into
a small retort, or a
small flask with a bent
tube, may be heated by
a spirit lamp, and the
gas, which comes off
very abundantly and
rapidly, collected, over
water, in the pneu-
matic ‘trough. The chemical change caused in the chlorate by
heat is represented as follows :

K0,Cl0, =KCl + O,

That is, 1 eq. of the salt yields 1 eq. chloride of potassium;
KCl, which remains in the retort, and 6 eq. of oxygen, which
escapes in the form of gas.

Properties—A gas, colourless, tasteless, inodorous. Specific
gravity (air=1'000) 1:1026, or, according to Thomson, 1-1111.
A burning body, as a match of wood or paper, burns in the gas
with greatly increased brilliancy ; a spark on a piece of wood
bursts out into flame. Iron wire burns in it, when heated
white hot, with beautiful sparks. Phosphorus burns in it with
an intense dazzling white light, &c. :

Oxygen combines with all the other elements (except perhaps
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fluorine), and with most of them in several proportions. The
combustion of bodies in oxygen is nothing but their combination
with that element ; the process, from the energy of the affinities,
being attended with heat and light. Thus, when iron burns in
oxygen, it yields oxide of iron, FeO; and when phosphorus
burns in oxygen, it produces phosphoric acid, P, (i. In all
such cases, the oxygen and the combustible body disappear, and
a new compound results.

Combustion, or the combination of a combustible with oxygen,
goes on in atmospherical air, but much less rapidly and vindly
than in pure oxygen, because, in air, the oxygen is diluted with
four times its bulk of nitrogen. .

Many substances slowly combine with oxygen without the
development of heat or Iight ; as, for example, iron, when it
rusts.

In every case the combustible is said to be oxidised, or to
undergo oxidation, and the compound formed is termed an
oxide.

The whole structure of modern Chemistry is founded on the
above simple theory of combustion, first proposed by Lavoisier ;
who, by using the balance, discovered that the burning bedy

became heavier during the process, and could not, therefore, .

according to the then prevalent theory, have lost phlogiston
(an imaginary element), or anything else.

Lavoisier having observed that all the acids then known were
compounds of oxygen with combustible bodies, concluded that
acidity depended on the presence of oxygen, and named that
element accordingly (from ofvs, acid, and yewaw, to produce).
The name is still retained, although we are now acquainted
with many acids which contain no oxygen; and although,
according to views now considered probable, hydrogen has more
claim to the title of the producer of acids than oxygen. Besides,
oxygen is now known to be an essential ingredient in bases,
theiasic power of which really seems to be in a close relation
to their amount of oxygen. Bat the inconvenience of changing
the name would be very great, so that, while many of the views
of Lavoisier have been abandoned, his names are retained.

Lavoisier, among other views, held that combustion could not
take place without the presence of oxygen. But subsequent
experience has shown that although all combustions in our atme-
sphere, or in oxygen gas, depend on the presence of oxygen ; the
phenomenon of combustion is nothing more or less than che-
mical combination, attended by heat and light. Many exam-
ples might be adduced of combustion without oxygen ; take,

o

Y ———
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for example, the case of iron and sulphur, which, when heated,
combine with much heat and light ; or that of phosphorus, which,
when introduced into chlorine, takes fire and burns, combining
with the gas. Although, therefore, oxygen is concerned in all
ordinary combustions, that is, in all which take place in our
atmosphere, the student must bear in mind the true definition
of combustion ;—namely, ¢ chemical combination, attended with
heat and light.”

Oxygen has been termed a supporter of combustion, as dis-
tinguished from a combustible body, such as phosphorus. But
we are not to suppose that the oxygen has any greater, or any
other share in combustion, than the phosphorus. It so happens,
that the oxygen is a gas, and the phosphorus a solid. The heat
and light, therefore, appear to proceed from the phosphorus ;
because the combustion can only take place where the two bo-
dies are in contact. But, in reality, both bodies are equally con-
cerned in the production of the heat and light ; and while we
may call phosphorus a supporter of combustion as well as oxygen,
we may call oxygen a combustible as well as phosphorus.

In all combustions in our atmosphere, the heat and light, as
above explained, although derived equally from both bodies, or
rather, from the process of combination, appear to proceed from
what is usually called the combustible, or burning body. But
this is merely appearance ; for while a jet of hydrogen, set fire
to in a jar of oxygen, seems to burn and to give out the heat and
light, a jet of oxygen in a jar of hydrogen may be set fire to and
will then appear, as the hydrogen did before, to be the source of
the heat and light, which in both cases was derived from the
combination of oxygen with hydrogen.

Oxygen is necessary to the respiration of animals ; but for this
purpose pure oxygen is not fitted ; and it has, therefore, in
our atmosphere been diluted with four times its volume of
another gas,

When a large quantity of oxygen gas is required, it is gene-
rally prepared by heating to redness, in an iron bottle, the peroxide
of manganese, of which 88 parts yield 8 of oxygen, according to
the equation 2MnO,=Mn_,0,+40. Oxygen may also be ob-
tained by the action of heat on nitrate of potash or nitre, on red
oxide of mercury, or on red oxide of lead. In practice, the
chlorate of potash (of which 124 parts yield 48 of very pure
oxygen), although rather a dear 8alt, and the peroxide of man-
ganese, which, although not very productive, is very cheap, are
alone employed. On the small scale, the peroxide of manga-
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nese, heated with sulphuric acid, yields twice-as much oxygen
as when heated per se, according to the equation :

Mn 0,+80,=Mn 0, $0,+0.

1
The sulphate of protoxide of manganese, Mn O, SO, remains
in the retort. This process is troublesome, and the retort
is generally broken during cooling. A better process, lately
proposed, is to heat bichromate of potash with an excess of
sulphuric acid.

Since oxygen unites with all the other elements, and forms
very numerous and important -compounds, it may be well here
to mention the principal classes of oxidised bodies, or oxides, as
the compounds of oxygen are called.

The most numerous class of oxides is that of the basic oxides
or bases. These are formed, in every case, by the union of a
metal with oxygen. The most frequent formula for a basic oxide
is MO (M representing 1 eq. of a metal). Examples, potash,
KO, lime, Ca O, protoxide of iron Fe O, protoxide of manga-
nese, Mn O. Such bases are called protoxides. Next to these
in importance are the sesquioxides, the formula of which is M,
O,. Examples, sesquioxide of iron Fe, O, sesquioxide of man-
ganese, Mn, O,, sesquioxide of antimony, Sb, O,. Sesquioxides
are in all cases weaker bases than the protoxides of the same
metals ; and, generally speaking, they are found to be weaker
bases than protoxides. There are a very few basic oxides of the
formula MO,. Example, deutoxide or binoxide of tin Sn O,.
Finally, there are also a very few basic oxides of the formufa
M,0. Example, suboxide of copper, Cu,0. Both these last
kinds of bases are very feeble, compared to the preceding kinds.

The next important class of oxides is that of the oxygen acids.
These are most frequently composed of metalloids united to
oxygen ; but there are also oxygen acids formed of metals united
to oxygen. Examplesof the former, carbonic acid CO,, sulphu-
ric acid, SO,, phosphorus acid P,O,, phosphoric acid P,0,,
nitric acid NO,, hyperchloric acid Cl1 O, : of the latter, arse-
nious acid As, O,, antimonious acid, S{),‘, 0,, antimonic acid
Sb, O,, chroniic acid Cr O,, manganic acid Mn O,, hyper-
manganic acid Mn,0,. It will be observed, that the formulz of
acids are very various ; and it will also be noticed that where a
metal forms an acid with oxygen, that acid contains more oxygen
than the basic oxide or oxides of the same metal. Thus, ses-
quioxide of antimony which ig basic, is Sb, O,, while antimony
forms two acids, one Sb O,, or 8b, O,, and the other Sb, O,.

The third class of oxides is that of the neutral or indifferent
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oxides. These are neither decidedly acid, nor decidedly basic,
and some of them play both parts ; on the one hand combining
with bases, as a weak acid would do ; on the other, uniting with
acids like a weak base. This is the case with water HO, which,
itself neutral, combines both with acids and bases, forming com-
pounds which are still acid or basic, and are called hydrates.
Examples, HO, SO, oil of vitriol, or hydrated sulphuric acid ;
KO, HO, caustic potash, or hydrate of potash. Others do not
enter into any combination, but are strictly indifferent ; such as
deutoxide of hydrogen, HO,, and deutoxide (binoxide, peroxide,
or superoxide) of manganese. Where, as in this last example,
the metal also forms a basic oxide, or oxides, and an acid or acids,
it is important to notice, that the indifferent oxide is interme-
diate in composition, as if a certain proportion of oxygen com-
municated basic properties, a somewhat larger proportion de-
stroyed these without producing acidity, and a still larger share
of oxygen gave to the compound distinctly acid characters. By
inspecting the compounds of manganese with oxygen, we further
see that of the two basic oxides, both of which contain less oxygen
than the indifferent oxide, or superoxide, that which contains
the most oxygen is the weaker base.

Mn O Protoxide of manganese. A powerful base.

Mn, O4 Sesquioxide of do. A feeble base.

Mn O, Superoxide of  do. Neither basic nor acid. -
Mn O, Manganic acid. ° A strong acid.

Mn, O, Hypermanganic acid. A strong acid.

When the superoxide, or indifferent oxide of a metal, is acted
on by an acid it loses oxygen, while a basic oxide, being left,
combines with the acid ; as in the process for obtaining oxygen
by the action of sulphuric acid on peroxide of manganese, given
and explained at p. 44.

Oxygen was discovered by Priestley, in 1774 ; and in the
following year by the Swedish chemist, Scheele, without any
knowledge of Priestley’s discovery, The time, in fact, had
‘come when Chemistry was studied in the true scientific spirit ;
and had these illustrious men not then discovered oxygen, it
must, nevertheless, have been very soon discovered by some one
else.

2. Hyprogen, H=1.
Occurs in nature only in combination, chiefly in the form of
water, of which it constitutes 11 per cent. by weight. It is an

essential ingredient in all organised bodies.
It may be easily prepared by causing diluted sulphuric or
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hydrochloric acid to act on iron filings, or on granulated zine.
The best apparatus for the purpose is a wide-mouthed bottle,
furnished with a closely-fitting cork. In this cork are made two
holes, into one of which a tube properly bent is closely fitted;
while into the other is inserted, also air-tight, a straight tube,
reaching to the bottom of the bottle, and widened at its upper
end, so as to form a funnel. Both tubes are open at both ends,
and the bent tube terminates, within the bottle, just below the
cork, 1;zvhile its further end dips under water in the pneumatic
trough.

The metal being introduced into the bottle, and covered to
the depth of an inch with water, the cork with the tubes is fitted
in: the acid is poured in through the
straight tube, and the bottle shaken, so
as to mix the acid and water thoroughly.
Enough of acid should be added to cause a
brisk, but not violent effervescence ; and as
the end of the straight tube is covered by
the liquid, the gas produced can only
escape through the bent tube. Care must
be taken not to collect the gas for use
until the whole of the air originally in the
upper part of the bottle has been expelled ;
otherwise the application of a light might
cause, a dangerous explosion., Perhaps the
safest way is to collect, in a large jar
full of water, as much of the gas which
first escapes as would suffice to fill the gas-bottle twice, and to
throw this away : what comes subsequently is pure. When the
current of gas slackens, the addition of a little more acid,
through the straight tube, causes it again to go on as briskly as
at first.

When zinc and hydrochloric acid are employed, the process
is represented by the following equation: Zn + HCl=H +
Zn Cl. That is, the zin¢ takes the chlorine of the acid, forming
chloride of zinc, and the hydrogen is separated. When iron and
sulphuric acid are used, the process is expressed by the equation
Fe + HO,S0, = H 4 Fe0, SO,. Here the hydrogen is sup-
posed to proceed from water, the oxygen of which forms, with
the iron, protoxide of iron, which again unites with the sulphuric
acid, forming sulphate‘of protoxide of iron. It is to be observed,
that this, the generally received explanation of the latter process,
is very different from the former, although the phenomena in
both are the same, namely, the escape”of hydrogen and the
formation of a neutral salt.  When treating of acids and salts,
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we shall see how it is possible to do away with this complexity,
and to bring both processes under one formula. U

(The above simple method of obtaining hydrogen gas is equally
applicable in all cases where a gas is to be produced by the
action of an acid on a solid body, without the aid of heat; as in
the cases of deutoxide of nitrogen, sulphuretted hydrogen, carbonic
acid, &c. It has, therefore, been described minutely, and will
hereafter be referred to in describing the Preparation of the
above gases.) )

Properties—Hydrogen is a gas, colourless, tasteless, and,
when quite pure, devoid of smell. When prepared from common
zine or iron, it contains some foreign body, which gives it an
unpleasant smell. It is the lightest body known, its Sp. G.
being 0.0694 (Air=1), or 16 times less than that of oxygen.
A lighted candle, introduced into hydrogen, is extinguished, but
the %ydrogen takes fire at the mouth of the vessel, where it is in
contact with the oxygen of the air, and burns rapidly away,
giving out but little light, with an intense heat, and producing
water, which, by proper means, may be condensed and collected.
Hydrogen gas is not absorbed by water.

Hydrogen does not combine so readily with other bodies
as oxygen does. It may be made, however, to combine with
most of the metalloids and with a few of the metals. With
chlorine, bromine, iodine, and fluorine, it forms powerful acids,
the general formula of which is HR ;* with carbon, sulphur,
phosphorus, selenium, tellurium, and arsenic, it forms com-
bustible gases, several of which have acid properties. With
nitrogen 1t forms ammonia, NH_, and probably two other
compounds, ammonium, N H,, and amidogen, NH,,.

From its extreme lightness, 100 cubic inches weighing only
about 2.5 grains, while common air is about 14 times heavier,
hydrogen is used for filling balloons.

Besides the processes above described, hydrogen is obtained
by passing the vapour of water (steam) over red hot iron wire,
when the iron is oxidised at the expense of the water ; also
by placing potassinm or sodium in water, when these metals are
instantly oxidised; and by heating to redness a mixture of
potash, or soda, and organic matter, such as sugar, saw-dust, &c.

HYDROGEN AND OXYGEN.

a. Water. HO = 9-013.
Hydrogen may readily be made to unite with oxygen, whether
pure or in the form of atmospheric air. When hydrogen is

* R here stands for 1 eq. of any of the metalloids just mentioned.
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mixed with oxygen or with air, the mixture takes fire and
explodes violently on the approach of a flame, or when the
electric spark is passed through it. A jet of hydrogen, issuing
from a tube, may be set fire to by the same means ; and in both
cases, water is the only product.

We have already seen that 1 grain of hydrogen combines with
8 of oxygen to form water ; and as no other element takes up
so large a proportibn of oxygen, this is probably the reason why
the combination of hydrogen with oxygen is attended with so
intense a heat. 3

If hydrogen and oxygen be mixed in the exact proportion of
2 vol. of the former to 1 vol. of the latter, and the mixture set -
fire to, as it issues from a small tube, the most intense heat is
produced that it is possible to obtain by combustion. The
flame of the oxy-hydrogen blowpipe, as it is called, readily melts
platinum and pipe-clay, substances which resist the fire of the
hottest furnaces. By this means, Mr. A. Kemp has melted 6 oz.
of platinum at once.

The gases, if previously mixed, should be made to pass
through a safety-ap-
paratus before being
set fire to; but, as
accidents have occur-
red even when the
safety-apparatus was
used, it s, in all cases,
better to keep the gases
in separate gasholders,
and to allow them to
mix only in the tube,
just before they are
ignited, regulating the
flow of the two gases
80 as to obtain the most
intense heat. Any ex-
cess of either gas cools
the flame and dimi-
nishes the effect. © For
the jet best adapted to
this experiment, see
the cut.

When a portion of spongy platinum, or of the finely-divided
black powder of that metal, is introduced into a mixture of
hydrogen with oxygen, or with air, the platinum soon becomes
red-hot, and then the explosion instantly follows. Or if a jet
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of hydrogen be thrown on the metal in the air, it becomes red-
hot and ignites the jet. On this -principle is constructed the
beantiful instantaneous light apparatus of Débereiner.

It would appear that the platinum possesses the property of
cansing hydrogen and oxygen to combine on its surface, whereb
heat is developed sufficient to make the metal red-hot ; and 1t
then acts as any other red-hot body, such as flame, would do, in
causing the explosion. §

The observations of Débereiner on the properties of the black
powder of platinum may assist us to explain this singular pro-
perty of platinum. He found that the powder condensed within
its pores 253 times its volume of oxygen, and as the pores occupy
only J of the bulk of the powder, this oxygen must be in a state
of condensation such that it occupies only 4 of its volume
in the form of gas. In this state it must be denser than water,
and we may easily conceive how it is thus rendered capable of at
once combining with hydrogen. Spongy platinum only differs
from the powder in being less minutely divided.

1f a jet of hydrogen be set fire to and a cold dry bell jar held
over the flame, the inside of the jar will instantly be covered
with a film of dew, which rapidly increases, and at last con-
denses into drops of water. This water, if collected, is found
to be quite pure ; and if a known weight of hydrogen be burned,
and the whole water collected without loss, the weight of the water
will be 9 times that of the hydrogen ; the difference, or 8 parts
in 9 of water, is oxygen.

This most important point, namely, the true composition of
water, may be ascertained in other ways. Thus, if 2 vols. of
pure hydrogen and 1 vol. of pure oxygen be mixed and confined
over water or mercury, and if the electric spark be passed
through the mixture, both gases will entirely disappear, and
water alone will be the product. If the experiment be made in a
graduated tube, and if, for example, 210 vols. of hydrogen be
mixed'with 100 vols. of oxygen, and the mixture exploded, 10 vols.
of hydrogen will remain unchanged ; or if the proportions had
been 200 vols. of hydrogen to 110 of oxygen, 10 of oxygen would
have been left. Now, as hydrogen is 16 times lighfer than an
equal bulk of oxygen, it follows that 2 vols. of hydrogen must
be 8 times lighter than 1 vol. of oxygen ; and thus we arrive at

. the same result as to weights as we obtain by burning hydrogen
and weighing the water produced.

Another, and a very beautiful method, of ascertaining the
composition of water, by weight, is the following :—

Into the bulb blown in the middle of a wide tube of Bohemian
glass, the weight of which is known, there is introduced a

E
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weighed portion of oxide of copper. One end of the tube is
then connected with an apparatus, from which a steady current
of dry hydrogen is disengaged ; and to the other end is attached
a tube containing fragments of chloride of calcium, a substance
possessing a strong attraction for water ; this tube with its con-
tents being also weighed. As soon as the whole of the atmo-
spherical air of the apparatus has been entirely displaced by the
hydrogen gas, heat is applied, by means of a spirit-lamp, to the

very soon begins to decompose the oxide of copper, combining
with its oxygen to form water ; and before long the black colour
of the oxide is changed to the red of metallic copper. The
water which is formed condenses in the cold part of the tube
beyond the bulb, but by heating that part of the tube the whole
of the water is soon carried by the current of gas into the tube
with chloride of calcium, where it is retained. The apparatus
is now allowed to cool, and when the tubes have again become
full of atmospherical air, they are weighed. That with the
copper will be found lighter than before, the other heavier. The
loss of the former is oxygen, the increase of the latter is the water
which that oxygen has yielded, and, of course, the difference
between the two is the hydrogen of the water.

Let us suppose the first tube, when empty, to have weighed
500 grains, and when filled with the oxide of copper 540 grains ;
the oxide of copper must weigh 40 grains. The tube with chlo-
ride of calcium weighs, before the experiment, say 300 grains.
Now, we should find, after the experiment, that the first tube,
now containing metallic copper, would weigh 532 grains, and the
other tube 309 grains ; the former having lost 8 grains (oxygen),
while the latter has gained 9 grains (water). Hence, the 9 grains
of water contain 8 of oxygen, and, of course, 1 grain of hydro-
gen. Moreover, this experiment tells us that 40 grains of oxide



WATER. 51

of copper are composed of 32 of copper and 8 of oxygen ; thus
proving the composition of water by synthesis, and that of oxide
of copper by analysis.

There is still another method of demonstrating the com-
position of water : namely, the decomposition of that fluid by
galvanic electricity. When the electric
current of a powerful battery is made to
pass through water in an apparatus so con-
trived, that the gas given off at each pole
may be received into a separate graduated
tube, it is found that by the time the tube
at the positive pole is half full, the tube at
the negative pole is quite full ; and on
examination, the gas in the latter is found
to be pure hydrogen, while that in the
former is pure oxygen ; and the propor-
tion, by volume, is obviously 2 of hydrogen
to 1 of oxygen, and from this, by means of
the specific gravities of the gases, we obtain,
as before, the proportion, by weight, of 1to8.

Water, which is thus proved to contain 1 eq. of hydrogen to
1 eq. of oxygen, represented by HO, is, at ordinary tempera-
tures, a liquid, colourless, tasteless, and inodorous. It assumes
the solid form, that of éce or snow, at 32¢ F'.; and all lower tem-
peratures ; and it takes the form of gas or vapour, that of steam,
at 212¢ ¥., and retains that form at all higher temperatures.
When ice is heated above 32°, it melts into water ; and when
steam is cooled below 212°, it condenses into water. Thus
water possesses the liquid form only at temperatures lying
between 32° and 212°.

Hence, in certain arctic regions, water is always, or nearly
always, solid. Even in that state, however, and at all tempera-
tures below 212°, it is always slowly assuming the gaseous form.
It is in this way that watery vapour is constantly rising into the
atmosphere from the surface of the sea, of lakes, of rivers, and of
the soil ; which watery vapour, being again condensed into the
liquid form, falls back on the earth in the shape of rain or dew,
or if frozen, as snow, hail, and hoar-frost.

Water is perfectly neutral ; that is, it exhibitsin itself neither
acid nor basic properties : but it is capable of combining with
both acids and bases, and indeed, seems to be almost essential to
their activity. The compounds of water with acids and bases
are called hydrates ; as HO, SO, hydrated sulphuric acid, and
KO, HO, hydrate of potash. .

Water combines also with neutral salts, and that in two con-~

E 2
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ditions. In one it is easily expelled by heat, and the salt, if
crystallised, generally falls to powder wﬁ’en the water has been
expelled. This is called water of crystallisation, and its quantity
is often very large. In the other, a portion of water, generally
1 eq.,is combined with the salt by so powerful an affinity that it
is with some difficulty separated. This is called saline water,
because it may be replaced by an equivalent of a neutral salt.
In formule, water of crystallisation is represented by aq. (for
aqua), and saline water by HO. Thus, green vitriol is repre-
sented by FeO, SO, 4+ HO + 6 aq.: that is, 1 eq. of neutral
sulphate of protoxide of iron, 1 eq. of saline water, and 6 eq. of
water of crystallisation. When this salt is gently heated, the
6 eq. of water of crystallisation are expelled, but the 1 eq. of
saline water can only be expelled by a red-heat. It can also be
replaced by a neutral sulphate, such as sulphate of potash, KO,
S0O,, and the resulting double salt is FeO, SO, + KO, 8O, +
6 aq. Here, as in the green vitriol, the 6 eq. of water of
crystallisation are easily expelled by a gentle heat.

In relation to acids, therefore, water acts the part of a base ;
in relation to bases, that of an acid ; and in relation to neutral
salts, that of a neutral or indifferent substance, or, indeed, of a
neutral salt. Taking the three examples of hydrated sulphuric
acid, HO, SO, hydrate of potash, KO, HO, and dry sulphate
of iron, FeQ, SO_,4+HO, it is to be observed that the water
in the first can only be replaced by a base, such as potash, KO,
which would yield sulphate of potash, KO, SO, ; the water
in the second can only be replaced by an acid, such as sulphuric
acid, SO, which would yield the same salt, KO, SO, ; and the
water in the third may be replaced by a neutral salt, such as
sulphate of potash, KO, 8O, which would give rise to the double
salt, Fe0, SO, 4+ KO,80,. Water in these three different
characters is called basic water, hydratic water, and saline water,
and, in addition to these, we have water of crystallisation.

Besides these numerous forms of combination, in which

- water most frequently loses the liquid form, it enters, as a
liquid, into a peculiar kind of combination with the greater
number of all known substances: it dissolves them. Of all
liquids, water is the most powerful and general solvent, and
on this important property its use depends. By the solvent
power of water, substances, inert in the solid form, are made
to assume the liquid form, and thus to become active—chemical
action is promoted—substances mixed together may be sepa-
rated from one another ;—in short, without water, not only the
operations of the chemist, but the processes of animal and
vegetable life, would come to a stand.
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The solvent power of water, in regard to solid bodies, is

. generally increased by heat. - Hot water, therefore, dissolves
more of most bodies than cold water does; so that, when a
hot saturated solution cools, it deposits a quantity of the dis-
solved solid, commonly in crystals.

Water readily dissolves or combines with, or absorbs, as it is
termed, many gaseous bodies. The gas, in this case, assumes
the liquid form ; and, as heat tends to cause bodies to assume
the gaseous form, it is obvious that heat must diminish, and
cold increase, the solvent power of water for gases. Increased
pressure also enables water to absorb more of a gas than it will
do under the ordinary pressure, evidently hecause pressure
favours the liquefaction of a gas, by forcing the particles nearer
to each other. i

In consequence of the great solvemt power of water, it is
never found pure in nature. Even in rain water, which is the
purest, there are always traces of carbonic acid, ammonia, and
sea salt. When the rain water has filtered through rocks and
soils, and re-appears as spring or river water, it is always
more or less charged with salts derived from the earth, such as

" sea salt, gypsum, and chalk. When the proportion of these
is small, the water is called soft, when larger, it is called hard
water. The former dissolves soap better, and is therefore pre-
ferred for washing ; the latter is often pleasanter to drink, as
its saline contents communicate to it a slight, but agreeable,
taste.

When water becomes so highly charged with foreign matters
as to have an unpleasant taste, or to acquire medicinal virtues,
it is called mineral water. Of mineral waters there are several
kinds : those in which iron predominates are called chalybeate
waters ; where sulphur prevails, they are called sulphureous
waters ; acidulous waters are those which contain much free
carbonic acid ; and saline waters are such as contain neutral
saits, generally sea salt, and sulphate of magnesia, or Epsom
salt.

The only way to obtain perfectly pure water, is to distil it;
and in the laboratory, no water except distilled water should
ever be used, provided distilled water can be procured in suffi-
cient quantity.

Water is tﬁe standard of specific gravity for liquid and solid
bodies, and its specific gravity is therefore represented by 1.

b. Deutoxide of Hydrogen. HO = 17-013.

This compound is formed, in some cases, where oxygen is
presented in the nascent state to water. The best process is
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that of Pelouze, which consists in adding to diluted hydro-
fluoric acid (fluosilicic or phosphoric acids may equally be
used), kept very cold, exactly so much of the peroxide of
barium, that neither barium nor the acid can be detected in the
liquid, the whole of both being precipitated as fluoride of
barium, BaO,+HF=BaF-4+HO,. The deutoxide of hydro-
gen is dissolved by the surroun(iing water, and the filtered
liquid is concentrated by being placed under the exhausted
receiver, along with a vessel containing sulphuric acid, the
whole being kept cold. The process, even in this form, is
tedious and difficult, but much less so than the original method
of Thénard, who discovered the compound.

The deutoxide, peroxide, or superoxide of hydrogen, when as
free from water as possible, is a syrupy liquid, colourless, and
possessed of a slight disagreeable odour, like that of bleaching -
liquor, and of a peculiar nauseous, bitter, and astringent taste.
Its sp. g. is 1'453 (water =1). It does not become solid, even
in a very intense cold.

This compound is very easily decomposed, yielding water
and oxygen. The contact of carbon, of many metals, and even
of metallic oxides, also of many salts, causes the separation of
oxygen, often with explosion, and sometimes with a flash of
light. It is very remarkable that peroxide of manganese, for
example, should cause this rapid decomposition, without com-
bining with any part of the disengaged oxygen ; and still more
astonishing, that oxide of silver should decompose it with explo-
sion, while the oxide of silver, so far from combining with more
oxygen, loses all that it previously contained and is reduced to
the metallic state. We cannot, at present, explain these phe-
nomena. The application of heat to the deutoxide of hydrogen,
causes oxygen to escape with effervescence. It is less easily
decomposed when diluted, and especially if acidulated ; the
presence of a base, on the contrary, hastens its decomposition.

It is very probable that this remarkable compound will be
found to possess valuable properties as a medicinal agent, and
it is much to be desired that its preparation could be rendered
easier.

3. NrrroceNn. N—1419.

Syn. Azote—Discovered by Rutherford, in 1772. Occurs
principally in the atmosphere, of which it forms 79 or 80 parts
in 100 by volume, and about 77 by weight ; also, in minute
quantity, in the atmosphere as ammonia. It is an essential
ingredient of all animal tissues, and of all such vegetable pro-
ducts as can be converted into blood in the animal body ; also
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of the vegetable bases, and other vegetable compounds, such
as indigo, &ec. &ec. - J

Itis best obtained by the action of burning phosphorus, in a con-
fined portion of air, over water. The
phosphorus takes the oxygen, form-
ing phosphoric acid, which is soon
removed by the water, and nitrogen
gas is left.

Nitrogen is a colourless and trans-
parent gas, devoid of taste and smell,
and chiefly distinguished by the ab-
sence of active properties. It does
not support combustion, neither does it burn itself. It is incapable
of supporting animal life, and consequently an animal, immersed
in pure nitrogen, soon dies ; but only because oxygen is absent,
for nitrogen itself is so far from being poisonous, that the air
we breathe contains 2ths of its bulk of that gas in an uncom-
bined state. It serves to dilute the oxygen, and for that purpose
it is admirably adapted, from the absence of marked characters
or strong affinities. Its specific gravity is rather less than that
of air, being 0°976.

Nitrogen cannot be made to unite directly with any element,
and only forms combinations when one or both elements are in
the nascent state. It is, therefore, unlike the other metalloids,
in a high degree chemically indifferent or neutral. But, under
favourable circumstances, it does combine with most of the
metalloids, and with several metals. Its most important com-
pounds are those with oxygen and with hydrogen. Almost all
compounds of nitrogen are easily decomposed, and many of
them are even dangerous, from their tendency to explode from
very slight causes.

It is this very character of easy decomposability that gives to
the compounds of nitrogen their very high importance in the
organised kingdoms of nature. We shall hereafter see how
important a part these compounds perform in the formation, as
well as in the destruction, of organic bodies.

NITROGEN AND OXYGEN.
a. Atmospherical Air.

The air of our atmosphere is formed of nitrogen and oxygen,
not in a state of combination, but simply mixed together.
Dalton has shown that, when any two gases, however different
in density, are placed in communication, they are very soon
found to be completely and equally mixed, even although they



56 4 ATMOSPHERIC AIR. -

have no tendency to combine chemically, This is the case
with the gases in air. The properties of each are present,
only modified slightly by the presence of the other; whereas
chemical combination gives rise to new compounds, possessing
entirely new properties. This is eminently the case in the
compounds which are really formed between nitrogen and
oxygen, so that we are forced to look upon the air as a mixture
merely.

It 1s remarkable, however, that the proportions of the gases
are such as correspond almost exactly, by weight and by volume,
to 2 eq. nitrogen and 1 eq. o¥ygen. Of 100 vol. of air, 79 or 80
are mnitrogen, and 20 or 21 oxygen. Here we have the ratio of
4 vol. to 1. 100 parts of air, by weight, contain nearly 77 of
nitrogen and 23 of oxygen ; that is, almost exactly 28 of nitrogen
to 8 of oxygen, or N, O.

The physical properhes of air are well known. It is, like
all gases, elastic, and it possesses such a density, that 100 cubie
inches weigh about 31 grains. Hence, the whole atmosphere
presses on the surface of the earth with a very great force,
equal to about 14 lbs. on each square inch of surface. In other
words, a column of air, 1 square inch in base, and equal in
height to the atmosphere, weighs 14 lbs. But the further con-
sideration of this subject belongs to physics. Air is made the
standard of specific gravity for gases and vapours, and its sp. g.
is made 1-000,

The chemical properties of air are chiefly’ those of the
oxygen it contains, modified by the presence of 4 times its
bulk of the negative body, nitrogen. Air supports combustion,
and the respiration of animals, as long as the proportion of
oxygen does not fall below a certain amount.

Besides nitrogen and oxygen, the air always contains more
or less watery vapour, which is almost equally important to
animal and vegetable life, since neither animals nor plants can
live long in a perfectly dry air.

Air also contains, as ingredients essential to the life of plants,
and thus indirectly also to that of animals, minute proportions
of carbonic acid and of ammonia. The amount of the former
seldom, in the open air, exceeds +sy part of the weight of
the air ; while the propomon of ammonia is much smaller even
than this. h

When it is required to ascertain the exact proportion of
oxygen in any specimen of air, the object may be attained in
a variety of ways. The operation is called eudiometry, and
the instruments employed eudiometers. The most commonly
employed is that of Volta, modified by Ure, which. is simply
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a graduated glass tube, closed at one end, and furnished with
two platinum wires, to allow the electric spark to pass. The
air being introduced and measured, half
its bulk of pure hydrogen gas, or there-
abouts, is added, and the whole measured
again. The tube being from the first inverted
in water or mercury, the spark is now passed
through it, when an explosion takes place,
and- a certain portion of the mixture dis-
appears, the water or mercury rising in the
A tube to supply its place. The residue is
¥\ now measured, and % of the volume which
J has disappeared is oxygen. It is obvious
that, if there be enough of hydrogen, the

” whole of the oxygen will assume the form
of water, and both the oxygen and hydrogen of that water must
lose the gaseous form. Now, as water is formed of 2 vol. hydro-
gen to 1 vol. oxygen, 4 of the volume of the gases which have
combined must be oxygen.

If, for example, 100 measures of air are mixed with 50 of
hydrogen, the bulk of the whole will be 150. If, now, after
explosion, 87 parts remain, it is plain that 63 have disappeared,
and of these 63 measures 21, or i, are oxygen, originally con-
tained in the 100 of air, while 42, or %, are hydrogen.

Gay-Lussac has lately proposed to remove the oxygen from
a measured portion of air by means of copper moistened by
sulphuric or hydrochloric acid, which soon absorbs that gas
completely. The diminution of volume here is exactly equal
to the proportion of oxygen present.

There are many other eudiometrical methods, but the above

. are the best. :

The amount of water in the atmosphere is ascertained by
hygrometers, of which there are various kinds. That of Daniell
is the best. It is founded on the fact, that the temperature at
which the water contained in the air is deposited as moisture,
varies with the amount of moisture present. The drier the
air, the more must it be cooled before it begins to deposit
moisture. If the air be saturated with moisture, the cooling
of it one degree will cause a deposition of dew, and the temper-
ature at which dew is deposited is called the dew-point. The
details of this and other hygrometers belong to Physics.

The presence of water in the atmosphere may be shown at
any time by exposing a deliquescent substance, such as chloride
of calcium, to the air, when it quickly becomes moist and finally
liquefies by attracting moisture. ~Air, or any other gas, may thus
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be dried, either in a tube over mercury, into which the drying
substance is introduced, or by passing the gas through a long
tube filled with the substance in coarse powder, or through strong
sulphuric acid, which has a powerful aftmity for water.

The uses of atmospheric air are obvious. Besides supporting
animal and vegetable life, it is essential to all our modes of ob-
taining heat and light by combustion.

It is very important to remark, that although the processes of
respiration and combustion, as well as that of the decay and
putrefaction of animal and vegetable matter, are constantly
removing oxygen from the air, yet the proportion of that element
never diminishes, being kept up by the process of vegelable life.
In like manner, respiration and combustion are continually send-
ing carbonic acid into the atmosphere in place of the oxygen
they consume, and yet the air does not become more highly
charged with carbonic acid ; for the same process of vegetable
life which restores oxygen to the air, removes an equal bulk of
carbonic acid,—from which, indeed, the oxygen thus restored is
derived.

b. Protoxide of Nitrogen. NO =—=22-203.

Syn, Nitrous Oxide; Intoxicating or Laughing Gas.—Prepared
by applying a moderate heat to pure nitrate of ammonia in a
retort. The salt melts, boils, and is soon entirely volatilised in
the form of water, which trickles down the neck of the retort,
and protoxide of nitrogen, which being gaseous may be collected
over water. The following equation represents the change :

(NH, + NO,) = 3HO + 2 NO.

Showing that 1 eq. of ammonia and 1 eq. of nitric acid yield
3 eq. water, and 2 eq. protoxide of nitrogen.

This compound is a gas, colourless, and transparent. It has
a faint smell and a sweetish taste. It is slowly absorbed by
water, and therefore cannot be long kept over that liquid. Its
specific gravity is 1.527. It may be liquefied by a pressure of
50 atmospheres.

By weight, it contains 8 parts of oxygen to 14 of nitrogen,
and, by volume, two vol. of nitrogen and 1 vol. of oxygen, con-
densed into the bulk of 2 vol. Hence this gas contains its own
bulk of nitrogen, and half its bulk of oxygen, while air only
contains 1 of its bulk of that gas. Consequently, as some com-
bustible bodies, such as phosphorus, or a candle if burning,
are capable of decomposing this gas and seizing its oxygen, they
burn in it with great brilliancy. Probably for a similar reason
it is capable of supporting life for a short time, if respired, and

Fap—
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its action on the human system is most remarkable. In most
persons it causes very agreeable sensations, a sense of lightness,
arapid and brilliant flow of ideas, accompanied with an irresisti-
ble tendency to laughter and to very violent muscular exertion.
These effects only last for a minute or two after the gas has been
breathed as long as possible : but they are not followed, like
those of other excitants, by any, sense of depression or languor :
on the contrary, a certain feeling of exhilaration and unusual
lightness of spirits is often felt for a whole day after. In some
cases, the' effects are unpleasant, such as headache, a rush of
blood to the head, and a tendency to stupor. The experiment
must be therefore made with caution, and the gas withdrawn,
should the face of the experimenter appear flushed to any con-
siderable extent. As he is often, however, unwilling to relin-
quish the bag of gas, an aperture should be made in the side of
the breathing-pipe, and stopped with a cork, which may be
removed if necessary, thus admitting air to the mouth, and put-
ting an end to all danger. These very singular properties
of this gas were first discovered by Davy ; and, in a physio-
logical point of view, they merit further investigation than they
have yet received. The gas has been tried in medicine, but
hitherto without much benefit : although in America it is said
to have been found useful in cases of melancholia.

Protoxide of nitrogen is neutral or indifferent, and has hardly
any tendency to combine with other bodies. According to Pelouze,
however, it combines with the saltsof sulphurousacid, or sulphites.

¢. Deutoxide of Nitrogen. NO, = 30-216.

Sy~. Nitric Owide : Nitrous Gas.—Best obtained by the action
of copper clippings on moderately strong nitric acid, in the
apparatus, p. 46. The metal is dissolved with effervescence,
and the gas may be collected and preserved over water.

A gas, transparent and colourless. Its taste and smell are
not known, because as soon as it comes in contact with air, it
forms, with the oxygen, red vapours of nitrous acid, which have
a suffocating smell and a rough, acid, corrosive taste. It sup-
ports, like the preceding gas, the combustion of burning phos-
phorus, and for the same reason, namely, that it contains half
its bulk of oxygen, being formed of equal volumes of nitrogen
and oxygen, united without condensation. Its specific gravity
is consequently the mean between those of oxygen and nitrogen,
or 1'0416. A burning candle is extinguished in this gas, and it
not only does not support life, but cannot be breathed, as it
forms nitrous acid gas in the mouth, and the glottis instinctively
closes against the latter. :
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Its most distinctive character is that of forming, when mixed
with air or oxygen, a red gas or vapour, which is nitrous acid,
and which instantly disappears if in contact with water, being
absorbed by that liquid. As the formula of the deutoxide is
NO,, and that of nitrous acid, NO,, it is plain that the latter
may be formed from the former by the mere addition of oxygen.
As the red vapours are very remarkable, the deutoxide may
be used as a test of the presence of free oxygen in a gaseous
mixture.

If a few drops of bisulphuret of carbon be added to a jar of
this gas, and a light applied to the mixture, it burns with a
bright blue flame.

The deutoxide of nitrogen is abundantly absorbed by any
solution containing a salt of protoxide of irom, such as green
vitriol, forming a brown solution, from which the gas may be
expelled unchanged by boiling. This solution absorbs oxygen,
and has been used in eudiometry, but it does not give accurate
results.

d. Hyponitrous Acid. NO, =38-229.

. Syn. Acide Nitreux ; Salpetrige Satire. It is formed when a
strong base, such as potash, is brought inte contact with the pre-
ceding gas, protoxide of nitrogen being given off, while the acid
unites with the base. Thus,

KO + 2NO, =KO,NO, + NO.

It is best obtained, however, by heating 1 part of starch in 8
parts of nitric acid, Sp. G. 1.25, and conducting the disengaged
gases, first through a long tube filled with chloride of calcium,
to remove water, and then through a dry tube cooled down to
—4°F. in which latter the acid condenses, as a very volatile
liquid which, while cold, is colourless, but at the ordinary tem-
perature becomes green. Its properties are little known.

In contact with water it is destroyed, giving rise to nitric acid
and deutoxide of nitrogen, thus:

3NO,=NO, + 2NO,.

The salts of this acid are obtained by heating a nitrate,—for
example, nitrate of potash or soda,—till it hegins to precipitate
nitrate of silver brown. The whole is then precipitated by
nitrate of silver, the precipitate dissolved in boiling water, and
the hyponitrite of silver crystallises on cooling. .From this salt,
b{ the action of soluble chlorides, the other hyponitrites may be
obtained. They have been little studied..




NITRIC ACID. Gl

e. Nitrous Acid. NO,—46-242.

Sy~. Acide Hyponitrique. Untersalpetersaiire—This is the acid
which appears as red vapours when deutoxide of nitrogen mixes
with air, or with oxygen. 1 vol. deutoxide of nitrogen, and
4 vol. of oxygen, if mixed quite dry, and cooled, form the liquid
nitrous acid ; but it is most easily obtained by distilling dry
nitrate of lead. Equation,

(Pb 0, NO,)=Pb 04+0-+NO,.

In this experiment oxide of lead is left, and oxygen gas and
nitrous acid pass over, the latter condensing in the well-cooled
receiver. If intensely cold, it is colourless ; but as it becomes
warmer, assumes a yellow or orange colour. Its Sp. G. in the
liquid form is 1°42. It boils at about 82°, and is converted into
a deep red vapour, or gas, which if further heated, becomes
nearly black, or impervious to light. If once mixed with air or
any other gas, it can only with very great difficulty be condensed,
so that it is commonly seen in the form of vapour. It has an
unpleasant suffocating smell, and cannot be breathed with impu-
nity even for a moment. It supports the combustion of almost
all combustible bodies, by virtue of its large proportion of oxygen.

In contact with water, it is destroyed, giving rise, like the
preceding acid, to nitric acid, and deutoxide of nitrogen. Thus,
3 NO,=2 NO,+NO,. As it undergoes the same change in
contact with all bases hitherto tried, its salts are unknown.
Along with pure nitric acid, it forms the orange-fuming nitric
acid of the shops, often called nitrous acid.

f. Nitric Acid. NO,=54255.
Formula of the hydrated acid, HO, NO, or H, NO,=—63-268.

This, the most important of all the compounds of nitrogen and
oxygen, occurs very frequently in nature, chiefly combined with
potash or soda, forming nitre and cubic nitre ; also in minute
proportion in rain-water, after thunder-storms. It is formed in
natural or artificial nitre beds, where animal or vegetable matter
containing nitrogen is exposed to the air along with bases. The
nitrogen being disengaged as ammonia, NH_ is oxidised along
. with the hydrogen, yieI%ling nitric acid and water ; thus, NH, +
0,=NO_+3 HO. The acid is seized by the base present, and
nitre is formed. The nitric acid occasionally found in rain-water,
is also produced by the oxidation of ammonia ; its quantity is too
small to arise from the oxidation of the nitrogen of the air. The
dry acid, NO, is unknown in the separate form ; if we attempt
to separate it from water ora base, it is resolved into nitrous acid
and oxygen ; thus, NO,=NO,+0.
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The hydrated acid, HO, NO,, or H, NO,, is the substance
commonly called nitric acid. It is best prepared by the distil-
lation of a mixture of equal weights of hydrated sulphuric acid,
or oil of vitriol, and of nitre or saltpetre, the nitrate of potash.
The salt in coarse powder being introduced into a plain retort,
the acid is poured in by
means of a retort funmel.
The retort is then placed in
a sand-bath over the lamp,
and cautiously heated, till
the acid begins to drop into
| the receiver, which is to be
surrounded with cold water.
As the nitre generally con-
tains a little sea-salt, the
first portions of acid which
distil are impure, containing
chlorine and nitrous acid ;
but they serve to wash quite clean the neck of the retort, on
which some sulphyric acid is commonly. to be found, in spite
«of all our care, as well as traces of the powdered nitre. It
is best, therefore, to collect the first portion, say +; of the
whole, in a separate receiver, and when the liquid that drops
is found to be free from chlorine (by the test of nitrate of
silver), the receiver is changed, and the rest of the nitric acid
is thus obtained quite pure, or at most, slightly tinged by
nitrous acid. By this simple device, we avoid the necessity of
re-distilling the acid, as commonly directed. The impure por-
tion which first passes over, is extremely well adapted for all
experiments of illustration, and ought to be carefully preserved
for such purposes.

The following equation explains the change in this process :—

(KO, NO,)+2 (HO, 80,)=(K0, HO, 2 80,)+HO, NO,.

For 1 eq. of nitre, we take 2 eq. of oil of vitriol, and we obtain
1 eq. of hydrated bisulphate of potash, and 1 eq. of hydrated
nitric acid. We take equal weights, of the materials, because
1 eq. of nitre weighs 102, while 2 eq. of oil of vitriol weigh 98 ;
and a slight excess of the latter is advantageous rather than other-
wise. By using 1 eq. of oil of vitriol, we may also obtain nitric
acid ; but a much higher temperature is required, and a large
part of the acid is decomposed into oxygen, which escapes, and
nitrous acid, which combines with the nitric acid, giving it a
deep red colour, and causing it to give out red fumes, More~

s
—



NITRIC ACID. 63

over, in the latter case, neutral sulphate of potash is left, which
can hardly be got out of the retort without breaking it; while
the bisulphate of potash, formed in the operation first described,
may be easily dissolved out by hot water.

Hydrated nitric acid, when pure, is a colourless liquid, giving
out dense gray fumes, on exposure to the air. Its Sp. G. is
1:52 to 1°53. It freezes at 40°, and boils at 108°. If diluted
somewhat with water, so as to have the Sp. G. 142, it boils at
248° ; but if still weaker, it boils more easily, and becomes
stronger, till the boiling point reaches 248°, when it distils over
unchanged. Nitric acid has a pungent, rather disagreeable smell,
is very acid and corrosive, and stains the skin, and organic matter
in general, yellow.

It has a strong attraction for water, and becomes hot when
mixed with it. (Acid of middling strength, mixed with snow,
causes it to liquefy instantly, producing intense cold.)

Nitric acid is very easily decomposed. If passed through a
red-hot porcelain tube, it is resolved into oxygen and nitrogen.
All combustible or oxidisable bodies deprive it of oxygen, re-
ducing it to nitrous acid, hyponitrous acid, or deutoxide of ni-
trogen ; and even, in some cases, removing all the oxygen, and
leaving only nitrogen gas. The action is generally attended with
heat ; and in some cases, such as phosphorus and essential oils,
combustion takes place, and even dangerous consequences may
ensue from the acid, or the burning body ; which is scattered
about by the violent commotion. Nitric acid is, therefore, a very
powerful oxidising agent, and is much used for oxidising and
dissolving metals, such as silver, copper, mercury, &c. It is
remarkable that the very strongest acid does not attack metals ;
but, on the addition of a few drops of water, a most violent
action ensues.

The presence of nitric acid in a liquid is best ascertained by
adding pure oil of vitriol, and then a drop or two of solution of
green vitriol. If nitric acid be present,a red or brown colour
will appear where the two liquids meet ; and by this test 4zl
of nitric acid may be detected.

Pure nitric a/ci({ ought to be entirely volatile ; and when diluted
with distilled water, to give no precipitate with the salts of ba-
ryta, or of silver.

Nitric acid is used in medicine, and in the arts ; in the latter,
as aquafortis. To the chemist, it is one of the most valuable
agents, and is daily employed as a means of oxidising metals
and organic substances. The tendency of this acid to yield
oxygen to combustible bodies is found also in its salts, espe-
cially at a red-heat ; and hence, nitrate of potash, or saltpetre,



64 AMMONIA.

is an essential ingredient of gunpowder, and of the various mix-
tures used for rockets and fireworks ; in all of which it is mixed
with charcoal and sulphur.

With bases, nitric acid forms salts called nitrates. Most of
these are neutral, with the general formula MO, NO, ; but
there are a few basic nitrates, in which one or more atoms of
the base are added to the neutral salts. All the nitrates are
decomposed by sulphuric acid, and they may be recognised by
deflagrating with red-hot charcoal, and by the test above given
for nitric acid, which distinguishes them from other deflagrating
salts, such as chlorates, &c. '

NITROGEN AND HYDROGEN,
a. Amidee. NH, =—16:19.

Syn. Amidogen.~This ¢ompound is unknown in a separate
state, but is believed, with good reason, to exist in many com-
pounds, If potassium, for example, be heated in dry ammoniacal
gas, NH_, & of the hydrogen is expelled, and an olive-coloured
solid remains, the composition of which is K, NH,. It is
viewed as a compound of potassium with amide, the amidide or
amiduret of potassium. When put into water, potash and
ammoria are formed, thus, K, NH, 4+ HO = KO + NH,.
Compounds of amide with sodium, with carbonic oxide (oxa-
mide), with benzoyle (benzamide), and other substances, are
known. Their general character is, in contact with water, and
under the influence of acids and bases, to be resolved into
ammonia and an oxidised product, commonly an acid. Thus
oxamide, C, 0,, N H_, along with water, HO, in the presence
of an ‘acid or an alkaii, yields ammonia, N H, and oxalic acid,
C, 0,. Itis this very powerful affinity for hydrogen which has
hitherto defeated all our efforts to isolate amide. The various
compounds of amide will be described in their proper order.

b. Ammonia. NH, = 17-19.

Sy~. Volatile alkali—Occurs in combination with hydrochloric
acid, as sal ammoniac ; in the urine of ‘animals, especially of
birds and reptiles, as urate of ammonia ; in several aluminous
and ferruginous rocks and earths in small quantity ; finally, in
the air, as a constant result of the putrefaction, decay, or com-
bustion of organic matters containing nitrogen.

1t is formed abundantly in putrid urine (from urea), and in
the destructive distillation of organic nitrogenised matter, as, in
Egypt, by heating camel’s dung ; in Europe, formerly, by
distilling horn, hence the name spirit of hartshom, at present by
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distilling any animal refuse ; or«n the distillation of coal in gas-
works, which yield abundance of ammonia. In all these cases
it is found as carbonate.

To obtain ammonia, powdered sal-ammoniac is mixed with
about an equal weight of dry hydrate of lime (slacked lime), and
the mixture heated in a retort, or a flask fitted with a bent tube.
The ammoniacal gas is abundantly disengaged, and may be

collected over mercury, or, as it is much lighter than
air, by displacement, the tube being made to reach, as
in the cut, to the closed end of the gas-receiver, the
open end being downwards. A large tube or vessel
may be easily filled with the gas in this way, and pre-
served by immersing the open end, when filled, 1n a
small cup of mercury. The following equation repre-
sents the change in its production. (NH,, HCl)+
(CaO, HO)="CaCl+2HO + NH,.
Ammonia is a gas, transparent and colourless, of a
very pungent and peculiar smell and taste. It is
liquefied by a pressure of about 5 atmospheres. It is instantly
absorbed by water, forming the solution of the gas called aqua,
or liquor, ammoniz. It extinguishes a candle, does not burn
itself under ordinary circumstances, and, if respired undiluted,
is fatal to animal life. Its Sp. G. is 0'5902, being thus little
more than one half as heavy as air. It possesses strongly
alkaline or basic properties, neutralising the strongest acids.
The approach of any gaseous or volatile acid, such as carbonic,
hydrochloric, or nitric acids, to the mouth of a jar of ammonia,
causes the formation of dense white clouds of carbonate, hydro-
chlorate, or nitrate of ammonia. By this property and by its
smell, it is easily detected and recognised.

Ammonia is formed by the union of 3 vol. hydrogen and
1 vol. nitrogen, which yield not 4 vol., but 2 vol. ammoniacal
gas. Here condensation to one half has taken place.

AQUA AMMONIZE OR LIQUOR AMMONILZE.

This most useful re-agent is best prepared by causing the gas
disengaged from the above mixture of sal-ammoniac and slaked
lime by heat, a little water having been previously added to
moisten the powder, to pass through cold water in an apparatus,
furnished with a safety-tube, to prevent undue absorption, the
gas being washed by means of a very little water placed in
an intermediate bottle. The water, if kept cold, will absorb
about 670 times its bulk of the gas, by which it is increased in
bulk, acquires a Sp. G. of only 0'872, and becomes possessed of
all the chemical properties of the gas in a very high degree.

F
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This is the aqua ammoniz fortissima of the manufacturers, aﬁd for
medical use it requires to be diluted till it has the Sp. G. of 0.96.

e’ - )

At 0.872, it contains 32.5 per cent. of dry gas ; at 0.96, hardly
10 per cent. Hence, by adding 8 vol. of water to 3 vol. of
the strongest ammonia, we reduce it to the ordinary medical
strength, which is also sufficiently strong for the usuzy chemical
purposes.

This solution is constantly employed by the chemist for
neutralising acids, and precipitating insoluble bases. It has the
very great advantage of not introducing any fixed matter, so that
the re-agent may be totally expelled by a red-heat. In medicine
it is much employed, internally, as a diffusible stimulant, and
externally as a powerful rubefacient, and also along with oil as a
counter-irritant. If it can be procured in time, it is the best
antidote to prussic acid.

With acid, ammonia forms salts, which are recognised by their
yielding the pungent smell of ammonia when mixed with caustic
potash or slacked lime. They are either volatile in the fire, as
carbonate, sulphate, &c.; or they are decomposed, the ammonia
being driven off and the acid remaining behind, as phosphate of
%nimonia. For the constitution of the salts of ammonia, see

elow.

c. Ammonium. NH, —1819.

This compound, like amide, is not known in the separate
state ; but we have reason to believe that it exists, and has the
chemical relations of a metal : hence its name.
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When a salt of ammonia is decomposed by galvanic electricity,
the negative pole terminating in a drop of mercury, the mercury
swells to many times its original bulk, becomes almost solid,
but retains its metallic aspect. The same compound is formed
when an amalgam of mercury with potassium or sodium is
placed in aqua ammoniz, or in contact with a moistened ammo-
niacal salt. It is crystalline, and has been regarded as an
amalgam of mercury and ammonium. When removed from the
pole, and placed in water, it gives off ammonia and hydrogen,
and the mercury resumes its original bulk. The remarkable
circumstance is, that the amalgam contains so small a weight of
ammonium (or of ammonia + hydrogen), although its properties
are so different from those of the mercury. But, if we suppose
an amalgam to be formed of 10 eq. mercury and 1 eq. ammonium,
this would contain less than 2 per cent. of the latter. There is,
therefore, nothing unreasonable or very improbable in the idea
of a compound metal ammonium, NH,. Indeed, if we assume
its existence, we are enabled to take a view of the constitution
of the salts of ammonia, which makes them analogous to those
of the other alkalies.

It was formerly the universal opinion that ammonia, NH_,
combined directly with oxygen acids, such as sulphuric acid,
S0,, as well as with hydrogen acids, such as hydrochloric acid,
HCI. According to our present knowledge, the hydrochlorate
of ammonia does really contain the elements NH, + HCI,
although we may suppose them otherwise arranged : but it has
been shown that sulphuric acid, SO, although it can be made
to unite with ammonia, does not produce sulphate of ammonia :
but that the formation of this latter salt requires, besides the
elements of ammonia and sulphuric acid, those of 1 eq. of water,
HO ; and that the salts of ammonia, with the oxygen acids in
general, contain, as an essential ingredient, this 1 eq. of water.
It is not easy to see why ammonia should form neutral salts
without the aid of water, when acted on by hydrogen acids, and
should require water when combining with oxygen acids. But
if we admit that ammonium exists, and is the true basic radical
in all these salts, the whole becomes clear. In that case, NH,
+ HO, ammonia 4 1 eq. of water, becomes NH, O, or oxide
of ammonium ; sulphate of ammonia + water (NH,, HO480,)
becomes dry sulphatg of oxide of ammonium, NH, O, SO, ; and
hydrochlorate of ammonia, NH,, HCl, becomes chloride of
ammonium, NH_, CL. It has been observed, that the oxygen

+ acid salts of ammonia + water are isomorphous with the dry

salts of potash. Now, on the old view, we can trace no analogy

' between NH,, HO, SO,, and KO, 80, ; but if we admit the
- F 2
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existence of the metal ammonium, and still more, if we represent
it by the symbol Am. the analogy becomes obvious. Thus we
have the two series—
Potassium.  Ammonium.  Do. at full length,

Metal . . K . < RARES . NH,

Oxide ot KON W 1 T AMNO 1. S USRGHE O

Chloride « Gl . Am CI . NH,Cl

Sulphate . . KO,80, AmO0,80, NH,,O + 80,

The only difference between the two series is, that we know
Am. to be a compound, while K is, as yet, undecomposed. But,
as formerly remarked, all our present elements may hereafter
prove to be compounds ; and even were this not so, we can easily
conceive a compound metal playing the same part as a simple one.

We have to bear in mind that ammonium, if it exists, is
resolved into ammonia N H, and hydrogen, whenever we attempt
to isolate it : that ammonia, in combining with a hydrated oxygen
acid, such as HO, SO, takes the hydrogen of the water, forming
ammonium N H , which, with the oxygen of the water, produces
oxide of ammonium, and that the oxide then unites with the
acid : and, finally, that ammonia, in contact with a hydrogen
acid, such as HCI, takes the hydrogen of the acid to form
ammonium, which then unites with the acid radical chlorine.
Indeed, this very simple view may be extended to the hydrated
oxygen acids, if we view them as hydrogen acids. Hydrated
sulphuric acid, HO, SO, may be viewed as a hydrogen acid,
H,S0,: and if ammonia act on this, we have either NH_ +
HO,80,=NH,,0,80,:orNH, 4 H,80,=NH_,80_;
the latter being perfectly analogous to the formation of chloride
of ammonium (sal ammoniac), NH, 4+ HCl=NH_, CL. !

The above is a sketch of the ammonium theory of Berzelius,
which is beautifully consistent, if we once admit the existence
of ammonium : rendered, as it is, o probable by the phenomena
of the amalgam, and by the isomorphism of t{e compounds of -
potash and those of ammonia + 1 eq. water. This theory is
pretty generally adopted by chemists.

4. Cuvorine. Cl = 3547.

This element occurs in prodigious quantity in the well known
sabstance sea or rock salt, in which it is combined with sodium.
Tt is also occasionally found in combination with lead, silver, and
mercury. Chloride of potassium is a frequent ingredient of
ashes, especially of the ashes of sea plants.

It is best prepared by the action of peroxide of manganese on
hydrochloric acid. 1 part of finely-powdered peroxide is covered
in a roomy flask with 6 parts of moderately strong hydrochlorie
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acid (4 parts of concentrated acid and 2 of water) ; to the flask
is fitted tightly a tube bent twice at right angles, the longer limb
of which 1s conducted to
the bottom of a dry, wide-
mouthed bottle, furnished
with a tight glass stopper.
The chlorine, on the appli-
cation of a gentle warmth,
escapes in the form of gas,
and, being much heavier
than air, is very easily col-
lected in dry vessels by
displacement. As soon as
the bottle is filled, which
o> 18 easily seen from the
ellow colour of the gas, it
is withdrawn and replaced by another. If the gas is to be kept,
the stopper must be tightly fitted into the bottle,and the juncture
well greased.

The following equation shows the change :—Mn O, + 2 HCl
=MnCl+ 2HO + Cl. Here one half of the chlorine is given
off as gas, while the other remains behind as chloride of
manganese.

Chlorine, at the usual temperature, is a gas which is liquefied
by a pressure of about four atmospheres. It is transparent
and of a strong yellowish green colour (hence its name). Its
Sp. G.is 2'500. Its smell is very disagreeable, pungent and
suffocating ; when much diluted it recals the smell of the air on
the sea shore. If respired pure, it causes instant death ; and
even when diluted with air, excites cough, pain, and a sense of
stricture on the chest, often lasting for many hours, and only
relieved by a very copious expectoration of thick mucus, but
occasionally followed by spitting of blood. The irritation thus
caused may often give rise to permanent and serious disease of
the lungs, and, therefore care should be taken not to breathe the
gas in working with it. Itis not a little remarkable, however,
that, if very much diluted, although still apt to excite cough, it is
found to alleviate the symptoms of phthisis when inhaled, pro-
bably by promoting expectoration. The patients themselves
soon learn to bear it stronger, and to long for the hour of inhal-
ing it. It is also stated that the workers in manufactories of
bleaching powder, and in bleaching and dye works, where the
air is always to some extent charged with chlorine, are less
liable to phthisis than others : so that, up to a certain point, the
system seems capable of becoming habituated to it with benefit.
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Chlorine supports the combustion of many substances, such as
a candle ; many take fire spontaneously in it, as phosphorus,
antimony, oil of turpentine, &c. It may be made to burn itself
in an atmosphere of hydrogen gas or coal gas.

Chlorine gas dissolves in water: hence it cannot be preserved
over that liquid. The solution is termed chlorine water. It
has the smell of the gas, and bleaches vegetable colours most
powerfully, which perfectly dry chlorine does not. It also
destroys feetid or noxious effluvia, and is very useful in checking
the spread of contagious disease. i

The affinities of chlorine for the metals are very powerful,
frequently stronger than those of oxygen. It therefore decom-
poses many oxides, as well as bromides, iodides, sulphurets, &c.,
at ordinary temperatures, and almost all the rest at a red-heat.
It acts so strongly on mercury that it cannot be collected over
that metal. But its strongest affinity is to hydrogen, with which
it forms hydrochloric acid. It is to this powerful affinity that
the bleaching properties of chlorine are to be ascribed ; it seizes
on part of the hydrogen of the colouring matter, and thus
decomposes it entirely. The same remark applies to the
destruction of effluvia and miasmata.

The presence of free chlorine is detected by its smell and its
power of bleaching solution of indigo. Nitrate of silver also
causes with it a curdy white precipitate of chloride of silver,
insoluble in acids. (See Hydrochloric Acid.)

The compounds of chlorine, which are not acids, are called
chlorides.

SOLUTION OF CHLORINE.

This solution is prepared by simply passing a slow current of
chlorine gas through water (previously boiled and allowed to
cool), placed in inverted retorts nearly full. As soon as water
begins to escape at the neck of one retort, the tube is transferred
to another, and so on alternately till the water refuses to absorb
any more. The solution, which has the colour, smell, and bleach-
ing properties of the gas, must be kept in small bottles, quite
filled, and closely fitted with glass stoppers. A drachm or more
of this, added to about four or six ounces of water at 100°, forms
a mixture through which air may be drawn into the lungs when
we wish diluted chlorine to be inhaled. The solution is decom-
posed by light, and ought, therefore, to be kept in the dark.

Chlorine combines both with oxygen and hydrogen, but as the
compound of chlorine with hydrogen is the most important, we
zhall here deviate slightly from the natural order and treat of it

rst.
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CHLORINE AND HYDROGEN.
Hydrochloric Acid; H Cl= 3647.

Syn. Muriatic Acid. — Is formed when equal volumes of
chlorine and hydrogen are mixed and exposed to light, flame, or
the electric spark, all of which cause the gases to combine with
explosion. Is best prepared by the action of sulphuric acid on
sea salt, when the gas is disengaged even without the aid of heat.
As water instantly absorbs it, it must be collected over mercury,
or by displacement, as it is somewhat heavier than air.

The following equation shows the formation of the acid :—
Na Cl + (HO, 80,)=HCl + (Na 0,80,) : or, NaCl 4+ H,
S0, = H Cl + Na, 80,. A

Hydrochloric acid is a gas, transparent and colourless, fuming
strongly with moist air, of a pungent, acid, suffocating smell, and
a strong sour taste. Its Sp. G.is the mean between those of
chlorine and hydrogen, or 1'284, it being formed of equal volumes
of these gases without condensation. It is absorbed in large
proportion by water, forming the common or liquid hydrochloric
acid, which is merely a solution of the gas in water. This solution
reddens, but does not bleach, vegetable blue colours ; and neutral-
ises the alkalies, yielding heutral salts, which are found to be
chlorides.

When it acts on soda, NaO, for example, we obtain neutral
crystals by evaporation, but these are found to be sea-salt, Na
CI, and contain neither oxygen nor hydrogen, so that these latter
elements must have united to form water ; thus: Na O + H Cl
=NaCl + HO. The result is, in regard to neutrality, the
same as if the acid and alkali had directly combined together
and neutralised each other : for the chloride of sodium (Na Cl)
and water are both neutral. The general formula for the action
of this and similar hydrogen acids on metallic oxidés is as fol-
lows: HR + MO=MR + HO. Here, R stands for chlorine
or any other acid radical, and M for any metal. If the oxide
be a sesquioxide, the formula will be 3 HR + M, 0, =M _R,
+ 3 HO. Here, 3 eq. hydrogen acid and 1 eq. sesquioxide
yield 1 eq. sesquichloride (bromide, iodide, &c) and 3 eq.
water ; but the principle is the same. In some cases, however,
hydrochloric acid appears to combine with oxides; as with
alumina or oxide of chromium.

It will be easily seen, from what has just been said, that the
action of hydrochlori¢ acid on oxides affords a ready and con-
venient means of obtaining the corresponding chlorides. This
method is very often employed. ‘
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HYDROCHLORIC ACID AND. WATER.
* Liquip, or Aqurous, Hyprocuroric Acip.

Sy~. Liquid Muriatic Acid : Spirit of Salt.—This most in-
dispensable re-agent is best prepared by the following easy pro-
cess, which moreover yields 1t perfectly pure: 6 parts, by weight,
of pure salt are introduced into a flask or mattrass, and covered
with 10 parts, by weight, of oil of vitriol, and 4 parts of water,
the latter having been previously mixed, and the mixture allowed
to cool: or we may take 85 parts, by measure, of sulphuric
acid, Sp. G. 1-65. No action takes place in the cold, so that we
may adapt securely a bent tube to convey the gas, to the flagk.
This tube is twice bent at right angles, and has a bulb blown on
the longer descending limb. In a bottle, surrounded with ice-
cold water, is placed a quantity of distilled water equal in
weight to the salt, and the bent tube is made to dip about 4 inch
into this water. A gentle heat is now applied to the flask, which

rests in a sand-pot, and continued as long as any hydrochloric
acid comes over. - In about two hours the process 1s finished,
and we find the distilled water increased in volume nearly two-
thirds, and converted into hydrochloric acid, guite pure and
colourless, of Sp. G. 1'14to 1'15.  If we wish it as strong as
possible, or of Sp. G. 1:21, we have only to employ, in a second
operation, a part-of the acid above described in the place of the
distilled water, during the first half of the operation, when it
will speedily become saturated. - No safety-tube is required : it
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is only necessary to lower the bottle a little, occasionally, so
that the tube shall never dip far into the liquid: and even
should absorption take place too rapidly, and the water rise in
the tube, the bulb will receive it, the end of the tube will be
exposed, and air entering will prevent the regurgitation of the
water into the flask. This simple tube, therefore, forms a self-
acting valve, and renders a safety-tube unnecessary. The
absorbing liquid must be kept as cold as possible, by frequently
changing the surrounding water, which becomes warm owing to
- the heat developed in the absorption. If ice can be had, a little
added to the cooling-vessel, from time to time, keeps the tem-
perature sufficiently low.

In the above operation, the proportions of acid and salt are
according to the formula

Na C14-2 (HO, S0,)=(Na 0, HO, 2 S0,)+H CL.

Here, 2 eq. of acid are employed for one of salt; for two rea-
sons. First, a much lower heat is required; and 2ndly, the
resulting salt, bisulphate of soda, is quite easily got out, without
risking the flask, which is not the case when 1 eq. of acid is
used, and neutral sulphate is left. The acid is diluted to Sp. G.
1:65, or even 160 for the same reasons. The addition of the
water facilitates the operation, and renders the resulting mass
more soluble and manageable. It is to be observed that, not-
withstanding this addition of water, 2 of the hydrochloric acid
gas comes off quite dry, and it is only towards the end of the
operation that, the heat being increased, water and acid come off
together. This is easily known by the tube becoming hot from
the condensation of the steam. ¥rom first to last, not a trace
of sulphuric acid passes over, even into the tube ; and thus by
using tolerably pure materials, we obtain colourless and pure
hydrochloric acid, as easily and cheaply as if we were making
the very impure acid of commerce. By the above process, the
purest and strongest hydrochloric acid might be sold for not
more than 3d. per 1b., probably for less.

Pare aqueous hydrochloric acid has, when concentrated, a
8p. G. of 1-21, and fumes strongly when exposed to the air, the
gas constantly escaping and uniting with the vapour which it
meets. The acid even fumes when no denser than 1.13, and
acid of from 1:14 to 1°16 is most convenient for common use, as
there is not so much gas lost from it as from the strongest. It
ought to be quite colourless ; if yellow, it contains perchloride
of iron or free chlorine, probably both. "The liquid is very acid
and corrosive, When a rod dipped in aqua ammoniz is brought
near, very thick white fumes of sal ammoniac are formed. If
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heated, gas is expelled, the boiling point, which is at first very
low, gradually rising, till the Sp. G. falls to 1-100, when the
boiling point is rather higher than that of water; and at this
strength the acid distils over uncharged. A weaker acid, if
boiled, loses water, and becomes stronger, while a stronger, as
we have seen, loses gas and becomes weaker. We can, there-
fore, purify the common acid by diluting it to Sp. G. 1-100, and
distilling it, rejecting the first and last portions. The intermediate
portion 1s pure, but cannot in this way be obtained concentrated.

The presence of hydrochloric acid is detected by nitrate of -
silver, which forms, even in very diluted solutions, a white
curdy precipitate of chloride of silver, insoluble in acids. Itis
to be borne in mind, however, that the presence of free chlorine
and soluble chlorides gives rise to the same compound: we
must, therefore, ascertain their absence, and the presence of an
acid, before we can rely on this test.

The muriatic acid of commerce is very impure. It contains
fixed impurities, detected by evaporation to dryness: sulphuric
acid, detected by adding to the liquid, first distilled water, and
then a salt of barium ; chloride of iron, detected by ferrocyanide
of potassium ; free chlorine, recognised by its power of dissolving
gold; and sulphurous acid, easily known by its smell. It often
also contains tin and arsenic, which may be discovered by the
proper tests of those metals. As no re-agent is so much
employed by the chemist, and none so necessary to have per-
fectly pure, the chemist ought never, in careful experiments, to
use the common acid ; and it is on this account that I have so
minutely described the method which I have given for obtaining
it pure, and which is now generally adopted in the Continental
laboratories. .

Hydrochloric acid is much used in chemical investigations,
chiefly for dissolving inorganic bases, with most of which it
forms soluble chlorides: the exceptions are oxide of silver and
protoxide of mercury, the chlorides corresponding to which are
insoluble ; and protoxide of lead, which yields a sparingly
soluble chloride. 1In all inorganic researches, and above all, in
the analysis of minerals, soils, &ec., it is absolutely indispensable. -

Hydrochloric acid may be viewed as the type of all acids,
including the so-called hydrated oxygen acids. We shall have
occasion to return to this subject when treating of the acids of
sulphur, and also in the general remarks on salts.

NITRO-MURIATIC, OR NITRO-HYDROCHLORIC ACID.

Syn. Aque Regia.~This, which was formerly viewed as a
distinct acid, and celebrated for its power of dissolving gold,
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is in reality a mixture. It is made by adding nitric acid to
twice or thrice its bulk of strong hydrochloric acid. Both acids
are decomposed, according to the equation :—

HCl 4 NO,=HO + Cl 4+ NO,

Here, the products are water, chlorine, and nitrous acid. It is
also possible that the change may be as follows :—
2 H C14+NO, —2 HO+Cl, +NO,.

Where the products are water, chlorine, and hyponitrous acid.
While neither nitric nor hydrochloric acid, if pure, can dissolve
gold or platinum separately, this mixture does so readily. It is
certain, that free chlorine can dissolve those metals, and that their
solution in aqua regia yields chlorides on evaporation ; but there
is reason also to believe, that the nitrous, or hyponitrous acids,
contribute powerfully to the solvent power of the aqua regia,
possibly by yielding oxygen to the metals, as these acids are
more easily decomposed than nitric acid.

CHLORINE AND OXYGEN.

The affinity of chlorine for oxygen is very feeble, and these
elements cannot be made to combine directly. By indirect means,
however, they may be madeto unite, and four compounds are
known, all of which are acids.

a. Hypochlorous Acid. Cl 0—=43483.

Svn. Acide hypochloreuzr. Unterchlorige Saiire.—~When chlo-
rine gas is passed through a cold diluted solution of an alkali,
compounds are formed, which are known as bleaching compounds,
and have been considered to consist of chlorine and metallic
oxides, such as the so-called chlorides of lime and soda. The
are, however, in reality, mixtures of chloride of the metal wit
hypochlorite of the oxide. Thus 2 eq. soda and 2 eq. chlorine,
instead of combining together, act on each other as follows :—

2 Na 0+Cl,—Na Cl+Na 0, C10.

The true bleaching compound of soda contains, therefore, 1 eq.
of chloride of sodium+1 eq. hypochlorite of soda.

To obtain hypochlorous acid in the free state, red oxide of
mercury and water are agitated with chlorine ; when there are
formed a compound of perchloride and peroxide of mercury, which
is insoluble, and hypochlorous acid which dissolves in the water.

2 Hg 0,+Cl,—(Hg 0,+Hg C1,)+2 C1 0.
By rectification, a stronger solution may be obtained ; and if
this be placed in a retort with an excess of dry nitrate of lime,
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this salt seizes on the water, and the hypochlorous acid gas sepa-
rates, and may be collected over a saturated solution of nitrate
of lime,

It is a gas of a strong yellow colour, and a peculiar pene-

trating smell. It is very easily decomposed into two vol. chlo-
rine, and one vol. oxygen, exploding by the mere contact of manﬁ
combustible substances, or by a gentle heat. Experiments wit
it require the greatest caution.
"~ Water absorbs about 100 times its volume of this gas, and
acquires a pale yellow colour, and the astringent, not acid, taste
and peculiar smell of the gas. It bleaches powerfully, and is
easily decomposed by all substances which have a strong affinity
for chlorine, or for oxygen.

With the stronger bases it unites, forming salts which are
called hypochlorites, the general formula of which is MO, C1 0.
With acids these salts yield hypochlorous acid, not chlorine ;
and they are thus distinguished from the true bleaching salts,
which, when acted on by acids, yield pure chlorine. The bleach-
ing salts have the general formula M Cl14+MO, Cl1 O; that is,
as already stated, they are mixtures or compounds of chlorides
and hypochlorides. The action of sulphuric acid on them is as
follows :—

(M C14+MO, C1 0)+2 S0,=2 (MO, SO,)+Cl,.

Here all the chlorine, both that of the chloride, and that of the
hypochlorite, is given off in the free state. Hence, as chlorine is
the real bleaching agent, the great bleaching power of the chlo-
rides of lime and soda, as they are called. The action of dilute
sulphuric acid on bleaching powder (chloride of lime, or Ca Cl

++Ca O, Cl 0), furnishes a very easy and economical method of

disengaging rapidly a large quantity of chlorine gas, as in fumi-
gating a large room or house. No heat is required ; we have only
from time to time to add a tablespoonful of bleaching-powder to
a basin of diluted acid.

‘When boiled, the hypochlorites as well asthe bleaching com-
pounds, which consist of hypochlorite4-chlogide, are resolved
into chlorides and chlorates. Thus 3 eq. hypochlorite of potash,
3 (KO, Cl 0), yield 1 eq. chlorate of potash, KO, Cl O,, and 2
eq. chloride of potassium, 2 K Cl. Of course, if, as in the bleach-
ing compound of potash, the 3 eq. of hypochlorite were mixed
with 3 eq. of chloride, the result would be 1 eq. of chlorate, and
5 eq. of chloride. .

b. Chlorous Acid. Cl 0,=—67-522.

Syn. Perowide of Chlorine. Chlorige Saiire. Acide Hypochlo-
rique~—~This acid 1s obtained by mixing oil of vitriol very gra-
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dually and cautiously with chlorate of potash, and applying to
the yellow pasty mass thus formed, in a retort placed in a bath
of proof spirit, a very gentle heat: Chlorous acid is given off as
a deep yellow gas, which is even more easily decomposed, and
more explosive than the preceding acid. Hence,very great cau-
tion, and the use of a glass mask, are necessary in experimenting
with it. It may be collected over mercury. Its smell is pecu-
liar, almost aromatic. It is absorbed by water, which acquires
its odour, and its bleaching properties.
The following equation explains its formation :—

3 (KO, C10,)+(2 80,)=KO, C10,+2 (K6, 80,)+2 Cl 0,

That is, 3 eq. chlorate of potash, and 2 eq. sulphuric acid, yield
1 eq. perchlorate of potash, 2 eq. sulphate of potash, and 2 eq.
chlorous acid.

The compounds of chlorous acid with bases are not much
known. In contact with alkalies, chlorous acid appears to be re-
solved into chloric and hypochlorous acids. Thus, 4CL 0,=
3Cl10,+ClO.

¢. Chloric Acid. Cl 0,=75"535.

Syn. Hyperoxymuriatic Acid—This acid is formed, as we have
seen, in combination with a base, under different circumstances ;
as, when the solution of a hypochlorite is boiled ; when chlorine
is passed through a hot and strong solution of an alkali ; and when
chlorous acid is brought in contact with bases. It is evident
that in the second case a hypochlorite is formed, but is by the
heat as rapidly destroyed, yielding a chlorate (see chlorate of
potash) ; and if we suppose 6 eq. of potash to be acted on by 6
eq. chlorine, we may suppose the first stage to be represented
as follows :—

6 KO+ Clg=3 K Cl+3 (KO, C10).
hAnd in the second stage, the 3 K Cl remaining unchanged, we
ave
3 (KO, Ci 0)=2K Cl+ (KO, C10,).
Or, omitting the first stage, as temporary only in the heat, we
have
6 KO+Cl,=5 K Cl4 (KO, Cl0,).

To obtain chloric acid, chlorate of baryta is dissolved in water,
and sulphuric acid is added, so as exactly to precipitate all the
baryta as sulphate. The clear solution is concentrated by spon-
taneous evaporation.

When very strong, it forms a yellowish oily-looking liquid, very
sour to the taste. A piece of paper dipped in it soon takes fire,
from the ease with which the acid yields its oxygen. It is
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resolved by distillation into hyperchloric acid, oxygen, and
chlorine.
2 C10,=C1 0,4Cl+0,.

The salts of this acid, which are called chlorates, are quite
Eermanent, but readily explode with combustible matter at a red-
eat ; or, in some cases, by friction and percussion alone, or by
contact of oil of vitriol. Thus phosphorus and charcoal explode
most violently in contact with chlorate of potash—the latter by
friction, the former by percussion ; and a kind of instantaneous
light, formerly much used, consisted of a mixture of chlorate of
potash, sugar, and a little gum, to make it adhere, placed on the
end of a match, and dipped into oil of vitriol, when it took fire.
The lucifers now used are also made with the same salt,and take
fire by friction. (See chlorate of potash.)

‘d. Perchloric Acid. C10, — 91'561.

Sy~. Hyperchloric Acid.—This acid may be obtained either
by the distillation of chloric acid (see above), or by the distil-
lation of hyperchlorate of potash with an equal weight of oil of
vitriol, previously mixed with half as much water. It is puri-
fied from sulphuric acid by means of baryta, from chlorine by
oxide of silver ; and is then concentrated by slow evaporation.

It resembles the preceding acid, and when very concentrated,
has a sp.g. of 1'65. It reddens litmus without bleaching it,
boils at 412°, and may be distilled without change. It is very
permanent, and has strong affinities. Its best known salt is
the perchlorate of potash, which is so sparingly soluble, that
the acid may be used as a test for potash, in all liquids not too
diluted. As the perchlorate of soda is very soluble, the use of
this acid enables us to distinguish, and to separate soda from
potash. a

The perchlorate of potash is easily formed by melting chlorate
of potash, and heating it till the mass becomes thick and pasty,
which takes place when 4 of the oxygen is expelled. The
residue is a mixture of chloride of potassinm and perchlorate
of potash, and the latter is easily purified by dissolving the
whole in hot water, and allowing it to crystallise on cooling.
The action of heat on chlorate of potash is thus expressed :

2 (K0,C10,) = KCl + (KO, C10,) + O,

It must here be observed, that our knowledge of the com-
pounds of chlorine and oxygen is far from being complete or
satisfactory, and that Gay-Lussac and Millon, since the disco-
very by Balard of hypochlorous acid, have devoted attention
to the subject. Millon, indeed, has published an elaborate
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memoir, in which he describes, under the name of chlorous
acid, a compound ClO,, while he gives to the chlorous acid
above described the name of hypochloric acid. The compound
discovered by Davy, by acting on chlorate of potash with
hydrochloric acid, and by him called euchlorine, by others
protoxide of chlorine, and supposed by some to be a mixture
of chlorine and chlorous acid (C10,), by others to be identical
with chlorous acid, is, according to Millon, composed of Cl,
0,,=2C10,+Cl0,. He calls it chlorochloric acid, and
views it as composed of chlorous acid (C10,) and perchloric
acid. In like manner, Millon has described another acid,
obtained by the action of light on his chlorous acid in contact
with cold water, and which he calls chloroperchloric acid. It
is composed of Cl,0,,=Cl10,42Cl0,, and differs from the
last in the proportion of chlorous and perchloric acids it
contains.

Almost all of these compounds have properties so similar,
that they are with difficulty distinguished from each other.
Thus there are not less than 5 compounds, according to Millon,
namely C10, C10,, C1O,, C1,0,,,and C1,0,,, which are
volatile liquids, yielding deep yellow highly explosive vapours.
He distinguishes C10 and CI1O, from the others, as forming
permanent salts with bases ; the other three yield, with bases,
a mixture of chlorate with chlorite (the acid in the latter being
Millon’s chlorous acid, C10,), and the proportion of these salts
is different in each case.

We have not space to enter more minutely into this very
difficult but interesting subject. The researches of Millon are
hardly completed, and require confirmation. In the mean
time, the following table contains the compounds admitted by
him, with his view of their true constitution :

Hypochlorousacid . . Cl O

Chlorous acid . . Cl 04 :
Hypochloric acid . .C 0, = C1,0,,=3Cl0gz4ClO,
Chloric acid . 3 .Cl 0y, = Cl, 0,,—= ClO,4ClO,
Chlorochloric acid . . Cl; 0,,=2Cl Oy + CIO,
Chloroperchloric acid . Cl; 0,,= Cl 0z +2ClO,
Perchloric acid . Je W O,

It will easily be seen that Millon admits, as independent
' eompounds, only C10, C10,, and C10, ; and that he considers
* all the others as compounds of C10, with ClO,, in various
| proportions. This readily explains the formation of perchlorate
- of potash from chlorate : for, on this view, chlorate of potash is
- KO, C10,+KO, Cl10, ; and when heated, it is the latter (the
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chlorite) alone which is at first decomposed into chloride of
potassium and oxygen. On this view, also, we see why all the
three compounds, C10,, C1, O, .,and Cl, O, ,, have properties so
similar, and why they all yieid, with potash, mixtures of chlo-
rate and chlorite. For the details of the preparation and
properties of these compounds, I must refer to the memoir of
Millon, which is in the Annales de Chimie et de Physique,
1843, also in Liebig’s Annalen, xlvi., 281.

CHLORINE AND NITROGEN.
Perchloride of Nitrogen. N Cl, =15607.

Sy~n. Quadrichloride of Nitrogen.— This compound is ob-
tained by allowing chlorine gas to come in contact with a
solution of sal ammoniac at 90° or 100°. The gas is slowly
absorbed, and an oily liquid appears in large drops on the
surface of the liquid. By agitating the vessel, these fall down,
being heavier than the solution, and should be received in a
thick cup of lead, kept very clean.

The chloride of nitrogen is a yellowish oily liquid, distin-
guished for its tendency to explode by the mere contact of
combustible matter, such as fat, oil, essential oils, phosphorus,
&c. &c. The explosion is so violent, that even one drop of the
liquid infallibly shatters to pieces any basin or bottle in which
it explodes; and as it explodes often without any obvious
cause, possibly from the contact of some minute portion of
greasy matter, it is most dangerous to experiment on. A strong
mask should be worn, and all the vessels employed should be
scrupulously clean if it is necessary to make such experiments ;
it is better, however, not to attempt them. Both Dulong, the
discoverer, and Davy, suffered very severely from their re-
searches on it. Kach lost an eye, and the former lost several
fingers also. For the sake of illustration, a drop or two may
be exploded in the lead cup above mentioned, by simply
touching them with a rod dipped in oil. The results of the
explosion are chlorine and nitrogen gases. It is generally
admitted that the formula of the compound is Cl, N, and its
formation may be thus explained—NH_, HC14Cl,=4HCl4
NCl,.

5. BromiNe. Br— 78:39.

This element is found in minute proportion in sea water, in
somewhat larger quantity in the water of the Dead Sea, in the
bittern or mother liquor of sea water, out of which the sea salt
has been crystallised, and in the mother liquid of many salt
. springs, from which, in like- ‘manner,.the sea salt has been
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separated. The mother liquor of the salt springs at Kreuznach
is particularly rich in bromine. In all these cases, the bromine
occurs as bromide of potassium, sodium, or magnesium.
_ To obtain it, the liquor, concentrated as much as possible, is
exposed to a current of chlorine gas, which is continued as long
as the liquid becomes darker in colour from the bromine which
is set free. The orange liquid thus obtained is to be agitated
with ether, which rises to the surface, carrying with it all the
bromine dissolved, which gives to the ether a hyacinth-red colour.
‘The solution of bromine in ether is then acted on by a slight
excess of potash, which produces a mixture of bromate of potash
‘and bromide of potassium ; 6 KO+ 6Br=5KBr+ (KO, BrO,).
‘The whole is dried up and ignited, when all the oxygen of the
‘bromate is expelled, and only KBr is left. This bromide is
mixed with rather more than half its weight of peroxide of
manganese, and then distilled along with its own weight of oil
of vitriol (previously mixed with half its weight of water) ; the
red vapours of bromine are given off, and condensed in a tube
~or receiver very well cooled. By rectification with a little
 ¢hloride of calcium, the bromine is obtained dry and pure.
The following is the action of the sulphuric acid on the
- bromide of potassium and peroxide of manganese :—KBr+
' MnO,+250,=KO0, SO, +MnO, SO, +Dr.

Bromine is, at ordinary temperatures, a deep brownish-red
liquid, boiling at 113° ; its Sp. G. is 2'99. Its vapour resembles
that of nitrous acid, but has a very peculiar disagreeable pun-
gent smell. It is poisonous, and acts so strongly on the living
| membrane of the nose, that the mere smelling to a bottle of
bromine is often followed by a painful sensation in the nostril,
 attended with a copious flow of tears, lasting for hours, or eyen
for days.

In all its relations, bromine is closely analogous to chlorine.
It supports the combustion of phosphorus, and of many metals,
like chlorine, and it bleaches organic colours. With hydrogen it
forms hydrobromic acid, exactly analogous to hydrochl)())ric acid ;
with oxygen it forms as yet only one acid, Br O,, analogous to

loric acid. The analogy is equally striking when we compare
the metallic bromides with the corresponding chlorides. Having
so minutely described the relations of chlorine, this analogy will
able us to describe those of bromine very briefly. The affini-
ities of bromine are less powerful than those of chlorine, so that
e latter element disengages bromine from its compounds.

3
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BROMINE AND HYDROGEN.
Hydrobromic Acid. H Br =—=7939.

To obtain this acid, phosphorus, bromine, and a little water
are placed in contact, and the gas which is disengaged is collecte
over mercury. The change is the following :—

P, +Bry + 3HO=P, 0, + 3HBr.

Here, along with hydrobromic acid, phosphorous acid is
produced.

Hydrobromic acid is a gas, transparent and colourless, fuming
strongly when mixed with the air. ItsSp. G.is2:73. Itis,in
smell, taste, absorbability by water, and indeed all its properties,
hardly distinguishable from hydrochloric acid; but chlorine
decomposes it, setting free bromine. The strongest solution of
the acid is a fuming liquid of Sp. G. 1-29. ik

With metallic oxides it forms water and bromides, exactly as
was explained under hydrochloric acid.

MO + H Br=—HO + MBr.

The bromides of lead, mercury, and silver, like the correspond-
ing chlorides, are insoluble : the other bromides are soluble.

BROMINE AND OXYGEN,
Bromic Acid. Br O; — 118-445.

1t has been already mentioned that bromic acid is formed in
combination with potash, when bromine is acted on by that
alkali. The bromate of potash is quite analogous to the chlorate;
and bromie acid may be obtained in the same way as chloric acid.
by the action of fluosilicic acid on the bromate of potash, or o
sulphuric acid on bromate of baryta. Its properties are quite
analogous to those of chloric acid.

There is some reason to think that bromine forms bleaching
compounds, which, like those of chlorine, contain peculiar acids
bromous or hypobromous acids ; and it is also probable that there
exists a perbromic acid, analogous to perchloric acid. Our know:
ledge of these compounds, however, is very limited.

No compound of bromine and nitrogen is yet known. Witl
chlorine bromine forms a reddish-yellow, volatile, pungent liquid
which is said to be Br Cl,, a perchloride of bromine. When thi
substance is acted on by potash, it yields chloride of potassium
and bromate of potash.

BrCl, + 6K0 = 5K Cl + (KO, Br 0,).
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6. Tooine. I = 126-57.

Todine occurs in marine vegetables, and is found rather more
abundantlyin their ashes, as iodide of potassium, sodium, or magne-
sium. It is, of course, present in sea-water, but in so small a pro-
portion as not to be easily detected. Iodide of silver has been found
in Mexico, and some of the Silesian ores of zinc contain iodine.

1t is best obtained from kelp, the ashes of various species of
fucus, or other algee. The kelp is lixiviated with water and the
solution evaporated as long as it deposits crystals. The mother
liquor is precipitated by a mixture of 1 part of sulphate of copper
and 21 parts of sulphate of iron, and the precipitate, which is sub-
iodide of copper, Cu, I, if heated with peroxide of manganese
alone, or with the addition of sulphuric acid, yields the iodine as a
purple vapour, which condenses in black crystalline scaleson the
eold part of the apparatus. It is purified by a second sublimation.
" Af ordinary temperatures iodine is solid, of a grayish-black

‘colour, and metallic lustre, like plumbago. It is often seen in
‘acute rhomboidal plates ; it is very brittle, and its Sp. G.. is 4-948.
‘It melts at 220°, and is converted, when dry, into purple vapour
‘at 347°. Along with the vapour of water it volatilises much
'more easily. It has a peculiar marine smell and a rough acrid
taste, and is poisonous.

- Todine is sparingly soluble in water, which takes up not more
\than .- of its weight (1 1b. of water dissolves 1 grain of iodine).
| The solution has a pretty strong brownish-yellow colour, and the
'smell of iodine. Alcohol and ether dissolve iodine abundantly,
| forming deep-brown solutions. Free iodine, whether in the form
lof vapour or of solution, gives to starch a deep blue colour, which
\affords a very delicate test for iodine, as well as for starch.
Jodine, like chlorine and bromine, enters into combination
'with phosphorus, metals, &c., when placed in contact with them,
pand frequently with the phenomena of combustion.

In liquids containing a minute trace of iodine in combination,
it is best detected by adding fresh starch rubbed up with water,
and then a very little chlorine, which may easily be done by
simply inclining over the vessel the mouth of a phial containing
jome solution of chlorine, but not allowing the liquid to drop.
There is always some chlorine gas in the upper part of the phial,
ich by its weight descends to the surface of the liquid to be
d, and the whole being agitated together, a blue tint, more
less deep, appears if iodine be present. Or oil of vitriol may
added to the liquid supposed to contain iodine, in a phial, and
L 8lip of paper moistened with starch paste inserted belween the

and the neck of the phial, so as to be suspended over the
liquid. After a time, if iodine be present, the starch is tinged blue,
G 2
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In both tests, the iodine is set free, for combined iodine has no
action on starch. In the chlorine test, the superior affinity of
chlorine seizes on the metal with which the iodine is united—
thus : KI 4- C1 = KC1 4 L. :
In power of affinity iodine stands below bromine, as bromine
does below chlorine. 'With metals it forms iodides extremely
analogous to the chlorides and bromides. The iodides of lead, mer-
cury, silver, and a few others are insoluble or sparingly soluble ;
most of the others are soluble. Some iodides possess beautiful
colours, as those of lead and mercury. With hydrogen and oxygen
iodine forms compounds, which, as far as they are known, corre-
spond to those of chlorine and bromine with the same elements.
Todine itself, and many metallic iodides, especially iodide of
potassium, are much used in medicine as remedies in scrofula,
and as discutients for glandular tumours in general. They are
used both internally and externally in the shape of baths and
ointments. Iodide of sulphur is also used medicinally. The
long-known efficacy of burnt sponge was shown by Coindet to
depend on its containing, as the ashes of the sea-plant or
zoophytes generally do, a small proportion of iodine. The pre-
sence of iodine has also been detected in certain mineral springs,
both in South America and in Europe, which had acquired
celebrity as capable of curing goitre, a disease for which iodine
seems to be a specific remedy, at least in all but the most
advanced stages. On the whole,the discovery of iodine, which was
made almost accidentally by Courtois, a soap-boiler, in Paris, in
1811, has proved a very valuable addition to the Materia Medica.

I0DINE AND HYDROGEN.
Hydriodic Acid. HI == 127-57.

This acid, which is exactly similar in properties to hydro-
chloric and hydrobromic acids, is
best obtained, in the form of gas,
by gently heating a mixture of one
part of phosphorus and 16 of
1odine, stratified with moistened
sand or powdered glass, in a
small tube. The gas may be
collected over mercury, or ab=
sorbed by water, if the liqui
acid is required. As iodine and
phosphorus act very violently on
each other, and indeed take fire iq
the open air, they ought to
brought in contact in the retor
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and it is even preferable to fill it first with carbonic acid. Millon
has lately proposed another method, namely, to dissolve in a very
small quantity of water, in a retort or flask, some iodide of potas-
sium, to add to this as much iodine as it will dissolve, and a
moderate quantity of phosphorus in small pieces, and then to
apply a gentle heat. In this way the action is more easily
regulated.

Hydriodic acid gas is transparent, colourless, acid to the taste,
and suffocating to the smell. It has a Sp. G. of 4'385, fumes
strongly in the air, and is absorbed by water to as great an
extent as hydrochloric acid gas, from which it is not to be easily
distinguished, except by the action of chlorine or bromine, which
seizing the hydrogen, disengage the purple vapours of iodine.

The aqueous solution is prepared by passing a current of the
gas through water, by passing a current of sulphuretted hydrogen
through water in which iodine is suspended, or by adding diluted
sulphuric acid to a solution of iodide of barium. The two latter
methods are thus expressed : —

1.I+HS=HI+S8. 2 Bal+ HO,S0,—=HI4 BaO,S0,.

When very concentrated, this solution acquires a Sp. G. of
1:700. It does not keep well, however, being decomposed by
the oxygen of the air, with separation of iodine, H1 4 Q=
HO 4 1. With solution of bichloride of platinum, hydriodie

. acid strikes a deep brownish-red colour ; with nitrate of bismuth
a dark brown, nearly black. Hydriodic acid can dissolve a large
quantity of free iodine, which gives it a deep brown colour ;
hence the gradual decomposition of the acid by the air is shown
by its becoming continually darker, from dissolving the iodine
separated.

With metallic oxides, this acid forms water and iodides.
Thus, with solution of silver, it forms a yellowish-white preci-
pitate of iodide of silver, with solution of lead, a fine yellow
precipitate of iodide of lead ; and with solution of peroxide or
bichloride of mercury, a beautiful scarlet precipitate of biniodide
of mercury. With chlorine and starch, it of course gives the
blue iodide of starch.

10DINE AND OXYGEN.
a, Todic Acid. I0,=166675.

Analogous to chloric and bromic acids. To obtain it, iodine
18 boiled in a long-necked flask with the strongest nitric acid,
: when it js gradually oxidised, and the excess of nitric acid is
. expelled by a moderate heat. Or 9 parts of iodate of baryta are
| boiled with a mixture of 2 parts of oil of vitriol and 10 or 12 of
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water. The filtered liquid by evaporation yields iodic acid as a
white erystalline solid.

It is very soluble in water and very acid to the taste. It is
easily resolved into iodine and oxygen by a red-heat ; and it also
yieltf; oxygen to many organic substances, and is used as a test
for morphia or its salts, which it colours dark brown.

The salts of iodic acid, like the chlorates and bromates,
deflagrate with combustible bodies at a red-heat, but not so
powerfully as chlorate of potash. Todic acid forms two series
of salts, with 1 and 2 eq. of base respectively.

ITodic acid is decomposed, iodine being separated by hydro-
chloric and hydrobromic acids, also by sulphuretted Kydrogen
and sulphurous acid. It may, therefore, be recognised by using
any of these re-agents, followed by starch, to detect the free
iodine.

b. Periodic Acid. I0,=182661.

Analogous to perchloric acid. Formed when iodate of soda is
heated with bleaching liquor (chloride of soda), or when chlorine
is passed through a hot solution of 7 parts of dry carbonate of
soda in 100 of water, in which 1 part of iodine is suspended, as
long as a white crystalline salt is deposited. This is periodate
of soda. It is dissolved in dilute nitric acid, and nitrate of lead
added, which forms a precipitate of periodate of lead. " This last
salt is boiled with diluted sulphuric-acid, avoiding excess, and
the filtered solution, or evaporation, yields crystals of periodic
acid, in transparent plates.

When heated, this acid is resolved into oxygen and iodic acid.
It forms with bases two series of salts, with 1'and 2 eq. of base.

1t is at present doubtful if there exist compounds of iodine
with less oxygen than in iodic acid. Salts have been obtained,
having a composition represented by MO, 10 ; but the supposed
hypoiodous acid, IO, has not been isolated, and these salts are
very easily resolved into a mixture of iodates and iodides, of which
they may possibly be, in reality, composed ; for 6 (MO, 10) =
5 MI 4+ MO, I0,. ‘

IODINE AND NITROGEN,

When iodine is placed in contact with aqua ammoniz, there
is formed a black powder, the composition of which is either
NI, or NI,. It explodes with very great violence, often spon-
taneously, on becoming dry by exposure to the air; and at all
times by very slight causes, a slight blow, or friction. It is,
therefore, a very dangerous substance.
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IODINE AND CHLORINE.

Todine readily combines with chlorine, forming apparently
two compounds, ICl and ICl,, which, however, are not well
known. Both of them are volatile liquids of a brown colour,
and exceedingly pungent odour, strongly affecting the eyes.
When acted on by alkalies, they yield iodate of the base and
chloride of the metal, while iodine is set free. Water, also,
decomposes them.

IODINE AND BROMINE.

Todine appears, also, to form two compounds with bromine, of
which one is solid, the other liquid. With alkalies they yield
a mixture of iodate of the oxide and bromide of the metal, with
free jodine.

7. FLoriNeE. F = 1874.

This element occurs in the mineral kingdom combined with
calcium, as fluor spar ; also in small proportions as an element
of mica and of topaz. Fluoride of calcium is also in minute
quantity an ingredient of animal bones, especially of the enamel
of the teeth, and of the urine of some animals. It is very
remarkable, that fossil bones contain much more fluoride of
calcium than recent bones; in some cases even 10 per cent.
Even human bones of the historical period, as bones from the

. tombs of Egypt, or from Pompeii, appear to contain more

* fluoride of calcium than those of the present day.

Fluorine has not yet been isolated, owing, no doubt, to its
very powerful affinities, which cause it, even if separated from
one substance, instantly to unite with another, derived from the
substance of the vesse{used for the experiment. Its properties,
in the separate state, are therefore unknown. Knox and Bau-
drimont have, of late, made repeated efforts to isolate fluorine,
using vessels of fluor spar, &c., but as yet without satisfactory
results ; although it is conjectured, from some of these experi-
ments, to be a yellow gas, not, unlike chlorine. It is probable,
however, that the presence of chlorine has been the cause of
this apparent resemblance. :

The affinities of fluorine for metals and for electro-positive
elements in general, are very powerful indeed ; probably sur-
passing those of oxygen. On the other hand, it has not been
obtained in combination with any of the more negative elements,
such as oxygen, chlorine, bromine, and iodine. These consider-

| ations render it probable that it is a highly negative body ; and

the character of its compounds with hydrogen and metals
indicates a strong analogy between fluorine’ and chlorine, bromine

~ and iodine.
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FLUORINE AND HYDROGEN.
Hydrofluoric acid. HF=19-74.

Syn. Fluoric acid.—This acid is obtained by the action of oil
of vitriol on fluoride of calcium (fluor spar). The powdered
mineral is gently heated with the acid in a retort of lead,
silver, or platinum, as glass and porcelain are destroyed by the
process, and the acid condensed in a receiver of the same
metal, surrounded by a freezing mixture. The action is thus
expressed—

CaF 4+ HO, S0, =Ca0, S0, + HF.

The acid appears as a very volatile liquid, strongly acid and
corrosive, fuming in the air. A drop on the skin burns it like
red-hot iron, and causes a painful sore, not easily healed. Even
the vapours, if they are allowed to come much in contact with
the hand, are apt to cause painful sores under the nails. The
acid, even when much diluted, or in the form of vapour, rapidly
corrodes glass, and may be used for etching on glass plates.

With metallic oxides, hydrofluoric acid gives rise to water
and metallic fluorides ; HF + MO = HO + MF. The affinity
of fluorine for silicon is such, that hydrofluoric acid decomposes
all silicious compounds ; and this explains its corrosive action
on glass and porcelain. Berzelius has employed this acid as
a means of analysing silicious minerals. As the fluoride of
silicium is gaseous, any such mineral, if digested with hydrofluoric
acid, soon loses all its silica, and is dissolved, so that the other
ingredients may be determined. ‘

No compound of fluorine with any of the preceding elements,
except hydrogen, is yet known. Its compounds with silicon,
bixron, and the metals will come to be described in their natural
places.

8. surpHur. S==16-12.

Sulphur occurs, especially in volcanic districts, in a state of
purity, often crystallised. It is also found in combination with
oxygen, as sulphuric acid, in gypsum, heavy spar, and many other
minerals, with hydrogen as sulphuretted hydrogen, or mineral
waters, and above all with metals, most abundantly with lead,
iron, copper, &c. &c. Finally, it 1s an essential ingredient of
vegetable and animal fibrine, albumen, and caseine, and as such
is indispensable to vegetation and to animal life. Some essential
oils, such as those of mustard, of horse-radish, of assafeetida, &e.,
contain a large proportion of sulphur. J
Native sulphur is purified by sublimation, when the sulphur
assumes the form of a fine light powder, flowers of sulphur. It
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also occurs in cylindrical sticks, roll sulphur, which has been
melted and run into moulds.

Sulphur is a solid of a pale yellow colour, of.Sp. G. 199, and
when pure has neither taste nor smell. It melts at 226° and
boils at 600°, yielding a deep brownish-yellow vapour, or gas.
At temperatures below 390° the melted sulphur is very fluid,
but if heated to and beyond that point, it becomes so thick and
viscid that it cannot be poured out of the vessel. If the heat
be still increased, so as to approach the boiling point of sulphur,
it again becomes fluid, although not so much so as at 230° or
240°, If now allowed gradually to cool, it first becomes thick,
and on cooling still further, quite fluid again. When thrown
into water in its most fluid state (at 240°), it instantly becomes
a hard brittle yellow mass ; but if heated to between 500° and
600’ for some time, and then thrown into water, it remains
brown and transparent, and is so flexible that it may be kneaded
in the fingers, and drawn into threads. In this state it may be
used for taking copies of reliefs or intaglios, for in a few days it
becomes solid, erystalline, hard, and yellow, retaining very sharp
impressions,

Sulphur is a very bad conductor of heat and of electricity,
hence it becomes strongly electric by friction. It crystallises
in two distinct and irreconcileable forms, probabl{' from a
difference of temperature ; from a solution in sulphuret of
carbon, or chloride of sulphur, in acute rhombic octohedrons;
and when melted and allowed to cool, in oblique thombic prisms.
It is thus dimorphous, and besides occurs in an altogether amor-
phous state when heated to 500° and thrown into cold water
(see above).

Sulphur is insoluble in water, soluble in alcohol, ether, and
oils, also in bisulphuret of carbon and in chloride of sulphur.

The affinities of sulphur are powerful ; it forms numerous
and important compounds, especially those with oxygen, hydro-
gen, and the metals. With many metals it combines when
heated along with them, the combination being accompanied
with the development of heat and light. In other words, metals
undergo combustion with sulphur, just as with oxygen or chlorine.
The compounds of sulphur with metals are called sulphurets.

Besides roll sulphur, and sublimed sulphur, there is another
form, namely, precipitated sulphur or lac sulphuris. This isa
light powder, nearly white, obtained by boiling sulphur with
water and an alkali, and adding an acid to the solution, when
sulpur separates as a precipitate. It is very finely divided, and
appears to contain some water, although not perhaps chemically
combined.
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Sulphur is much used both externally and internally in medi-
cine. It is a mild laxative, and acts as a specific when employed
as ointment in prarigo and some other cutaneous affections.

b When heated to about 560° in the open air sulphur takes fire
and burns with a blue flame, producing a very suffocating gas,
which is sulphurous acid, the only compound of sulphur with
oxygen capable of being formed by direct combination of its
elements. There are, however, several other compounds of
sulphur and oxygen, and one of them, the sulphuric acid, is per-
haps the most important agent possessed by the chemist.

SULPHUR AND OXYGEN.
a. Sulphurous acid. S0,=32-146.

This is the gas produced when sulphur burns in the air in
oxygen gas. It is best obtained pure by heating oil of vitriol
with mercury or copper. Either of these metals deprives a part
of the sulphuric acid of oxygen, and the oxide thus formed com-
bines with the rest of the acid. Thus—

Cu+2 (HO, S0,)=(Cu 0, S0,)+2 HO+80,.

The gas may be collected over mercury, being absorbed by water.
Sulphurous acid is a transparent and colourless gas ; it has a
peculiar disagreeable taste and a most suffocating smell, and is

very injurious when respired, its effects, such as hard cough, con-

striction in the trachea, &c. continuing for a long time. It is also
very injurious to vegetation. Its Sp. G.is 2:222. It bleaches
organic matters, such as flowers, without destroying the colour-
ing matter as chlorine does ; for the addition of a stronger acid
produces the same red as if the colour had not been bleached.
Sulphurous acid gas is liquefied by intense cold, and yields a very
volatile liquid.

Water absorbs about 50 times its volume of this gas, forming
liquid sulphurous acid, as itis called, properly an aqueous solu-
tion of the acid. This solution has the suffocating smell, pecu-
liar taste, and bleaching properties of the gas. If exposed to
the air, it gradually absorbs oxygen, and passes into sulphurie
acid. Nitric acid also converts sulphurous acid into sulphurie
acid.

‘With bases, sulphurous acid forms salts which are called sul-
phites. They have all the unpleasant taste of the acid, and
when acted on by stronger acids, give off the suffocating smell
of burning sulphur. These salts, as well as the acid, are occa-
sionally used by the chemist as deoxidising agents, the sulphu-
rous acid having a very ' powerful attraction for a third eq. of

-
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oxygen to form sulphuric acid. The oxides of mercury, silver,
gold, and platinum are reduced to the metallic state by sulphu-
rous acid.

b. Sulphuric acid. SOy =40-159.

0il of vitriol, or hydrated sulphuric acid = HO, S0, or H,
S0, = 49-272.

The first of these formule represents dry or anhydrous sul-
phuric acid, or at least a substance having the composition of oil
of vitriol, ménus 1 eq. of water. But it is very doubtful if this
compound. really possesses acid properties ; and we consider as
true sulphuric acid the well-known compound oil of vitriol,
which may be viewed either as a compound of water (a hydrate),
or a compound of hydrogen (a hydrogen acid, analogous to hydro-
chloric acid).

Anhydrous sulphuric acid is obtained by distilling dried basic
persulphate of iron, F, O,, SO,, when the peroxide of iron
is left, and the sulphuric acid distils over, condensing in the
receiver (if kept dry) as a white crystalline solid, which gives
off thick fumes in moist air, is converted into vapour at about
160°, and has so strong an affinity for the elements of water,
that when thrown into water it hisses as a red-hot iron would
do, combining with the water and forming oil of vitriol.

This compound, SO, enters into few combinations, and does
‘not form the ordinary sulphates, unless the elements of water be
present. Its claim to the character of an acid is therefore
doubtful, and depends on the view which makes oil of vitriol a
hydrate, HO, SO,.

OIL OF VITRIOL, OR TRUE SULPHURIC ACID.

‘This acid cannot be formed by the direct union of its ele-
ments, but is produced by causing sulphurous acid to unite with
an additional eq. of oxygen, in contact with the elements of
water. Sulphur is burned with the aid of nitrate of potash or
soda, thus yielding a mixture of sulphurous acid and nitrous acid
gases. These gases are conducted into leaden chambers along
with atmospherical air and steam, the bottom of the chambers
being also covered ®vith water. All the changes which take
place are not thoroughly understood ; but this much is certain,
that the sulphurous acid is oxidised at the expense of the nitrous
‘acid, reducing it to the state of deutoxide of nitrogen :

: 2 §0,+N0,=2 S0, +NO,.
. The water becomes gradually charged with -oil of vitriol, and

the deutoxide of nitrogen, being reconverted into nitrous. acid
. by contact with the oxygen of the air, again yields half its oxygen
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to a fresh portion of sulphurous acid ; and thus, for an indefinite
period, acts as a carrier of oxygen from the air to the sulphurous
acid. In this way, a comparatively small quantity of nitrate is
required for a large quantity of sulphur.

When the liquid bhas become very acid, it is boiled down in
platinum or glass vessels until it acquires the Sp. G. 1'845, when
it begins to be converted into vapour itself, all the superfluous
waterlbeing now driven off. The remaining liquid is now oil of
vitriol.

Oil of vitriol, or hydrated sulphuric acid, is an oily liquid,
nearly twice as heavy as water, very acid and corrosive, charring
all organic matters, apparently by its very strong attraction for
water, or its elements. It freezes at—31°, and boils at 617°.

The oil of vitriol prepared at Nordhausen and other places by
the old process of distilling partially dried green vitriol (whence
its name) often fumes on exposure to the air, and is called
Nordhausen oil of vitriol, or fuming sulphuric acid. It is, in
fact, a compound of 1 eq. anhydrous acid, and 1 eq. of common
or hydrated sulphuric acid=HO, 2 8O,, or HO, SO,+80,.
‘When the fuming acid of Nordhausen is distilled at about 290°,
anhydrous acid distils over, and hydrated acid remains behind.
Most specimens of the fuming acid contain 5 to 8 per cent. of
hydrated acid, in excess beyond the formula HO, SO,4-SO,.

If we view common sulphuric acid as a hydrate of the anhy-
drous acid, then we have several hydrates of which the fuming
acid is one. There are, 1st, fuming acid, HO, 2 80, ; 2d, com-
mon acid, HO, SO, ; 3d, HO, SO,+HO=80,+2 HO; 4th,
HO, SO, +2 HO=S80, +3 HO.

The third hydrate has a Sp. G. of 1'78, and at 39° crystallises
in large regular transparent crystals. Of the two egs. of ‘water
it contains, one is easily replaced by an eq. of a neutral salt;
thus HO, SO, 4-HO gives rise to bisulphate of potash (HO, SO,
+KO, SO.), when the 2d eq. of water is replaced by neutral
sulphate of potash. The Ist eq. of water can only be displaced
by an eq. of a base; as when HO, SO, gives nse to neutral
sulphate of potash, KO, SO..

The 4th hydrate may be regarded as the third+1 eq. water of
crystallisation. Its Sp. G.is 1:632. If heated to 212°, it loses
water, until nothing remains but the third hydrate.

If we view oil of vitriol, HO, SO, as the original compound
from which all the others are derived, then the fuming acid will
be a compound of 1 eq. of it with 1 eq. of anhydrous acid, and
the other two hydrates will contain 1 eq. oil of vitriol, with 1 and
2 eq. of water respectively.

The attraction of oil of vitriol for water is very strong. When
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these liquids are mixed, a great amount of heat is developed,
depending partly on the energetic chemical action, partly on the
condensation which takes place ; for the volume of the diluted
acid, after cooling, is found to be considerably less than that of
the acid and water before mixture. Oil of vitriol attracts mois-
ture strongly from the atmosphere, becoming rapidly weaker if
exposed. This property is made use of in Leslie’s ingenious
method of freezing water in vacuo by its own evaporation ; the
evaporation being greatly hastened by the presence of a vessel
containing oil of wvitriol, to absorb the vapour as fast as it is
formed. In chemical researches, where heat is to be avoided,
liquids are frequently concentrated by being placed either in
vacuo, or simply under a bell-jar, along with a basin of this acid.
Many gases, such as chlorine, carbonic acid, &c. &c., are most
conveniently deprived of moisture by causing them to pass
through oil of vitriol, which arrests all the water they contain.
It is this powerful attraction for water that is the principal
cause of the charring or corrosion of organic matters by this acid.
When wood, for example, is charred by sulphuric acid, the acid
is found to have undergone no further change, except that it is
more diluted, having combined with water, the elements of which
are derived from the wood. Now, as wood may be represented
as carbon-}-water, the removal of water is, of course, accompa-
nied by a separation of carbon.

No chemical agent is applied to a greater number of purposes in
the useful arts than sulphuric acid ; and hence its manufacture is
of very high importance. Since the introduction and improve-
ment of the process now followed, the price of this invaluable
product has been diminished to a trifling fraction of what it was;
and its applications have in consequence become vastly more
numerous and important. These will be described in their proper
places ; but it may here be mentioned, that two of the most ex-
tensive and valuable chemical manufactures, those of soda from
sea~salt, and of bleaching-powder, are entirely dependent on the
supply of sulphuric acid at a low price ; and that not only these
manufactures have benefited by every reduction in the cost of
making the acid, but also all the important arts to which soda
and bleaching-powder are essential ; such as soap-making, glass-
making, and the cotton and calico-printing trades.

The uses of this acid to the scientific chemist are innumerable;
almost every page of chemical works bears evidence of this. In
medicine, diluted sulphuric acid is used as a refrigerant, and care
should be taken to avoid administering it along with incompatible
substances, such as all bases, and many salts.

The commercial acid is never pure. The chief impurities are
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sulphate of lead, derived from the lead chambers ; arsenic, and
occasionally selenium, derived from the sulphur ; and nitrous, or
hyponitrous acid. It is purified by distillation, the first portions
being rejected, as containing the nitrous acid. The operation in
glass vessels requires caution, as from the high temperature, and
the tendency of the acid to boil with succussions, the retorts are
liable to be broken. , The danger is best avoided by introducing
into the retort some coils of platinum wire, and heating chiefly
fﬁ)m above, so that the ebullition may go on at the surface
chiefly.

Thg pure distilled acid is perfectly colourless, and, when cold,
devoid of smell; it ought also to be entirely dissipated when
heated on platinum, leaving no residue.

The presence of sulphuric acid, whether free or combined, is
detected in solutions by the characteristic property of forming,
with any soluble compound of barium, a precipitate of sulphate
of baryta, which is not only insoluble in water, but also in the
strongest acids.

With bases, sulphuric acid forms salts, which are called sul-
phates. In the neutral sulphates, the water of the oil of vitriol
1s replaced by its equivalent of a metallic oxide ; or, if we regard
oil of vitriol as a hydrogen acid,then in the neutral sulphates
the hydrogen is replaced by its equivalent of a metal. Thus we
have

0il of vitriol=HO, SO;, or H, SO,, and a

Neutral sulphate=MO, 80;, or M, SO0,.

The acid in the neutral sulphates, as may be seen by their for-
mula, contains three times as much oxygen as the base by which
it is neutralised. This holds true also in the sulphates of “ses-
quioxides, the formula of which is M,0,, 3 8O,, or M,, 3 80,.
The acid sulphates, which are numerous, contain twice as much
acid as the neutral ; thus acid sulphate, or bisulphate of potash,
is KO, HO, 2 8O, ; when the acid contains six times as much
oxygen as the base. J

The affinity of sulphuric acid for most bases is stronger than
that of all other acids. In a red heat, phosphoric and boracic
acids, being fixed in the fire, expel sulphuric acid from its salts.
In solution, sulphate of lime is decomposed by oxalic and racemic
acids, which seize the lime ; and sulphate of potash, by tartaric,
racemic, and perchloric acids, which combine with the potash.
In other circumstances, however, the sulphuric acid appears
stronger than the acids just mentioned ; thus, it decomposes
phosphates in the cold, and tartrates, or perchlorates, with the
aid of a gentle heat.
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Many sulphates of metallic oxides, when exposed to a red
heat along with charcoal, or in a current of hydrogen gas, lose
all the oxygen they contain, and are changed into sulphurets of
the metals. When charcoal is used, the oxygen escapes as
carbonic oxide, or carbonic acid gas; when hydrogen is em-
ployed, the oxygen is given off as water. Thus, MO, SO, 4
C,=4C0+MS; or MO, SO, +H, =4HO+MS.

c. Hyposulphurous Acid. 8, O, =:48-266.

This acid is unknown in the separate state. Its salts are
formed when sulphur is boiled with a solution of a sulphite.
Thus, if sulphite of soda is boiled with sulphur, we have
NaO, SO, + S=NaO, 8,0,. The salts of this acid are
called hyposulphites, and they are all, except the hyposulphite
of baryta, easily soluble in water. Hyposulphites are also

formed when alkalies are fused at a low heat with sulphur,
and when solutions of alkaline sulphurets are exposed to the
air so as to be slowly oxidised.

When we attempt to separate hyposulphurous acid from any
of its salts, it is instantly resolved into. sulphurous acid and
sulphur, 8, 0,=80,+4S. When oxidised by nitric acid, the
hyposulphites are converted into bisulphates, KO, S, 0,40 ,=
KO, 280,.

This acid, and all its soluble salts, possess the remarkable
property of dissolving all the compounds of silver, even the
chloride, which is insoluble in' the strongest acids; and the
solution thus formed has a very intense sweet taste, with a
metallic aftertaste. This property has been made available in
the Daguerreotype, for the purpose of dissolving the sensitive
coating of iodide from the plate of silver, after exposure to
light, and thus fixing the image already formed. For this pur-
pose hyposulphite of soda is now prepared in comsiderable
quantity.

d. IMyposulphuric Acid. S, O, =72:355.

This acid is formed, along with sulphuric acid, when sul-
phurous acid is oxidised by means of peroxide of manganese ;
380, + 2Mn0O,=MnO,S,0, +MnO, 8SO,. The solution
.thus obtained is decomposed i)y baryta, or by sulphuret of
barium, by which the manganese is separated as oxide or as
sulphuret, and the sulphuric acid as sulphate of baryta, and
hyposulphate of baryta, a soluble salt, is obtained ; MnQ, S
0, +BaS=Ba0, 8, 0,4+MnS; and MnO, SOa+BaS=BaO’,
[ Sé,+MnS. The filtered solution is then mixed with just as
. much diluted sulphuric acid as is sufficient to separate the
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baryta as the insoluble sulphate, and the liquid now contains
hyposulphuric acid ; BaO, $,0,+HO, $0,=Ba0, SO, +HO,

“When concentrated by evaporation in vacuo, hyposulphuric
acid forms a syrupy liquid of a very acid taste, and devoid of
smell. When heated, it yields sulphurous acid gas, while sul-
phuric acid remains, 8,0, =80, 4+ 80,. Its salts, when
ignited, give off sulphurous acid, white sulphates remain ;
MO, 8,0,=80,+MO0, S0,.

With bases, this acid forms salts, most of which crystallise
with great facility. It is not applied to any useful purpose.

e. Sulphuretted Hyposulphuric Acid. 8; 0, =88:475.

Discovered by Langlois. When bisulphite of potash is
digested along with sulphur and water, without boiling, a salt
is gradually produced, which contains this new acid. The acid
may be isolated by means of perchloric acid, which removes the
potash. It forms an acid liquid, which is slowly decomposed,
and when heated is resolved into sulphurous acid, sulphur, and
sulphuric acid ; for 8, 0,=80,48+80,. The theory of its
formation is not yet fully understood, and the acid itself is as
yet but little known. The salt which it forms with potash
crystallises easily, and when heated yields sulphurous acid,
suéphur, and sulphate of potash ; KO, S, 0,=S0,+54KO,
S0,.

f. Bisulphuretted Hyposulphuric Acid. S, O,=104'595.

Discovered by Fordos and Gelis. When iodine is dissolved
in the solution of a hyposulphite, as hyposulphite of soda or
baryta, the following change takes place :

2(Ba 0,8, 0,) + I=Bal + Na0,8, 0,,

Here 2 eq. of hyposulphite of baryta and 1 eq. of iodine yield
1 eq. of 1odide of barium and 1 eq. of the baryta salt of the
new acid. Alcohol dissolves the former, and leaves the latter
pure. By the cautious addition of diluted sulphuric acid, the
baryta is precipitated, and the new acid is obtained dissolved
in water. It resembles the two preceding acids, and, like the
last, it is resolved, when heated, into sulphurous acid, sulphur,
and sulphuric acid, S, 0,=8S0,+48,4-80,. Here the quantity
of sulphur separated is exactly double of that yielded by the
last-described acid. ;

The salts of this acid crystallise, and when heated yield 1 eq.
of sulphurous acid, 2 eqgs. of sulphur, and 1 eq. of sulphuric acid ;
MO, §,0,=80,+S,+MO, 80,.
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The following table exhibits the composition of the com-

* pounds of sulphur and oxygen above described, with their

formule, and those of their neutral salts, according to the older
and newer views of the constitution of acids.

Older View. New View.
Acids. Salt;. Acids. Salts.
|Sulphurous Acid . . [HO,S 0,[M0,8 0, |H,S 0,|M,s 04
Sulphuric Acid . .|HO,8 0,|MO,8 O,(H,8 O0,/M,S O,}|
Hyposulphurous Acid . | HO,S,0,{MO,S,0, |H,8,0,M,S,04
Hyposulphuric Acid. .}HO,8,0,{MO0,8,0,|H,S,0,(M,S, 0,
Acid of Langlois , .|HO,8,0,MO,S8,0,|H,S,;0,M,S,0,
Acid of Fordos and Gelis| HO,S,0, | MO, 8,0, H,S,0,(M, 8,0, (

- Now, when we reflect that all the salts in the above table,
- although containing only 1 eq. of metal or of base, are
neutral, while the acids, according to the older view, and con-
- sidered as oxygen compounds, contain different proportions of
oxygen, we can hardly hesitate to prefer the newer view,
- according to which all true acids are hydrogen compounds, and
 their capacity of saturation, or power of neutralising bases,
- depends, not on the oxygen they contain, but on the amount
. of hydrogen replaceable by metals, which, in all these acids, is
ﬁl g equivalent. This at once accounts for the fact that acids so
' different in composition should all form neutral salts with the
' same quantity of base.' The difference lies in the compound
' radicals, which, according to this theory, are united with
» hydrogen in the acids, and the composition of which may vary
ad infinitum without affecting the neutralising. power, provided
the replaceable hydrogen continue unaltered. In fact, an acid
| has been described by Régnault in which 1 eq. of chlorine is
added to the radical of sulphurous acid; and another by
' Pelouge, in which 1 eq. of hyponitrous acid is added to the
same radical, without affecting the power of neutralisation.
. If we take the radical of sulphurous acid as the first member
| of the series, all the above acids may be thus represented :—

U Sulphurous Acid . . H+ 80,

i Sulphuric Acid . . H+ (S0, + 0)

y Hyposulphurous Acid , H + (80, + S)

Hyposulphuric Acid . . H + (SO, + 80;)
% Acid of Langlois . . H+ (80, + SO, + 8)
T Acid of Fordos and Gelis H + (S8O; + S0; + 8,)

b Chlorosulphuric Acid . H + (SO, + Cl)
! Nitrosulphuric Acid . . H + (803 + NO,)

H
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Here we see that the addition to the radical SO, of oxygen,
of sulphur, of its own elements SO_, of the same with sulphur,
of chlorine, or of hyponitrous acid, does not affect the neutral-
ising power, that being dependent on the amount of replaceable
hydrogen, which is the same in all.

I have here entered into some detail on the subject of the true
constitution of acids, because the acids of sulphur form an
admirable illustration of the superior simplicity of the new view
of acids and salts, according to which, an acid may be defined
as,—A compound of hydrogen with a radical, simple or com-
pound, in which the hydrogen may be replaced by its equivalent
of metal: while a salt is,—A combination of a simple or com-
pound radical with a metal : the different salts of one metal
corresponding with the oxides of the same metal.

It is obvious that even when a chemical combination or change
is represented in a formula according to the old view, as is the
case in almost all existing works, we can easily transpose the
formula so as to express the new view. Thnus, sulphate of pot-
ash, on the old view, is KO, SO, ; on the new it is K, SO, ; or
if we express the action of iron on sulphuric acid, on the former
view, by Fe 4+ HO, SO, =H 4 Fe O, SO, it is more simple
on the latter, Fe + H, SO, =H 4 Fe, SO,.

While, therefore, in order to avoid confusion, I shall generally
use, in equations, the older formula for acids and salts, I shall
give the new formula for the principal acids, as I have done for
sulphuric and nitric acids, so that the student may, if he please,
convert the equations into the new form.

SULPHUR AND HYDROGEN.
a. Sulphuretted Hydrogen. HS=17-12. y

Sy~. Hydrosulphuric Acid—This compound is formed when
hydrogen and sulphur come in contact in the nascent state. It
is best prepared by causing diluted hydrochloric or sulphurie
acid to act on sulpburet of iron in the apparatus, p. 46, when
sulphuretted hydrogen is disengaged as a gas, which may be col-
lected over warm water, or solution of salt. The action is as
follows: Fe S + H Cl = Fe Cl 4 HS. ‘

Sulphuretted hydrogen is a gas, transparent and colourless,
having a very offensive and peculiar smell, which is well known
as that of putrid eggs. 1t is liquefied by a pressure of 17 atmo-
spheres. When respired, even although much diluted with air,
it is highly deleterious, and as it is often formed where animal
matters or excrements putrefy, as in burying-vaults and cloacz,
it not unfrequently causes the death of workmen who suddenly

i
|
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come in contact with it. The smell of the gas ought, in all cases,
to be viewed as a warning of danger. The presence of the gas
may also be recognised by its power of blackening the salts of
lead, owing to the formation of the black sulphuret of lead.

This gas is combustible, burning with a bluish flame,.and pro-
ducing sulphurous acid gas and water. Its Sp. G. is 1-177.
Water absorbs 2 or 3 times its volume of the gas, and acquires
its smell and a nauseous sweetish taste. By contact with the
air, the solution is gradually decomposed : water is formed and
sulphur deposited. Sulphuretted hydrogen water must, there-
fore, be kept in small phials, quite full and closely stopped.

Sulphuretted hydrogen has the properties of a weak acid; it
reddens litndus feebly, and acts on bases, forming with them
water and metallic sulphurets: HS + MO=HO + MS. As
the sulphurets of some metals are soluble while those of others
are insoluble ; as moreover the oxides of some of the latter are
not decomposed by sulphuretted hydrogen when dissolved in an
acid, the action of this gas on solutions of metals in acids affords
us a great deal of information, according as a precipitate of sul-
¥huret is formed or not, the colour of the precipitate being also

requently characteristic, as will be described under the in-
‘dividual metals : this renders sulphuretted hydrogen a most
useful re-agent in detecting and separating from each other
metallic compounds, -

Mineral waters exist, as at Harrogate, which contain sulphur-
etted hydrogen, easily recognised by its smell and by the pro-
| perty of blackening the salts of lead, silver, and seyeral other
metals. The gas in these waters arises from the slow and con-
tinued putrefaction of vegetable matters containing sulphur, such
i as albumen, fibrine, &c. These sulphureous waters are used in
medicine, both internally and externally (as baths), with great
advantage. In many cases the artificial sulphuretted hydrogen
water, formed by passing the gas through water, previously
. boiled and allowed to cool, may be substituted for them.

b. Persulphuretted Hydrogen. HS,? or HS, ?

This compound is formed when alkalies, such as potash or
' lime, are boiled with excess of sulphur, and the solution, which
is of a deep yellow or orange colour, is poured into a large
excess of moderately strong hydrochloric acid, made by mixing
| equal parts of concentrated acid and water. A heavy, somewhat
viscid, transparent, yellowish liquid falls to the bottom, which
i8 the compound in question. The precise nature of all the
. changes which take place in this process is not known ; but it is
probable that a persulphuret of the metal is formed in the first
H2 ;
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stage, such as persulphuret of potassium K, ; and that a hypo-
sulphite is generated at the same time, possibly according to the
formula 3KO +8,,=KO0,8, 0, + 2KS,. In the second
stage, we have probably KS, 4 HCl=K01 £ HS .. But as the
composition of persulphuretted hydrogen is not precisely deter-
mined, and as the persulphuret appears to dissolve an excess of
sulphur, we cannot be certain that this is the true explanation.
Thénard considers persulphuretted hydrogen HS,, and to be
analogous to the peroxide of hydrogen HO,. But his own
analysis always gave far more sulphur than corresponds to his
formula, and the analogy he pointed out is very obscure and
doubtful. )

Persulphuretted hydrogen soon undergoes spontaneous decom-
position, even if kept in sealed tubes, resolving itself into sulphur
and sulphuretted hydrogen. In a strong sealed tube, the sul-
phuretted hydrogen, by its own pressure, 1s liquefied, and floats
above the sulphur, which is deposited in transparent ecrystals.
Persulphuretted hydrogen seems to have feeble acid properties.
In contact with alkalies, it reproduces water and the metallic
persulphuret. HS, 4+ KO=HO 4 K8§,.

SULPHUR AND NITROGEN.
Sulphuret of Nitrogen. NS, =—=62-51.

When chloride of sulphur, SCI, acts on dry ammonia, NH,, a
compound is formed, SCI, 2 NH,. By the action of water on
this there is formed, among other products, a greenish yellow
solid body, which is sulphuret of nitrogen NS_. By contact
with water, it is gradually converted into hyposulphurous acid
and ammonia: for 2NS, + 6 HO =2NH, 4+ 38, 0,.
(Soubeiran).

When aqua ammonie acts on chloride of sulphur, a variety of
products are formed, among which is one, a white crystallisable
solid, soluble in alcohol, which appears to consist chiefly of sul-
phur and nitrogen. Its nature is not yet ascertained, but it is
distinguished by the property of dissolving in an alcoholic solu-
tion of potash with a deep purple colour, which soon disappears,
while ammonia is given off, and crystals of hyposulphite of
potash are deposited—(W. G.)

SULPHUR AND AMMONIUM. '

a. Protosulphuret of Ammonium. NH 4 S=Am S_—..34'27.7 ]

Syw. Hydrosulphuret of Ammonia.—This compound is formed
when 1 vol. of dry ammoniacal gas is mixed with 4 vol. of sul-
phuretted hydrogen, NH, + HS=NH,, 8. It is best ob-
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tained by distilling a mixture of chloride of ammonium (sal
ammoniac) and sulphuret of barium, or of calcium. BaS +
NH,, Cl=Ba C1+ NH,, S. It forms colourless crystals,
* which are volatile, and dissolve readily in water. The solution
becomes yellow by the gradual action of the atmospheric oxygen ;
it smells of sulphuretted hydrogen and ammonia; and in faet
this solution may be more conveniently prepared by taking two
equal portions of aqua ammonie, and saturating one of them
completely with sulphuretted hydrogen. This produces, first,
sulphuret of ammonium, and then a compound of that body
with sulphuretted hydrogen, NH_, S 4~ HS. The other half of
the aqua ammoniz is then added, and we have (NH,, S + HS)
+NH, =2 (NH,,8). g

Sulphuret of ammonium, or hydrosulphuret of ammonia, as
it is called, is very much used as a test and re-agent in detecting
and separating metals. It converts into sulphurets many oxides
on which sulphuretted hydrogen does not act, and it also dis-
solves many metallic sulpﬁurets.

The compound above mentioned, which is formed when
ammonia is completely saturated with sulphuretted hydrogen,
NH,, S + HS, possesses very nearly the same properties, and
may be used for the same purposes. It may be called the
hydrosulphuret of sulphuret of ammonium.

Both the preceding compounds, when pure, are colourless ;
and their solution, mixed with acids, gives off sulphuretted
hydrogen, without the deposition of sulphur. By keeping,
however, they become yellow, and acids cause a precipitation of
sulphur. This is owing to the formation of persulphuret of
ammonium,

‘ b. Persulphuret of Ammonium.

This compound is formed when either of the preceding is
digested with sulphur. There seem to be several sulphurets of
ammoninm, as of potassium (which see), containing from 2 to 5
eqs. sulphur. When NH _, S is exposed to the air, we may sup-
pose the ammonium of 1 eq. to be oxidised (as is the case with
g)tassium) and to be converted into free ammonia, NH_, 0=

H,, HO, while the sulphur of that equivalent unites with the
other, forming NH_, S§,. When the compound NH,,S, + HS
is exposed to the air, it is the hydrogen of the sulphuretted
hydrogen which is oxidised, while its sulphur forms the bisul-
phuret of ammonium. When sulphur is digested with either of
the preceding compounds, different persulphurets of ammonium
are probably formed ; and where tﬁe sulphur is in excess, it
yields, in all probability, the compound NP H,, S,, analogous to
persulphuret of potassium, KS_. = . '
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All the yellow sulphurets of ammonium have the same useful
properties as the protosulphuret in relation to metallic com-
pounds, and some of them dissolve certain metallic sulphurets
still more readily. The persulphuret of ammonium or sulphu-
retted hydrosulphuret of ammonia, as it is sometimes called, is,
therefore, very much used in analysis. It is distinguished from
the protosulphuret by the action of acids, which cause a
precipitate of sulphur, and by its yellow or orange colour. The
solution of protosulphuret of ammonium, when kept, becomes
gradually yellow, from the formation of persulphuret ; so that,
in fact, the latter is always present in the usual forms of this
valuable re-agent. 3

Sulphuret of ammonium, under the name of hydrosulphuret
of ammonia, is used in medicine. It ought to be given alone
in pure water, as it is decomposed by most acids or salts. The
persulphuret has long been known as Boyle’s fuming liquor,
which was obtained by distilling 3 parts of slaked lime, 2 of
sal-ammoniac, and 1 of sulphur, into a receiver containing 3
parts of water. Thus prepared, it was an orange-coloured
liquid, of oily consistence, fuming in the air, and having a very
offensive sulphurous smell. This preparation, however, contains
variable proportions of free ammonia.

SULPHUR AND CHLORINE.
a. Dichloride of sulphur. S, CI'=x67-71.

Formed when chlorine is passed through a vessel containing
flowers of sulphur, until nearly the whole sulphur has disap-
peared. The liquid formed is then purified by. distillation. It
1s a reddish brown, fuming, pungent liquid, boiling at 280°.
The Sp. G. of the liquid is 1.687; that of the vapour is 4.70.
It is decomposed by water, yielding hydrochloric acid, hypo-
sulphurous acid, and sulphur. i

b. Protochloride of sulphur. S Cl=5159.

When an excess of chlorine is passed through the preceding
compound, and the liquid is repeatedly distilled at about 140°,
the protochloride is obtained pure. It is a deep reddish brown
liquid, which boils at 147°. Its Sp. G. is 1'62; that of its
vapour, 3:68. When acted on by water, it yields hydrochloric
acid and hyposulphurous acids, the latter being soon spon-
taneously decomposed, 2 SC1 +2 HO =2 HCl + 8,0,.

SULPHUR AND BROMINE,

Bromine combines readily with sulphur, and produces com-
pounds analogous to the preceding.
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SULPHUR AND IODINE,

When 1 part of sulphur and 8 of iodine are mixed and gently
heated, they immediately combine and liquefy. On cooling, the
liquid, which is dark brown, consolidates into a black erystalline
solid, which is the iodide of sulphur. It must be kept in well-
closed bottles, as it is destroyed by the access of air, iodine
being given off. Its composition is probably SI. It is used in
medicine as a remedy in various cutaneous diseases.

No compound of sulphur and fluorine is yet known.

9. SeLentum.  Se =39°6.

This element occurs in very small quantity, chiefly in certain
varieties of pyrites, the sulphur from which, when converted
into sulphuric acid, leaves in the chambers a deposit, consisting
‘of sulphur, selenium, and some metals ; and from this the
selenium is obtained. Some kinds of fuming sulphuric acid
contain a little selenium, which separates on the addition of
water as a red powder. Different processes are employed for
extracting selenium from the deposit above mentioned ; but the
essential parts are, oxidising and dissolving the selenium by
means of aqua regia, separating the dissolved metals by sulphur-
etted hydrogen, &c., and finally deoxidising the selenious acid
by means of sulphate of ammoma and hydrochloric acid.

When precipitated, selenium appears as a red powder, which,
when heated, melts, and on cooling forms a brittle mass, nearly
black, but transmitting red light in thin plates. When more
strongly heated it wvolatilises, yielding a yellow gas, which
condenses into a crystalline dark red powder on a cold surface.

Selenium is extremely analogous to sulphur, except in colour ;
and this analogy is still more strikingin its combinations. When
heated in the air it takes fire, burns with a blue flame, and
{:roduces a gaseous compound, oxide of selenium, SeO, which

as a most penetrating and characteristic odour of putrid horse-
radish. By this character selenium is easily recognised in
minerals containing it, before the blowpipe.

SELENIUM AND OXYGEN.
These elements combine in three proportions—

a. Oxide of Sclenium. Se 0—=47-613.

This compound has been already mentioned. It is formed
when selenium burns, and is gaseous ; it is not acid, and has
no analogy with any of the oxides of sulphur.
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’ b. Selenious Acid. Se O, == 55-626.

This acid is formed when selenium is dissolved in nitric acid,
and the solution evaporated to dryness. It is a solid which,
when heated, is converted into a yellow gas, condensing again
into acicular crystals. It is very soluble in water, and has an
acid taste. In composition it corresponds to sulphurous acid.
Thislatter acid and its salts deprive selenious acid and its salts of
oxygen, causing the selenium to be deposited in the uncombined
state.

c. Selenic Acid. HO,Se Og—H,8e 0, = 72:652.

This acid is formed when selenium is oxidised by fusion with
nitre. The fused mass is dissolved in water, and the selenic
acid precipitated as seleniate of lead by adding a salt of lead.
The seleniate of lead is decomposed by sulphuretted hydrogen,
and the filtered solution of selenic acid cautiously evaporated
till it has the Sp. G. 2:625. It is now hydrated selenic acid,
HO, SeO,, or rather H, 8e0,. It is very acid and corrosive,
and resembles sulphuric acid very much. It may be recognised
by the action of hydrochloric acid, which reduces it to selenious
acid, chlorine being set free. Selenic acid is not decomposed
by sulphurous acid (as selenious acid is), or by sulphuretted
hydrogen. - It produces intense heat when mixed with water.

‘With bases, for which it has great affinity, selenic acid forms
salts, called seleniates, which are isomorphous with the corre-
sponding sulphates, and entirely resemble them in external
characters.

SELENIUM AND HYDROGEN.
Seleniuretted Hydrogen. H Se —40-6.

Sy~. Hydroselenic acid.—This compound is obtained, like
sulphuretted hydrogen, which it much resembles, by the action
of acids on metallic seleniurets. MSe + HCl = MCI 4 HSe.

It is a colourless gas, which is combustible, and when
burned gives off the characteristic odour of oxide of selenium.
Seleniuretted hydrogen itself has a smell resembling that of
sulphuretted hydrogen, and when respired is even more poisonous
than that gas. A small bubble of it produces much and painful
irritation of the mucous membrane of the nose and eyes ; and if
it reaches the bronchi, excites severe cough, in addition to its
poisonous action if absorbed into the blood. The presence of
a small quantity of it in sulphuretted hydrogen seems to exalt
the poisonous energy of the latter. Like sulphuretted hydrogen,
this gas is absorbed by water, and precipitates most metallic
solutions, yielding seleniurets corresponding to the respective
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oxides. Most of these seleniurets are black or dark brown ; but
those of zinc, manganese, and cerium, are flesh red.

Nothing is known of the compounds of selenium with nitrogen.
With ammonia it is probable that seleniuretted hydrogen forms
seleniuret of ammonium, N H,, Se, and hydroseleniuret of sele-
niuret of ammonium, N H , Se+4 HSe.—(Bineau.)

Chloride of selenium appears to be analogous to chloride of
sulphur ; and the same may be said of the bromide and iodide.

10. Puospaorus. P—157.

* This element occurs abundantly in the bones of animals, in
combination with oxygen and metals, as phosphate of lime,
phosphate of magnesia, &¢. It is also an ingredient in some
unknown form of combination, of vegetable and animal fibrine
and albumen, and is constantly present in the urine and excre-
ments. In the mineral kingdom it occurs as phosphate of lime
(apatite), phosphate of alumina (wavellite), phosphates of lead,
copper, &c.

To obtain phosphorus pure, 10 parts of burnt bones are mixed
with 30 or 40 parts of water, and 6 parts of oil of vitriol gradually

- added. After 24 hours, 50 or 60 parts of water are added to
| the mixture, and the whole well stirred and digested for a day
. or two. The strained liquid is evaporated to the consistence of
thick syrup, and is then acid phosphate of lime. It is now
mixed with 4 of its weight of powdered charcoal, dried up, and
 gently ignited. The mass is then gradually heated to whiteness
: in a stoneware or iron re-

tort, the neck of which ends
in a wide bent tube, which
dips a little under water.
Half of the phosphoric acid
in the acid phosphate of
lime is deoxidised by the
charcoal, and phosphorus is
set free, which distils over,
.and condenses under the
water. Owing to the pre-
sence of water in the mass,
part of the phosphorus is
disengaged in combination
: ; ~  with hydrogen, forming a
ntaneously combustible gas, Care must therefore be taken
avoid explosions. The action of the charcoal on the phos-
oric acid is thus represented—P, O, +-C,=5C0 + P,.
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Carbonic - oxide gas, CO, is therefore disengaged in large
quantity. _

The phosphorus is now to be melted under water, and
squeezed through chamois leather, which separates impurities.
It is lastly melted under water, in funnels with long cylindrical
necks, stopped below. Into the necks of the funnels the. phos-
phorus runs, and when cold may be pushed out in the form of
solid cylinders..

Pure phosphorus is a colourless, or very pale, yellowish,
transparent, or translucent solid, of the consistence of wax.
Its sp. g. is 1'77. At 113° it melts, and at 572° it boils, dis-
tilling completely in close vessels. It has, in the solid form,
neither taste nor smell ; but it gives off vapours in the air,
which, undergoing a slow combustien, have an odour of garlic;
and in solution it has an acrid disagreeable taste. Phosphorus
is insoluble in water, soluble in alcohol, ether, oils, sulphuret
of carbon, and chloride of phosphorus. From the latter liquids
it is often deposited in octahedral and dodecahedral erystals. It
is very poisonous, but is used in medicine in very small doses.

When kept in vessels exposed to light, phosphorus becomes
yellow, or even brown, externally, owing to some unexplained
change. It must always be kept under water, and never taken
into the fingers, for it is so combustible as occasionally to take
fire from contact with the warm hand, where, as it melts and
continues to burn, it inflicts frightful injuries.

When heated 1in air, phosphorus takes fire, and burns with a
bright light, producing much white smoke, which is anhydrous
phosphoric acid, P, O,. When heated in oxygen, it burns with
a light so dazzling that the eye cannot endure it. In contact
with chlorine, bromine, or iodine, without the aid of héat,
combustion takes place spontaneously, while the phosphorus
combines with those metalloids.

PHOSPHORUS AND OXYGEN.

Phosphorus combines very readily with oxygen. Even at the
ordinary temperature it undergoes a slow combustion in air,
giving out vapours, which are luminous in the dark. It frequently
happens that the heat developed by this slow combustion
gradually reaches the point at which the phosphorus takes
fire ; hence the spontaneous combustion of phosphorus, if left
exposed to the air, and the necessity of keeping it under water.
Many powders, such as powder of platinum, charcoal, lamp-black,
&c., when sprinkled on dry phosphorus, cause it to take fire ; no
doubt becaunse these powders absorb and condense oxygen in their
pores, and thus bring it into close contact with the phosphorus.

'
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Many different kinds of instantaneous lights are made with
phosphorus, owing to its ready combustibility by friction, espe-
cially when chlorate of potash is used.

We are acquainted with four compounds of phosphorus and
oxygen.

a. Oxide of Phosphorus. P,0=—>55113.

This oxide is obtained by causing a current of oxygen to come
in contact with phosphorus under boiling water. Combustion
takes place, and some phosphoric acid is formed ; but a part of
the phosphorus forms an insoluble cinnabar red powder, which
is oxide of phosphorus, P, O.

It burns, if heated nearly to redness, in the air ; if heated in
close vessels, it is resolved into phosphorus and phosphoric acid,
5P, 0=P,0,+P, .. Itis oxidised with combustion by nitric
acid, and takes fire 1n chlorine gas.

b. Hypophosphorous Acid. P, 0=39-413.

In the separate, or hydrated state, P,0, 3HO, or P,O0,, H_.
This acid is formed when phosphurets of the alkaline metals
act on water, or when phosphorus is boiled with alkalies and
water, phosphoric acid and phosphuretted hydrogen gas being
formed at the same time. The two acids combine with the
base ; and if this be lime or baryta, the hypophosphite being
soluble, is easily separated from the insoluble phosphate. From
the hypophosphite of baryta sulphuric acid removes the baryta,
and the hvpophosphorous acid is left, dissolved in water. By
gentle evaporation it may be obtained as a deliquescent crys-
talline mass, which is the hydrated acid.

When heated in close vessels, this acid is resolved into
phosphuretted hydrogen gas and phosphoric acid. Thus,
2(P,0,3H0)=P H,+P,0,,3HO. Itis a powerful deoxi-
dising agent, taking oxygen from many other substances, and
passing into phosphoric acid. With bases, it forms salts called
hypophosphites, which are all soluble in water, and which,
when heated, are resolved into phosphates and phosphuretted
hydrogen.

/¢ Phosphorous Acid.

In the anhydrous state, P, O, ; in the separate, or hydrated,
state (the crystals), P,0,,3HO, or P,0,, H,.

This acid is formed, a;long with phosphoric acid, during the
' slow combustion of phosphorus in air. It is best obtained pure
by acting on the sesquichloride of phosphorus, P, Cl,, by water.
P,Cl, +6HO=3HC1+P,0,,3H0. The hydrochloric acid
is easily expelled by a gentle heat, and the aqueous solution of
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phosphorous acid, if sufficiently evaporated, yields a mass com-
posed of deliquescent crysials, This is the hydrated acid.

This acid, like the preceding, is a powerful deoxidising agent.
‘When heated in close vessels, the anhydrous acid, obtained by
the combustion of phosphorus in rarefied air, yields phosphorus, |
and anhydrous phosphoric acid, 6P,0,=3P,0,+P,. The
hydrated acid, in the same circumstances, yieslds hydrated
phosphoric acid and phosphuretted hydrogen gas, 4(P,0,,
3HO)=3(P,0,,3HO)+P H,.

With bases phosphorous acid forms salts, which are called
phosphites ; and the general formula of the neutral phosphites
1sP,0,,3MO,0orP,0,, M,.

d. Phosphoric Acid.
1. Anhydrous Phosphoric Acid, P, O5 = 71:465.

This compound is formed only when phosphorus is burned in
dry air or oxygen gas. It then appears as a white solid, like
snow, which rapidly attracts moisture from the air, and passes

, into metaphosphoric acid, P, O, HO, or P, O,, H; and this,
again, soon changes, in contact with water, especially if heated,
into common or hydrated phosphoric acid, P,0,, 3HO, or
P, O,, H,. The anhydrous phosphoric acid, Iike the anhy-
drous sulphuric acid, can hardly be said to be an acid body, as
it does not exhibit acid properties until it has been brought “into
contact with water.

2. Hydrated Phosphoric Acid.

There are three different acids to which this name may be
given. If we view them as compounds containing water, then
they all contain anhydrous phosphoric acid, combined in each
with a different proportion of water, and their formule will
be P,O,, HO; P ,O,,2HO; and P,O,,3HO. If on the
other hand, we view them as hydrogen acids, then they contain
no anhydrous phosphoric acid, but are quite distinct compounds,
and their formule will be as follows—P,0,, H; P,0,, H_3
and P,0,, H,. The latter view is much more probable, and
agreesabetter with the properties and composition of these acids,
and of their salts. The first is called metaphosphoric acid, the
second pyrophosphoric acid, and the third common phosphorie |
acid; or they may be still better designated as monobasic,
bibasic, and tribasic phosphoric acids. i

4
‘1
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METAPHOSPHORIC, OR MONOBASIC PHOSPHORIC ACID,
. P, 0,, HO, or P, O,, H =80-478.
~ This acid is easily obtained by dissolving phosphorus in
diluted nitric acid with the aid of heat, evaporating to a syrup,
and exposing the residue to a red-heat in a platinum crucible.
Or the solution of the anhydrous acid may be treated in the
| same manner ; or phosphate of ammonia may be ignited in a
platinum crucible. When phosphoric acid has once come in con-
| tact with water, it can never be rendered anhydrous by heat ; it
can only be reduced to the state of monobasic acid. ;
~ As thus obtained, it appears in the shape of a colourless and
transparent glass, which slowly dissolves in water. It is hence
called glacial phosphoric acid. Its solution causes in solutions
of silver a white granular precipitate of monobasic phosphate of
silver ; it also coagulates albumen. But if long kept, or if very
rapidly boiled, this solution passes into one of tribasic phos-
phoric acid, and no longer precipitates silver or coagulates albu-
men. Here 2 eqgs. of water enter into the e#mposition of the
acid; P, O,, HO4+2HO =P, 0,,3HO.
_ With 2bases, this acid forms one series of salts, the monobasic
ghosphates, the general formula of which is P, O,, MO, or P,
Dg, M. In these, the hydrogen of the acid is replaced by its
| equivalent of metal. The precipitate caused by the acid in
solutions of silver is one of these salts, P, O,, Ag O,

PYROPHOSPHORIC, OR BIBASIC PHOSPHORIC ACID.
3 P, 0,, 2HO, or P, 0,, H, = 89491,

When common or tribasic phosphoric acid, P, O,, 3HO is
heated for some time to 417°, it loses one-third of the water it
contains, and becomes bibasic, or pyrophosphoric acid. Itappears
as a viscid syrup, very acid, and very soluble in water. Itssolu-
tion neither precipitates silver nor coagulates albumen; but if
 previously neutralised by ammonia it causes in salts of silver a
flaky white precipitate of bibasic phosphate of silver, P, O,,
2 AgO. The solution of this acid, like that of the preceding,
soon passes into tribasic acid, especially if heated.

With bases it forms two series of salts, one containing 2 eqs.
of base, the other 1 eq. of base, and 1 of water. The former
are peutral, and have the general formula P, O_, 2 MO: the

ater are acid, and their formula is P, O, MO, HO. This

id is much more easily obtained in combination with a base

n in the free state, and in fact it was discovered in the salt
obtained by igniting the common phosphate of soda, when there
18 left pyrophosphate or bibasic phosphate of soda, P, O,, 2 NaO.

2
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When a pyrophosphate is melted with excess of base, it is
converted into a tribasic phosphate. Thus, if pyrophosphate of
soda be fused with an additional equivalent of soda, the tribasic
salt, P, O,, 3 NaO is formed, which no longer contains pyro-
phosphoric acid.

COMMON, OR TRIBASIC FHOSPHORIC ACID.
P, 0,,3H0; or P, O, Hy = 98:504.

When a solution of any of the preceding acids is evaporated by
a moderate heat to the consistence of syrup, the residue is found
to be the tribasic acid P, O_, 3 HO. Heated for a long time to
417°, it loses 1 eq. water and becomes bibasic; heated to redness
it gives off 2 eqs.water, and becomes monobasic. A diluted
solution of either of these gradually becomes tribasic, and this
change is very rapidly effected by boiling. Solution of common
phosphoric acid neither Erecipitates silver nor coagulates albu-
men ; but if neutralised by ammonia, it causes in salts of silver
a pale yellow preépitate of tribasic phosphate of silver, P, O,,
3 AgO.

Tghe most economical method of preparing phosphoric acid is
to add to the syrupy superphosphate, or acid phosphate of lime,
previously described, oil of vitriol as long as it causes a precipi-
tation of sulphate of lime. The mixture becomes quite thick,
and is to be diluted with water, filtered, again concentrated to a
syrup, and again tested by adding a few drops of oil of vitriol.
‘When no more sulphate of lime is formed, the whole is digested
with cold alcohol, and the clear solution allowed to stand as long
as it deposits crystals of phosphate of magnesia. Lastly, the
alcoholic solution which contains all the phosphoric acid, with
a little sulphuric acid, is distilled to separate the alcohol, and the
acid residue dried up and gently ignited in a covered vessel of
platinum. Pure monobasic phosphoric acid is left. If it be
dark coloured from a trace of carbon derived from the alcohol,
a little nitric acid is added, and the whole again heated, when it
becomes colourless. It is now dissolved in hot water, and
becomes tribasic acid, the form usually employed, as it is the
most permanent. Like the other phosphoric acids, it is very
acid, but not corrosive. It is occasionally used in medicine.

With bases, common phosphoric acid forms three series of
salts, in which the 3 equivalents of water in the acid are wholly
or partially replaced by metallic oxides. Thus, with soda it

forms three salts; 1st, neutral phosphate P, O,,3NaO; 2nd,com-

mon phosphate of soda, P, O,, 2Na O, HO; 3rd, acid phos-
phate of soda, P, O,, NaO, 2HO. In each of these salts there

A .



VIEWS OF THE PHOSPHORIC ACIDS. 111

are 3 eqs. of base, but these may be either all soda, or partly
soda and partly basic water. All three salts give with the salts
of silver the same yellow precipitate, P, O,, 3 Ag O ; but the
supernatant liquid is only neutral when the neutral phosphate
is used ; it is acid in the case of the other two salts, because,
for every eq. of oxide of silver in the precipitate, 1 eq. of nitric
acid has to be neutralised, and this cannot be effected by the
basic water, but only by the soda.

When the second or common phosphate of soda is ignited, its
basic water is driven off, and bibasic phosphate of soda P, O,
2 Na O, is left. This salt, dissolved in water, gives with salts
of silver a white flaky precipitate of bibasic phosphate, while the
supernatant liquid remains neutral. '

II)f the third or acid phosphate of soda be ignited, it loses 2 egs.
of basic water, and monobasic phosphate is left, which, if dis-
solved in water, gives with silver a granular white precipitate of
monobasic phosphate, the supernatant liquid remaining neutral.

From the above brief description of the three modifications of
phosphoric acid, it will be seen that their characters are distinct
and well marked. Graham views them, according to the formule
which assume the presence of water, as three different hydrates
of the same anhydrous acid ; and he considers that when the
anhydrous acid has combined with one, two, or three atoms of
water, it acquires and retains, in each case, the power or ten-
dency to combine with one, two, or three equivalents of fixed
base. The facility with which one form passes into the other is
in favour of this view ; but it must be observed that it affords
no explanation of the remarkable tendency alluded to, but only
states the fact, and still leaves unanswered the question, Why
does anhydrous phosphoric acid at one time unite with 1 eq., at
another with 2 egs. or 3 eqgs. of water ? or why does it, by doing
80, acquire the tendency to unite with 1, 2, or 3 egs. of base ?

Liebig, on the other hand, considers the three acids as radically
different, being formed of hydrogen, united in each to a different
compound radical ; and that as in the first there is only 1 eq., in
the second 2 egs., and in the third 3 egs. of hydrogen, the salts
must necessarily contain equivalent proportions of metals which,
in the two latter, may replace the hydrogen either wholly or par-
tially, as in other polybasic acids. The formulz for the acids,
on this view, have been given above.

The now-admitted existence of numerous polybasic acids, and
the growing tendency to consider all hydrated acids as hydrogen
acids, tend to induce us to prefer the latter view, which more-
over has the advantage of at least offering an explanation of the.
different neutralising power of the three acids, which is referred
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to the amount of replaceable hydrogen they contain. Thus we
have—

Monobasic Acid. Bibasic Acid. Tribasic Acizi
Acid. Salts. Acid. Salts. Acid. “ Salts.
P,0,,H P, O, M P,0,,H, P,0,, 1\’;2 P,0,,H, P,0,, M,
M
0, {X REL
M
P, 0, H,

If we begin from the tribasic acid, and represent one of its
salts, the common phosphate of soda, P, OB,{Na 2, as follows :
HJ

We see that when this salt is ignited, 1 eq. of hydrogen is
expelled, along with 1 eq. of oxygen, and the 2 eqs. of sodium
now neutralise the whole of the remaining phosphorus and
oxygen, which is $ P, 0, —O0=P, O,, and the bibasic salt,
P,0,, Na, results. If this be expressed by

_J3P,0,+ Na
P207_{,_}P§0:+Na

We see that something has been added to the radical previously
united with each eq. of sodium, without altering its neutralising
power. In like manner, if we represent microcosmic salt P, O,

Na
NH, as follows,
H

+P, 0, +Na
P,0,=43P,0, + NH,
3P, 0, +H

We see that when it is ignited, the hydrogen and the ammonium
are both expelled, each combined with 1 eq. of oxygen ; but as the
rest of the phosphorus and oxygen formerly combined with them
is not expelled, it enters into the composition of the radical still
united with the 1 eq. of sodium, but without affecting its neutral-
ising power. This radical, therefore, becomes 3 P, 0, —O,

P,0, ; and its salt with sodium is P, O ;,Na, the monobasic phos-
phate of soda. If, now,we turn to what was said above of the acids
of sulphur, viewed as hydrogen acids, we shall there see many
analogous cases of the addition to the acid radical of different
quantities of its elements, while the neutralising power remains
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unchanged. Thus, hydrated sulphurous acid, H + §0,, by the
addition of SO, 4 8, to its radical, becomes the acid of Fordos
and Gelis, without change of neutralising power. In the phos-
phorie acids, the neutralising power varies, because the hydrogen
varies : but when they are represented, as has been done above,
in such a way as to keep the hydrogen (or metal) the same in all,
the analogy between them and the acids of sulphur, in regard
to the non-dependence of the neutralising power on the nature
and proportions of the ingredients of the radical, becomes
manifest. . -

The above is the view which Liebig takes of the nature and
formation of the three phosphoric acids. It must be admitted,
that it has the advantage of simplicity ; that it explains, in a
consistent manner, all the known facts ; and that it is at present
better supported, and rests on fewer assumptions, than any other
theory, of the constitution either of these acids, or of acids in
general.

PHOSPHORUS AND HYDROGEN.
Phosphuretted Hydrogen. P, H,— 34-4.

This compound may be formed by the action of phosphurets
of alkaline metals on water, or by the action of phosphorus on
boiling alkaline solutions. Thus, phosphuret of calcium, thrown
into water, disengages the gas in question; and it is also pro-
duced in large quantity by applying heat to a mixture of lime,
water, and fragments of phosphorus, in a retort nearly filled

with the mixture, or by boiling phosphorus with an alcoholic

solution of potash. The two former methods yield it in a

form in which it is spontaneously combustible on coming in

contact with air or oxygen; the latter in a form in which it

requires the contact of flame in order to burn. The gas in both

cases is essentially the same ; but in the former it contains a
1
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minute proportion of a compound, not yet isolated, which is
spontaneously inflammable, and which, inflaming by contact of
air, kindles the gas. This compound is supposed to be P, H .
When the spontaneously inflammable gas is long kept, it deposits
a solid compound, P, H, and is then no longer spontaneously
combustible. Possibly 2 P, H, yield P, H and P H,. ;

The gas, whether spontaneously inflammable or not, is colour-
less, and has a very offensive smell of putrid fish. When it
burns, it produces anhydrous phosphoric acid and water, forming
thick white vapours; and when bubbles; of the spontaneously
inflammable gas take fire in still air, they form beautiful circular
wreaths of vapour, which ascend, gradually widening, till they
are dissipated in the air. ‘

The addition of ether, oil of turpentine, and many other
substances, destroys the spontaneous inflammability ; but this
property may be restored by adding to the gas a minute propor-
tion of nitrous acid.—(Graham.)

Phosphuretted hydrogen is neither acid nor alkaline ; but it
seems to have alkaline tendencies, since it combines with hydri-
odic acid, forming a neutral crystalline compound, isomorphous
with hydriodate of ammonia.” It also combines with several
metallic chlorides, forming compounds analogous to those pro-
duced by ammonia with the same chlorides. Rose, who has
described these compounds, points out a considerable analogy
between phosphuretted hydrogen and ammonia.

It has already been mentioned, that when hypophosphorous
and phosphorous acids are heated, they are resolved into phos-
phoric acid and phosphuretted hydrogen. This gas is conse-
quently given off frequently towards the end of the evaporation
of a solution of phosphorus in diluted nitric acid, which at first
forms phosphorous acid, by the decomposition of which the ghas
is produced, causing a sudden combustion at the surface of the
evaporating liquid.

PHOSPHORUS AND NITROGEN.

Phosphuret of Nitrogen. NP,==4552.

This is a white insoluble powder, formed by the action of
ammonia on sesquichloride of phosphorus. NH, 4P, Cl, =

3 HCl+ NP,. 1t is infusible and fixed in the fire in close
vessels. }

PHOSPHORUS AND CHLORINE.

" Phosphorus takes fire spontaneously in chlorine gas, forming
two compounds.
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a. Sesquichloride of Phosphorus. P, Cl, =137-81.

When phosphorus is made to pass, in the form of vapour,
through a tube filled with coarse powder of bichloride of mercury,
HgCl,, or when chlorine is slowly passed through a tube or
retort containing phosphorus, a volatile colourless liquid is

* obtained, which is sesquichloride of phosphorus. 3 HgCl, +
P, =3 HgCl + P,Cl,. Here protochloride of mercury is ieft,
while the excess of chlorine combines with the phosphorus.
The sesquichloride is a pungent fuming liquid, which, in contact
with water, yields hydrochloric and phosphorous acids. P, Cl,
+3HO0=3HC14P,0,.

b. Perchloride of Phosphorus. P, Cl; == 208:75.

/ This compound is best formed by passing a current of chlorine
through the preceding fo saturation. It is a white volatile solid,
of a pungent smell. In contact with water, it yields hydro-
chloric and phosphoric acids: P,Cl, +5 HO =5 HC] +
B0,

PHOSPHORUS AND BROMINE.—PHOSPHORUS AND IODINE.

With these elements, phosphorus also unites with spontaneous
combustion, and forms with each two compounds, analogous to
those with chlorine. They are volatile solids, yellow in the
case of bromine, dark brown or nearly black in the case of iodine.
They decompose water like the chloride, with the production of
hydrobromic and hydriodic acids on the one hand, and phos-
phorous or phosphoric acids on the other.

PHOSPHORUS AND SULPHUR.

When phosphorus and sulphur. are heated together under
water they combine, often with incandescence, forming several
compounds, which are exceedingly inflammable, and having a
tendency to explode violently when heated, from some unknown
cause, are very dangerous to experiment with. Berzelius has
lately examined these compounds, and has described the fol-
lowing. 1. P,S. This compound occurs in two states, as a
colourless liquid, and as a red powder ; 2. P, 8. A pale yellow
liquid, also as an orange powder ; 3. P,S ,. Yellow crystals;
4. P,S,=P,5S+P,5. A scarlet powder, changed by distil-
lation into a liquid; 5. P,8,. A yellow fusible solid ; 6. P,S,.
A yellow crystallisable solid.—It is very remarkable, that several
of these compounds occur in two distinct states; and Berzelins
conceives that this is owing to the circumstance that, like
sulphur, phosphorus itself exists in two mechanically distinct

12
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states, and that the difference of the two states of the compounds
depends on the one containing phosphorus in its ordinary condi-
tion, while in the other the phosphorus is in the allotropic state,
as it is now called.

11. CarBoN. C=—604.

This element occurs very abundantly in nature, generally
combined. In the pure state, and crystallised, it constitutes
the diamond. In a compact, amorphous condition, it occurs as
plumbago or graphite ; and in a much less pure form as anthra-
cite coal. It is an essential ingredient of all organised tissues
and products, animal and vegetable; and it is also found in
the mineral kingdom as the chief component of pit coal and
wood coal, which are evidently derived from vegetables ; and,
further, as carburetted hydrogen gas, the fire-damp, and
carbonic acid gas, the choke-damp, of coal mines, which are
products of the decay of vegetable matter. Carbonic acid is
abundant in volcanic districts and in mineral waters, and, com-
bined with lime or magnesia, constitutes extensive rock for-
mations. Carbonate of lime occurs, for example, as marble,
limestone, and chalk ; and along with carbonate of magnesia
as dolomite. When ecrystallised, it forms calcareous spar.
Carbonate of magnesia also forms rocks in some parts of the
world. In smaller quantity, the carbonates of baryta, strontia,
lead, and some other bases, are also found. Carbonic acid gas
is always present in the atmosphere, of which it forms about
oo part by weight.

Carbon is artificially prepared by heating organic matter in
close vessels as long as any volatile substances are given off.
These volatile bodies are compounds of carbon, hydrogen,
nitrogen, and oxygen, in various proportions, and the residue
is the excess of carbon, which is fixed in the fire, provided
oxygen be excluded. Wood thus treated yields common char-
coal, which is carbon + the ashes or mineral elements of the
wood. Coal yields coke, which is more dense in its structure.
Animal matters yield animal charcoal, which contains phos-
phates, and also nitrogen, probably as mellone, C,N,. The
charcoal from bones is called bone or ivory black, and is of
course loaded with phosphate of lime. When oils or resins,
which are always rich in carbon, are burned with a deficient
supply of oxygen, they yield a great deal of soot, which is
calledy lamp-black: When ignited in close vessels, to expel
any traces of oil or volatile matters, it is almost pure carbon.

The diamond, or crystallised carbon, is the hardest body
known. Its sp. g..is 3'5. It is also quite infusible, but is
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easily burned when heated in ‘oxygen, and is converted into
carbonic acid. It is remarkable for its transparency and high
refractive and dispersive power : it is a non-conductor of elec-
tricity. In the other (allotropic ?) form of graphite, anthracite,
or charcoal, carbon is opaque, black, combustible in air or
oxygen, yielding carbonic acid, but is now a conductor of
electricity. Its sp.g.is 2. In all its forms, carbon is devoid
of taste or smell, insoluble, as such, in all menstrua (although
it may be oxidised and dissolved as carbonic acid by strong
nitric acid, or aqua regia, with the aid of heat), and altogether
fixed in the fire in close vessels.

In open vessels, carbon, when heated, takes fire, and, if pure,
burns entirely away, being converted into carbonic acid gas.
Indeed, the- attraction of carbon for oxygen at a red heat
exceeds that of almost all other bodies. It is to this property,
and to the heat and light given out in its combustion, that are
owing the uses of carbon, as the chief ingredient of all kinds of
fuel, whether burned for heat or for light.

CARBON AND OXYGEN,

With oxygen, carbon forms two well-marked gaseous com-
pounds, which shall be here described. The same elements, in
other proportions, constitute, according to the opinion which
regards oxygen acids as hydrates, certain anhydrous acids, to
be described under the head of organic chemistry. As these
anhydrous acids, however, are not known in the separate form,
we may rather consider the acids in question (the oxalic, mel-
litie, croconie, and rhodizonic acids) as compounds of hydrogen.

a. Carbonic Oxide. CO=14053.

This gas is formed either when carbon is burned with a
limited supply of air, as when air is passed through a mass of
red-hot charcoal ; or when carbonic acid is brought into contact
with red-hot charcoal. In the latter case, the carbonic acid,
CO 5 is deoxidised, while the carbon is oxidised, CO,4C=
2C0.

It is best obtained by heating in a retort 1 part of finely-
powdered ferrocyanide of potassium (prussiate of potash) along
with 10 parts of oil of vitriol. The salt contains cyanide
of potassium, K,C, N, and cyanide of iron, Fe,C N. One or
both of these salts acts on the sulphuric acid and water, yield-
ing sulphate of potash (or of iron), sulphate of ammonia, and
carbonic oxide, K, C,N+2(HO, S0,)+2H0=(K0,80,)+
(NH,0,80,)42C0. The gas may also be obtained by
heating a mixture of a formiate, MO,C, HO,, with an excess
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of oil of vitriel, MO,C,HO,+HO0,80,=M0,50,+2H0+
2C0. When oxalic acid, HO,C, O,, or an oxalate, M0,C,0,,
is heated with an excess of oil of vitriol, there is obtained a
mixture of carbonic oxide and carbonic acid gases, MO,C, 0O,
+HO,80,=M0,80,+H0+4CO +CO,. By passing
the mixed gases through milk of lime, or solution of potash,
the carbonic acid is arrested, and the carbonic oxide gas obtained
ure.

. Carbonic oxide gas may be collected and kept over water,
It is transparent and colourless, has neither taste or smell, and
when respired is fatal to animal life. It takes fire when heated
to redness in contact with air, as by the approach of a candle,
and burns with a lambent clear blue flame, combining with a
second equivalent of oxygen, and yielding carbonic acid. Its
sp. g. is 0°9722.  The blue flame that is often seen to play on
the surface of a large red-hot coal fire is owing to the formation
of this gas; the carbonic acid formed at the lower part of the
fire being forced to pass through a thick mass of red-hot char-
coal. The formation of this poisonous gas is also one cause of
the danger of slowly burning charcoal in chauffers, in rooms
where there is no chimney and little ventilation.

Carbonic oxide is a compound radical ; that is, it actslike an
element, combining with elements. Thus, it combines with
chlorine, with oxygen, with metals. In this point of view it is
a most Interesting compound ; but, like cyanogen, comes to be
treated of as a compound radical in the organic division of
this work. '

b. Carbonic Acid. CO,=22

Sy~. Fized Air—This gas occurs in a variety of circum-
stances, which have been noticed above, in treating of carbon.
In addition to these, it may here be mentioned that it is formed
during the respiration of animals, and that it is a chief product
of the vinous or alcoholic fermentation. It is also formed in
large quantity in all ordinary combustions, from the oxidation
of the carbon in the fuel.

It is best prepared artificially by the action of diluted hydro-
chloric or sulphuric acid on marble or chalk, which, as already
stated, is carbonate of lime. Ca0,C0,. Thus we have CaO,
CO,+HCl=CaCl4+-HO+CO,. It may be collected, with
some loss, over water, which absorbs it.to a considerable
extent.

It is a transparent and colourless gas, with a rather pungent,
subacid smell, and a slight acidulous taste. Its sp. g.is 1-527 ;
and it is so much heavier than air, that it may be collected in

B
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vessels by displacement, as represented in the cut, especiallg:
if it be wanted dry, after passing through a tube filled wit:

chloride of calcium. Lime water is rendered turbid by this
gas, the insoluble carbonate of lime being formed ; and by this
character it is distinguished from all other gases. It extin-
guishes flame, and is most deleterious when inhaled. As it is
apt, from its great density, to accumulate in the lower part
of wells, pits, or mines, where it escapes, it is often the cause
of fatal accidents. No such place should be entered until a
light has been introduced, and found to burn brightly; if it
burns dimly, or is extinguished, the air will certainly destroy
life if respired.

. Carbonic acid gas, by a pressure of 36 atmospheres, is lique-
fied. This is best accomplished by condensing the gas, by
means of a pump, into a strong copper vessel, such as is used
for air-guns. The liquid carbonic acid, by its almost instanta-
neous evaporation, when allowed to escape through a jet, pro-
duces so much cold as to freeze a part of the gas into a white
solid like snow. The solid carbonic acid evaporates slowly,
but, if mixed with ether, more rapidly, so as to freeze mercury
easily. The liquid acid expands by heat in a greater degree than
even the gas does.

Carbonic acid gas is absorbed by water, particularly under
increased pressure, and gives to that liquid an acidulous taste
and the power of reddening litmus ; although, on exposure to
the air, or on boiling, the gas is given off, and the blue colour
is restored. With the bases, it unites, forming salts, which are
called carbonates ; but in the soluble carbonates the alkali is
not neutralised, and many carbonates of the base, especially of
ammonia, may be obtained, in all of which the properties of
the alkali predominate. It would appear, from this, that car-
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bonic acid is not a true acid, although it combines with bases.
We shall hereafter see that one or two other oxygen acids
which, like it, do not form hydrates, are, in like manner, desti-
tute of the true character of aeids.

The sparkling and effervescing properties of many kinds of
wine, of beer, and of soda-water, is owing to the presence of '
carbonic aeid. The mineral waters, in which it occurs free, are
known by their sparkling, and are much used.

CARBON AND HYDROGEN.

These two elements combine together in a vast number of
proportions, and being both combustible, give rise to compounds;
all of which are highly inflammable, and which resemble each
other in chemical characters generally. They are often ealled
carbo-hydrogens. At the ordinary temperature, some are solid,
as paraffine and naphthaline ; many are liquid, as oils of turpen-
tine and lemons, naphtha, &c.; and two are gaseous, namely,
light carburetted hydrogen gas, and olefiant gas. All of these
compounds are either vegetable products, or arise from the decay
or the destructive distillation of organic matter. As, however,
the two gases, mixed in various proportions with air, constitute
the fire-damp of coal mines, and consequently occur in the mineral
kingdom, we shall describe them here, leaving the remainder for
organic chemistry.

a. Light Carburetted Hydrogen, CH,==8-04.

This gas forms the chief part of the combustible gases, which
issuing from seams in the coal, mixes with the air of the mines,
and produces the explosive fire-damp. It is produced nearly
pure, when vegetable matter decays under stagnant water. The
bubbles which rise are found to consist of this gas, with a little
carbonic acid, which may be removed by solution of potsah. The
gas may also be formed artificially by heating an acetate, MO,
C,H,O,, with an excess of hydrate of baryta. We have then

(MO +C,H,0,,)+Ba0OHO=MO0,C0,+Ba0,C0,+2CH,.

The gas is colourless and inflammable, burning with a yellow-
ish flame, and forming carbonic acid and water with the oxygen
of the air. CH,+0,=C0,+2 HO. Its sp. g. is 0.5555.
When mixed with twice its volume of oxygen and set fire to, it
explodes violently. The same result follows, but with less vio-
lence, when it is mixed with 10 vol. of air, which contain 2 vols.
oxygen. This is the nature of fire-damp. It is a mixture of
this gas with air. If the air is less than 6 times, or more than
14 times the volume of the gas, explosion dees not take place.
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- To put an end to the frightful accidents formerly so common
in coal-mines, Davy invented his safety-lamp, which is only a
common oil-lamp, surrounded by wire gauze. Davy found that
flame, which is incandescent gaseous matter, and intensely hot,
could not pass through fine wire gauze, the gaseous matter being
cooled by the contact with the metal, below the point at which it
becomes luminous. Now, as it requires the heat of flame to fire
the explosive mixture, it is evident that the flame of the lamp,
not being able to pass through the wire-gauze as flame, but only
as gaseous matter not incandescent, cannot fire the mixture which
surrounds it. Since this beautiful contrivance was adopted, ex-
plosions have become much more rare in coal-mines; and there
1s good reason to believe that such as have occurred, have arisen
from neglect of the use of the safety-lamp, or from carelessness
in using lamps, the gauze of which has been so injured by blows,
or otherwise, as to allow the flame to pass.

When an explosion takes place, those who are not burnt or
shattered, are generally suffocated by the carbonic acid, which
is the product of the explosion. i

b. Olefiant Gas. C,H,=1408; or, C, H, =2816.

This gas occurs in the gaseous mixture of coal-mines, mixed

with the preceding. It is prepared by heating 1 part of strong
alcohol with 4 parts of oil of vitriol. The mixture blackens and
gives off the gas, which may be collected over water. It is ren-
dered quite pure by passing it through oil of vitriol, which re-
moves some of the vapour of ether which is generally present.
_ Olefiant gas is transparent and colourless. When brought
in contact with a flame in the air, it takes fire, and burns with a
very luminous white flame. Mixed with its volume of chlorine,
the two gases rapidly disappear, producing an ethereal or oily
liquid, C,H,Cl, ; hence the name. Butif mixed with 2 vols. of
chlorine, and set fire to, the mixture burns off with a red flame,
and an immense quantity of smoke, which is carbon deposited
in the solid form, the hydrogen uniting with the chlorine. C,
H,4Cl,=2 HCI+C,.

When a light is appglied to a mixture of 1 vol. of olefiant gas,
and 3 vols. of oxygen, or 15 vols. of air, a very violent explosion
takes place, the productsbeing carbonic acid and water. C,H,
+0,=2 HO+2CO,.

CARBON AND NITROGEN.
Cyanogen. C, N=Cy=—26-23.

These elements in the nascent state, and in the presence of a
base, combine to form a very remarkable compound, which, from
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being a chief ingredient in Prussian blue, has been called Cya-
nogen. This compound is best obtained by heating a mixture
of 6 parts of dried ferrocyanide of potassium, and 9 parts of
bichloride of mercury in a flask, when cyanogen is given off in
the form of a colourless gas, absorbed by water, having a very
pungent and peculiar smell. Cyanogen gas is combustible, and
burns with a beautiful purplish red flame. Itis liquefied bya
pressure of 3 or 4 atmospheres.

Such are the leading external properties of this remarkable
compound, which, in its chemical relations, however, acts most
frequently the part of a simple acid radical, entirely analogous
to chlorine, bromine, iodine, or fluorine, forming an acid with
hydrogen, and neutral salts with metals.

In fact, cyanogen is the type of the important class of com-
pound acid radicals, which characterise the chemistry of organic
bodies, although, as we have seen, they also occur in inorganic
chemistry. But as cyanogen is exclusively a product of organised
compounds, or of the destruction of organic bodies, the detailed
description of its chemical relations, and of its numerous com-
pounds, belongs to organic chemistry.

The composition of cyanogen is C;N ; but asit plays the part
of an elementary body, it is generally more convenient to employ
for it the symbol Cy.

Carbon and nitrogen form another compound, C,N,, which
is also a compound radical, and is called Mellone. Symbol Me,

CARBON AND CHLORINE.

Carbon does not directly unite with chlorine ; but when chlo-
rine is made to act on certain organic compounds, which are
decomposed by it, the carbon being presented to it in the nascent
state, combines with the chlorine. There are several chlorides
of carbon : 1. Dichleride of carbon C,Cl. A white solid fusible
and combustible body. 2. Protochforide of carbon, C CL, a
liquid, boiling at 160°. 3. Perchloride of carbon,C, Cl,. A very
fusible solid, boiling at 360°, combustible. None of these com-
pounds have any practical interest.

Little, if anything, is known of the compounds of iodine, bro-
mine, and fluorine, with carbon.

CARBON AND SULPHUR.
Bisulphuret of Carbon, CS,—38-28.
This compound is best formed by filling with fragments of

recently ignited charcoal a wide cast-iron tube, which is placed
in a somewhat inclined position across a.furnace. The lower
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end of the tube is connected with Liebig’s condensing apparatus,
the wide glass tube of which is kept cold by iced water, and
terminates in a two-necked bottle, also placed in ice-cold
water ; a tube in the second tubulature of the bottle, allows the
escape of gaseous matter. The part of the iron tube containing
the charcoal being now raised to a red heat, a fragment of sul-
phur is introduced into the upper end, which is instantly closed.
The sulphur melts, boils, and passes in vapour over the hot
charcoal, which combines with it, forming bisulphuret of carbon,
which condenses in the bottle as a volatile liguid. A second
fragment of sulphur is introduced very soon after the first ; and
if the proportion of sulphur introduced at once, and the heat
of the charcoal be forfunately observed, a large quantity of
the new compound may soon be obtained. The gases dis-
engaged appear to be a gaseous sulphuret of carbon, chiefly
formed when there is too little sulphur, and sulphuretted
hydrogen, arising from the presence of hydrogen or water in
the charcoal.

The bisulphuret of carbon is purified by distillation in a very
gentle heat, and then forms a very transparent, mobile, colour-
less liquid, of sp. g. 1.272, sinking, therefore, in water, which
has a peculiar offensive smell of putrid cabbage. Itis very vola-
tile, boiling at 108¢ ; and very combustible, burning with a pale
blue flame, and producing sulphurous and carbonic acids. It is
insoluble in water, soluble in alcohol, ether, and oils. It dissolves
sulphur and phosphorus readily ; and these solutions, by sponta-
neous evaporation, yield fine crystals of those elements, It also
dissolves camphor, essential oils, and resins.

Sulphuret of carbon is occasionally used as an external appli-
cation in burns ; and it promises to be useful as a solvent for
resins, many of which it dissolves readily, and thus forms var-
nishes, which from its great volatility, dry very rapidly.

12. Borox. B=109.

This element is found, in combination with oxygen, forming
boracic acid in certain hot springs in the north of Italy ; and
as borate of soda (borax), on the shores of some lakes in Thibet,

From boracic acid, boron is with difficulty obtained by the
action of potassium, aided by heat, which removes the oxygen.
Or it may be prepared by the action of potassium on borofluoride
of potassium, when boron is separated. KF, BF ;4K ,=4 KF
+B. The fluoride of potassium which is formed, is dissolved
away by water, and the boron remains as a dark olive-coloured

owder. Boron is fixed in the fire, but if heated in oxygen gas
1t burns brilliantly, being converted into boracic acid. ‘
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Boron and Oxygen. Boracic Acid, BO, == 34-939.

When boron is heated in air it burns like tinder, or, as above
stated, if heated in oxygen, with a brilliant light, and yields this
acid. It is obtained by evaporating the hot springs of Sasso, in
Italy, in a somewhat impure state, under the name of Sassoline,
or crude boracic acid. It is best prepared by dissolving borax in
four parts of hot water, and adding to the hot solution one-third
of the weight of the borax of oil of vitriol. Borax is a borate
of soda ; the sulphuric acid takes the soda, forming a soluble
salt, and the boracic acid is set free. Being very sparingly
soluble in cold water, it is deposited, on cooling, in scaly crystals,
which are a crystallised hydrate of boracic acid, BO, +3HO.
These crystals are purified by being dissolved in the smallest
possible quantity of boiling water after they have been washed
with a little cold water. On cooling, this solution deposits pure
hydrated boracic acid.

When the crystals are heated to 212°, they lose half the water
they contain, and this is probably water of crystallisation. The
residue is 2B0O, + 3HO ; so tiat the original crystals may be
represented as 2BO, + 3 HO + 3 aq. When heaied to red-
ness the acid melts, and, on cooling, forms a transparent brittle
glass. It is quite fixed in the fire in close vessels if dry ; but it
volatilises readily with the vapour of water, so that a solution of
boracic acid cannot be evaporated without notable loss. It isin
this way, along with steam, that it is brought from great depths
into the springs in which it is found.

Boracic acid is sparingly soluble in cold, readily in hot water.
Itis very soluble in alcohol, and its alcoholic solution burns with
a flame mixed and tinged with pale green : a property character-
istic of the compounds of boron.

It is a feeble acid, and reddens litmus slightly ; it colours

turmeric brown, like alkali. With bases it forms salts called
borates, which are for the most part insoluble. The alkaline
borates alone are soluble. All the salts of this acid are very
fusible, and promote the fusion of other bodies when mixed with
them. Hence, borax is much used as a blowpipe flux, which not
only promotes fusibility, but at a red-heat dissolves siliceous
compounds to a clear, fusible glass.

No compounds are known of boron with hydrogen or nitrogen.

With chlorine boron combines when it is heated in the gas, or
when chlorine is passed over a red-hot mixture of boracic acid
and charcoal. The terchloride of boron, B Cl,, isa gas at ordinary
temperatures. It has a pungent acid smell, and forms thick
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vapours in the air. These are the result of its action on the
water of the atmosphere, whereby hydrochloric and boracic acids
are formed : BCl, 4+ 3HO = 3HCIl 4 BO,.

Nothing is known of the compounds of boron with bromine
and iodine.

BORON AND FLUORINE.
Terfluoride of Boron. BF, == 66-94.

Boron has a remarkable affinity for fluorine, and when fluor
spar (fluoride of calcium) is heated to redness with boracic acid,
a gaseous compound is produced, analogous in composition and
properties to the terchloride of boron. 8 CaF+4 B0, =3(CaO,
BO,) +BF,. The sp. g. of the gas is 2:36. It instantly
seizes on water, decomposing it, and thus, like the chloride, forms
very thick vapours with the moisture of the air. It is,in fact, a
very delicate test of the presence of moisture in any gas.

When this gas is absorbed by water to saturation, hydrofluoric
acid and boracic acid are formed: BF, + 3HO =3HF +
BO,. The hydrofluoric acid unites with the boracic acid and
1 eq. of water forming an acid, 3 HF + HO, BO,, and this,
when acted on by bases, yields salts, the formula of which is
3MF + MO,BO,. Berzelius has shown that when terfluoride
of boron is absorbed by concentrated hydrofluoric acid, another
compound is formed, the formula of whichis HF 4 BF_. It
is am acid, the formula of its salts being MF + BF,, Allits
salts, when heated, give off terfluoride of boron.

Boron, when heated in the vapour of sulphur, burns and forms
a sulphuret of boron, which is a white solid decomposed by
water, with which it yields sulphuretted hydrogen and boracic
acid.

13. Siuicon. Si=—2218.

This element is, with the exception probably of oxygen, the
most abundant of all those which form the solid mass of our
earth. It occurs, however, onlyin a state of combination with
oxygen, as silicic acid or silica, which is the chief ingredient of all
rocks, except limestones, rock salt, and coal, and also of all soils.

Silicon is best obtained by heating potassium with silicofluoride
of potassium, 3 KF +28i F_, which with 6 egs. of potassium
yields9 KF + Si,. Water dissolves off the fluoride of potassium,
and leaves the silicon as a dark brown powder, which contains
some hydrogen, and is purified by exposure to a low red heat.
Silicon is infusible, and after having been ignited in close vessels
it is so compact as not to burn when heated even‘in oxygen, It
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is not acted on by any acid except the hydrofluoric acid, which
slowly dissolves 1t. A mixture of hydrofluoric and nitric acids
acts more strongly. When silicon is fused with nitrate or car-
bonate of potash, it is oxidised with a smart deflagration. It is
heavier than oil of vitriol.

SILICON AND OXYGEN.
Silicic Acid. 8i O, = 46-219.

Syn. Silica.—This acid is found pure in rock crystal, or in
white quartz. Along with small and variable quantities of certain
metallic oxides it forms many well-known minerals—as yellow
or smoke rock crystal with oxide of iron ; agate, jasper, helio-
trope, carnelian, with the same metal ; amethyst with oxide of
manganese ; prase with oxide of nickel ; rose-quartz with some
fugitive colouring matter ; opal and calcedony with water, &c. &c.
Many sands and sandstones are nearly pure silica, and quartz rock
and flint are quite pure.

Silicic acid may be obtained in a state of purity from any
siliceous sand by fusing it with three or four parts of carbonate of
potash, dissolving the fused mass in water, adding hydrochloric

*acid, which separates the silica as a jelly, which 1s a hydrate of
the acid, and evaporating the whole to dryness. Water removes
from the dry mass all soluble chlorides, and leaves the silica,
which, when dried, is a snow-white powder, insoluble in water,
and all acids except the hydrofluoric acid. It dissolves in
caustic or even carbonated alkalies with the aid of heat.

Silicic acid combines with bases, forming silicates, all of which,
except those containing an excess of the stronger alkalies, are
insoluble in water. The greater number of rocks and minerals
consist of silicates, especially those of alumina, lime, magnesia,
oxide of iron, potash, and soda. The silicates of potash and
soda, when heated to redness, form glass, which when the acid
predominates is insoluble, and is the basis of all ordinary glass ;
when the alkali is in excess, the glass is very soluble in water.
Many silicates found in nature, as the zeolites, are soluble in
strong acids ; but most of them lose this solubility on being
ignited. Many, such as felspar, are not attacked by acids, even
before ignition.

No compounds are known of silicon with hydrogen or nitrogen.

SILICON WITH CHLORINE AND BROMINE.

When silicon is heated in chlorine it burns and forms a com-
pound, which is better prepared by passing chlorine over a red-
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hot mixture of silicic acid and* charcoal,SiO, + C, + Cl, =
Si€l, +3CO. The compound, which is called terchloride of
silicon, condenses in the cold part of the apparatus as a very
volatile, pungent, and colourless liquid, which decomposes water,
forming hydrochloric and silicic acids: SiCl, 4+ 3 HO =
3HCI+ 5 0,.

Bromine yields an analogous terbromide, SiBr,, the properties
of which are similar to those of the terchloride.

Todine is not known to combine with silicon.

Silicon and Fluorine. 8i F, :7‘8'22.

Silicic acid is rapidly dissolved by hydrofluoric acid, and a gas
is produced, which is found to be a terfluoride of silicon: 8i O,
+3HF=3HO + SiF,. This gas is best obtained by heat-
ing a mixture of powdered fluor spar and quartz with oil of
vitriol : 3CaF + 810, + 3(HO,80,) = 3(Ca0,80,) +
3HO + SiF,. The gas must be collected over mercury, It
is colourless, fuming strongly in the air, its sp. g. 3:66. It is
absorbed by water, and hydrated silicic acid is deposited, while an
acid is found in the water composed of 3HF + 28iF . With
hases this acid forms salts, called silicofluorides, the formula of
whichis 3 MF + 28iF,. These salts are nearly all insoluble,
and when heated give off terfluoride of silicon.

The aqueous hydrofluosilicic acid is used in chemistry to
separate potash, with which it forms an insoluble salt, from certain
acids, such as chloric acid, by which means these acids are obtained
in the free state. It is also used as a test, to distinguish between
compounds of barium and of strontium, as it forms after a short
tinlle a crystalline deposit in the solutions of the former base
only.

Heated with sulphur, silicon combines with it, forming a
white, earthy compound, Si 8,. It decomposes water, yielding
sulpht(l)retted hydrogen and silicic acid : 818, + 3HO =3HS
+8i0,.

METALS.
GENERAL OBSERVATIONS ON METALS.

In the arrangement we have adopted, all the elements not
hitherto described are considered metals, although some of them,
especially arsenic and tellurium, are, in many points, very
analogous to the metalloids. The metals are 42 in number,
exclusive of the three lately announced by Mosander, which, if
established, will raise the number to 45. See the list of ele-
ments, page 2.
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A metal is defined to be a body possessing the peculiar
appearance called the metallic lustre (which is well illustrated
in polished silver or in merciry), and capable of conducting
well both heat and electricity. All the metals possess this com-
bination of characters, but in other physical characters they
exhibit great variety. We shall notice the following :—Specific
Gravity, Hardness, Tenacity, Fusibility, and Volatility.

1. Specific Gravity. The density of metals varies from 0.865

(water being = 1) to 21 : the former being the Sp. G. of potas-
sium, the latter that of platinum. Iridium is said to be still
denser than platinum, -
. 2. Hardness. Some metals, as potassium, lead, tin, silver,
&c., are so soft as to be easily cut with a knife ; potassium and
sodium may even be kneaded in the fingers, Others, such as
iron, nickel, antimony, &c., are much harder ; and a few, such
as rhodium and iridium, especially the latter, possess a very
high degree of hardness.

3. Tenacity. This property is present in very various degrees
in metals. Some, as antimony, bismuth, cobalt, have so little
tenacity that they are brittle and may be powdered: while
others may be heat out into thin leaves, or drawn into fine
wires. These two forms of tenacity, malleability and ductility,
are not always proportional to one another ; for iron, which can
only be beat into plates of a very moderate thinness, being, of
all the malleable metals, the least malleable, may be drawn ont
into very fine wires, and is among the most ductile of metals.

Of the malleable metals, the following are remarkable : lead, tin,

copper, palladium, platinum, silver, and gold. The last-named
metal may be beat out into leaf so fine, that, although quite
entire and free from visible pores, 57 square inches of the finest
gold leaf will not weigh more than 1 grain. Zinc, which is
rather brittle at ordinary temperatures, admits of being rolled
into thin plates at 300° or 400°. The most ductile metals are
lead, copper, palladium, iron, silver, gold, and platinum. 1 grain
of gold may be drawn out into a wire 550 feet long, and platinum
is about 6 times more ductile, according to Wollaston. Iron

" wire, although not the finest, is stronger than wire of equal

diameter of any other metal.

4. Fusibility. One metal, mercury, is liquid at all tempera-
tures above — 39° F. Some, such as potassium, sodium, &c.,
melt at a very moderate heat : others, such as lead, tin, &ec., at
temperatures below a red-heat ; others at a strong red or white
heat, such as copper, silver, and gold. Some, as platinum,
rhodium, &c., require the heat of the oxygen and hydrogen blow-
pipe to melt them ; and one at least, iridium, appears to- resist,
when pure, even this intense heat.
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5. Volatility. Some metals are very volatile compared with
others. Mercury volatilises slowly at all temperatures above
80° or 100° F'., and below its boiling point, at which temperature,
662°, it is rapidly converted into vapour. At the other extreme
is iridium, which is quite fixed, not even melting in the strongest
white heat yet known. The following metals are converted
into vapour, or they boil, at temperatures varying from a low to
a bright red-heat : cadmium, zinc, arsenic, tellurium, potassium,
and sodium. Most of the others are fixed, although some of
them, in the flame of the oxy-hydrogen blowpipe, appear to be
volatilised in small quantity.

The chemical relations of metals are very important, and as
there runs through the whole class a great analogy in this respect,
it is advisable to describe, generally, the chemical characters of
metals ; by which means we are enabled to render the account
of the individual metals more brief and more easily remembered.

Metals have powerful affinities, especially for the metalloids,
with almost all of which they combine, and frequently in several
proportions. In addition, therefore, to the important uses of
. the metals, as such, the useful applications of a large number of
metallic compounds are of the highest interest and value.

Almost all the metals have a powerful affinity for oxygen,
and all of them may be made to combine with it. In like
manner the metals have strong affinities for, and may easily be
made to combine with chlorine, bromine, iodine, fluorine (to
which may be added cyanogen), as well as sulphur, selenium ;
and in many cases, phosphorus and carbon ; in a few, hydrogen
and silicon. Metals also combine with each other. Owing to
the extensive range of these affinities, metals are rarely found
uncombined, or native, as it is called, and the operations of
metallurgy are chiefly such as are requited to separate metals
from the compounds in which they occur, which are called their
ores. Oxygen, in the atmosphere and in water, being far more
abundant than the other metalloids, metals are chiefly found
oxidised, and are therefore commonly extracted from the ores by
processes of deoxidation, or reduction, as it is termed.

METALS WITH OXYGEN.

Metals differ in the degree of their attraction for oxygen.
Some metals, such as potassium, rapidly combine with oxygen
when exposed to the air, or when brought in contact with water
or with any other oxidised compound. Others, such as iron,
are very slowly oxidised by exposure to the air at ordinary tem-
peratures, and hardly act on cold water ; but at a strong red-heat
they burn in the air, and decompose the vapour of water, setting

K
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free hydrogen gas. Others again combine with oxygen when
heated in air, but do not decompose water at all, such as copper.
These, as well as the preceding, are in general easily oxidised
by acids ; and their attraction for oxygen is such that their oxides,
once formed, are not decomposed by a red-heat alone, without
the help of combustible matter. Finally, some metals, such as
gold and silver, &c., have much less attraction for oxygen. They
are not so easily or directly oxidised, and the oxides, once
formed, are quite easily decomposed by a red-heat, being resolved
into metal and oxygen.

When metals combine with oxygen, they form three classes of
oxides.

1st. Bases or basic oxides, the most usual formula of which is
MO ; such oxides are called protoxides. Besides protoxides, a
pretty numerous class of basic oxides has the formula M, O, :
these are sesquioxides. A very few basic oxides have the
formula MO, : these are binoxides or deutoxides. Potash, KO,
is an example of a protoxide ; sesquioxide of iron, Fe, O, of a
sesquioxide, and deutoxide of tin, Sn0,, of a basic deutoxide.

All basic oxides form neutral salts by combining with acids.
In @ll such cases there is produced, besides the neutral salt, a
quantity of water, the oxygen of which, according to the most
probable view, is derived from the metallic oxide. Its hydrogen
must therefore be derived from the acid, and in the case of the
hydrogen acids with simple radical, this is admitted by all. For
example, when potash, KO, acts on hydrochloric acid, HCI, the
change is universally admitted to be as follows :—

KO + HCl=HO + KCL

That is, the basic oxide, and the hydrogen acid, give rise to
water and to chloride of potassium, both neutral substances.
Neither have we any difficulty in adopting the same view in the
case of a hydrogen acid with a compound radical ; for example,
hydrocyanic acid :—

KO+HCy=HO + KCy: or,KO + H,C, N=—=HO + K,C, N.

But when we bring potash in contact with oil of vitriol or
strong sulphuric acid, most chemists are inclined to adopt a
different explanation of phenomena precisely analogous. They
call the acid hydrated sulphuric acid, HO, 8O,, and express the
action as follows :(—

KO + H0,S0,=HO + K0,80,

Here, it will be observed, the results are quite similar to those
in the preceding cases ; namely, the separation of water, and of
a neutral salt, in this case sulphate of potash. And yet we
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adopt a different explanation, at least on the older view of acids
and salts, supposing the water to pre-exist in the acid, and to be
replaced by the oxide. As it is, however, quite unphilosophical
to employ two explanations of analogous facts if one will suffice,
we are thus induced to prefer the newer view of acids and salts
formerly alluded to, which admits of our giving the same expla-
nation of the two cases. According to this view, then, we
consider oil of vitriol a hydrogen acid, H, SO, and express the
change thus :—
KO + H,80, =HO + K, S0,

On comparing this with the equation above given for the
action of potash on hydrocyanic acid in its second form, it will
be seen that the analogy is perfect. Both acids and both salts
contain a compound acid radical, in the one case C, N, in the

“ other 80, ; and both differ from the acid and salt of chlorine
in the fact of their radicals being compound, or rather Znown to
be compound : for chlorine may very possibly be itself a com-
pound radical, although at present we must view it as simple,
because it is undecomposed.

The action of a basic sesquioxide, and of a basic deutoxide,
on an acid, say sulphuric, is represented as follows on both the
different theories of acids :—

M, 0, +3(H0,80,) = 3HO + M, 0,, 350, :
Or,

M, 0, +3(H,S0,) = 3 HO +M,,3S0,.
MO, + 2 (HO, 80,) = 2 HO + MO,, 2 S0, :

or,
MO, +2 (H, 80,) = 2 HO + M, 280,

Here we see that, for every equivalent of oxygen in the base,
an equivalent of acid is required to form a neutral salt; and
that, on the new view, the resulting neutral salts are compounds
corresponding to the basic oxides from which they are formed.
Thus we have—

Basic Oxide. Corresponding Neutral Salt.
M +0 . . M + 8O, orin general terms, M +R
M,+0, . M,+380, = 3 M, +R,
M +0,. . M +280, - % M +R,

Such are the most important chemical relations of the basic
oxides, which include, among the protoxides, the strongest alka-
lies and alkaline earths.

2nd. Neutral or indifferent metallic oxides. These appear,
by combining with an additional quantity of oxygen, to have
lost the basic, without acquiring the acid character. They

K2
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commonly enter into few combinations of any kind. Their
composition varies, being sometimes M, O,, and sometimes
MO,. Red exide of lead, Pb,0,, is an example of the
former § hyperoxide of manganese, MnOQ,, of the latter.
When heated with acids, oxygen is given off, while a basic
oxide is formed, and acts on the acid as above, forming a
neutral salt. Thus, peroxide of manganese, heated with oil of
vitriol, gives— :
Mn 0, + HO, S0, = Mn 0,80, + HO + O :
or,

Mn O, +H,80,=Mn, SO, + HO +O.

3rd. Metallic acids. These are pretty numerous. When
the same metal forms a basic oxide and an acid, the latter
always contains more oxygen. There are several different
formule among metallic acids. Some are sesquioxides, as
As, O, arsenious acid ; sometimes deutoxides, as titanic acid,
TiO, ; very often teroxides, as chromic acid, CrO, ; occasion-
ally # oxides, as arsenic acid, As, O, ; and in one case a quad-
roxide, as osmic acid, 0sO,. - :

Metallic acids, when heated, generally lose oxygen, and are
reduced to the basic oxide; this takes place especially if they
are heated with acids. Thus manganic acid, MnO,, heated
with sulphuric acid, yields oxygen gas and neutral sulphate of
the protoxide.

Ma O, + HO, S0, = Mn 0, S0, + HO + 0, :
or,

Mn O, + H,S0, = Mn, SO, + HO + O,

When we wish to form metallic acids, we commonly heat or
deflagrate the metal, or its lower oxides, along with an alkaline
nitrate or chlorate, in which case the acid that is formed re-
mains in combination with the alkali. Or chlorine gas is passed
through water in which the oxide, in fine powder, is suspended,
sometimes along with an alkali, sometimes alone.

When our object is to deprive metals of the oxygen with
which they are combined, or to reduce them, as it is called, to
the metallic state, different methods are followed, according to
the attraction of the metal for oxygen.

1. The oxides of the noble metals, such as mercury, silver,
gold, platinum, &c., are reduced by a red-heat alone.

2. The oxides of a large number of metals, such as copper,
iron, tin, barium, or potassium, can only be reduced by the
united, action of heat and combustible matter, such as carbon,
hydrogen, &c. The change is as follows—MO+C=M+CO ;
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or MO+H=M+HO. In the former case carbonic oxide gas,
in the latter water, is produced, and being expelled by the heat,
leaves the metal pure. The use of carbon for reduction is the
foundation of all the metallurgic processes on the large scale.
As the ores, however, are not pure, substances called fluxes are
added to cause the impurities to melt, forming a fluid glass,
below which the melted metal is found.

Perhaps the most powerful reducing or deoxidising com-
pounds at a red-heat are the formiates, and cyanide of potas-
sium. The formula of a formiate is MO,C,HO,=MO-+HO,
2C0 : so that it yields at a red-heat carbonic oxide gas, a body
having much attraction for oxygen. Cyanide of potassium is
KCy=K,C,N; and, as Licbig has pointed out, it combines
the very powerful deoxidising agency of carbon and of potas-
sium. Its reducing power is very great.

3. The oxides of the metals of some of the alkalies and
earths, whose attraction for oxygen is very strong, and which
are with difficulty reduced in any other way, are decomposed
by a powerful galvanic battery so as to yield the metals. This
is only done on a very small scale.

4. Many oxides in solution are reduced to the metallic state
by other metals having a stronger attraction for oxygen, which
take the place of the metal previously in the solution. Thus
copper precipitates silver, and iron precipitates copper.

5. Many oxides in solution, that is, combined with acids, are
reduced to the metallic state by what are called deoxidising
agents. Thus the noble metals, such as gold, platinum, &c.,
are reduced by sulphurous, phosphorous, and hypophesphorous
acids and their salts; by oxalic and formic acids and their
salts : gold is even reduced by hydrogen gas and "by solutions of
protosalts of iron, such as green vitriol. In all these cases the
reducing or deoxidising agent is oxidised; phosphorous acid,
for example, yielding phosphoric, and protoxide of iron passing
into peroxide, at the expense of the metallic oxide.

The electrotype, in which copper, silver, gold, or platinum
are reduced to the metallic state in such a way as to form
coherent masses similar to the hammered metals, and by which
the most beautiful and perfect copies of medals may be taken,
is a process depending partly on the reducing agency of the
galvanic battery, partly on that of hydrogen gas, which, instead
of escaping uncombined at the negative pole, is then oxidised
at the expense of the metallic oxide. In this process, which
is minutely described in works devoted to the subject, it is
essential that the electric current should be slow and uniform,
otherwise the metal is deposited in different states. Plating
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and gilding by this process have a beautiful appearance, and are
perfectly adapted for objects not subjected to much wear or
friction.

METALS WITH HYDROGEN.

Only a few metals unite with hydrogen, and these form
gaseous and combustible compounds not yet known in a pure
state, but only in a statetof mixture with hydrogen gas. The
following metals only are as yet known to combine with hydro-
gen :—zinc, potassium, arsenic, antimony, and tellurium.

METALS WITH NITROGEN.

Until lately metals were not’ known to combine with this
element ; but we are now acquainted with compounds of nitregen
with copper, chromium, and mercury. These compounds are
black or dark brown powders, which may be obtained by passing
dry ammoniacal gas over the oxides of the metals, gently heated,
water being at the same time produced and nitrogen gas liberated.
Thus, when oxide of copper is acted on by ammonia, we have -
6CuO+2NH, =6 HO + N Cu,+ N. Likethe compounds
of nitrogen with chloriné and iodine, these compounds are easily
made to explode, their elements separating with violence, and
with a flash of light, by a gentle heat or friction, or percussion.
It is possible, or indeed probable, that fulminating gold and
silver, prepared by the action of ammonia on the oxides of these
metals, and the explosive tendencies of which render them so
very dangerous, are in reality the compounds of the metals with
nitrogen. These must be distinguished from the other fulminating
silver which, like fulminating mercury, is a compound of oxide
of the metal with fulminic acid.

METALS AND CHLORINE.

The attraction or affinity between chlorine and metals is very
strong. Many metals, such as potassium, copper, gold, antimony,
&c., combine instantaneously with chlorine without the aid of
heat, but with the phenomena of combustion. Others, such
as mercury, &c., burn in chlorine only when they are heated in
the gas. By combining with chlorine, metals give rise to chlorides,
which may often be more advantageously formed by other means
than by direct combination with the gas. * Other methods of
obtaining chlorides are the following :—

1. Chlorine gas is passed over the oxide or sulphuret of the
metal heated to redness. In many cases the affinity of chlorine
prevails, and the oxygen or sulphur is expelled. MO 4+ Cl =
MCl 4 0.

.
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2. Hydrochloric acid gas is®passed over the oxide or the
sulphuret heated to low redness. Here the affinity of hydrogen
for oxygen or sulphur, added to that of chlorine for the metal,
effects decomposition which chlorine alone could not accomplish.
MO+ HCl=MCl+ HO: MS 4+ HCl=MCl 4 HS.

3. To the solution of an oxide, in water or in acids, hydro-
chloric acid or a soluble chloride are added. If the metal forms
an insoluble chloride, that is at once gprecipitated, showing that
the change must be, as inthe case of the dry gas, MO + H Cl=
MCl 4+ HO. If the metal, as in the case of potassium, forms a
soluble chloride, then the addition of hydrochloric acid causes no
visible change ; but on evaporation, crystals are deposited, which
are generally found to be of a chloride, and free from oxygen or
hydrogen. Thus, potash, KO, with hydrochloric acid, HCl,
undergoes, in solution, no change of appearance at first ; but on
evaporation yields cubical crystals, which are found to be K Cl.

4. Some metals, as gold and platinum, are converted ‘into
chlorides by dissolving them in aqua regia, or nitro-muriatic acid,
and evaporating gently to dryness with an excess of hydrochloric
acid. 'The dry residue is pure chloride.

When metals are combined with chlorine they may be reduced
to the metallic state by various means.

1. Some chlorides are reduced by heat alone, which expels the
chlorine. This is the case with almost all the chlorides of the
noble metals,

2. Other chlorides are reduced by the action of another metal.
Thus, chloride of platinum or chloride of silver is reduced by
means of zinc.

3. Many chlorides are reduced by hydrogen gas at a red heat,
but not by charcoal, as oxides are.

4. The chlorides of the noble metals are reduced by boiling
their solutions with a formiate ; those of gold and platinum
also by the protdsulphate of iron. Chlorides may also be
reduced by fusion with formiates or with eyanide of potassium.

What has been said of the relation of metals to chlorine
applies almost exactly to their relations with bromine, iodine,
fluorine, and cyanogen, which in its combination with metals
plays the part of a salt radical, entirely analogous to chlorine.

The chlorides, bromides, iodides, and cyanides of metals are
true salts, for the most part neutral salts. Indeed, sea salt, the
type of all salts, is chloride of sodium, NaCl. None of these
compounds possess decided acid or basic characters; but the
chlorides, &c., are capable of combining together and forming
double chlorides, &c., which have been compared by Bonsdorff to
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oxygen salts. Thus viewing, as he did, chromate of potash,
KO, CrO,, as an oxygen salt, he viewed the following com-
pound, KCl, Hg Cl,, as a chlorine salt. The former contains,
according to him, an oxygen acid, CrO,, and an oxygen base
KO ; the latter, a chlorine acid (bichloride of mercury), Hg Cl,,
and a chlorine base, K Cl, (chloride of potassium). But itis to
be observed that neither K Cl nor Hg Cl, have basic or acid
properties ; they are, on the contrary, neutral salts, and, accord-
ing to the more probable views now beginning to prevail as to
the true nature of salts, which are considered compounds of
metals with salt radicals, the compound K Cl 4- Hg Cl, is viewed
as a double salt. The same view applies to a large number of
analogous double chlorides, bromides, iodides, fluorides, and
cyanides.
METALS WITH SULPHUR.

All the metals are capable of combining with sulphur, and
many metallic sulphurets are found native: those of irom,
copper, lead, antimony, zinc, and bismuth in abundance : these
of mercury, silver, cadmium, and some others, more sparingly.

Most metals when heated along with sulphur combine with it;
but in many cases sulphates are obtained by the action of sulphur
compounds on the oxides, or by the deoxidation of sulphates.

1. When an oxide is exposed to the action of sulphuretted
hydrogen gas, aided by heat, water and a sulphuret are formed,
MO 4+ HS=HO+MS. The same change takes place when a
solution of sulphuretted hydrogen or a current of the gas is made
to act on solutions of oxides in acids. The sulphurets of the
following metals may be thus obtained, being all insoluble in
water :—

Grour I. Metals, the oxides of which, in acid solutions, are
precipitated as sulphurets by sulphuretted hydrogen.

Metals. Colour of Precipitate. Metals. Colour of Precipitate.
Cadmium . o . Orange. Platinum . . Black.
Lead . o . . Black. Iridium . . Black.
Bismuth . 3 . Black. Gold. . . Black.
Copper . 5 . . Black. Tin, protoxide . Brown.
Silver 3 ¢ . Black. Tin, peroxide . Yellow.
Mercury 9 o s oBlack. Antimony . . Reddish orange.
Palladium . " . Black. Molybdenum . Brown or red.
Rhodium . VAR ok Tungsten . . Brown.
Osmium . i . Black. Vanadium . Dark brown.
Tellurium . .. Yellow. Arsenic g Orange yellow.

The other metals are not precipitated by sulphuretted hydro-
gen, but the following yield sulphurets when their oxides in
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solution are acted on by hydrosulphuret of ammonia (sulphuret
of ammonium), or by a soluble metallic sulphuret :—

Group II. Metals, the oxides of which are precipitated as
sulphurets by soluble sulphurets, although not by sulphuretted
hydrogen.

Metals. Colour of Precipitate, Metals. Colour of Precipitate.
Iron . 3 . Black. Cobalt . $ lack.
Manganese . . Flesh colour. Nickel . . . . DBlack.*
Zinc . . . White.

The remaining metals, those of the alkalies and earths, form a
third group, the sulphurets of which being soluble do not appear
as precipitates.

2. When a sulphate of a metallic oxide, MO, SO, or M, 80,
is acted on by hydrogen or carbon at a strong red-heat, it is
entirely deoxidised, and the sulphuret of the metal is left. Thus,
if sulphate of baryta, KO, SO, or K,SO,_, be mixed with about
one-sixth of its weight of charcoal, and exposed for two hours to
a bright red-heat in a vessel closed, except where a small aperture
_ is left for the escape of gaseous matter, carbonic oxide is given
off and sulphuret of barium isleft; Ba0,8S0, +C,=4CO
+ BaS.

The sulphurets of each metal are commonly equal in number
and analogous in composition to its oxides. Metallic sulphurets
unite together, as oxides do, and produce double sulphurets or
sulphur salts, which are closely analogous to oxygen salts.

Thus we have—

Oxygen Salts. Sulphur Salts.
Oxygen Acids. Oxygen Base. Sulphur Acids. Sulphur Base.
With Molybdenum Mo O, 4 KO Mo S, + KS
‘With Arsenic . As, 0, 4+ KO As, S; + KS
. Asg O, + 3KO As, S; + 3KS

Of course, if we view the oxygen salt, As, O,, 3KO, for
example as a compound of a metal with a salt-radical, As, O,
K,, the corresponding sulphur salt, As, 8., 3K, becomes As,

»» K,. The analogy between the compounds of sulphur with
metals, and those of oxygen with the same bodies, has been shown
by Berzelius to be very complete.

With selenium and tellurium metals form compounds very
analogous to the sulphurets.

* With phosphorus some metals combine and yield compounds
called phosphurets, few of which are known. The alkaline

* Alumina is precipitated white by soluble sulphurets, but the precipitate
is not sulphuret of the metal, but only hydrated oxide.



138 ACTION OF WATER.

phosphurets, as those of barium and caleium, yield by the
action of water phosphuretted hydrogen gas, which takes fire
spontaneously.

Metals combine in several cases with carbon, forming com-
pounds which are called carburets. They are generally brittle
solids, and the only useful carburets are those of iron, which are
two valuable compounds, steel and cast iron.

As all the compounds of metals with chlorine, bromine, iodine,
fluorine, sulphur, and selenium, contain along with the metal a
radical which forms an acid by combining with hydrogen, while
the metal generally forms a base with oxygen, the question arises
what takes place when such metallic compounds are dissolved in
water ? Does the metal seize the oxygen, and the radical the
hydrogen of an equivalent of water, and do the acid and base
thus produced combine together ?

In the case of an insoluble chloride, such as that of silver, we
know that the hydrochloric acid does not combine with the oxide
when both are mixed in solution, for the precipitate is found to
be AgCl. Here the oxygen of the base and the hydrogen of the
acid must have formed water: AgO + HCl=HO + AgCl.

But when hydrochloric acid, H Cl, is mixed with potash, KO,
or, what comes to the same thing, when chloride of potassium,
K Cl, is dissolved in water, what is the compound present in the
liquid ? Is it K Cl simply dissolved as such ? or, is it a salt,
KO+ HCl? We know that the liquid, if evaporated, yields:
crystals of K Cl, but it is possible that this compound may be
formed by the force of cohesion when it crystallises, and may not
be previously present.

The general opinion of chemists is that in most cases soluble
chlorides, sulphurets, &c., dissolve as such in water ; but that in
some cases the hydrogen acid does appear to combine with the
oxide.

If K Cl, in dissolving, decomposes. water and forms KO 4
H C], then we must admit that in the act of crystallising, when
K Cl separates, water is again recomposed. These continual
decompositions and recompositions of water, without any visible
change of properties, are so improbable that in most cases we
cannot admit their occurrence. ;

But there are cases in which the solution of a chloride, &e., is
attended with a change of properties. Thus, chloride of magne-
sium and chloride of aluminum when dissolved in water, cannot
again be obtained in the anhydrous form. On evaporation oxide of
magnesium or of aluminum are left, while hydrochloric acid
escapes. Again, dry sesquichloride of chromium is peach-
coloured, but its. solution iz deep green, the colour of all

e R
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solutions containing sesquioxide of chromium; dry chloride of
cobalt is blue, and its solution is pink, like all solutions con-
taining oxide of cobalt. d :

In these and a few more similar cases, we can hardly
doubt that water is decomposed when a chloride, &c., is dis-
solved ; but in the great majority of cases we have no evidence
of this ; and, therefore, it may be laid down as a general rule
that chlorides and analogous compounds dissolve as such in
water, and that hydrogen acids mutually decompose metallic
oxides, yielding water and compounds of the metal with the
radical of the hydrogen acid: To this rule there are some
exceptions ; some chlorides, &c., in dissolving decompose water,
producing a hydrogen acid and an oxide ; and hydrogen acids
are capable of combining with some oxides without mutual
_ decomposition, the compounds, however, not being very stable.

METALS WITH METALS.

Metals are capable of combining together, and forming com-
pounds which retain the metallic character, and many of which
are highly useful. They are called alloys, except where mercury
is one of the metals, when they receive the name of amalgams.
Thus, brass is an alloy of copper and zinc ; pewter an alloy of
lead and tin ; German silver an alloy of copper, zinc, and nickel.
The metal used for silvering the backs of mirrors is an amalgam
of tin and lead ; that is, it contains mercury with these metals.
The alloys will be briefly described hereafter.

The progress of modern chemistry has added largely to the
number of the elementary metals. Before the middle of last
century the metals known were only such as had long been used
in the arts or in medicine, and did not exceed twelve in number.
From that period many new metals were gradually discovered in
the mineral kingdom ; and, in 1807, Davy’s discovery of the
metals of the alkalies at once added a numerous class of metals
to the list. Wollaston and Smithson Tennant had previously,
in 1803, discovered the four remarkable metals associated with
platinum in its ores. The whole number of ascertained metals
is now forty-two; and within the last year Mosander has
announced the discovery of three new metals, accompanying
cerium and yttrium, which, if established, will raise the number
to forty-five.

In considering the metals individually, we shall arrange them
in groups or classes, according to their affinities for oxygen and
to their chemical relations.

Crass I. includes twelve metals, subdivided into three well-
marked orders.
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Order 1. Metals of the alkalies proper, namely—
Potassium. Sodium. Lithium.

These metals have so strong an affinity for oxygen that they
are rapidly oxidised by exposure to the air, and decompose water
with violence, disengaging hydrogen gas, which generally takes
fire. Their oxides are powerful bases or alkalies, very soluble
in water and very caustic.

Order 2. Metals of the alkaline earths, namely—

Barium. Strontium. Calcium. Magnesium.

These metals have alse a very strong affinity for oxygen, and,
except magnesium, they decompose water at ordinary tempera-
tures, but without flame. Their oxides are powerful bases, but
less soluble and caustic than the alkalies ; indeed, oxide of mag-
nesium is insoluble. As they are thus intermediate between
the alkalies and the earths proper, they are called alkaline earths.

Order 3. Metals of the earths proper, namely—

Aluminum. Glucinum. Yttrium.
Thorium. Zirconium. v

These metals do not decompose water at ordinary tempera-
tures, but burn in air when heated, forming oxides, which are
less powerful bases than the preceding ; and being quite insoluble
in water and earthy in aspect, they are called the earths.

Cuass I1. includes 30 metals ; which are also subdivided into
three orders, All these metals combine with oxygen, and in
general their protoxides are insoluble and of an earthy aspect,
but coloured, and have basic characters, in many cases very
powerful. A considerable number of these metals form acids
with a larger proportion of oxygen. This class contains all the
heavy metals, and all those which, from their malleability,
ductility, &c., have long been used by mankind.

Order 1. Metals, the protoxides of which are powerful bases,
but which do not decompose water unless with the aid of a red-
heat ; namely—

Manganese. Tin. Cobalt.
Zinc. Cadmium. Nickel.
Tron.

Order 2. Metals which do not decompose water at any tem-
perature ; but the oxides of which, once formed, cannot be
reduced by heat alone : namely—

Arsenic, Columbium, Bismuth.
Chromium., Antimony. Titanium.
Vanadium. Uranium. . Tellurium.
Molybdenum. Cerium ? Copper.

Tungsten. Lantanium ? Lead.
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1t is doubtful whether cerium and lantanium do not belong to
the preceding order, to which also belong, in all probability, the
three new metals of Mosander, didymium, erbium, and terbium.

Order 3. Metals, the affinity of which for oxygen is so feeble
that their oxides are reduced by a red-heat : namely,

Mercury. Platinum. Osmium.
Silver. Palladium. Iridium.
Gold. Rhodium.

Owing to the comparatively feeble affinity for oxygen of these
metals, they have no tendency to rust when exposed to the air,
as iron does, for example, from its strong attraction for oxygen.
Hence they retain the brilliant lustre of their polished surface,
and do not wear by exposure to the air. They are therefore often
called the noble or precious metals.

We now proceed to the description of the separate metals,
which may be made very brief in consequence of our having so
minutely described the general chemical characters of metallic
bodies, the analogy among which is so great that the description
of one is applicable, with but little change, to the others.

METALS.—CLASS 1.
OrRDER 1.—METALS OF THE ALKALIES PROPER.
14. Porassium. K=39-15.

Syn. Kaliwn.—This metal occurs chiefly in the ashes of land
plants as oxide or potash united to carbonic acid ; it is also found
as chloride in the ashes of sea plants. Many abundant rocks,
such as felspar (with all its derivatives, such as clays), and mica,
besides many simple minerals, contain potash in considerable
quantity. It is contained also in most fertile soils, being neces-
sary to the growth of plants, in the form of potash. Potassium
was discovered in 1807, by Davy, who obtained it by the action
of a powerful galvanic battery on hydrate of potash, KO, HO.
At the negative pole oxygen was given off, and at the positive pole
hydrogen, derived from the water of the hydrate, along with the
globules of a metal resembling mercury, which took fire in the
air and burnt, reproducing potash., This expensive and trouble-
some method has long been abandoned, and potassium is now
prepared by the action of charcoal at a white heat on carbonate
of potash, KO, CO,.

A mixture of carbonate of potash with finely divided charcoal
is first prepared by igniting cream of tartar in a covered crucible,
which leaves such a mixture, well-known as the black flux. This,
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while still warm, is mixed with a considerable proportion of
charcoal in coarse powder and small fragments, recently ignited
and allowed to cool in a covered crucible., The whole is now
introduced into one of the hammered iron hottles used for hold-
ing mercury, coated outside with a mixture of sand and clay.
The bottle is placed horizontally in a wind furnace, and a short
wide tube of iron is fitted to it, to which tube is attached a
copper receiver, partly filled with good naphtha, and having a
diaphragm of copper, and on the further side of the receiver an
aperture for the escape of gas, opposite the tube of the bottle; so
that, if necessary, a strong steel rod may be introduced through
this aperture and another in the upper part of the diaphragm into
the tube, for the purpose of cleaning it out, as it is apt to become
choked. The receiver with the naphtha being surrounded with
ice, a steady and uniform strong red or white-heat (by means of
dry wood, the flame of which plays all round the bottle,) is
applied to the bottle, and after a time potassium, which is known
by the appearance of its pink flame at the mouth of the tube,
distils over, accompanied with carbonic oxide gas, and with a
gray powder, which is the cause of the occasional choking of the
tube. The potassium drops into the naphtha, which protects it
from the action of the air. 'To purify it entirely, it is redistilled
in a small iron retort along with a little naphtha into a receiver
containing that liquid.

In this process the carbon deprives the oxide of potassium and
the carbonic acid of their oxygen, forming carbonic oxide gas.
KO, CO,+C=K+3 CO. ere this all, we should have no
other product but potassium and carbonic oxide. Unfortunately,
however, carbonic oxide at a red-heat, enters into combination
with potassium, forming the grey powder above mentioned ; the
composition of which is 7 CO+K_,=C,0,,K,. If, therefore,
we consider the products obtained from 4 eq. of carbonate of
potash, they ought to be as follows, if the grey compound were
not formed, 4 (KO, CO,)+C,=K,+12 CO. Instead of obtain-
ing 4 eq. of potassium, however, from 4 eq. of carbonate, we
only obtain 1 eq. as metal, the remaining 3 eq. combining with
carbonic oxide to form the grey powder. K,+12 CO=(C,0,,
K,)+5 CO+4K. Thisis the reason why the above process s
not nearly so productive as might be expected. The grey pow-
der must be kept under naphtha, as it is liable to be altered if
exposed to the air, and especially to take fire and explode, if
moistened with water. (This compound, by the slow action of
the air, is converted into a very remarkable salt, rhodizonate of
potash, to be hereafter mentioned, when carbonic oxide is treated
of as a compound radical.)

. Potassium is a metal of a bluish-white colour, and a high degree

p—
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of metallic lustre, so that a mélted portion of it, under naphtha,
resembles mercury or melted silver. At ordinary temperatures,
it is so soft as to yield easily to the finger. At 150°1it is quite
fluid, and if cooled to 32° it becomes brittle. At alow red-
heat it boils, and may be distilled unchanged. Its Sp. G. is
0865, so that it floats on the surface of water.

When exposed to the air it is instantly tarnished by the form-
ation of a film of oxide ; and after a short time the whole is oxi-
dised and converted into a white solid oxide, which soon attracts
water from the atmosphere. Potassium must therefore be kept
under naphtha, aliquid containing no oxygen. When heated in
the air, potassium takes fire, and burns with a beautiful pink
flame, oxide being formed. So powerful is its affinity for oxygen,
that when thrown on the surface of water, it instantly decom-
poses it, with so much disengagement of heat as to set fire to the
hydrogen gas which is separated. K+HO=KO+H. The
hydrogen burning causes the potassium also to burn, combining
with the oxygen of the air, and the globule swims about until it
is consumed, burning on the surface of the water with a beautiful
pink flame. The same phenomenon appears if the metal be placed
in a small hollow on the surface of a piece of ice, when it instantly
bursts into flame.

The affinity of potassium for oxygen and the other metalloids
is so powerful, that it has been the means of isolating many
metals and some metalloids, whose attraction for oxygen, &c., is
too strong to be overcome by the usual means. Thus potassium
decomposes the oxides or chlorides of aluminum, glucinum,
yttrium, thorium, and zirconium, and the boracic and silicic acids.
It is, consequently, a very powerful instrument of research.

The compounds of potassium to be here described are those
which it forms with the metalloids.

POTASSIUM AND OXYGEN.

Potassium forms two compounds with oxygen, a protoxide
KO, and a peroxide KO,.

a. Protoxide of Potassium. KO =—=47'163.

This oxide is only formed when potassium is oxidised in dry
air, or oxygen. It is a white powder, which rapidly absorbs
moisture from the air, and deliquesces. It is now converted into
the usual form, namely, hydrated oxide of potassium, or hydrate
of potash.

Syn. Caustic Potask, KO, HO = 56'176.—This important
compound is best prepared by acting on pure carbonate of potash;
dissolved in water, so as to deprive it of carbonic acid. Two
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parts of carbonate are dissolved in twenty of hoiling water in an
iron pot, and one part of quick lime, being previously slaked by
covering it with boiling water, so as to form a kind of cream of
slaked lime, is added to the boiling liguid in small portions, the
mixture being allowed to boil a minute or two after each addi-
tion. When all the lime has been added, the whole is to be
boiled for five minutes, care being taken to keep up the original
quantity of waler ; since, with less water, the potash actuall
takes back the carbonic acid from the lime. The vessel, whic:
ought to be more deep than wide, is then covered up with itslid,
and allowed to stand for 24 hours. At the end of that time, if
the above directions have been exactly followed, 3§ of the liquid
may be decanted off perfectly clear and colourless. This is a
pure solution of potash, and to obtain the hydrate, we have
merely to boil it rapidly down, in a clean deep iron or silver
vessel, till the residue flows like oil. It is then poured out on a
plate of silver, and, on cooling, broken up into fragments, and
preserved in well-stopped bottles. - _

In the above process, the lime deprives the carbonate of potash
of its carbonic acid, forming insoluble carbonate of lime. KO,
C0,+Ca0, HO=CaO, CO, 4 KO, HO. By slaking the lime
with hot water, it falls to so fine a powder that every particle
acts, and we are thus enabled to use very little more than the
atomic proportion of quick-lime, which would be about 28 to 69,
instead of 1 to 2, or 28 to 56, as we employ. * Again, by adding
the lime gradually, and constantly boiling, the carbonate of lime
assumes a very dense form, and settles perfectly to the bottom ;
whereas, if the lime were all added at once, it would yield a
very bulky carbonate, from which the solution of potash would
be with difficulty separated. By allowing the liquid to clear in
the covered vessel, we avoid filtration and, consequently, the
bringing the potash in contact with the air, from which it
absorbs carbonic acid, and is re-converted into carbonate. So
effectual is the above process, that the decanted liquid does not
effervesce with acids, if carefully prepared ; and if it be rapidly
boiled to dryness, the solid hydrate may be also obtained free
from carbonic acid.

The hydrate of potash is so valuable a re-agent to the chemist,
that I have described minutely the best method of preparing it,
which, as generally happens, is also the most simple. The solu-
tion, or aqua potasse, 1s daily used in the ultimate analysis of
organic bodies, to absorb carbonic acid ; and for this purpose, as
well as for many others, it is obtained sufficiently pure from the
pearlash, or impure carbonate of potash of commerce. The
pearlash is to be treated precisely as the pure carbonate in the
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above process ; and the decanted solution of caustic potash is to
be boiled down until crystals begin to form in the boiling liquid,
which is then allowed to cool in well-stopped bottles of green
glass. The crystals are sulphate of potash, a salt present in the
pearlash, which is insoluble in a strong solution of caustic potash.
On cooling, therefore, the whole of the sulphate crystallises out,
so that not a trace is left in the liquid. The clear liquid, de-
canted from the crystals, now contains no impurity, except chlo

ride of potassium, which, for most purposes, is of no importance.
It has a sp. g. of 1'25 to 1'35, and is ready for use in organic
analysis. If boiled to dryness, it yields a hydrate of potash, far
purer than the hydrate of commerce, inasmuch as it is free from
sulphate.

Hydrate of potash cast into small sticks, is much used by
surgeons as a powerful caustic. The chief objection to its use is
that, owing to its attraction for water, it deliquesces, and spreads
farther than is intended. But in careful hands, it is easily
managed, and is often used in preference to the knife, for open-
ing glandular swellings, such as buboes, which have suppurated.
When thus opened, and when the caustic has been applied to
the inner surface of the cavity, they appear to heal better than
when opened with the lancet. In chemistry hydrate of potash
is much used for the decomposition of minerals, by fusion with
them, and for drying certain gases.

The solution of potash, aqua potassez, or liquor potasse, has
the acrid corrosive taste of the hydrate ; and when rubbed be-
tween the fingers, gives them a soapy feel, forming, in fact, soap
with the oil of the skin. It turns infusion of red cabbage, of
violets, dahlias, &c., green, and restores the blue of litmus red-
dened by acids. It is powerfully alkaline, or basic, neutralising
all acids. 1Its great attraction for carbonic acid has been already
mentioned as the reason of its being used in organic analysis, for
the purpose of absorbing the carbonic acid derived from the
carbon of the substance, and enabling us to ascertain'its weight.
For the same reason, potash in the form of solid hydrate, or in
solution, must always be protected from the carbonic acid of the
atmosphere. The solution, when of sp. g. 1'060, is used in
medicine as an antacid and lithontriptic.” The chief use of
potash is unquestionably that of promoting the growth of plants,
to which it is generally essentil, although it may frequently be
replaced by soda or lime. Its function appears to be that of
fixing the carbonic acid of the atmosphere, which, with the ele-
ments of water, gives rise to the chief vegetable products, as will
be explained in the second part. Hence, all fertile soils contain
it ; hence also the value of the ashes of vegetables, as manure,

L
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depends, in a great measure, on the potash they contain ; and the
same remark applies to animal manures. Cow-dung, for exam-
ple, is very rich in potash.

The presence of potash in any solution is best ascertained by
the action of bichloride of platinum in solution, which, if any
notable quantity of potash be present, forms with it a pale
yellow precipitate of the double chloride of platinum and potas-
sium. If the proportion of potash be very small, no precipitate
may appear ; in this case, the liquid to be tested may be first
concentrated by evaporation, and then again tested with the
platinum salt, when the precipitate will in all probability
appear ; or alcohol may be added to the first mixture, in which:
the double chloride is quite insoluble. The only uncertainty in
this test is, that ammonia gives a similar precipitate ; so that
we must first ascertain if ammonia be present ; and if so, expel
it.by a red-heat, before testing for potassium. s

Perchloric acid also causes in solutions containing potash, a.
white precipitate of perchlorate of potash, sparingly soluble in
water, and quite insoluble in alcohol, so that if but little potash
be present, alcohol onght here also to be added,

An excess of tartaric acid produces, after a time, a crystalline
deposif of cream of tartar, in solutions containing potash, more
especially if well stirred with a glass rod, which causes the
deposit to appear in streaks on the glass.

An alcoholic solution of carbazotic acid causes a yellow erys-
talline precipitate in solution of potash.

Lastly, hydrofluosilicicacid causes a gelatinous semi-transparent
precipitate of silicofluoride of potassium, when added to solu-
tions of potash : of all these tests, the most certain is the bichlo-
ride of platinum, with the aid of alcohol.

b. Peroxide of Potassium. KOZ,=—63176.

This oxide is formed by passing oxygen over red-hot potash. It
is an orange-yellow powder, which, when thrown into water, is
decomposed, oxygen being given off, and potash being found in
the liquid.

POTASSIUM WITH HYDROGEN AND NITROGEN.

With hydrogen, potassium forms two compounds, one of
which appears to be a solid, the other a gas. The latter seems
to take fire spontaneously in contact with air, and is probably
formed when potassium acts on water. The former is produced
when potassium is heated in hydrogen gas. It is a grey solid
decomposed by water.

When potassium is heated in dry ammonia, an olive-coloured
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solid is formed, which is composed of potassium and amide
(amidogen), K, NH,. When this is heated, ammonia is given
off, and there 1s left a substance resembling graphite, which is a
compound of potassinm and nitrogen, 3 (K, NH,) =2 NH_ +
NK,. This compound has been little examined.

POTASSIUM WITH CHLORINE, BROMINE, IODINE, AND FLUORINE,

With all these elements potassium combines, with each in
one proportion only, forming compounds which are very analo-
gous to each other.

Chloride of Potassium, K Cl—7457.

This compound is a neutral salt, very similar to sea-salt. It is
found in considerable quantity in the ashes of plants, especially
of sea-plants. It is formed when potash is neutralised by
hydrochloric acid, and the solution evaporated so as to form
crystals. KO +HCl=HO + KCl. It is also left when
chlorate or perchlorate of potash is heated so as to expel all the
oxygen KO, C10, =KCl 4+ O,.

t has a saline and bitterish taste, and is not much more solu-
ble in hot than in cold water. It crystallises, like sea-salt, in
cubes. It is only used, when very geap, in the manufacture
of alum. It cannot be substituted for sea-salt, as a condiment,
or antiseptic.

Todide of Potassium. KI==16545.

This salt, which is very much used in medicine, resembles the
preceding in external characters. It crystallises in cubes, and
18 very soluble in water. To prepare it, iodine is dissolved in a
pure solution of potash, with the aid of heat, until the liquid
begins to assume a permanent brownish yellow colour, indicating
a slight excess of iodine. The liquid is now evaporated to dry-
ness, and the dry residue ignited and melted in a covered plati-
num or iron vessel.  The melted mass is poured out on a clean
iron plate. It is iodide of potassium ; and if dissolved in water
and filtered, if necessary, the solution on evaporation yields
pure crystals of the salt. In the first stage of this process,
1odate of potash and iodide of potassium are formed; I, + 6 KO
=5KI+ (KO, I0,). In the second stage, the iodate is con-
verted, by a red-heat, into iodide of potassium, oxygen being
given off, while the iodide already present is unaltered : 5 K1 4
(K0,10,) =6KI+ 0,.

Another method is to form iodide of iron by bringing iron
and iodine in contact under water. The iodide of iron dissolves,
and the filtered solution is decomposed by an equivalent weight

B2 )
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of carbonate of potash in solution : Fe I 4+ KO, CO, =KI 4
FeO, CO,. The insoluble carbonate of iron is separated by the
filter, and the clear liquid evaporated till crystals are deposited.
Pure iodide, of potassium is white, and dissolves entirely in
hot alcohol. It is often adulterated with carbonate of potash,
but that salt is easily detected by its insolubility in alcohol.
The solution of iodide of potassium can dissolve a large quan-
tity of free iodine, by which it acquires a deep brown colour.
This solution is much used for baths; and the iodide is em-
ployed both externally and internally in scrofulous diseases.

Bromide of Potassium. KBr=1175.

This salt is very analogous to the preceding, and is formed in
the same way. It crystallises in cubes, and is very soluble in
water. It has not been applied to any use.

Fluoride of potassium, KF = 57°8, is obtained when hydro-
fluoric acid acts on potash. HF +KO=HO 4+ KF. It is.
soluble and crystallises in cubes, and is very analogous to the
preceding salts. .

POTASSIUM AND SULPHUR.

Potassium combines with sulphur in several proportions, of
which the most important are, the protosulphuret, K, and the
pentasulphuret, or persulphuret, KS,.

Protosulphuret of Potassium. KS=—552.

This may be formed by melting together its constituents ; but
it is best prepared by passing hydrogen gas over neutral sulphate
of potash, heated to bright redness. Here the hydrogen removes °
all the oxygen of the salt, and the sulphuret is left. Y

K0,80, + H,= 4110 4 KS.

Protosulphuret of potassium is a solid of a bright red colour,
which forms with water a colourless solution. This solution
smells of sulphuretted hydrogen, and probably contains that
compound and potash, formed by the action of water on the
sulphuret. KS + HO=KO + HS. The solution is alkaline,
and if pure is decomposed by acids, without any separation of
sulphur, sulphuretted hydrogen being given off,

Pentasulphuret or Persulphuret of Potassium. KS,—=1195.

This is the chief ingredient in what is called heparsulphuris,
or liver of sulphur, when prepared by fusing sulphur with car-
bonate of potash at the lowest possible temperature, when the
persulphuret is formed along with hyposulphite of potash :
3KO+8,,=2KS, 4 (K0, S, 0,). Alcohol dissolves the
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“sulphuret, which has a deep orange colour. It may be obtained
pure in solution by boiling the protosulphuret with 4 eq. of
sulphur and water. The persulphuret of potassium forms an
‘orange or yellow solution, which is decomposed by acids, with
the deposition of a large quantity, 4 eq. of sulphur.

There are 5 other compounds of sulphur and potassium, all
similar in properties to the persulphuret. They are KS§ , KS_,
KS,,K, S,,and K, S,. The two last are probably (KS, +
KS.)and (KS, + KS)).

POTASSIUM AND SELENIUM.,

The relations between these elements appear to be closely
analogous to those between potassium and sulphur: but the
compounds formed are little known.

POTASSIUM AND PHOSPHORUS.

_These elements, when heated together, combine to form a
solid phosphuret. When thrown into water, it gives rise to the
disengagement of spontaneously inflammable phosphuretted
hydrogen, while solid phosphuretted hydrogen separates, and
hypophosphite of potash is found dissolved.

Nothing is known with certainty of the carburet of potas-
sium, which is supposed by some to be formed in the process of
making potassium.

No compound of potassium with silicon is accurately known:
but with silicic acid potash forms compounds, which are known
as glass. When the silica predominates, we have ordinary hard
insoluble glass : when the potash is in excess, the compound is
called silicate of potash. 1t is a glassy mass, soluble in water,
and the solution has long been known as liquor of flints. (See,
hereafter, under the head of Salts, the silicates, including glass
and porcelain).

15. Soprum. Na = 23-3.

Syn. Natrium.—This metal is, perhaps, more abundant in our
globe than any other ; for it constitutes two-fifths of all the sea
salt existing in sea water, in the water of springs, rivers, and
lakes, in almost all soils, and in the form of rock salt. Sea salt
is a compound of sodium with chlorine, NaCl. Sodium also
occurs as oxide of sodium, or soda, in a good many minerals ; and
more especially in the forms of carbonate, nitrate, and borate of
soda : the first extracted from the soil in many parts of Africa;
the second covering extensive plains in South America ; and the
third encrusting the shores of numerous lakes in Thibet. Soda
is contained in sea plants, and in land plants growing near the
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sea, in the latter apparently replacing potash ; it is the chief
base in kelp, varec, or barilla, which are the ashes of sea-weed.
Soda also occurs in most animal fluids.

Sodium is obtained by a process exactly similar to that above
described for potassium, substituting acetate of soda for cream-
of tartar. Owing to the fortunate circumstance that sodium
does not combine with carbonic oxide, the process is much more
productive than in the case of the former metal. In fact, when
properly conducted, we may expect to obtain the whole of the
sodium. Thus, in the laboratory at Giessen, 11b. of calcined
acetate of soda (carbonate confaining a little charcoal) mixed
with 4 1b. of finely-powdered, and 1 1b. of coarsely-powdered
chareoal, and heated in a malleable iron bottle, as above recom-
mended, yielded nearly 5 oz. of sodium, even when it was
obvious that the result was capable of considerable improvement ;
the whole of the sodium present being about 7 oz. From the.
extreme cheapness of carbonate of soda, and the productiveness
of the operation, sodium can be prepared far cheaper than potas-
sium, and may, in most cases, be substituted for that metal, as
its affinities are almost equally powerful. Should this metal be
ever required on the large scale, it might be obtained for a price
little, if at all, higher than that of zinc.

Sodium is a silver-white metal, having a very high lustre. It
has not the bluish tinge of potassium, but, if any, rather a very
slight yellowish tint, so that it resembles silver, while potassium
resembles mercury. Its sp.g. is 0°9348 ; it melts at 200°, being
rather less fusible than potassium ; but it is, on the other hand,
somewhat more volatile, which is one cause of its preparation
being easier, since it distils over at a lower heat.

SODIUM AND OXYGEN.

The affinity of sodium for oxygen is next to that of potassium.
It rapidly attracts oxygen from the air, and must therefore be
kept under naphtha ; but it is evidently less rapidly oxidised
than potassium, and consequently keeps better. When heated
in air or oxygen it takes fire, burning with a very pure and
intense yellow flame, which is characteristic of sodium and of
all its compounds. It decomposes water instantly, but does not
spontaneously take fire when thrown on water, as potassium
does. If the water, however, be thickened with gum, or if there
be only a few drops of water, the action of sodium is attended
with flame, and the yellow colour of the flame is most conspi-
cuous. When exposed to the air, or burned in air or on water,
sodium forms the protoxide, or seda : but it can form two other
oxides—the suboxide and the peroxide. The suboxide is little
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known ; the peroxide is an orange powder, Na,O,. The only
important oxide is the

Protoxide of Sodium, NaO = 31.

Syn. Soda.—This oxide is formed when sodium is burned in
dry air or oxygen. It is a white powder, which attracts moisture
and carbonic acid from the air. When sodium is oxidised b
water, or when the protoxide is dissolved in water, there 1s
formed the true alkali, the hydrated oxide of sodium, or hydrate
of soda, NaO, HO.

Syn. Caustic Soda.—This hydrate is prepared by a process
exactly similar to that given for caustic potash, substituting car-
bonate of soda for carbonate of potash. If the carbonate of soda
be in crystals, 1 part of quick lime is sufficient for 5 or 6 parts
of carbonate : if dry, 1 part of quick lime will suffice, if pure,
for 2 of carbonate. As the lime 1s seldom pure, it is in general
safer to take 2 parts for 3 of dry carbonate of soda.

The solution of caustic soda, owing to the superior purity of
the carbonate, which is generally free from sulphate and chloride,
is much purer than the common aqua potasse : and when boiled
down, it leaves a very pure hydrate of soda, NaO, HO. This
hydrate is, in all external characters, and in most chemical ones,
exactly similar to caustic potash : it is deliquescent and caustic,
and may be used for almost all the same purposes. The solution,
however, cannot be used for organic analysis, as it froths up like
solution of soap when a gas passes through it.

With acids soda forms salts, all of which, with hardly an
exception, are soluble in water, and many of which crystallise.
The solubility of its salts serves to distinguish soda from potash,
for neither bichloride of platinum, tartaric acid, perchloric acid,
nor carbazotic acid causes any precipitate in the salts of soda,
even when alcohol is added. Hydrofiuosilicic acid is the only test
that forms a precipitate in cold and pretty strong solutions of
soda salts ; ,but the silicofluoride.of sodium, thus formed, is
much more soluble than the corresponding salt of potassium.
When we know that either potash or soda is present, and the
tests give the above negative results, we may safely decide on
the presence of soda: but if we wish for positive evidence, this
can only be obtained by setting fire to alcohol along with the
suspected salt, or exposing the salt on platinum wire to the
flame of the blowpipe ; when, if soda be present, a rich and pure
yellow colour will be given to the flame.

The chief uses of soda are in the manufacture of glass and of
hard soap. The carbonate is used in washing, and is a powerful
detergent, although milder than carbonate of potash.
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SODIUM AND CHLORINE,
Chloride of Sodium. Na Cl = 58:75.

Syn. Muriate of Soda.—Sea Salt.— Rock Salt.—Kitchen Salt.
—This very important salt is formed when chlorine and sodium,
or hydrochloric acid and soda, come together. But it is found
in immense quantity, dissolved in sea water, and in the water of
salt springs, and in smaller quantity in all natural waters, by -
which, indeed, it is carried to the sea, where it accumulates.
Inland seas, without any outlet, and where, consequently, the
superfluous water escapes only by evaporation, become more
saline than sea water, although the streams which feed them are
not richer in salt than ordinary rivers. Hence the Dead Sea in
Palestine, fed by the Jordan, is a very strong brine, containing
the same ingredients as sea water, but far stronger ; these ingre-
dients being also the same which are found in the Jordan and.
all rivers, in much smaller quantity. Salt is also found abun-
dantly, as rock salt, in various countries. It is obtained from
the sea water by simple evaporation, either spontaneous, or with
the aid of heat, till crystals separate, which are nearly pure
chloride of sodium.

The properties of salt are well known. It is singular that it
is not materially more soluble in hot than in cold water, for
which reason it separates in crystals from the hot liquid during
evaporation, and ought to be taken out from time to time with a
perforated ladle, to allow the mother liquor to drain off.

One chief use of salt is as an antiseptic in curing meat. It
seems to act chiefly by removing so much water from the flesh
that too little is left to allow of putrefaction. Hence, highly
salted meat is always dry, and requires long steeping in water
to render it eatable. Salt is also employed to yield hydrochloric
(muriatic) acid, and chlorine, for the making of bleaching-powder,
as well as the best carbonate of soda. In preparing hydrochlorie
acid from salt, which is done by the aid of oil of vitgiol, sulphate
of soda is formed, from which, by heating it with charcoal, car-
bonate of soda is obtained. Thus, in the very important manu-
facture of soda from salt, both the chlorine and the sodium are
made use of ; the hydrochloric acid being but a secondary
product, formed in the first stage of the manufacture of carbonate
of soda, a product nearly equal in importance to the oil of vitriol,
by means of which it is made.

But the most important use of salt, which renders it an abso-
lute necessary of life to animals in some shape or other, is as a
condiment to food, or rather, as a substance indispensable to
digestion. This subject will be fully treated of in the Second
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Part of this work : in the meanwhile, it may be mentioned, that
the free muriatic acid, always present in the chyme before it
leaves the stomach, and the soda which is found in the chyle
and in the blood, and which is the essential basic element of
the bile, are both derived from salt, either originally present in
the food, or, as is most commonly the case, added to it by man.
Herbivorous animals, who produce an enormous quantity of bile,
find salt in their food, and above all in the river or spring-water
they drink. But they are so sensible of the good effects of salt,
that they show the greatest preference for salt springs, and
indeed for solid salt, if placed within their reach. When sup-
plied with salt in moderate quantity, they thrive uncommonly
well, as in salt marshes, which are well known to give rise to
very rich and well-feeding pastures. An excess of salt is, how-
ever, injurious.

SODIUM WITH BROMINE, IODINE, AND FLUORINE,

The compounds of sodium with these elements are quite
analogous to those of potassium above described. The iodide
and bromide of sodium are found in sea-water and in salt
springs, in minute quantity. The formul® of these three com-
pounds are Na Br, Na I, and Na F.

'SODIUM WITH SULPHUR.

Sodium, like potassium, unites with sulphur in several pro-
portions. The protosulphuret, Na 8, is very similar to the cor-
responding sulphuret of potassium ; the others are little known.

1t is very remarkable that the beautiful mineral, lapis lazuli,
or ultra-marine, the nature of the colouring matter in which
was long a complete puzzle to chemists, should, according to
recent discoveries, owe its magnificent blue colour to the pre-
sence of sulphuret of sodium, a compound destitute of any such
colour. But this seems to be really the case: for by heating a
mixture of hydrated alumina and silicic acid to whiteness, along
with sulphuret of sodium, C. G. Gmelin has succeeded in pre-
paring artificial ultra-marine, which is now prepared in France
quite equal to the native pigment, and very much cheaper. We
are still quite in the dark as to the true nature of the blue com-
pound formed in this operation.

The compounds of sodium with phosphorus, earbon, boron,
and silicon are unknown. With silicic acid, soda, like potash,
forms glass.

16. Litmiom. L = 6-42.

This metal is very rare, occurring only as oxide or lithia in a
few rare minerals, such as spodumene, petalite, lepidolite, and
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lithion-mica. The metal has been obtained in small quantity
by means of galvanism from the oxide, and is white, burning
when heated, with a blood-red flame, and forming protoxide of
lithium, or lithia.

Protoxide of Lithium. LO = 14'43.

This alkali can only be obtained from either of the above
minerals, which are silicates. One part of the mineral in fine
powder is mixed with two of fluor-spar, and the mixture heated
with sulphuric acid, until the whole of the silica is dissipated.
There then remains a mixture of sulphates of alumina, lime, and
lithia, and, in the case of lepidolite or spodumene, potash. By
boiling with carbonate of ammonia in excess, the alumina and
lime are precipitated, and the filtered liquid is evaporated to
dryness, and ignited to expel the sulphate of ammonia. The
residue is sulphate of lithia, or sulphates of lithia and potash.
In the latter case, by the cautious addition of chloride of barium,
the sulphuric acid is separated as sulphate of baryta, and the
lithia and potash converted into chlorides. These being dried,
are digested in absolute aleohol, which dissolves the chloride
of lithium. The lithia is now free from other bases : to obtain
it in the separate state, the chloride is converted into sulphate,
b{ being boiled with oil of vitriol, and the solution of the sul-
phate decomposed by the exact equivalent of barytic water, by
which the sulphuric acid is precipitated, while the free lithia is
dissolved, and the solution, if evaporated, leaves hydrate of
lithia, LO, HO.

Lithia is not quite so soluble in water as soda or potash, nor
is it so caustic ; but it very much resembles these alkalies. Its
solution attracts carbonic acid as readily as theirs from the
atmosphere. When lithia is fused on platinum, it corrodes and
stains the metal. Lithia and all its salts give a blood-red colour
to flame. The carbonate of lithia is sparingly soluble, and its
phosphate is nearly insoluble. Lithia occurs too rarely to admit
of any useful application § but it is important to know that
lithion-mica, which is recggnised by its easy fusibility before the
blow pipe, and by its tinging the outer flame red, has hitherto
been only found associated with albite and topaz, or pycnite, in
tin districts, and its occurrence, thus associated, may be looked
on as a sure indication of the existence of tin in the locality.

Chloride of lithium, L Cl, crystallises in cubes. It is very
deliquescent and soluble in alcohol, the flame of which it colours.
of a fine red.



BARIUM. 155

Arersprx 1o tHE First, or Arrauine Grour or MeraLs. '
Ammonium, NH, = Am = 1819.

This hypothetical compound metal has already been described
under the head of Ammonia, but we must here consider it as a
metal, analogous to the three just described.

In all the salts of ammonia Am O is found. This compound,
oxide of ammoninm = NH,, HO, is itself a very powerful and
caustic alkali, and neutralises all the acids. It is important to
observe that it is isomorphous with potash, KO ; so that the salt
KO, SO, has the very same form as Am O, SO,.

Chloride of Ammonium. Am Cl=NH,Cl=NH,,HCl = 53:64.

This is the well-known salt, sal ammoniac, which is analo-
gous to K Cl, Na Cl, and LCl, crystallising, like them, in
cubes. It is the salt from which ammonia and all its com-
pounds are formed, and it is prepared from the impure carbo-
nate of ammonia obtained by distilling animal matters. Tt is
entirely volatile, soluble in water, has a pungent saline taste,
and no smell. Its chemical relations are those of a chloride,
although it is called muriate of ammonia, because it is formed
when muriatic (hydrochloric) acid and ammonia act on each
other. But there is little doubt that these bodies mutually
decompose each other, according to the equation, NH, 4+ HCl
=NH,,ClL

The %romide, iodide, and fluoride of ammonium are very
similar to the chloride.

OrbDER 2.—MgETALS OF THE ALRALINE EARTHS.
17. Bariom. Ba = 687.

This metal may be obtained with difficulty, by causing the
vapour of potassium to pass over baryta (oxide of barium)
strongly heated in an iron tube. The potassium is oxidised at
the expense of the barium, forming potash, while barium is
separated. Ba O + K=KO 4 Ba. Mercury dissolves out the
barium forming a fluid amalgam, and this, if the mercury is
distilled off in a small iron retort, leaves the barium.

Barium is a metal of a dark grey colour, heavier than oil of
vitriol. When exposed to the air it rapidly absorbs oxygen,
forming a white powder, the protoxide of barium or baryta. It
is also oxidised by water, hydrogen being liberated.

Protoxide of Barium. BaO = 76-713.

Sy~. Baryta.—This alkaline earth occurs in nature combined
with carbonic and sulphuric acids. It is best obtained pure by
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decomposing pure nitrate of baryta, by a continued red-heat,
when the nitric acid is destroyed, being expelled as nitrous acid
and oxygen, and the baryta left behind. Ba O, NO, =Ba O
+ NO, + 0.

Baryta is a grey porous solid, the sp. g. of which is about
4°000. It has an acrid alkaline taste, but is much less soluble
in water than potash or soda. When sprinkled with water, it
slakes, like quicklime, combining with the water to form a
dry, white powder, hydrate of baryta. Great heat attends this
combination. Baryta, if exposed to the air, speedily attracts
moisture and falls to powder, and the hydrate absorbs earbonic
acid from the air, and is converted into carbonate by degrees.

Hydrate of Baryta. BaO,HO =85726.

This compound is formed when dry baryta is slaked with
water, as above-mentioned. It is a bulky white powder, which
dissolves in 3 parts of boiling water, and in about 20 of cold
water. The saturated hot solution deposits, on cooling, crystals,
which are composed of BaO, HO + 9 aq. The saturated cold
solution, which is called barytic water, is a most useful test of
the presence of carbonic acid in the air, or in any gas ; for.with
that acid it instantly produces the insoluble carbonate of baryta,
which forms a film, or crust, on the liquid.

A solution of baryta may be formed, extemporaneously, by
boiling sulphuret of barium in solution with oxide of copper or
oxide of lead in excess, and filtering as soon as the liquid gives
a white, and not a black precipitate with acetate of lead. The

change isas follows: BaS + CuO=BaO +CuS; or BaS+ .

PbO =BaO + PbS. The sulphurets of lead and copper, being
insoluble, are easily separated by the filter.

Baryta may be recognised, either in the free state, or in its
salts, by its giving, with alkaline carbonates, a white precipitate
of carbonate, and with sulphuric acid or any soluble sulphate, a
white precipitate of sulphate of baryta. The latter is quite
insoluble in water and acids ; and hence baryta and its salts are
much used as tests for sulphuric acid.

Peroxide of Barium. Ba O, = 84'7.

This oxide is formed either by passing oxygen over baryta at
a red heat, or by sprinkling chlorate of potash on baryta heated
to very low redness, and washing away the soluble part with
water. In the latter case it is obtained as a hydrate. It is
insoluble in water, and weak acids dissolve it, forming a salt of
protoxide; while the oxygen combines with water, forming
peroxide of hydrogen. In fact, the peroxide of barium is only
used for the purpose of making that compound.
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BARIUM AND CHLORINE.
Chloride of Barium. Ba Cl = 104°17.

This salt is best obtained by dissolving carbonate of baryta in
hydrochloric acid, Ba0,C0,+HCI=BaCl4+HO+CO,. Itis
also obtained by acting on solution of the sulphuret of barium
with the same acid, BaS+HCl=BaCl+HS. In the former
case carbonic acid gas, in the latter sulphuretted hydrogen gas,
is disengaged ; and in both the chloride of barium remains
dissolved, and, on evaporation, crystallises in white brilliant
tabular crystals, which are composed of BaCl+2aq. A red
heat expels the water of crystallisation, and chloride of barium
is left. :

It is a white solid, soluble in water, and is used in medicine,
and very extensively in chemistry, as a test for sulphuric acid,
and a means of removing that acid from any solution.

Bromide, iodide, and fluoride of barium are very analogous
to the chloride.

BARIUM AND SULPHUR.
Sulphuret of Barium. Ba$ = 84-82.

This useful compound, from which all the other compounds
of barium may be obtained, is prepared from the native sulphate
of baryta, or heavy spar, by reducing it to fine powder, mixing
it with % of its weight of lamp black (charcoal), and exposing
the mixture to a white heat for two hours in a covered crucible.
The following change takes place—

Ba0,80, C,=4CO+ BaS.

The sulphuret of barium dissolves in hot water, forming a
colourless solution, which, if exposed to the air, gradually
absorbs oxygen, becoming yellow, and is finally converted into
hyposulphite of baryta, the latter salt being deposited in hard
brilliant erystals. When, in preparing the sulphuret, the heat
has been insufficient, the sulphuric acid of the sulphate of
baryta is entirely deoxidised, the baryta only partially, and we
obtain a mixture of baryta and persulphuret of barium, BaS,.
Thus 2(Ba0,80,)4+C,=C+7C0+Ba0O+BaS,. This mass,
dissolved in hot water, deposits, on cooling, crystals of hydrate
of baryta: while the solution, owing to the presence of persul-
phuret, is orange-coloured.

Sulphuret of barium, from its solubility, and from its being
easily decomposed, serves to prepare all the compounds of
barium. This, as already stated, if boiled with oxide of copper
or of lead, it yields hydrate of baryta ; and oxide of manga-
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nese may be used for the same purpose. With hydrochloric
acid it yields chloride of barium, and with nitric or acetic acid
it gives rise to nitrate or acetate of baryta, BaS+HO,NO, =
HS+4BaO,NO,. Mixed with carbonate of potash, soda, or
ammonja, in solution, it produces insoluble carbonate of baryta,
and a soluble sulphuret of potassium, sodium, and ammonium,
BaS4+K0,C0,=KS+Ba0, CO,. From the nitrate pure baryta,
and from the carbonate, any salt of baryta may be obtained.

All the compounds of barium, except the sulphate, are
poisonous.

18. StroNTIUM. Sr = 43:8.

Oxide of Strontium. Sr O = 51:813.

L]

This metal is analogous to barium, but little known. It
occurs only as oxide, combined with carbonic acid in Stron-
tianite, and with sulphuric acid in celestine. From these
minerals the oxide of strontia may be obtained, by processes
exactly similar to those described for baryta. Strontia is rather
less soluble in water than baryta, but otherwise much resembles
it. Indeed it was long confounded with baryta, from which it
is distinguished by forming with hydrochloric acid a chloride
which crystallises in needles, and is very deliquescent and
soluble in alcohol, to which it gives the property of burning
with a erimson flame. The nitrate of strontia is used in making
the red fire of the theatres, which is also employed for signal
lights.

g}'Il'he chloride and sulphuret of strontium are prepared as those
of barium, and from the latter hydrate of strontia and all the
salts of strontia may be prepared. The sulphate of strontia is
not absolutely insoluble, like that of baryta, although. it is very
nearly so.
19. Carcrom. Ca = 20°5.
Ogzxide of Calcium. Ca = 28'513.

This metal is little known, but appears to resemble the two
preceding. It is soon oxidised in air or in water, forming the
oxide_of calcium, or quicklime.

The oxide, or lime, occurs in great abundance in.nature
chiefly as carbonate, in the forms of marble, limestone, chalk
and calcareous spar ; also as sulphate, in the shape of gypsum
and alabaster. Carbonate of lime is the chief ingredient of
shells, and phosphate of lime is the earthy part of bones. Lime
is found in the ashes of many plants.

Pure lime is easily obtained by igniting white marble or chalk
till all the carbonic acid is expelled. The residue is seldom
quite white, but combines with water to form a snow-white
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hydrate (slaked lime). A high temperature is produced in the
slaking of lime. Lime is far less  soluble in water than baryta
or strontia, and cold water dissolves a good deal more lime than
hot, about 3. The solution is called lime water ; it tastes
acrid, and if exposed to the air, is soon covered with a film of
carbonate, which forms a crust that at length breaks. Quick-
lime, exposed to air, gradually absorbs both water and ecarbonic
acid ; but a good red heat always restores it to the state of
quicklime again. When an excess of hydrate is mixed up with
water, it forms a milky-looking fluid, called milk or cream of
lime, which is much unsed for absorbing carbonic acid.

The uses of lime are well known : slaked lime is the chief
ingredient in mortar, and lime water is used in medicine as an
antacid. With acids lime forms salts, of which the carbonate,
like that of baryta or strontia, is insoluble, the chloride very
deliquescent, and the sulphate sparingly soluble, but far from
insoluble. Lime and its salts are recognised by forming, with
oxalate of ammonia, the very insoluble oxalate of lime. In
testing for lime, the solution must be neutral, as an excess of
acid dissolves the oxalate.

Chloride of Calcium. CaCl = 55:97.

This salt is formed when carbonate of lime is dissolved in
hydrochloric acid, as in preparing carbonic acid gas, Ca0,CO,
+HCI=CaCl+HO+CO,. When the neutral solution is
evaporated to the consistence of syrup, it forms, on standing
in a cold place, long prisms of crystallised chloride of calcium,
CaCl+2HO+4aq. At 480° these lose the 4 equivalents of
water of crystallisation, and at a red heat the other two equi-
valents of water. The crystals, when powdered and mixed
with snow, liquefy rapidly, and produce intense cold. In every
form chloride of calcium has a great attraction for water, and 1t
is much used for drying gases, and in organic analysis for col-
lecting the water, by weighing which the proportion of hydrogen
is determined. It also serves to deprive alcohol, ether, and
many similar fluids, of water.

The bromide and iodide of calcium are deliquescent salts,
CaBr and Cal.

Fluoride of Calcium. Ca F = 39:24.

This is a very abundant mineral, occurring chiefly in veins
along with lead ore, heavy spar, and quartz. It is well known
as fluor, or Derbyshire spar, and crystallises beautifully in
cubes, octahedrons, and tetrahedrons, which are transparent and
colourless, or purple, green, brown, or yellow. It also occurs
in a massive semicrystalline form, capable of being cut and



160 MAGNESIUM.

polished for ornaments. It is very remarkable that fluoride of
calcium is an ingredient of bones in variable quantity. It is
said to be found chiefly in the enamel of the teeth, and it is
certainly found in variable quantity, but always %resent, in
ancient human bones. It is now said that it is less easily
detected in recent bones, owing to the presence of animal matter.
It has been found in some bones to the amount of 10 per cent.
The presence of it is detected by treating the mineral or
bone, after ignition, with oil of vitriol in a platinum crucible,
covered with a waxed plate of glass, having the glass exposed
by traces made with a point through the wax. In a short time
the traces are so far etched as to be indelible, and very smal
traces of fluor spar may be thus detected. f

Sulphuret of Calcium. CaS = 36-62.

This compound is formed by a process similar to that given
for sulphuret of barium. Sulphate of lime, mixed with % of
its weight of charcoal powder, is strongly ignited for an hour
or two in a covered crucible. Ca0,80,+C,=4C0+CaS.

It is a nearly white powder, provided no excess of charcoal
is present, and is very sparingly soluble in water. When it has
been exposed to the sun’s rays, it shines in the dark, and is
called Canton’s phosphorus. When water, lime, and sulphur
are boiled together, there is formed a yellow or orange solution
containing hyposulphite of lime and persulphuret of calcium.
This liquid, acted on by hydrochloric acid, yields persul-
phuretted hydrogen. When sulphur and lime are melted
together, there is formed a mixture of sulphate of lime and
sulphuret of calcium.

Phosphuret of calcium is obtained, in an impure state, by
bringing phosphorus in contact with red-hot lime. A brown
powder is formed, which is a mixture of phosphate of lime and
phosphuret of calcium. When thrown into water it produces
spontaneously inflammable phosphuretted hydrogen, along with
hypophosphite and phosphate of lime.

20. MaeNesiom. Mg =127.

This metal is obtained by causing the vapour of potassium to
come in contact with red-hot chloride of magnesium in a tube.
Vivid incandescence takes place, chloride of potassium is
formed, and magnesium separated. When the mass is acted
on by cold water, the chloride dissolves and the magnesium is
left in globules.

Magnesium is silver white, very brilliant and malleable. It
melts at a red heat; and if heated in air or oxygen, burns
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vividly, being converted into oxide of magnesium, or magnesia.
It does not decompose water, even when boiled with it ; and is
not oxidised at ordinary temperatures by dry air. Hence it
may be preserved far more easily than any of the preceding
metals. It dissolves in diluted acids, hydrogen being dis-
engaged.
MAGNESIUM AND OXYGEN.
Oxide of Magnesium. MgO = 20-713.

Syn. Magnesia ; Calcined Magnesia.—This oxide occurs in
nature as carbonate, forming considerable masses of rock in
some parts of the world ; also as a mixed carbonate of lime and
magnesia, under the forms of dolomite and magnesian limestone ;
and as sulphate of magnesia, or Epsom salts, which occurs in
many saline springs. ‘

It is best obtained pure by heating the carbonate to redness.
Pure or calcined magnesia is a bulky white powder, insoluble in
water. It has an earthy taste, and readily unites with acids,
neutralising them, on which account, and because it is in itself
mild in its action, it is much used in medicine as an antacid.
Magnesia, when precipitated from its salts by an alkali,
combines with water, forming a hydrate, Mg0O,I10, which loses
its water in a low red heat. This hydrate is found native,
crystallised.

Of the salts of magnesia, the carbonate, like that of the three
preceding earths, is insoluble ; but the sulphate is very soluble.
The solution of this, or any other soluble salt of magnesia, is
precipitated by potash, soda, and ammonia, which throw down
pure magnesia ; and by carbonates of potash and soda, which
form carbonate of magnesia. But carbonate of ammonia causes
no precipitate, owing to the formation of a soluble double salt ;
and for the same reason, oxalate of ammonia does not precipi-
tate the salts of magnesia. By this last character magnesia may
be distingnished and separated from lime. The most delicate
test of magnesia in solutions is to add, first, carbonate of
ammonia, and then phosphate of soda, which then forms an
insoluble double phosphate of ammonia and magnesia, in the
form of a heavy crystalline powder, slowly formed when the
quantity of magnesia is very small.

Besides its uses in medicine, magnesia is a useful ingredient
of all fertile .soils. The double phosphate of ammonia and
magnesia is found in the husk of grain, and in the potato ; and
phosphate of magnesia is also found in bones. In a soil totally
destitute of magnesia, grain does not produce perfect seed, how~
ever well the plants may thrive or grow in the stalk or leaf; to

M
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which parts magnesia seems not to be essential. . Owing to the
occurrence of the double phosphate in potatoes, bran, which
contains that salt, is a very powerful manure for that crop.

MAGNESIUM WITH CHLORINE, BROMINE, IODINE, AND FLUORINE,
Chloride of Magnesium. Mg Cl = 48-17.

This salt is best formed as follows:—Take two equal por-
tions of hydrochloric acid, and neutralise one with magnesia,
the other with ammonia; then mix, evaporate to dryness, and
ignite in a covered crucible till the sal ammoniac is dissipated.
Fused chloride of magnesium remains, which is poured out on
a clean stone, and when solidified kept in a closely-stopped
bottle. It is highly deliquescent, and is used for preparing
magnesium,

When magnesia acts on hydrochloric acid, they combine,
producing hydrochlorate of magnesia, MgO,HCl, a rare case.
On evaporating the solution to dryness and heating it, hydro-
chloric acid is expelled and magnesia is left. But when sal
ammoniac is added (chloride of ammonium, NH,, Cl), and
the mixture evaporated, chloride of magnesium is formed, and
unites with the sal ammoniac, forming a double chloride, MgCl
+NH_,Cl. When this is ignited, the sal ammoniac is expelled,
and chloride of magnesium is left. Chloride of magnesium
exists in sea water, and is found in the mother liquor of the
crystals of salt.

The iodide and bromide of magnesium are very soluble ; the
fluoride is insoluble.

Sulphuret of magnesium may be obtained by a method similar
to that given for sulphuret of barium. When pure, it is a white
brittle mass, partially soluble in water.

ORrDpER 3.—METALs oF THE Eartns Proper.
21. Avvminom. Al = 137,

This metal is best obtained, like the last, by the action of
potassium on the chloride. Chloride of aluminum is mixed
with small fragments of potassium in a platinum crucible, the
lid of which is wired down. Heat is then applied by means of '
a spirit-lamp, when a violent action ensues, and a dark grey
mass is’ left, from which water dissolves chloride of potassium,
leaving alumina as a grey powder, which has considerable
lustre, It is not easily melted ; and when heated in the air,
or in oxygen gas, it burns with a vivid light, forming alumina,
which is a sesquioxide of the metal.
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ALUMINUM AND OXYGEN,
Sesquioxide of Aluminum. Al, O, = 51-539.

SyN. Alumina ; Pure Clay.—This earth is very abundant in
nature. It occurs crystallised as the sapphire and ruby ; in a
crystalline, but more massive form, as corundum or emery ; and
as the chief ingredient of all clays, and of most’ slaty rocks,
from which, indeed, clays are derived. Pipe-clay is the purest
clay, but is not pure alumina, although approaching to it.

Pure alumina is best prepared as follows :—A solution of
alum is precipitated by an excess of chloride of barium, by
which means the sulphuric acid is separated, and chloride of
aluminum is left in solution with the chloride of potassium and
the excess of chloride of barium. Alum (KO0,50,4Al,0,,
380,) with 4BaCl yields 4(Ba0,S0,)+KCI+Al,Cl,." On
evaporation, water is decomposed, and hydrochlorate of alumina
is formed, Al,Cl, +3HO=A1,0,,3HCL. When the dry mass
is ignited, the hydrochloric acid is expelled, and the alumina
is left with the chlorides of potassium and barium, which are
removed by water.

Pure alumina is a fine white powder, quite unalterable in the
fire. When precipitated from its solution in acids by alkalies, .
it forms a very bulky gelatinous hydrate, which, when dried at
60°,is Al, 0,,6HO; if dried at 100° it becomes Al, O,,3HO.
Dry or anhydrous alumina, mixed with water, forms a plastic
mass, which admits of being moulded. This property is given
to clay by the presence of alumina, and is the foundation of the
art of making porcelain or earthenware.

Alumina, after ignition, is almost insoluble in acids; but the
hydrate readily dissolves in all strong acids, forming salts which
have a peculiar astringent taste.

Alumina is precipitated, as hydrate, from its solutions by
potash, soda, ammenia, and their carbonates ; but the precipitate
readily dissolves in an excess of the two first, Hydrosulphuret
of ammonia, which precipitates none of the previously-described
metallic oxides, causes in solutions of alumina a precipitate,
which, however, is not a sulphuret, but the hydrate of alumina
precipitated by the ammonia of the test.

Besides the mse of alumina in pottery, it is much used in
dyeing and calico printing, from its attraction for vegetable
colouring matters, and for the fibre of cloth. It forms a bond
of union between the cloth and the dye, and fixes the latter on
the former. It is said, in this, to act as a mordant, and is most
generally nsed in the shape of alum or acetate of alumina.
When solution of alum is mixed with a colouring matter, and

M 2
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the alumina then precipitated by an alkali, the hydrate carries
with it all the colouring matter, or the greater part of it, and
forms what is called a lake. The water colour termed lake is
merely a lake made with some pink dye stuff, such as madder
or logwood. Carmine is a lake of cochineal.

ALUMINUM AND CHLORINE.
Sesquichloride of Aluminum. Al, Cl, ==133-81.

This compound is prepared by passing chlorine gas over a
mixture of alumina and charcoal, heated to redness in a tube.
The chloride sublimes into the cold part of the apparatus. It
forms a volatile crystalline mass, colourless or slightly yellow.
It fumes in the air, and dissolves in water with much heat.
1t appears at first to combine with the water, forming a hydrated
chloride, A1, Cl,, 3 HO ; but on heating this, hydrochloric acid
is expelled, and alumina is left, Al,Cl,,3 HO=A],0,,3 H
ClL. "The chloride is used for the preparation of aluminum,

The sulphuret of aluminum is formed when sulphur is
dropped on red-hot aluminum. It is a dark grey mass, which
decomposes water, forming sulphuretted hydrogen and alumina,
and hence its composition must be Al,S,. If so, we have
Al S; + 3 HO= Al,0, 4+ 3 HS. Similar compounds are
formed with phosphorus and selenium.

22. Grucinum. .~ 23, YTTRIUM, 24. THORINUM. 25. ZircONIUM.

These metals, or rather their oxides, are all so rare as not
to admit of any wuseful application. The oxides, which are
glucina, yttria, thorina, and zirconia, only occur in a few rare
minerals. A

Glucina occurs in the emerald and the beryl. Its composition
is analogous to that of alumina ; and its formula is G,0,." 1t is
a white powder, insoluble in water, soluble in acids, forming
salts which have a sweetish taste. It resembles alumina very
much, but differs from it in being soluble in solution of carbonate
of ammonia. The metal, which may be obtained, like aluminum,
from the chloride, burns with amazing splendour when heated
in oxygen. .

Yttria, the oxide of yttrium, occurs in gadolinite in yttrocefite,
and in yttrotartalite. The pure earth is a white powder, which
dissolves in acids, forming sweetish salts, from which yttria is
precipitated by alkalies ; but is not, like alumina and glucina,
redissolved by excess of potash or soda. It is, moreover, preci-
pitated by ferrocyanide of potassium, which these earths are not.
Yttria seems to be a protoxide of Yttrium, Y O. The salts of
yttria have often an amethyst colour ; but the recent researches



MANGANESE. 165

of Mosander seem to show that this is owing to the presence of
the oxide of ome of the new metals detected by him, which
accompany yttrium. It is probable that pure yttria is not yet
known.

Thorina is still more rare, and has only been found in one
mineral—thorite. It is a white powder, resembling yttria. The
metal, thorinum, burns in air or oxygen, when heated, with great
splendour. It also burns with sulphur and phosphorus, as do the
two preceding metals.

Zirconia is found in the zircon or hyacinth. It resembles
alumina in appearance. It differs from all the preceding earths
in being precipitated as an insoluble subsulphate, when solutions
of its salts are boiled with sulphate of potash. The metal,
zirconium, resembles aluminum. The oxide is believed to be a
sesquioxide Zr, O,

METALS.—CLASS II.

OrpEr 1.—METALS, THE PROTOXIDES OF WHICH ARE POWERFUL
Bases, Bur wmicH po Nor Decovpose WATER, UNLESS
WITH THE Acip oF A REep-nEeaT.

26. Maxeanese. Mn—27'7.

This metal occurs in considerable abundance, chiefly as
deutoxide or peroxide MnO,, which is much used in the arts
and in chemical manufactures, as well as in the laboratory. The
metal is obtained by making oxide of manganese into a paste
with oil, and exposing this paste to a strong white-heat in a
covered crucible. If the heat be high enough, a button of the
metal is obtained.

It is a hard, brittle, very difficultly fusible metal, of a greyish
white colour, sp. g. 8:013. It tarnishes on exposure to the air,
and is rapidly oxidised when heated. It decomposes water
rapidly at a red-heat, hydrogen being disengaged. As a metal,
it is not applied to any useful purpose. p

MANGANESE AND OXYGEN.
a. Protoxide of Manganese. Mn O=—35'713,

This oxide is obtained when the peroxide is acted on by
hydrogen gas at a red-heat. But the best method is to heat to
redness a mixture of 1 part of dry chloride of manganese, 1 part
of sal-ammoniac, and 2 parts of dry carbonate of soda. The
chloride acts on the soda, MnCl + NaO = MnO + NaCl;
forming oxide of manganese and chloride of sodium : while the
carbonic acid escapes as gas : the sal-ammoniac. is also expelled,



1

166 OXIDES OF MANGANESE.

and its vapour serves merely to exclude the oxygen of the
atmosphere. From the fused mass, water extracts the chloride
of sodium ; and leaves the protoxide of manganese undissolved.

It is a powder of a pale grass green colour, which, if prepared
by hydrogen at a low red heat, soon attracts oxygen from the
air and becomes brown. If it has been made, however, at an
elevated temperature, especially by the second process, it is more
compact, and keeps tolerably well. When heated in the air, it
takes fire and burns.

Protoxide of manganese is a powerful base, neutralising acids
and forming salts, which are either colourless or have a tinge of
flesh colour. Its solutions give, with caustic alkalies, a precipi-
tate of hydrate, which is at first white, but soon absorbs oxygen
and becomes brown ; with carbonated alkalies, a white precipitate
of carbonate of manganese, which retains its whiteness till it is
dried, when it becomes generally slightly fawn-coloured. Hydro-
sulphuret of ammonia causes a flesh-coloured precipitate of
sulphuret of manganese, which, in the air, absorbs oxygen and
becomes brown. Chloride of soda or bleaching liquor causes a'
bulky dark brown precipitate of hydrated peroxide. The two
last tests are characteristic. Ferrocyanide of potassium gives a
white precipitate. - All the salts of protoxide of manganese may
easily be prepared from the carbonate, which again is most eco-
nomically made from the chloride, the preparation of which will
be described below. The sulphate is used in calico-printing.

b. Sesquioxide of Manganese. Mn, O, =79'439,

This oxide is left behind when the peroxide is ignited in pre-
paring oxygen gas. 2MnO,=Mn,O, + 0. It is a dark
brown powder, very similar to the peroxide, but rather lighter
in colour, and yielding no oxygen when ignited. It is a feeble
base, and is only known to combine with sulphuric acid, forming
an amethyst-coloured solution of sesquisulphate. With sulphates
of potash and ammonia, this salt forms manganese alums, which
crystallise in dark purple octahedrons. When heated with
sulphuric acid it yields oxygen, and ‘with hydrochloric acid
chlorine, but less of either than the peroxide, which see. As
some specimens of peroxide are, naturally or accidentally, mixed
with sesquioxide, the-manufacturer finds it a source of incon-
venience and loss. It occurs in a pure state as braunite, and
combined with baryta in psilomelan. Its hydrate is the mineral
manganite. Its pewder is dark brown.

c. Hyperoxide or Peroxide of Manganese. Mn O, —43726.

Syn. Deutozide of Manganese.—This oxide is found in con-
siderable abundance, and is known in the mineral kingdom as

.
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pyrolusite. 1t generally assumes the form of a black shining
mass composed of radiated groups of acicular crystals ; also in -
distinet crystals, which are right rhombic prisms ; and in the
compact and even earthy state., Its powder is black. When
heated to redness, it loses one-fourth of its oxygen, leaving
sesquioxide: 2 MnO, =Mn, 0, + O. In a white heat it is
said to lose half its oxygen, leaving protoxide. Heated with oil
of vitriol, it forms sulphate of protoxide, and half the oxygen is
expelled. MnO, + HO,80, =(MnO, HO, SO) + O. With
hydrochloric acid it yields chlorine, chloride of manganese, and
water. MnO + 2 HCl= Cl 4+ MnCl 4 2 HO. It also yields
- chlorine when heated with common salt and sulphuric acid ; and

this is the process commonly used by the manufacturers of

bleaching powder. MnO, + NaCl 4+ 2 HO,80, = (MnO,
* HO, 80,) + (Na0Q, HO, 80,) 4 CL

It is further used in glass-making to destroy the colour given
to the glass by protoxide of iron, which it converts into peroxide ;
in larger proportion, to give glass an amethyst colour; and in
numerous operations in the laboratory as a convenient oxidising
agent.

With water, peroxide of manganese forms a hydrate, MnO,,
HO, which is obtained when salts of the protoxide are acted on
by bleaching liquor, or when the acids of manganese are spon-
taneously decomposed. It is a beautiful brown powder, which
is decomposed by heat.

d. Manganic Acid. MnO,=51-739,

This acid has not been isolated. It is only known in combi-
nation with bases, especially potash, in which state it forms the
chief ingredient of the mass called chameleon mineral, formed
by igniting peroxide of manganese strongly with nitre, or still
better by heating a mixture of peroxide, chlorate of potash and
caustic potash. A dark green mass is formed, which is the
chameleon mineral. The green colour is a property of manganic
acid and all its salts. The peroxide obtains oxygen from the nitre
or chlorate of potash, and the acid, when formed, combines with
the potash. Water dissolves the manganate of potash, forming
a splendid emerald-green solution, which very soon begins to
change colour, and passes through bottle-green, blue, and purple,
to a fine crimson red, hydrated peroxide of manganese being at
the same time deposited. The red colour belongs to a salt of the
next acid, permanganic acid ; see p.168. The salts of manganic
acid are decomposed if kept in solution, depositing hydrated
peroxide,
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e. Permanganic Acid. Mn, O,==111491. :

The salt of this acid with potash, permanganate of potash, i
formed, when the chameleon mineral (see p. 167) is dissolved in
hot water. The green colour of the manganate changes to red,
while hydrated peroxide separates. 3 eq. manganate of potash
give rise to 1 eq. permanganate, 1 of peroxide, and 2 of free .
potash : 3(KO,MnO,)=MnO,+(KO,Mn;0,)42K0. When
the red solution is sufficiently evaporated, it deposits small
dark bronze-coloured crystals of permanganate of potash.

This salt is more permanent than the manganate ; but when
we attempt to isolate the acid, it is rapidly decomposed, yielding
hydrated peroxide and oxygen gas, Mn, 0,=2Mn0,+40,.

The name of chameleon mineral was given to the compound
above described from its singular changes of colour. Both the
above acids possess and communicate to their salts very beautiful
colours ; but they cannot be used in dyeing, &c., because these
acids are so easily decomposed, especially by the contact of
organic matter. They ought to be filtered through asbestos
when they require filtration, .

f. Red Oxide of Manganese. Mn, O, =115-152. Y

This oxide occurs in nature, and may be obtained when any
other oxide of manganese is strongly ignited in an open crucible.
It is very permanent in composition: its colour is reddish-brown.
It is not supposed to be an independent oxide of the metal, but
rather a compound of two other oxides. It may be either MnO
+Mn, O, or MnO, 42MnO, and it is not easy to say which.

g Varvicite. Mn, O, =166-8.
This is another oxide, found native in Warwickshire, whence

the name. It resembles the peroxide, but is really distinet. It
is probably a compound of two others, Mn,0, +2MnO,:

MANGANESE AND CHLORINE.
a. Protochloride of Manganese. Mn CI=63-15.

This salt is best obtained by the following process :—The
solution formed in the preparation of chlorine by means of
peroxide of manganese and hydrochloric acid, which is generally
a mixture of chloride of manganese and more or less perchloride
of iron, is first rendered neutral by gently evaporating it to
dryness. It is then redissolved, and a portion of it precipitated
by carbonate of soda, which throws down a mixture of peroxide
of iron ‘and carbonate of manganese. MnCl+Fe,Cl, acted on
by 4(Na0,CO,) yield (Mn0O,CO,)+Fe, 03+4ﬁ'aCI+3CO,.
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" The precipitate is well washed, and then boiled with the rest of
the solution, when the oxide of manganese in the précipitate
acts on the perchloride of iron in the solution, producing chlo-
ride of manganese, which dissolves, and peroxide of iron, which
separates. 3(MnO,CO,)+Fe,Cl,=3MnCl+Fe,0,43CO0,.
The filtered liquid.is free from iron, if we have hit the propor-
tion right ; if not, a second operation with a smaller portion of
the liquid will complete the purification. The pure solution is
evaporated to dryness in a retort, and there fused. On cooling,
the protochloride forms a pink crystalline mass. Iron is the
ordinary impurity to be removed ; but if other metals be pre-
sent, they are to be got rid of by appropriate means. . Thus, if
cobalt and nickel are present, which they generally are in small
quantity, the addition of hydrosulphuret of ammonia, as long
as it canses a dark precipitate, or till it produces the pure flesh
colour characteristic of manganese, will remove them. The
chloride of manganese is used for preparing, by the action of
an alkaline carbonate, pure carbonate of manganese, from which
all other salts of manganese may be obtained.

b. Perchloride of Manganese. Mn, Cl, = 30319.

This compound, which corresponds to the permanganic acid,
is formed, according to Dumas and Wéhler, when permanganate
of potash is heated along with common salt and sulphuric acid.
KO,Mn,0, +7NaCl+850,=K0,50,+7(Na0,50,)+Mn,
Cl,. It is a greenish-brown volatile liquid, which is instantly
decomposed by contact with moist air, forming a dense cloud of
3 pink colour. Here water is acted on, and the products are
hydrochloric and permanganie acids. Mn,Cl,+7HO=Mn,
0,+7HCL

c. Perfluoride of Manganese. Mn, F, = 18646,

When mineral chameleon (or better, permanganate of potash)
is acted on by sulphuric acid and fluoride of calcium (fluor spar)
with the aid of heat, a greenish-yellow gas or vapour is dis-
engaged, which, with moist air, instantly becomes red. It acts .
powerfully on glass. Its composition seems to correspond to
that of the preceding compound, and its production is to be
explained in the same way, substituting fluoride of calcium for
chloride of sodium. (W&hler.)

d. Protosulphuret of Manganese. Mn S = 43-79.
This compound is found native. It may be formed by
passing a current of sulphuretted hydrogen over sulphate of

manganese at a red-heat. The sulphuric acid of the sulphate
is expelled, and the protoxide is acted on by the sulphuretted



170 IRON,

hydrogen. MnO+4HS=MnS+HO. It is nearly black in
colour, and dissolves readily in dilute hydrochloric and other
acids, with disengagement of sulphuretted hydrogen. MnS<+
HCI=MnCIl+HS. The flesh-coloured precipitate formed in
salts of protoxide of manganese by hydrosulphuret of ammonia,
or any other soluble sulphuret, is a hydrated protosulphuret of
manganese, MnS,HO.

27. Iron. Fe—28.

This important and useful metal occurs very abundantly in
nature. It is occasionally found in the uncombined state in
masses, most probably of meteoric origin ; but its most common
form is that of oxide, frequently uncombined, frequently also
combined with carbonic acid. It is found, likewise, abundantly
as sulphuret. There is hardly a rock, a soil, or a mineral which
does not contain some proportion, generally a small one, of oxide
of iron; and the carbonate is a frequent ingredient in mineral
waters, which are then termed chalybeate waters.

The chief ores of iron are—1. Clay iron stone, which is a
more or less pure catbonate of protoxide, generally containing
carbonates of lime and magnesia ; it accompanies coal beds both
in England and in Scotland. 2. Red hematite, which is pure
peroxide or sesquioxide of iron ; and brown hematite, which is
hydrated peroxide. 3. Black or magnetic oxide of iron.

From its ores iron is obtained by heating them in furnaces, in
the upper part of which the ores are stratified with coal, lime,
and sandstone. The carbon of the coal, at a red-heat, reduces
the iron to the state of metal, while the sand and lime act as a
flux, and form a liquid slag, through which the melted iron
falls to the lower part of the furnace, where it is drawn off.
The slag is drawn off separately after- the iron, and on cooling
is found to be a mixture of silicates of lime and magnesia with
a little iron.

The iron thus obtained, which is called pig iron or cast iron,
is not pure, containing some unreduced ore, or earthy matters,
and a good deal of combined carbon. It is far more fusible
than pure iron, but also far more brittle. To. convert it into
pure or malleable iron it is melted and exposed to a current of
air, which gradually burns off the carbon. The mass is well
stirred, and the other impurities rise to the surface as slag or
dross. By degrees the metal becomes less fusible, and the heat
must be increased, till at last, with the strongest heat, the metal
continues solid. It is then well hammered while hot, by which
it is still further purified, and rendered more dense. It is not
yet absolutely pure, containing about § per cent. of carbon and



OXIDES OF IRON, 171

a trace of silicon. A very good test of the purity of irom is its
ductility. Unless very pure, it cannot be drawn out into fine
wire.

If perfectly pure iron is wanted, the filings of malleable iron
should be fused with  their weight of black oxide of iron, and
some green glass to act as a flux.  Or pure oxide of iron may be
reduced to the metallic siate by passing a current of hydrogen
gas over it at a red-heat. The metal remains as a spongy mass.

Pure iron has a grey colour, and strong lustre when polished.
It is very ductile, moderately malleable, and remarkably tena-
cious, It is hard at common temperatures, but at a red-heat it
is so soft that it may be beaten into any form, and even admits
of being welded ; that is, two pieces of iron being heated red
hot, may be, by hammering, so incorporated into one, that
no joining is perceptible. Itssp. g.is 7°7. It is very infusible,
requiring the very highest temperature of a wind furnace to
melt it.

Iron is attracted by the magnet, and may itself be rendered
permanently magnetic by various means.

The attraction of iron for oxygen is very powerful, and when
exposed to air and moisture it rusts rapidly, forming oxide of
iron. When heated to redness in air, iron is very quickly
covered with a crust of black oxide, which scales off under the
hammer. If heated to redness in oxygen, or to whiteness in
the air, it burns with vivid scintillations. To secure the result
in the air, the white hot metal must be exposed to a current of
air from a bellows, or rapidly whirled round. Iron decomposes
water rapidly at a red heat.

IRON AND OXYGEN.
2. Protoxide of Iron. Fe O =— 36:013.

This oxide is a powerful base, almost unknown in a separate
state, owing to its tendency to attract an additional quantity
of oxygen. It combines with acids, forming salts, which have
generally a pale bluish green colour, although some are colour-
Jess. Several of these salts are of great importance in medicine
and in the arts, particularly the sulphate of iron, or green vitriol.

The solutions of these salts give with alkalies, when no trace
of peroxide is present, a bulky white precipitate of hydrated
protoxide of iron, which soon becomes green, and lastly brown,
being converted into peroxide by absorbing oxygen from the air.
They give a similar precipitate, not more permanent, with car-
bonated alkalies ; which at first is hydrated carbonate of pro-
toxide, but as oxygen is absorbed the carbonic acid is given off,
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peroxide of iron having no affinity for that acid: With ferrocy-
anide of potassium they give a pale blue, or rather. a white
precipitate, which gradually becomes dark blue, and with fer
ridcyanide of potassium (red prussiate) a deep blue precipitate
of prussian blue. These salts are not affected by sulphuretted
hydrogen, sulphocyanide of potassium, meconic gcid, or gallie
acid. Hydrosulphuret of ammonia, and soluble sulphurets, pro-
duce a black precipitate'of sulphuret of iron.

The salts of protoxide of iron, for the most part, attract oxygen
from the air and from other bodies, passing into salts of the
peroxide. Hence they act in some cases as deoxidising agents.
Gold is completely reduced from its solutions by protosulphate
of iron. . :
b.. Sesquioxide of Iron. Fe, 0, =280-039.

Syn. Peroxide of Iron—This oxide- is found native, as red
hematite and specular iron ore, and hydrated, as brown hema-
tite. It may be prepared artificially by calcining pure, dried
green vitriol, when the protoxide is oxidised at the expense of
the sulphuric acid, and water, along with sulphuric and sul-
phurous acids, is expelled. 2 (Fe O, HO,S0,)="TFe,6 O, +
2HO+80, +80,. A red powder is left, which is peroxide
of iron, and 1n this form it is used for polishing plate, as Jewel-
ler’s rouge, or coleothar of vitriol. Hydrated peroxide of irom
is obtained by precipitating a solution of persulphate of iron, or
perchloride of iron by an alkali, whether caustic or carbonated.
‘When protosulphate -of iron is precipitated by an alkaline car-
bonate, the precipitated protocarbonate, during the process of
washing and drying, loses its carbonic acid, and attracts oxygen,
becoming hydrated peroxide. This, when dry, is a brown
powder, used in medicine under the erroneous name of carbonate
of iron. In the moist state, it is the only known antidote to
arsenious acid. |

Peroxide of iron is not magnetic. It is a base, although not
a powerful one, forming, with acids, salts which® are either
yellow, brown, or red. The solutions of such salts, or persalts
of iron, as they are called, are very easily recognised. They
give, with caustic or carbonated alkalies,a brown precipitate of hy-
drated peroxide ; with ferrocyanide of potassium a deep, Prussian
blue ; with ferridcyanide of potassium no precipitate; with sul-
phocyanide of potassium, or with meconic acid, a blood-red
colour, and with tannic acid (or tannine), and gallic acid, a
bluish black colour (ink). Sulphuretted hydrogen causes a
white precipitate of sulphur, while the peroxide is reduced to
protoxide ; hydrosulphuret:of ammonia causes a black precipi-
tate of sulphuret of iron. These tests are so delicate and so
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uniform, especially those of ferrocyanide of potassium, sulpho-
cyanide of potassium and tannic acid, or infusion of galls, that
it is always best in testing for iron, to convert any protoxide that
may be present into peroxide, which is easily done by boiling
the solution with a little nitric acid.

¢. Magnetic Oxide of Iron. - Fe, 0,==116052: and Fe, 0, —=152:065.

This oxide is the native magnet, or loadstone, which is a
heavy black mineral, strongly attracting iron filings, or steel.
It is believed to be composed of protoxide and peroxide, and
the native magnet is generally supposed to be Fe, O, = Fe O +
Fe, O,. There is reason, however, to believe, that another
kind of magnetic oxide exists, which is Fe, O, =2 Fe O +
Fe, O,. At all events, both of these compounds may be formed
artificially, and both are magnetic as well as permanent ; not
absorbing oxygen, or passing into peroxide. To prepare the
former, take 2 parts of green vitriol ; dissolve it in water and
convert it into persulphate by boiling with nitric acid ; then mix
the solution with the solution of 1 part of the unaltered green
vitriol, and precipitate the hot liquid by ammonia. A green pre-
cipitate falls, which is to be washed and dried. The second
magnefic oxide is prepared in the same way, only converting into
persulphate 1 part of green vitriol instead of 2 parts. The pre-
cipitate is black, if made in the liquid while hot. It is evident
that in the latter case the quantity of iron, in the forms of
protoxide and of peroxide, will be equal; in the former, the
quantity of iron in the peroxide will be double that in the pro-
toxide, so as to yield the above formule. Magnetic oxide of
iron is also formed when iron is heated red-hot, and hammered.
The black scales which separate (smithy ashes) are magnetic.
The same oxide is produced when the vapour of water is passed
over iron at a red heat, hydrogen being disengaged. It is used
in medicine.

When black oxide of iron is dissolved in acids, both protoxide
and peroxide are present. The latter may be precipitated by
digestion with carbonate of lime, after which the former can be
detected in solution.

IRON AND CHLORINE.
a. Protochloride of Iron. Fe Cl=6347.
This compound is formed when dry hydrochloric acid gas is
passed over iron heated to redness, hydrogen gas being dis-
engaged. Fe+ H Cl=TFe Cl+ H, It appears as a white

crystalline solid, volatile in a very high temperature. It dis-
solves readily in water, forming a pale green solution, which
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yields on evaporation crystals of the same colour. These con-
tain water of crystallisation. The characters of this solution,
its colour, taste, and reactions, are so exactly those of a solution
of a salt of protoxide, that there is good reason to conclude that
the chloride, in dissolving, decomposes water, forming protoxide
of iron and hydrochloric acid.

b. Perchloride of Iron, Fe, Cly =—162:35.

Syn. Sesquickloride of Iron: Permuriate of Iron.—It is
formed when chlorine gas is passed over iron heated to a tem-
perature below redness, when it appears as red iridescent scales,
volatile at a temperature little beyond 212°, and soluble in water,
alchohol, and ether. A solution of the perchloride is easily
obtained by dissolving peroxide of iron in hydrochloric acid:
Fe, O, + 3HCl = Fe, Cl, 4 3 HO. When evaporated to
the consistence of syrup, and cooled, it forms red erystals, which
contain water of crystallisation. When heated, they are partly
decomposed, peroxide being formed, and hydrochloric acid pass-
ing off, in consequence of the action between perchloride of
iron and water. As perchloride of iron is a volcanic product,
it is probably in this way that the crystals of peroxide, found
in volcanic districts, have been formed. Perchloride of iron is
much used in medicine.

IRON AND I0DINE,
a. Protoiodide of Iron. FeT—154-3.

When iron filings and iodine, in atomic proportions, are
brought in contact under water, they rapidly combine, with con-
siderable heat, and the resulting iodide dissolves in the water.
The whole is boiled with a slight excess of iron for a short time,
and the pale green filtered solution rapidly boiled down in a
Florence flask, till on cooling it becomos solid. The solid mass
of iodide is broken up, and kept in very closely-stopped bottles.
It forms a dark grey crystalline mass, which is very soluble in
water, and forms a pale green solution ; the solution, which is
much used in medicine, attracts oxygen rapidly from the atmo-
sphere, and is decomposed, iodine escaping, and peroxide being
deposited. It is, therefore, necessary to prepare it extempo-
raneously, or to keep it in small tightly-corked bottles, with a
portion of clear iron wire in each, - g .

b. Periodide of Iron. Fe, I,=—434'9.

This compound is made by causing an excess of iodine to act
on iron wire, and subliming the dry mass left after gently
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evaporating to dryness. It is a volatile, deliquescent body, of a
red colour, soluble in water and alcohol.

The bromides of iron are analogous to the chlorides and
iodides ; and the fluorides correspond in composition, but are
sparingly soluble in water.

IRON AND SULPHUR.
a. Protosulphuret of Iron. FeS=—44'12.

This sulphuret is prepared by heating iron filings with sulphur
in atomic proportions, when they combine with evolution of
heat and light. Or a bar of iron may be heated to whiteness in
a forge, and a stick of roll sulphur applied to the hot metal,
which is instantly perforated, while the sulphuret falls to the
ground in melted globules, having a yellowish colour and metal-
lic lustre. Prepared by the first process, it is partly in crystal-
line grains, partly in the form of a black powder. It is used for
procuring sulphuretted hydrogen gas, which is formed when the
llzrotosulphuret is dissolved in hydrochloric or sulphuric acid.

e S+ H Cl= Fe Cl 4+ HS.

b. Sesquisulphuret of Iron. Fe, S, =—104-36.

It is formed by the action of hydrosulphuric acid (sul-
phuretted hydrogen) on peroxide of iron, at a heat not above
212°, as a yellowish grey powder ; or by adding perchloride of
iron to an excess of hydrosulphuret of ammonia, as a black
powder, rapidly oxidised by exposure to the air.

c. Bisulphuret of Iron. Fe S, = 60-24.

Syn. Iron Pyrites—This a very abundant mineral, of a
ellow colour and metallic lustre, crystallising in cubes or octa-
edrons. When heated in close vessels, it loses nearly half its

sulphur, which may be collected, magnetic pyrites being left.
Iron pyrites is often contaminated with arsenic, which accom-
panies the sulphur, and is found in the sulphuric acid made
from it. :
d. Magnetic Pyrites. Fe,S, —280-7.

This also occurs in. nature, and is attracted by the magnet.
Tt dissolves in acids, yielding sulphuretted hydrogen and a residue
of sulphur. . ;

Arfwedson has formed two other snlphurets, the tetrasulphuret
Fe, S, and the disulphuret Fe,S, which have no particular
interest. '

Diphosphuret of iron is an ingredient in some kinds of iron,
and has the bad effect of rendering it cold short, that is, brittle
at common temperatures,
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IRON AND CARBON,

Iron forms with carbon two distinct compounds, the precise
composition of which is unknown. Theseare cast iron and steel.

Cast iron is obtained in the process for extracting iron from
its ores. Tt occursin two forms, white and grey. Both fuse far
more readily than pure iron. White cast-iron is very hard and
brittle ; it contains about 5 per cent. of carbon. Grey cast-iron
is softer and tougher ; it contains between 3 and 4 per cent. of
carbon, in part nncombined.

Steel contains from 1°3 to 1'75 per cent. of carbon. Tt is less
fusible than cast-iron, and is much harder, more elastic, and
more sonorous than pure iron. It is made by cementation : that
is, alternate layers of iron and charcoal are placed in a closed
chamber and heated to redness for several days, during which
time a gradual combination takes place.

28. Zinc. Zn=—1323.

. This metal is found in considerable abundance. It occurs, as
sulphuret, in zinc blende ; and as carbonate of the oxide in
calamine. To obtain the metal, the sulphuret is roasted in the
air till the sulphur is burnt off and the zinc converted into
oxide ; or what 1s preferable, the carbonate is heated till all the
carbonic acid and water it contains are expelled, leaving oxide
of zinc. The oxide is now mixed with charcoal and the mixture
distilled in retorts, or in crucibles, closed at the top, but having
a tube open at both ends fitted into the bottom, and reaching,
within, nearly to the cover. The oxide is reduced by the action
of the charcoal at a full red-heat, and the metal being volatile,
distils over and is condensed in water. .

Zinc has a bluish white colour and bright lustre, and tarnishes
slowly on exposure to the air. Its sp. g. is about 7. "It is
brittle at ordinary temperatures ; but, between 250° and 300°,
it is both malleable and ductile, and may be rolled or hammered
into sheets of considerable thinness, It melts at 773° (Daniell),
and at a high red or white-heat sublimes or distils unchanged
in close vessels. Heated strongly in air, it takes fire and burns
with a beautiful white light, forming oxide of zinc.

ZINC AND OXYGEN.
Protoxide of Zinc. Zn O —40-313.

The oxide which is formed when zinc is burned in the air
is the only compound of these elements.. It may alsobe obtained
by heating the carbonate to redness, or by precipitating the
sulphate of zinc by a caustic alkali, in which latter case we
obtain a bulky gelatinous hydrate of the oxide. Oxide of zinc

-~
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is a fine white powder, insoluble in water, but very soluble in
acids, which it neutralises, being a very powerful base, of the
same class as magnesia.

Solutions of oxide of zinc are recognised by the following
characters. Caustic alkalies produce a bulky white precipitate
of hydrate, soluble in an excess of the alkali, The alkaline car-
bonates precipitate a bulky white carbonate of zinc, permanent
when carbonate of soda or potash is employed, but soluble in
excess of carbonate of ammonia. Sulphuretted hydrogen has no
action if the solution be acid ; but if it be quite neutral forms a
white precipitate of hydrated sulphuret of zinc, which is best
formed by hydrosulphuret of ammonia. Ferrocyanide of potas-
sium also causes a white precipitate.

Chloride of Zinc. ZnCl=—67-75.

This compound is formed by the action of chlorine on zinc, or
by dissolving zinc in hydrochloric acid, when hydrogen is
evolved. Zn + HCl=7ZnCl + H. The solution is evaporated
to dryness and sublimed in a current of hydrochloric acid gas.
It is white, semisolid, very fusible, volatile at a red-heat, and
highly deliquescent. It was formerly ealled butter of zinc.

Todide of Zinc. ZnI=—1586.

When iodine is acted on by excess of zinc under water, an
energetic combination takes place, and a colourless solution is
obtained which, in evaporation, leaves a deliquescent mass, very
analogous to the chloride, and capable of being sublimed in.
crystals. ¢

The bromide and fluoride of zinc are little known.

Sulphuret of Zine. ZnS=—48'4.

Sulphuret of zinc occurs native, under the name of zinc blende,
in dodecahedral crystals, which are sometimes yellow, some-
times red, brown, or black. It may be formed by heating oxide
of zinc with sulphur, or sulphate of.zinc with charcoal, in a
closed crucible. ZnO, SO, + C, =4 CO 4 ZnS.

29. Capmrom. Cd—=558.

This metal occurs, in the form of carbonate, as an ingredient’
in various kinds of calamine or carbonate of zinc. It is also
found in the form of sulphuret, as the rare mineral greenockite,
and to the extent of 5 per cent. in some kinds of sulphuret of
zine. The metal is, in all its relations, very analogous to zinc,
and is almost invariably found associated with it.

When an ore of zinc, containing cadmium, is treated as above

N
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described, to obtain the zinc, the first vapours that distil over,
which are known as the brown blaze, contain the cadmium, and
are separately collected. To purify it from zine, it is dissolved
in an acid, and the solution acted on by a piece of zinc in a
platinum vessel. The cadmium is reduced, and adheres to the
platinum, the zinc being dissolved in its place. When well
washed, the cadmium may be dissolved off by nitric acid. Or
the acid solution of both metals may be precipitated by sulphur-
etted hydrogen, which throws down cadmium and not zine.
The sulphuret of cadmium is then dissolved in nitric acid. From
this solution alkalies throw down oxide of cadmium, which is
reduced exactly like oxide of zine.

Cadmium is in appearance similar to tin, but is harder and
more tenacious. It is both malleable and ductile. Its Sp.G. is
86. It melts at about 450°, and boils at a temperature not a
great deal higher than the boiling point of mercury. When
strongly heated in the air it burns, forming oxide. Like zine, it
forms only one oxide, chloride, sulphuret, &c.

Oxide of Cadmium. Cd 0=63-813.

The oxide is best prepared by heating the carbonate to redness.
1t is an insoluble orange powder, which is a strong base, neutral-
ising acids. Its salts are easily recognised by the following
tests. Caustic alkalies cause a white, bulky precipitate of
hydrated oxide, which dissolves in excess of ammonia. Sulphur-
etted hydrogen produces an orange precipitate of sulphuret of
cadmium.

The chloride and iodide of cadmium are white fusible com-
pounds. i

The sulphuret of cadmium is an orange yellow powder, soluble
in nitric acid, and distinguished from yellow sulphuret of arsenic
by being insoluble in caustic potash, and fixed in the fire.

30. TiN. Sn=579.

This important metal qccurs in Cornwall and in Saxony, in
the form of oxide, from which the metal is obtained by heating
with charcoal.

Tin is a white metal, with a very high lustre, which is very
little tarnished by exposure to the atmosphere. It is very
malleable, yielding leaves (tinfoil) not thicker than 4o of an
inch. It is soft, and when bent in the fingers makes a peculiar
noise. Its Sp. G.is 7.2. It melts at 442°, and if heated to
whiteness in air, it takes fire and burns with a white flame,
forming peroxide of tin.
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TIN AND OXYGEN,
a. Protoxide of Tin. SnO=—65913.

This oxide is prepared by adding an alkaline carbonate to a
solution of protochloride of tin, when a bulky white precipitate
is formed of hydrated protoxide of tin.. This is washed with
warm water and dried at a heat not above 196°. The dry
hydrate is now heated to redness in a current of carbonic acid gas,
and the anhydrous protoxide is left.

Protoxide of tin is a dense black powder, which has so strong
an attraction for oxygen, that if touched with a red-hot body, it
takes fire and burns into peroxide. It dissolves in acids, forming
salts which absorb oxygen with avidity, and reduce the oxides
of silver, mercury, and platinum to the metallic state, if
added to their solutions. With solutions of gold, salts of
protoxide of tin produce a purple precipitate, the purple of
Cassius ; so that salts of gold and salts of protoxide of tin are
mutually tests for each other. Salts of protoxide of tin give,
with sulphuretted hydrogen, a black precipitate of protosulphuret
of tin.

b. Sesquioxide of Tin. Sn, O, ==129-839.

When moist hydrated peroxide of iron is mixed with a neutral
solution of protochloride of tin, an exchange takes place, and a
bulky precipitate of a grey colour is formed, which is a hydrate
of sesquioxide of tin. Fe,O, + 25nCl=8n, 0, + 2 FeCl.
The sesquioxide is soluble in acids and in ammonia, the latter
character distinguishing it from the protoxide. Its solution in
hydrochloric acid forms, with ehloride of gold, the purple of

assius ; and seems, indeed, better adapted for making it than
the protoxide.

c. Peroxide of Tin. SnO, == 73-926.

This oxide exists in two distinct modifications. 1. If made
by the action of nitric acid on tin, which is very violent, it
appears as a dense white opaque powder, which is a hydrate,
insoluble in water or acids. 2. If prepared by adding potash to
perchloride of tin, it forms a very bulky hydrate, readily soluble
in acids and also in alkalies. It seems rather to possess the
characters of a weak acid than of a base. It is recognised in its
solution in acids, by forming with alkalies, a bulky white hydrate,
readily dissolved by excess of potash or soda, and by yielding,
with sulphuretted hydrogen, a dirty yellow precipitate of bisul-
phuret of tin. When melted with glass, peroxide of tin renders
it opaque, forming a white enamel. .

N 2
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TIN AND CHLORINE.
a. Protochloride of Tin. Sn C1=93-37.

This chloride is formed when chlorine gas is passed over
metallic tin moderately heated, when hydrogen is given off.
When dry it is a grey solid, fusible below redness. Tin dis-
solves in hydrochloric acid, and the concentrated solution deposits
acicular crystals, which are a hydrated chloride, SnCl 4- 3 HO.
When heated, they give off water and hydrochloric acid, while
protoxide is left : SnCl + 3 HO =Sn0 4 HCl1 4 2HO. The
addition of a large quantity of water decomposes these crystals,
causing the formation of an insoluble white powder, which is a
compound of oxide and chloride with water. The solution of
protochloride of tin, made by digesting an excess of tin in hydro-
chloric acid as long as hydrogen is given off, is much used as a
deoxidising agent. It is apparently resolved into bichloride and
metal, 2 SnCl =8nCl, + Sn; and the latter, probably, is the
true agent in deoxidising. It is also used for making the purple
of Cassius.

b. Perchloride of Tin. Sn Cl,=—=128-74.

‘When protochloride of tin is heated in excess of chlorine gas,
or when 8 parts of tin powder are distilled with 24 of bichloride
of mercury, a volatile fuming liquid is obtained, formerly known
as the fuming liquor of Libavius, which is bichloride of tin, 1t
is obtained in selution by dissolving tin in nitro-hydrochlorie
acid of moderate strength, adding small portions of tin at a time ;
also by forming a solution of protochloride, and passing chlorine
through it, or heating it gently with a little nitric acid. It is
much used in dyeing as a mordant.

The protoiodide of tin is a brownish-red fusible solid; dis-
solving in water ; the periodide forms silky yellow crystals.

TIN AND SULPHUR.
a. Protosulphuret of Tin. SnS=—=74.

This compound is formed by pouring melted tin on its own
weight of sulphur, and stirring well. 'The mass is then powdered,
mixed with more sulphur, and thrown by degrees into a red-hot
crucible, by which means the whole of the tin' is sulphurised.
It forms- a bluish black brittle solid, having metallic lustre. It
is also formed when sulphuretted hydrogen acts on solutions of
protoxide or protochloride of tin.

b. Persulphuret of Tin. SnS, = 90-1.
This sulphuret, formerly called aurum musivwm, is prepared

.
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by heating to'low redness, in a retort, a mixture of 2 parts
peroxide of tin, 2 of sulphur, and 1 of sal-ammoniac. The
sulphuret is left in the form of golden yellow scales, having a
metallic lustre. 1t is soluble in potash. It is also formed as a
dirty yellow bulky hydrate by the action of sulphuretted hydro-
gen on solutions of peroxide or perchloride of tin.

31. Comart. Co=295.

This metal occurs pretty abundantly, generally combined with
arsenic, and associated with nickel and iron. A trace of it is
always found in meteoric iron. To obtain the metal from the
arseniuret, the ore, finely powdered, is gradually added to 3
parts of bisulphate of potash, melted in a moderate heat, and
gradually increasing the fire, till no more white fumes appear.
The mass, when cold, is powdered and boiled with water as long
as anything is dissolved. The solution is free from arsenic, and
contains sulphate of protoxide of cobalt. 1t is precipitated by
carbonate of soda, and the washed precipitate acted on by oxalic
acid, which forms an insoluble pink powder of oxalate of
protoxide of cobalt. Should iron be present, it forms a soluble
compound with the oxalic acid, provided it has been brought
into the state of peroxide by boiling the solution with a little
nitric acid before precipitating with carbonate of soda. The only
impurity now likely to be present is nickel,and to separate this,
the oxalate is dissolved in an excess of ammonia, and the solu-
tion exposed to the air in a deep glass vessel. As the ammonia
evaporates, the nickel is deposited (if present) in the form of a
pale green insoluble double oxalate of nickel and ammonia, while
the cobalt Yemains dissolved, forming a port-wine-coloured
solution. This being digested with excess of potash, yields a
dark brown precipitate of pure peroxide of cobalt, This is again
dissolved in hydrochloric acid, the solution precipitated by caustic
potash or carbonate of soda, and the precipitate converted into
oxalate, which is now quite pure ; and the oxalate being heated
to whiteness in a closed crucible, with a small aperture for
escape of gas, leaves a button of pure metallic cobalt. The
oxalate of cobalt, CoO, C,0,, is resolved by the heat into car-
bonic acid and metal, CoO, C,0, = Co 4 2 CO,.

Cobalt is a metal of a reddish grey colour, rather brittle and
very infusible. Its Sp. G.is 78. It is attracted by the magnet.
At a red heat it decomposes water, hydrogen being disengaged.

COBALT AND OXYGEN.

a. Protoxide of Cobalt. Co O =—237'513.

Obtained by calcining carbonate of cobalt in close vessels, as
an ash grey powder. 1t is a strong base, and forms, with acids,
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salts which are either pink or blue. Zaffre and smalt, which are
so much used for painting blue on porcelain, and by the paper-
makers to correct the yellow tinge of their paper, are silicates of
this oxide. The solutions of its salts are precipitated by caustic
alkalies, which form a blue hydrate, gradually changing to green,
soluble in excess of ammonia. Carbonates produce a lilac-
coloured precipitate of carbonate of cobalt. Sulphuretted hydro-
gen produces no change : hydrosulphuret of ammonia produces a
black sulphuret.

‘When this oxide, or the peroxide of cobalt, are heated in the
air, they both yield a black oxide, which corresponds to the red
oxide of manganese, its formula being Co, 0, = Co0 +C, 0,.
The green hydrate, formed when hydrate of the protoxi(ie 1
exposed to the air, is a hydrate of this oxide.

b. Peroxide of Cobalt. Co, 05 = 83:039.

Syn. Sesquiowide of Cobalt.—When bleaching liquor (hype-
chlorite of lime) is added to solutions of protoxide of cobalt, or
when chlorine is passed through hydrated protoxide suspended
in water, a black powder is formed, which is hydrated peroxide.
3 eq. protoxide, and 1 eq. chlorine, yield 1 eq. protochloride and
1 eq. peroxide. 3 CoO +4 C1=Co,0, 4 CoCl.

Peroxide of cobalt is, like peroxide of manganese, an indif-
ferent or neutral oxide, for it does not combine with acids ; and
when dissolved in hydrochloric acid, it forms protochloride,
chlorine being disengeged.

Chloride of Cobalt. Co Cl = 64-95.

Obtained by dissolving cobalt, or any of its oxides, in hydro-
chloric acid. The solution is pink, and on evaporation yields
beautiful red erystals of hydrated chloride, or possibly hydro-
chlorate of the oxide. When dried by heat, the chloride is of a
deep blue, but is instantly rendered pink by the contact of
water. The crystals are either CoCl, HO, or CoO, HCl. When
traces are made on paper with a dilute solution of chloride of
cobalt, they are invisible when dry ; but, when warmed, assume
a decided blue colour, which disappears again on cooling, as they
again absorb moisture from the air. This is the most beautiful
of the sympathetic inks. If iron or nickel be present, the traces
appear green instead of blue.

The sulphurets of cobalt are not of much interest. The pro-
tosulphuret, CoS, is formed when hydrosulphuret of ammonia
acts on salts of protoxide of cobalt as a black precipitate.
According to Wéhler, sulphuret of cobalt is easily obtained by
fusing the arseniuret of cobalt with 3 parts of pearlash and 3
parts of sulphur. The arsenic forms a soluble compound, and
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this is removed by water, leaving sulphuret of cobalt as a black
powder. This may be dissolved in nitric acid, and the cobalt
purified from iron and nickel, as above described. This process
for extracting cobalt from its ores would seem to be the best
of all.

The compounds of cobalt, when fused with glass, give to it a
beautiful blue colour, and their use in painting the blue patterns
on china is well known. The finest cobalt-blue for painting is
made by heating a mixture of 15 parts of alumina with 2 of
phosphate of cobalt to redness.

32. Nicker. Ni = 295,

This metal is rather rare; it occurs, like cobalt, chiefly in
combination with arsenic, and associated with iron and cobalt.
A very good method of extracting it from the arseniuret, or
speiss, as it is called, is that of Wohler, which is, to fuse the
speiss with 3 parts of pearlash and 3 parts of sulphur. The
arsenic forms, with the sulphur and potash, a soluble compound,
and the nickel forms with the sulphur an insoluble sulphuret.
This is well washed with water, and dissolved in nitric acid;
and the solution, after any lead, copper, or bismuth that may be
present, have been precipitated by a current of sulphuretted
hydrogen, is precipitated by caustic or carbonated potash or
soda. The washed precipitate is now acted on by an excess of
oxalic acid, which forms, with the peroxide of iron that is gene-
rally present, a soluble, and with the oxide of nickel an insoluble,
oxalate, which of course includes any cobalt that the ore may
have contained. The oxalate is now dissolved in an excess of
ammonia, and the solution exposed to the air. Asthe ammonia
escapes, the nickel is deposited as an insoluble double oxalate,
while the cobalt remains dissolved as a soluble double oxalate,
of the metallic oxide with ammonia. The nickel salt, being
ignited, leaves oxide, which may be reduced by heating with
charcoal, or dissolved in acid, and again converted into oxalate,
which this time is free from cobalt, and appears as a pale apple-
green powder. The oxalate of nickel, being well washed, dried,
and ignited in a closed crucible, with an aperture for the escape
of gas, leaves metallic nickel, which, if the heat be very intense,
is fused into a button. \

Whler gives another process, which is said to be preferable
to the above. It consists in projecting the finely powdered ore
along with 2 parts of nitre and 1 of carbonate of potash, by degrees,
into a red-hot crucible, and finally raising the heat for a good
while. The arsenic is oxidised, yielding arsénic acid, which
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unites with the potash, while the nickel is also oxidised, and
forms oxide of nickel, which isleft undissolved when the mass is
lixiviated with water. This oxide is pure, except from cobalt and
iron, which must be separated as above. When these metals
are not present, the oxide may be at once reduced by heating
with charcoal, and yields pure nickel.

Nickel is nearly silver white, but has a tinge of grey. It has
a high lustre, is hard, and malleable. Its sp. g. is 8'9. It is
very infusible, and decidedly magnetic. It decomposes water
at a red heat. Magnetic needles may be made of it, which do not
rust. It is now much used in the manufacture of German silver,
or.argentan, which is an alloy of copper, zinc, and nickel. The
better qualities contain more nickel than the inferior kinds.

NICKEL AND OXYGEN,
Protoxide of Nickel. Ni O = 37:513.

Its preparation is given above, in Wohler’s second process for
metallic nickel. It is a greenish grey powder, which is a base,
and forms, with acids, salts which are all green of different
shades. Solutions of these salts give pale apple-green precipi-
tates of hydrate and carbonate, with caustic and carbonated
potash and soda. Ammonia causes a slight precipitate, which is
instantly redissolved by an excess, forming a violet blue solution.
Salts of nickel are’ mot precipitated, in acid solutions, by sul-
phuretted hydrogen, but hydrosulphuret of ammonia causes a
black precipitate of sulphuret of nickel.

b. Peroxide of Nickel. Ni, O, = 83:039.

Syn. Sesquiowide of Nickel—May be formed by passing
chlorine through water in which the hydrated protoxide is
suspended. It 1s an indifferent oxide or superoxide, analogous to
sesquioxide of cobalt. It is a black powder.

Chloride of Nickel. NiCl = 64:95.

Analogous to chloride of cobalt. Its solution is emerald
green, and yields crystals of the same colour ; but when entirely
deprived of water, it is yellow. At a low red heat it sublimes
and condenses in brilliant gold yellow scales.

Protosulphuret of Nickel. NiS = 45:6.

Analogous to protosulphuret of cobalt, and formed in the same
. way. Sulphur and nickel unite when heated together, with dis-
engagement of heat and light, forming a greyish yellow metallic
mass, The precipitated sulphuret is black, ~Sulphuret of nickel
is found native in fine crystals of a pale brass colour, as the
Haarkies of the Germans.
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OrpEr 3.—MgeTALS WHIcH Do NoT DEcoMpose WATER AT ANY
TEMPERATURE, AND THE (XIDES OF WHICH ARE NoT RE-
DUCED TO THE METALLIC STATE BY THE SOLE ACTION OF
Hgar.

33. Arsentc. As = 37°7.

This metal is occasionally found native, but it is chiefly met
with in combination with cobalt, nickel, and iron. When the
arseniurets of these metals are heated to redness in a current of
air, a great part of the arsenic, being volatile, rises in vapour,
and is deposited in the cold part of the chimney in the form of
white oxide of arsenic or arsenious acid, the well-known white
arsenic of commerce. This substance is mixed with charcoal or
black flux (a mixture of charcoal with carbonate of potash),
and the mixture introduced into a medicine phial, filling it
about one-third. The phial is then placed in sand, the sand
reaching as high as the mixture, and gradually heated to low
redness. The metal sublimes and condenses in the upper part
of the phial, which, when cold, may be cut off.

Arsenic is a very brittle metal, of a whitish grey colour, and
very high lustre. Its sp. g.is 580. When heated to 356° it
sublimes without previously melting, its melting point being
higher than its boiling point under the usual pressure. Its
vapour has a strong alliaceous smell, a property which is charac-
teristic of arsenic, no other metal possessing it. It sometimes
rapidly tarnishes-on exposure to the air, becoming nearly black ;
and when sublimed in a current of air it is oxidised, being con-
verted into arsenious acid. The rapid tarnishing of arsenic is
probably owing to the presence of a little potassium, derived
from black flux; for the native metal, when sublimed, does
not tarnish.

ARSENIC AND OXYGEN.
a. Arsenious Acid. As, O, = 99:439.

The formation of this substance, when arsenic is sublimed in
a current of air, has been mentioned. It occurs, when newly
sublimed, as a hard brittle glass, which, when kept, slowly
becomes opaque and crystalline, the change often taking years to
reach the centre of a small lump of the glass. The sp. g. of
arsenious acid is 37. At 380° it sublimes, yielding inodorous
vapours, which condense in octohedral crystals, when the sublima-
tion is slowly conducted in a glass tube.

It has little taste, which renders it the more dangerous as a
poison ; as when taken by mistake, there is no warning, as in
the case of many other poisons. It is sparingly soluble in water,
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but the crystalline variety is more soluble than the glassy ; 100
parts of hot water dissolving 115 of the former, and only 97 of
the latter. .

Arsenious acid, whether in the solid form or in that of solution,
is a most virulent poison, and is, unfortunately, so accessible as
to be often used for criminal purposes. Its detection, therefore,
is a matter of the utmost importance ; and innumerable tests,
more or less effectual, have been proposed. These, however,
may with advantage be reduced to a very small number ; which
again are best divided into—1. Those tests which apply to pure
arsenious acid, or its salts; and, 2. Those which apply to
mixtures, such as are likely to occur in medico-legal investi-
gations.

1. Pure arsenious acid is easily recognised, as a heavy white
powder, volatile without smell, sparingly soluble in water, and,
when heated with charcoal, black flux, formiate of soda, or
cyanide of potassium, yielding a volatile crust of metallic arsenic,
the vapours of which have the odour of garlic.

The solution gives, with lime-water in excess, an insoluble
white precipitate of arsenite of lime ; with amwmoniaco-nitrate
of silver, a yellow precipitate of arsenite of silver ; with ammo-
niaco-sulphate of copper, a grass green precipitate of arsenite of
copper ; and with sulphuretted hydrogen, acetic or hydrochloric
acid being first added to the solution, an orange yellow precipi-
tate of sesquisulphuret of arsenic. When to the solution of
arsenious acid, or of any of its salts, sulphuric acid is added, and a
portion of pure zinc introduced into the acid liquid, the hydrogen
disengaged by the action of the zinc on the acid is found to be
mixed with a portion of arseniuretted hydrogen gas, the presence
of which gives it an alliaceous smell, and causes it to burn with
a pale blue flame. If a piece of cold glass or porcelain be held
in contact with this flame, a black stain or crust of metallic
arsenic is deposited on it, and this crust may easily be recog-
nised by its volatility, and the other characters of arsenic.
(Marsh.) If the hydrogen gas, containing arseniuretted hydro-
gen, instead of being burned at the end of the tube, be slowly
passed through a long narrow tube of hard glass, part of which
1s heated to redness, the arseniuretted hydrogen is decomposed
at the red-hot part of the tube, and the arsenic deposited as a
bright metallic crust a little beyond the hot part.

2. When, however, arsenious acid occurs in mixtures contain-
ing much organic matter, such as, for example, are found in the
stomach or intestines of those poisoned with arsenic, or in the
matters vomited before death, a method must be adopted which
removes all organic matters, and permits the operator to test for
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arsenic with security. The following method, lately proposed
by Fresenius and Von Babo, is perhaps the best :—

a@. Two-thirds of the suspected mixture, or contents of a
stomach, all solid parts being cut small, are introduced into a
large porcelain capsule (the remainder being kept in case of
accidents), and mixed with a moderate quantity of pure hydro-
chloric acid, and as much water as gives to the whole the
consistence of a thin gruel, which is heated in thes vapour bath,
and chlorate of potash added at intervals of five minutes in
portions of 20 or 30 grains to the hot liquid, until the whole
has become clear yellow, perfectly homogeneous and fluid. At
this point, about 2 drachms more of chlorate are added, and
the vessel removed from the vapour bath. When quite cold it
is strained through linen, or filtered, and the residue on the
filter well washed with hot water. The whole liquid is now
evaporated on the water bath to the bulk of about one pound,
and the acid residue, which is generally now brownish in
colour, mixed with as much of a saturated solution of sul-
phurous acid as gives a permanent smell of that acid. It is
then heated until the excess of sulphurous acid is entirely
expelled. L

In this first stage of the process the arsenious acid is dissolved,
the organic matter destroyed in a great measure by the chlorate
of potash and hydrochloric acid, and the arsenic, which had
thereby been converted into arsénic acid, reduced by the sulphur-
ous acid to the state of arsenious acid. The destruction of the
organic matter renders the filtration rapid and easy.

b. The acid liquid is now exposed for twelve hours to a
current of sulphuretted hydrogen gus, the gas tube is washed
with a little ammonia, which is added to the mass of liquid,..
and the whole allowed to stand, covered with paper, in a warm
place, until the smell of sniphuretted hydrogen disappears. The
precipitate which has formed, and which contains sulphuret of
arsenic along with some organic matter, and possibly other
metallic sulphurets, is collected on a small filter and well washed.

Here the arsenious acid is converted into sesquisulphuret of
arsenic by the sulphuretted hydrogen. As, O ,+3 H8=As, S,
+3HO.

¢. The filter with the precipitate is dried in the vapour bath,
moistened with fuming nitric acid, and the mass dried up in the
water bath. Pure oil of vitriol is now added, so as to moisten
the dry mass uniformly, the mixture is heated for two or three
hours in the vapour bath, and, finally, dried on the sand bath at
a heat not exceeding 290° till the charred mass assumes a brittle
consistence, It is then heated in the vapour bath with from ten
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to twenty parts of distilled water, filtered, and the charcoal per-
fectly washed with hot distilled water. The whole filtered
liquid is now mixed with hydrochloric acid and again precipitated
by sulphuretted hydrogen, exactly as before. The precipitate is
collected on a very small filter, well washed, and dissolved on
the filter by ammonia, with which the filter is well washed. The
ammoniacal solution of sulphuret of arsenic is evaporated to
dryness in # small porcelain vessel, and the residue may be
weighed if required.

In this stage the remaining organic matter is entirely destroyed,
and the arsenic obtained in the form of pure sesquisulphuret.

d. For obtaining the metallic arsenic from this sulphuret, or
reducing the sulphuret, which is the decisive proof, the following
apparatus is employed (see cut, fig. I). A, is a well sized flask

Fie. 1.

for generating carbonic acid gas, half filled with water and frag-
ments of marble. Through one aperture in-the cork passes the
funnel tube @, reaching nearly to the bottom'; through the other
passes a tube &, which cenducts the gas into the smaller flask B,
in which it is washed and dried by passing through oil of vitriol.
The tube ¢, carries the gas into the reduction tube C, which is
represented in fig. II., a little less than half the real size.

When the whole is fitted and arranged, a portion of the dried
sulphuret (reserving part for other experiments,or in case of
accident), 1s mixed in a warm agate mortar with about twelve
parts of a mixture of three parts of dried carbonate of soda and
one part of cyanide of potassiom. The mixed powder is care-
fully introduced, by means of a half cylinder of card, into the
reduction tube, which is then turned on its axis, so as to allow
the powder to lie on the part @ f, fig. II. of the reduction tube.

The card is then removed. The reduction tube is now attached

to the gas apparatus, and hydrochloric acid poured into the
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flask A, through the funnel, so as to cause a disengagement of
carbonic acid gas, which fills the whole apparatus. The tube is.
then gentl{ warmed through its whole length until all traces of
moisture have disappeared, and when the current of gas has
become so slow that the bubbles follow each other at an interval
of about a second, the part b of the reduction tube (fig. II), is

3 : —d

Fre, 1L

heated to redness by a spirit lamp.. This being done, the powder
is now heated by another spirit lamp from @ towards f, gradually,
till all the arsenic is expelled.

The reduced arsenic is deposited as a bright metallic ring at e,
fig. II., a mere trace only escaping at d. The second lamp is
then brought towards &, in order to collect any trace of arsenic
in the wide part of the tube, and the point d, being closed by
melting it, and the tube detached, the arsenic is driven into as
small a space as possible by heating from d towards ¢. The tube
is now cut across at £, corked, sealed, and preserved as evidence.
If the above process be followed exactly, the result is a ring of
astonishing purity and brilliancy. The use of the carbonic acid
is to prevent oxidation by the air, which, as well as moisture, if
admitted, would very much interfere with the result.

This is not the place to notice the very numerous methods
which have been proposed for the detection of arsenic in mixed
fluids. It is enough to say that none of them is preferable to
the above, if indeed any are equal to it, in point of facility,
delicacy, and security. The process of Marsh, by hydrogen gas,
as above described, is indeed very delicate, but it is rendered
less secure by the fact that antimony, if present, gives somewhat

‘similar appearances. In the method of Fresenius and Von Babo,
antimony, if present, remains in the residue of the powder
heated in the reduction tube, where it may be found, chiefly in
the metallic state, and partly in a soluble combination.

The only known antidote to arsenious acid is the hydrated per-
oxide of iron, the ferrugo of the Edin. Pharmacopeeia, which:
should be given in the moist state mixed with water. - When
made for this purpose, the precipitated oxide should never be
dried, but kept under water; as when once dried, it is far
less efficacions. It acts by combining with the arsenious acid,
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forming a compound which is quite insoluble and inert, and is a
basic arsenite of sesquioxide of iron, Fe, O, As, O,.

b. Arsénic Acid. Asg O, = 115465,

This acid is found in nature combined with oxides of calcium,
lead, copper, iron, cobalt, and nickel. It is easily prepared by
dissolving arsenious acid in nitric acid, with a little hydrochloric
acid and evaporating to a syrup, which is heated gently till all
nitric acid is expelled. The residue is hydrated arsénic acid,
As, 0,3 HO, orAs, O,, H,. It is a very acid, poisonous
substance, remarkable chiefly for its analogy with common or
tribasic phosphoric acid. This analogy is so great, that for
every tribasic phosphate, there is a corresponding arseniate : and
this is not all, for the external properties of these salts are so
exactly similar, that, except by analysis, or characteristic tests,
we cannot tell whether arsénic, or phosphoric acid, be present.
Not only are the native phosphates of copper, lead, and iron,
exactly like the arseniates in colour, crystalline form, and con-
stitution, but the phosphates are seldom found unmixed with
arseniates.

The complete isomorphism of arsénic and tribasic phosphoric
acids, in their salts, is ene of the finest examples of isomorphism
depending on similarity of constitution. Like the tribasic phos-
phates, the arseniates occur in 3 forms.

Ist, As, 0, 3M0: 2nd, As, 0, 2 M0+ 314, 4s, 05{2138:

and the crystalline form in all yet examined is the same as that
of the corresponding phosphates. Thus the arseniate of soda,
with 2 eqgs. soda, and 1 eq. water, is not to be distinguished, in
external aspects, from the common phosphate of soda. The
formule are— -

2Na O
HO

It is highly probable that phosphorus and arsenic are them-
selves entirely 1somorphous, as elements: and in one particular
they are alike, besides the analogy of their compounds ; namely,
the alliaceous odour of their vapour.

The salts of arsénic acid give with nitrate of silver a brick-
red precipitate of tribasic arseniate of silver; As, O,, 3AgO:
and with hydrochloric acid and sulphuretted hy(glrogen, a pale
yellow precipitate of persulphuret of arsenic, As, S,.

No modifications of arsénic acid, analogous to bibasic and
monobasic phosphoric acids, are yet known. -

P,0,, + 24 aq: and As, Oy {2IN1%0 + 24 aq.
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ARSENIC AND CILORINE.

Sesquichloride of Arsenic. As, Cl, = 181-66.
Prepared by distilling 6 parts of bichloride of mercury with
1 part of metallic arsenic, 3 Hg Cl, 4+ As, = 3 HgCl + As,
Cl,. It is a colourless, volatile, fuming liquid, which is
resolved, by the action of water, into hydrochloric and arsenious
acids. As, Cl, +3 HO=As, O, 4+ 3 HCL

ARSENIC AND IODINE.
Periodide of Arsenic. As, I; = 7069.
When arsenic and iodine are gently heated together they com-
bine, and form a red solid compound, which by the action of

water yields arsénic and hydriodic acids. As, I, +5HO =
As, O, + 5 HI.

ARSENIC AND BROMINE,
Sesquibromide of Arsenic. As, Br, = 3136.

Arsenic and bromine when brought in contact, instantly com-
bine, with vivid combustion. The compound is a solid, melting
at about 70°, and boiling at 430°. It is transparent, and slightly
yellow, and occasionally forms long prismatic crystals. With
water, it yields arsenious and hydrobromic acid.

ARSENIC AND IIYDROGEN.

When an alloy of arsenic and potassium is made to act on
water, there is formed a brown solid body, which is said to be
a protohyduret of arsenic, As H = 38'7.

When arsenic is melted with an equal weight of zinc, an alloy

'is formed, which, when acted on by strong hydrochloric acid,
yields a gas which is colourless, has a strong garlic odour, burns
with a blue flame, and is distinguished from all other gases by

' being totally absorbed, when pure, by a saturated solution of

' sulphate of copper. It is frightfully poisonous when respired

| even in very small proportion along with common air, and the
| incantious experimenting with it has proved fatal to more than

‘one chemist. It acts on many metallic solutions, forming
‘insoluble arseniurets. When heated to redness it is decom-

| posed, arsenic being deposited, and hydrogen, equal to one and
ha half time the bulk of the gas, being separated. This gas is

‘formed when hydrogen is generated in a liquid, containing

\arsenious acid dissolved, and mixes with the hydrogen, and

when the mixture is heated red hot in passing through a tube,
or burned, a cold plate being held in the flame, arsenic is
deposited. This is the principle on which Marsh’s process for

' detecting arsenious acid is founded. )
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ARSENIC AND SULPHUR.
a. Protosulphuret of Arsenic. AsS =538

Formed by melting arsenious acid with half its weight of
sulphur. It is a red translucent solid, which may be sublimed
in close vessels. It occurs in the mineral kingdom as realgar.

b. Sesquisulphuret of Arsenic. As, S, = 123-7.

Prepared by melting together equal weights of arsenious acid |

and sulphur, or by passing a current of sulphuretted hydrogen
through a solution of arsenious acid. It has an orange yellow
colour, is fusible, and may be sublimed in close vessels. It is
very soluble in caustic alkalies, yielding colourless solutions.
It occurs in the mineral kingdom as auripigmentum, or orpi-
ment, and is an ingredient in king’s-yellow. It may be used
for dyeing silk, woollens, or cottons yellow, by soaking them in
a solution of orpiment in ammonia, and then suspending them
in a warm chamber. The ammonia evaporates, and the orpi-
ment remains firmly fixed in the cloth. This sulphuret is the
form in which arsenic is best separated from mixed liquids in
medico-legal investigations.

c. Persulphuret of Arsenic. As, 8,=156.

Formed by the action of sulphuretted hydrogen on arsénic
acid, or on arseniates acidulated by acetic acid. It is of a paler
yellow than orpiment, is soluble in alkalies, fusible, and in close
vessels volatile without change.

34. Curomivm. Cr = 28.

Occurs in nature, in union with oxygen, as chromic acid in
chromate of lead, and as oxide of chromium in chrome iron ore,
from which latter all the compounds of chromium are obtained.
The metal is very infusible, and has probably never been com-
pletely melted. It is obtained with difficulty in hard coherent
masses of an iron grey colour, by heating the oxide to the highest
temperature of a wind furnace for some hours in a crucible
lined with charcoal. In this state it is hardly at all acted on
by the strongest acids, but is oxidised by fusion with nitre,
yielding chromic acid.

CHROMIUM AND OXYGEN.

a. Sesquioxide of Chromium. Cr, O, = 80:039.

This oxide may be obtained by heating to redness the bichro-
mate of potash, K0,2CrQ,, when neutral chromate, KO,CrO,
is formed, sesquioxide is produced, Cr,0,, and oxygen is dis-
engaged. 2(KO0,2Cr0,)=2(K0,Cr0,)+Cr,0,40,. The

’

o=
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neutral chromate is dissolved out by water and the oxide is
obtained as a crystalline green powder ; or it may be prepared
by heating a mixture of bichromate with carbonate of soda and
sal ammoniac to redness. The hydrate is obtained by heating
solution of bichromate with hydrochloric acid and alcohol or
sugar till the liquid becomes of a pure green, and adding
ammonia, which precipitates the hydrate as a pale bluish-green
bulky powder,
~ Sesquioxide of chromium is isomorphous with sesquioxide of
iron and alumina, and has been obtained in crystals exactly
Tesembling specular iron ore. It is a weak base, and may be
substituted for alumina or peroxide of iron in their salts, with-
out altering the form. All its salts are green or blue, and
most of them are red by transmitted camrdle-light. Oxide of
hromium appears to exist in its salts in two modifications, in
one of which the solutions are pure green, in the other of a
mixed tint of red and green. The oxide may be used for
| painting a beautiful green on china, and for giving glass a green
eolour, or as a paint, being very permanent.

b. Chromic Acid. CrO, = 52-039.

Prepared by adding 1 vol. of a cold saturated solution of
bichromate of potash to 1} vol. of pure oil of vitriol, and
| allowing the mixture to cool in a covered capsule, or in a flask,

when it deposits beautiful deep red needles of chromic acid.
| The liquid being drained off, these are laid on a porous brick to
| dry, covered with a bell jar. They must be preserved in very
| tightly-stoppered bottles, as they are highly deliquescent.
Chromic acid is a strong acid, isomorphous with sulphuric,

| selenic, and manganic acids. Its salts are yellow, orange or
 ed, and distinguished by the beauty and permanence of their
| colours.  The acid itself is a powerful oxidising agent, yielding
 half its oxygen readily to oxidisable bodies, and being reduced
to sesquioxide : 2Cr0,=Cr,0,+0,. Thus it instantly sets
fire to alcohol when thrown into that fluid ; and a mixture of
bichromate of potash and sulphuric acid is much used as a
means of oxidising organic products, and yielding new com-
pounds. Chromic acid and oxide of chromium are both easily
recognised in solutions by their colour, and the acid especially
by its ready convertibility into the oxide by deoxidising agents.

" According to Barreswill there exists a perchromic acid, Cr,
'0,, corresponding to permanganic acid. It is formed by the
tion of peroxide of hydrogen on chromic acid, and has a fine
ep blue colour. It is almost immediately resolved, however,
into chromic acid and oxygen.

(4]
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CHROMIUM AND CHLORINE,
a. Sesquichloride of Chromium. Cr, Cl; = 162-26.

Prepared by passing chlorine over a mixture of sesquioxide of
chromium and charcoal heated to redness. It collects in the
cold part of the tube as a crystalline peach-blossom-coloured
sublimate,” which dissolves in water, forming a green solution,
which probably contains hydrochloric acid and sesquioxide, |
Cr,Cl,4+3HO =Cr,0,4+3HCL The sesquichloride exists
in another modification as a pink insoluble powder. !

b. Oxychloride of Chromium. Cr {812, or CrCl, +2Cr 0,

This compound is formed when neutral chromate of potash,
common salt, and oil of vitriol are heated together. (KO,Cr
0,)+NaCl4-280,=(K0, §0,)+(Na0, 80,)+Cr0, Cl; or
3(K0,Cr0,)+3NaCl+650,=3(K0,80,)+3(Na0,80,)+ |
CrCl,+2Cr0,. It distils over as a deep-red fuming liquid,
which decomposes water, producing hydrochloric and chromic
acids. It sets fire to phosphorus and many other combustible
bodies. When its vapour is passed through a red-hot tube it is
resolved into oxygen, chlorine, and sesquioxide of chromium.
2Cr0,Cl=Cr,0,40+Cl, ; or 2(CrCl,+2Cr0,)=3Cr, 0,
+0,+Cl,. Tts constitution is uncertain, as, according to the
two formule above given, it may be viewed either as chromic
acid, in which 1 eq. of oxygen is replaced by chlorine, or as a
compound of 1 eq. terchloride of chromium, and 2 eqs. chromic
acid,

¢c. Perfluoride of Chromium.

When a mixture of chromate of lead, fluoride of calcium, and |
oil of vitriol, or, better, fuming sulphuric acid, is distilled in a
silver retort, there is disengaged a red gas, which, in contact
with the moisture of the air, produces hydrofluoric and chromic
acids. Its precise composition is unknown. It was formerly
considered a terfluoride ; but it appears that this is not the case,
and that it is more probably a quintofluoride, CrF_. Possibly
it may be, like the preceding compound, an oxyfluoride.

35. VaNapwm. V = 685,

This very rare metal is found in small quantity in the slag of
the iron furnaces where the iron ore of Taberg, in Sweden, is
smelted, also in the lead mines of Scotland, as vanadiate of
lead, a mineral which likewise occurs in Mexico. The metal is
brittle, very infusible, and nearly silver white. In its chemical

relations it is somewhat analogous to chromium ; and, like it,
!
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forms coloured compounds. It is not oxidised either by air or
water, and the only acid that dissolves it is aqua regia.

a. Protoxide of Vanadium. VO = 76'513.
A black powder, which being heated burns into deutoxide.

b. Deutoxide of Vanadinm. VO, = 84-526.

This oxide, when anhydrous, is black, but forms blue salts ;
these are apt to become first green and then red, from the
formation of vanadic acid.

c¢. ‘Vanadic Acid. VO, = 92:539.

Is obtained from vanadiate of lead by dissolving it in nitric
acid, and precipitating lead and arsenic by sulphuretted hydro-
gen, which reduces the acid to deutoxide. The blue solution is
evaporated, during which vanadic acid is reproduced, and the
dry mass is digested in ammonia, which dissolves the acid.
Into this solution a lump of sal ammoniac is introduced, and,
| as this dissolves, the vanadiate of ammonia separates, being
insoluble in a saturated solution of sal ammoniac. When this
salt is heated to a point below a red-heat in an open vessel, the
| ammonia is expelled, and vanadic acid left, which melts below
a red-heat, and on cooling forms beautiful red crystals. With
bases it forms salts which are either red or yellow, according as
| they are acid or neutral salts. It is singular that the neutral
vanadiates of the alkalies may occur both yellow and colourless

without any known difference in composition. Vanadic acid
| unites with deutoxide of vanadium, forming compounds which
| are purple, green, yellow, or orange, according as the acid or
oxide predominates. Vanadic acid is distinguished from
chromic acid by yiglding a blue solution, when deoxidised,
instead of a green one.

With chlorine, vanadium forms a bichloride, VCI,, and a
terchloride, VCl,. The latter is formed by passing chlorine
‘over a mixture of protoxide of vanadium and charcoal, heated to
low redness, when the terchloride distils over as a yellow fuming
liguid, which decomposes water, producing hydrochloric and
vanadic acids. When this chloride is ‘exposed to a current of
| ammonia, a white compound is formed, and if this be heated in
| a continued current of ammonia, metallic vanadium is formed,
nd adheres to the tube.

36. MoLyspENUM. Mo = 477,

This metal occurs in nature, combined with sulphur, forming
a lead-coloured metallic mineral in broad plates ot leaves, called
02
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molybdena, or sulphuret of molybdenum. "It is found more
sparingly as molybdic acid combined with lead. The metal may
be obtained by passing hydrogen gas over molybdic acid, heated
to whiteness in a porcelain tube. It is a brittle white metal,
almost quite infusible. It forms three oxides.

MOLYBDENUM AND OXYGEN. ]
a. Protoxide of Molybdenum. Mo O = 55:713.

A black powder, which, when heated in the air, takes fire
and forms deutoxide. Its hydrate dissolves in acids.

b. Deutoxide of Molybdenum. Mo O, = 63:726.

A dark brown powder, forming a rust-coloured hydrate, which
dissolves in acids, forming red salts. When exposed to air, it
absorbs oxygen and becomes blue on the surface. The blue
compound 1s a bimolybdate of the deutoxide, MoO,, 2 Mo O,.

¢. Molybdic Acid. Mo O, = 71739.

Obtained by roasting the sulphuret at a low red-heat, as long
as sulphurous acid escapes, and acting on the residue with
ammonia, which dissolves molybdic acid. The molybdate of
ammonia is then purified by crystallisation ; and on heating it
gently in an open platinum crucible, ammonia is expelled, and
molybdic acid left. It is a white powder, fusible at a red-heat,
which sublimes in a current of air. It is sparingly soluble in
water, It forms salts with bases, which are colourless.

MOLYBDENUM AND CHLORINE.

The protochloride, Mo Cl, is a nearly black soluble compound. |
When chlorine gas is passed over metallic molybdenum gently
heated, bichloride of molybdenum, MoCl,, is formed as a deep
red vapour, which condenses in black crystals, like iodine. When
the deutoxide is heated in dry chlorine, there is formed a yel-
lowish white crystalline sublimate, which is an oxychloride,

analogous to that of chromium. Mo { 8f orMoCl, 4 2MoO,.

MOLYBDENUM AND SULPHUR.

There are 3 sulphurets of this metal. 1. The bisulphuret, '
Mo8,, which is the usual ore of molybdenum already described ;
2. The tersulphuret, a dark brown or black powder, MoS, ;'
3. The persulphuret, also a dark powder, MoS,. Both the last
are sulphur acids, combining with sulphur bases, such as sul-
phuret of potassium. 1

|
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37. Tunestex. W = 99:7.

Syn. Wolfram—Oceurs in nature, chiefly in the mineral
wolfram, oxidised along with oxides of iron and manganese, and
more sparingly in the mineral tungsten, a compound of tungstic
acid with lime. The metal may be obtained as the preceding,
but is little known. It is very infusible, and has the Sp. G.17:4.
When heated in air, it burns and forms tungstic acid.

TUNGSTEN AND OXYGEN.
a. Deutoxide of Tungsten. WO, = 115-726.

" To obtain it, 1 part of finely-powdered wolfram is fused in a
latinum crucible with 2 parts of carbonate of potash. Tungstate
of potash is formed, which is dissolved, filtered to separate the
- oxides of iron and manganese, and evaporated to dryness. The
 salt is mixed, in solution, with half its weight of sal-ammoniac,
- and the mixture dried up and ignited. The tungstic acid is
|geduced to the state of oxide by the ammonia, and chloride of
tassium is formed ; the latter is dissolved out by water, and
. the former, being first boiled with potash to remove any tungstic
| acid, and then washed and dried, is pure oxide of tungsten. It
| is a very heavy black powder, which, when heated in the air,
burns like tinder, forming tungstic acid.

$ b. Tungstic Acid. WO, = 123739.

| Is formed, as above, by heating the oxide in the air. It is a
i {ellow powder, insoluble in water. With bases, it forms crystal-
lisable salts. * When heated to 500° or 600° in a current of
hydrogen, it becomes of a fine deep blue, losing so much oxygen -
that it leaves an oxide, the blue oxide of tungsten, the formula
of which is W,0, = WO, + WO, ; so that it may be viewed
as a tungstate of tungsten.

TUNGSTEN AND CHLORINE.

. When heated in chlorine gas, tungsten forms two chlorides,
a bichloride, WCl,, and a terchloride, WCl,. Both are red,
volatile, and crystallisable compounds, subliming in beautiful 7
rystals. The former, with water, produces hydrochloric acid
d binoxide of tungsten ; the latter yields hydrochloric acid
d tungstic acid.

- When the binoxide is heated in chlorine gas, there is formed
oxychloride in the shape of white volatile scales, like boracic

did. Ttis WCl, +2WO, ;or W { %
The sulphurets of tungsten have no peculiar interest.
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38. Corumpium. Ta = 185.

SyN. Tantalum.—It occurs very sparingly, in the minerals
tantalite and yttro-tantalite, as columbic acid. The metal is
obtained by the action of potassium on the double fluoride of
columbium and potassium, as a black powder, which, when com-
pressed, exhibits metallic lustre ; and when heated burns in air,
yielding columbic acid.

With oxygen it appears to form two compounds ; a binoxide,
TaO,, and columbic acid, TaO,. The latter is a white insolu-
ble powder, which forms salts with bases.

With chlorine it forms a volatile terchloride, TaCl, ; and with
fluorine, a white soluble terfluoride, TaF .. 3

39. Axtimony. Sb = 64'6.

This valuable metal is chiefly found in the mineral called
antimony, which is a sesquisulphuret, Sh, 8, and which occurs
both pure and combined with other sulphurets. From the
sulphuret the metal is easily obtained b{ heating it with iron
filings, when the sulphur combines with the iron, and the melted
antimony collects at the bottom of the crucible.

It is a brittle metal, of Sp. G. 6'7, having a bluish or greyish
white colour when pure. It melts at 810°, and in a very intense
heat it is volatilised. When heated strongly in open vessels, it
takes fire, burning with a white light, and producing white
vapours, which often condense in crystals, and are sesquioxide
of antimony, Sb, O,. Antimony is the chief ingredient in type |
metal. ‘

ANTIMONY AND OXYGEN,
a. Sesquioxide of Antimony. S8b, O, =153 239.

To prepare it, sesquisulphuret of antimony is boiled with about .
5 parts of strong hydrochloric acid, when sulphuretted hydrogen |
is given off, and sesquichloride of antimony is dissolved. Sb, S,
+ 3 HCl=8b,Cl, 4+ 3 HS. The solution is now thrown into |
a large quantity of water, when a curdy precipitate separates, |
which is sesquioxide of antimony, combined with some unde-
composed chloride, 9 8b, O, 4 28b,Cl,, the oxide having been
formed by the action of water on the chloride ; Sb,Cl, +3HO
= 8b,0, + 3 HCl. The precipitate of oxychloride, which
soon changes into crystals, if left in the liquid, is now to be
washed and digested with an excess of carbonate of soda, by
which the remaining chloride is converted into oxide. Sb,Cl,;:
+ 3 NaO =8b,0, + 3 NaCl. The sesquioxide is now pure,
and is to be washed and dried. !

It is a greyish white heavy powder, fusible at a dull red-heat in
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close vessels, and volatile at a higher temperature, If heated in
the open air it absorbs oxygen, forming antimonious acid. It is
a base, and forms salts with acids, the most important of which
is tartar emetic. Most of its soluble salts are decomposed by
the contact of water.

Sesquioxide of antimony in solution is easily recognised by
the peculiar brownish orange precipitate caused by sulphuretted
hydrogen.

b. Antimonious Acid. Sb, O, = 161-252,

When oxide of antimony is heated, it absorbs oxygen, and when
antimonic acid is heated, it loses oxygen, the product in both
cases being the permanent antimonious acid. It is a white
inscluble powder, very infusible and fixed in the fire. It forms
salts, called antimonites, with bases.

A ¢. Antimonic Acid. Sb, O, = 169-265.

Is formed by acting on the metal with strong nitric acid till it
is converted into a white powder, which is hydrated antimonic
acid. Itis decomposed by a red heat, yielding water, oxygen, and
antimonious acid. It formssalts, called antimoniates, with bases.

All the oxides of antimony are used in medicine ; but the
sesquioxide is the most important, as the basis of tartar
emetic, which is a double tartrate of potash and sesquioxide
of antimony.

ANTIMONY AND CHLORINE.
a. Sesquichloride of Antimony. Sb, Cl, = 235-46.

Is readily obtained by dissolving 1 part of sulphuret of anti-
mony in 5 parts of hydrochloric acid (see above), and distilling
the solution, until the volatile part becomes semisolid on cool-
ing ; the receiver is then changed, and what passes over after-
wards is pure anhydrous chloride of antimony. It is a soft
deliquescent solid, formerly called butter of antimony. When
mixed with water, it is decomposed as mentioned above.

b. Perchloride of Antimony. Sb, Cl, = 306-3.

Obtained by acting on metallic antimony, or on the sesqui-
chloride, with an excess of chlorine. It is also formed when
powdered antimony is introduced into chlorine gas, when it burns
with a vivid light. It is a colourless, volatile fuming liquid,
which is decomposed by water, yielding hydrochloric and anti-
monic acids.

c. Oxychloride of Antimony. 98b, O, + 28b, Cl,.

This is the white powder formed when sesquichloride of anti-
mony is thrown into water, as above described, under the head
of sesquioxide. It soon changes into crystals, and is a definite
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compound of oxide and chloride. It is entirely converted into
oxide by alkalies. It was formerly called powder of Algaroth.

Bromine and antimony combine readily, and form a volatile
crystalline solid.

ANTIMONY AND SULPHUR.
a. Sesquisulphuret of Antimony. Sb, S, = 177°5.

This is the common ore of antimony, and is generally a dark
grey radiated fusible crystalline mass, Sp. G. 4'62. When formed
by the action of sulphuretted hydrogen on salts of antimony, it
is precipitated as a hydrate, of a brownish orange colour.

b. Persulphuret of Antimony. Sb, S ==209-7.

When sesquisulphuret and sulphur are boiled in solution of
potash, and an acid added to the filtered liquid, a golden yellow
precipitate is formed, often called the golden sulphuret of anti-
mony, which is the persulphuret, Sb,S,.

c. Oxysulphuret of Antimony. 28b, S; + Sb, 05 = 508-2.

This compound is found in nature as red antimony ; and when
sesquisulphuret of antimony is boiled with potash, and an acid
added to the filtered liquid, a reddish orange precipitate is formed,
which is often oxysulphuret ; although it may be obtained nearly
free from oxide, and is then hydrated sesquisulphuret. This 1s
the substance so long known as mineral kermes; and it is the
form in which sulphuret of antimony is chiefly used in medicine
on the Continent. In this country we use the precipitated ses-
quisulphuret.

40. Uranton. U = 217.

This metal occurs in the form of protoxide, along with other
oxides in the mineral pitchblende ; and in that of peroxide in
uranite and uran mica. When an excess of pitchblende is
digested with diluted nitric acid, uranium dissolves, to the
exclusion of iron, and after lead, copper, bismuth, or arsenic,
have been removed by sulphuretted hydrogen, the solution may
be considered pure. Carbonate of ammonia precipitates the
peroxide of uranium, but an excess re-dissolves it ; and this solu-
tion, if boiled, deposits pure peroxide of uranium, of a very fine
yellow colour. The metal is little known ; and from recent re-
searches, it would appear, that what was supposed to be the
metal is an oxidised bo%y, acting, according to Péligot, the part
of a metal ; while, according to others, it is the protoxide of the
true metal. In the present state of our knowledge, it is not easy
to decide ; and as the metal is not one of great importance, I shall
not enter into details here ; merely stating, that the oxide for-
merly called protoxide, is used for giving a fine black in painting
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on porcelain ; and that the peroxide and all its compounds have
rich and permanent yellow colours. Its solutions are yellow,
and give with ferrocyanide of potassium, a rich chestnut brown
precipitate.

41. Cerrvm, 42, LANTANIUM.

These metals are in a state of still greater uncertainty. They
occur invariably associated in some very rare minerals, and are
not yet known in a state of purity. This applies to the oxides
likewise. According to the most recent researches of Mosander,
who discovered lantanium, -these two 1metals appear to be
always associated with a third, didymium, which is not yet fully
described. It would be absurd at present to give a description
which would infallibly have to be altered in a very short time,
All these metals are too rare to become of any practical interest.

43. Bismuta. Bi = 71-07.

Occurs sometimes as metal, more frequently as sulphuret. It
is a highly crystalline metal, of a reddish white colour, fusible at
476°% and even volatile in close vessels. When heated in the
air it burns with a bluish flame, forming oxide of bismuth. Bis-
muth is an ingredient in Newton’s fusible metal, and in various
fusible alloys.

BISMUTH AND OXYGEN.

a. Protoxide of Bismuth. BiO = 79-083.

To obtain it, bismuth is dissolved in nitric acid, and the solu-
tion thrown into water, when a copious white precipitate of sub-
nitrate of bismuth is formed. This is washed, dried, and ignited,
and protoxide of bismuth is left. It is a yellow powder, fusible
at a red-heat. With acids it forms colourless salts. Most of
these salts are decomposed when thrown into water ; and this
character, coupled with the black caused by sulphuretted hy-
drogen, enables us easily to recognise the presence of bismuth,
and to separate it from other metals.

b. Peroxide of Bismuth. Bi, O, = 166-179.

Formed when protoxide of bismuth is fused with hydrate of
potash, or when 1t is digested in a solution of chloride (hypo-
chlorite) of soda. It is a heavy brown powder, of a neutral
character.

Chloride of Bismuth. Bi Cl = 106:42.

Powdered bismuth takes fire in chlorine gas, and forms a grey
semisolid chloride, not volatile, the old butter of bismuth.

Bromide of bismuth resembles iodine in appearance ; it is
fusible and volatile.



202 TITANIUM.

The sulphuret of bismuth found in nature is of a lead grey
colour ; that formed by the action of sulphuretted hydrogen on
the salts of bismuth is black. It is a protosulphuret, Bi S.

44. Trranom. Ti= 243

This metal is found oxidised in several minerals ; and occurs
occasionally in the metallic form, in the slag of iron works, as
small cubical crystals, exactly similar to copper in appearance,
of Sp. G. 5:3, and very infusible. When heated with nitre, they
are oxidised, producing titanic acid.

TITANIUM AND OXYGEN.
a. Protoxide of Titanium.  TiO?

When a solution of titanic acid in hydrochloric acid is acted
on by zine, a purple powder is thrown down, which is supposed
to be a hydrate of the protoxide. It rapidly absorbs oxygen from
the air, and is reconverted into titanic acid.

b. Titanic Acid. TiO, = 40-326.

To obtain this acid, rutile, which is a native titanate of iron
and manganese, is heated to strong redness in a porcelain tube,
and sulphuretted hydrogen gas passed over it, which acts on the
oxides of iron and manganese, converting them into sulphurets ;
the operation is continued as long as water is formed, and the
residue is digested in hydrochloric acid, which dissolves the sul-
phurets, leaving the titanic acid, mixed with a little sulphur,
Should it not appear quite white, the process is repeated.

Titanic acid is a snow-white infusible solid, in its relations
somewhat analogous to silicic acid. When it has been fused
with alkali, it becomes soluble in strong hydrochloric acid, but
it is precipitated by boiling. A solution of galls causes an orange
red colour in its solution, and a rod of zinc causes a purple depo-
sit. Titanic acid is used in making the finer kinds of enamel for
artificial teeth, from its whiteness and hardness,

BICHLORIDE OF TITANIUM.

Formed by passing chlorine gas over metallic titanium, or a
mixture of titanic acid and charcoal, at a red-heat. It is a
transparent colourless liquid, boiling a little above 212°% and
fuming strongly in the air. When a few drops of water are
added to a portion of it, a very violent action takes place, and
a solid hydrate of titanic acid is left, hydrochloric acid being
given off. TiCl,+2 HO=Ti 0,+2 H Cl. It absorbsa large
quantity of ammonia, and yields a solid compound.
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Bisulphuret of titanium is formed by passing the vapour of
bisulphuret of carbon over titanic acid, at a white-heat. CS
+ Ti0,=CO0, + Ti§,. It forms thick, green masses, which
become yellow and metalzlic-looking by friction.

45. TerLuriom. Te = 642,

This very rare metal occurs alloyed with gold and silver. It
has a colour between that of tin and lead, is very brittle, and has
the Sp. G. 6:2578. It is very fusible, and volatile at a red-heat.
It forms two oxides. The first, oxide of tellurium, or tellurous
acid, Te O,, is analogous to selenious acid, and like it formed
by the action of nitric acid on the metal. It is a white insoluble
powder, which forms with the alkalies crystallisable salts, from
which it is separated by acids as a flaky hydrate, which dissolves
in acids, and even in water. It is blackened by sulphuretted
hydrogen, and reduced to the metallic state by zinc and other
metals. The other oxide is telluric acid, Te O, which is formed
when tellurium is deflagrated with nitre. It is a soluble and
crystallisable acid ; the crystals are Te O,, 3 HO. Its salts are
not much known. } )

There are two chlorides: the protochloride, Te Cl, a black
solid, yielding a violet vapour ; and the bichloride a white, vola-
tile, crystallisable solid.

With sulphur, tellurium forms two compounds, one of which,
the bisulphuret, Te §,,is a dark-brown powder ; the other is
yellow, but not permanent.

With hydrogen, tellurium forms a gaseous compound, obtained
by the action of hydrochloric acid on an alloy of tellurium with
zinc, It is a feeble acid, analogous in composition, smell, and
other characters, to sulphuretted hydrogen. , With water it
forms a claret-coloured solution, which precipitates many metal-
lic salts, yielding precipitates which are tellurets of the metals,
analogous to the sulphurets and seleniurets. Its formula is
H Te, and its action on metallic oxides is, H Te + M O =M Te
+ HO.

46. Copper. Cu=—3l-6.

This important metal is sometimes found as metal, but it
chiefly occurs in copper pyrites, the sulphuret, and in blue
copper ore, or malachite, which is carbonate of copper. The
latter ore, heated with charcoal, yields the metal most easily.
It is distinguished from all other metals, except titanium, by its
red -colour. It melts in a strong red-heat, and has the Sp. G.
8667. It is both ductile and malleable, and has a high degree
of tenacity. It is hard, elastic, and sonorous. Heated in the
open fire it absorbs oxygen, and produces a black crust of oxide
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‘of copper, CuO. Its proper solvent is nitric acid, but it dis-
solves in all acids if air be admitted, even in the cold. This
renders its use for culinary purposes dangerous, as copper ves-
sels left with vinegar, or any vegetable acid in them, are sure to
be corroded, and the solutions are very poisonous. Copper is an
ingredient of brass, in which it is combined with zinc, and of
bronze and bell-metal, in which it is alloyed with different pro-
portions of tin.

COPPER AND OXYGEN,
a. Protoxide of Copper. CuO=—239-613.

Sy~. Black Oxide of Copper—1Is obtained, as above, by heat-
ing copper in air, or bl}; calcining nitrate of copper, when the
oxide is left. It is a heavy black powder, which is a strong
base, and forms with acids, salts, all of which are blue or green.
The solutions of this oxide have generally a blue colour; they
give with potash a pale blue hydrate, becoming black when
boiled in the liquid in which it was formed ; with ammonia in
excess a deep violet blue solution ; with sulphuretted hydrogen,
a black ; and with ferrocyanide of potassium, a chestnut-brown
precipitate. The last test is highly delicate. Iron throws down
metallic copper from these solutions. Black oxide of copper is
not decomposed by heat, but has the valuable property of. yield-
ing all its oxygen at a red heat to organic matter; hence its
importance in organic analysis.

~

b. Suboxide of Copper. Cu, 0=71-213.

Syn. Red Owide of Copper—Occurs native, and is formed
when a mixture of dried sulphate of copper, dried carbonate of
soda, and copper filings, is ignited strongly for 20 minutes. It
is a red powder. It dissolves in hydrochloric acid, forming a
colourless solution, from which alkalies precipitate an orange
hydrate, but most acids resolve it into black oxide and copper.
Cu,0=~CuO 4 Cu. Itisa feeble base.

COPPER AND CHLORINE,
Chloride of Copper. Cu Cl— 66-02.
Forms green deliquescent needles, which are a hydrate. The
anhydrous chloride 1s yellow.
Dichloride of Copper. Cu, Cl=98:62.

Is found when copper-filings are heated with_2 parts of cor-
rosive sublimate. A resinous-like, fusible mass, of a yellow or
brown colour,

———
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Diniodide of Copper. Cu, I==1897.

Formed when iodide of potassium is added to a solution of
1 part of sulphate of copper, and 3 parts of sulphate of iron.
It falls as a dirty white precipitate. We are thus enabled to
precipitate the whole of the iodine from any iodide ; for if we
add only sulphate of copper, not more than one-half of the
iodine is got, the other half being set free, because no proto-
iodide of copper exists.

Disulphuret of Copper. Cu, S=79-32.

This is the native ore, copper pyrites, and is formed when
sulphuretted hydrogen acts on solutions of copper. *

The best antidote to the preparations of copper is white of
egg, which forms with oxide of copper an inert compound.

47. Leap. Pb=103-6.

This valuable metal chiefly occurs combined with sulphur,
forming the mineral galena, or lead-glance, from which all the
lead of commerce is obtained. It is also met with as carbonate,
sulphate, phosphate, and arseniate of oxide of lead. The galena
is roasted, to expel the sulphur and oxidise the lead, and the
oxide is heated with charcoal to reduce the metal ; indeed, a
good deal of lead is obtained by heating the ore alone in a rever-
beratory furnace, where it is partly converted into sulphate of
lead, and partly into oxide. Both of these act on undecomposed
sulphuret, yielding sulphurous acid and metallic lead : thus,
2PIl’)1? + PbS=S50, + Pb, : and, Pb0,S0, + PhS=280,
+ Pb,.

Lead has a bluish-grey colour, and high lustre, but soon tar-
nishes. Its Sp. G. is 11381, ‘It is malleable, ductile, soft, and
flexible, but of inferior tenacity. Jt melts about 612°. When
heated in air it is rapidly oxidised, and, according to the heat,
yields protoxide, or red oxide. The grey matter that forms on
the surface of melted lead is a mixture of metal and protoxide.”

Lead, when exposed to the action of air and moisture, is
rapidly corroded, and particularly in contact with pure or rain-
water, forming a white crust of carbonate, which is highly
poisonous. The oxygen and carbonic acid are absorbed from the
air. This renders lead quite improper for pipes or cisterns,
where rain-water, or very soft water, is to be kept in them ; but
Dr. Christison has shown that lead is protected by the presence
of a minute quantity of saline matter, particularly sulphates,
and as these exist in hard-water, or even in such water as that
of Edinburgh, in sufficient quantity, lead may be safely used
in such cases, as it is not corroded, the surface becoming
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coverled with an insoluble film, which protects the mass of the
metal. '

. Lead is a most useful metal, not only in itself, but as an ingre-
dient in pewter, solder, and other important alloys.

LEAD AND OXYGEN.
a. Protoxide of Lead. PbO=—111'613.

Prepared by heating lead in air till it is entirely converted
into a yellow powder, which is the protoxide, often called mas-
sicot. When partially fused, as in the process of cupellation, it is
called litharge. It is a heavy, insoluble, yellow or reddish powder,
which is a base, and forms with acids the salts of lead, which
are generally colourless, and have a sweet taste. Their solutions
give with potash a white hydrate, soluble in excess ; with car-
bonates, a white carbonate, which is the paint white lead ; with
sulphates, or sulphuric acid, a white insoluble sulphate ; with
iodide of potassium, a bright yellow iodide of lead ; with sul-
phuretted hydrogen, a dark brown, nearly black sulphuret.
Lead is very easily recognised in solution by the combination of
the two tests of sulphuric acid, and sulphuretted hydrogen, or
iodide of potassium and sulphuretted hydrogen. .

b. Sesquioxide of Lead. Pb, O, —231-239.

Is formed when solution of hypochlorite of soda is added to
protoxide of lead dissolved in caustic soda. It is a reddish
yellow insoluble powder, resolved by acids into protoxide and
oxygen,

c. Peroxide of Lead. PbO, —119-626.

Prepared by acting on red oxide of lead (see below) with
dilute nitric acid, which dissolves protoxide, and leaves peroxide
of lead as a puce-coloured insoluble powder. It is also formed
when litharge is fused with chlorate of potash at as low a heat
as possible ; and when chlorine is passed through a solution of
acetate of protoxide (sugar of lead). Here, 2 PbO 4 C1—=PbCl
+ PbO,. The peroxide yields oxygen when heated, or when
acted on by acids, which combine with protoxide, liberating
oxygen.

d. Red Oxide of Lead. Pb, 0,—342-852.

This well-known pigment is formed when lead is exposed to
a current of air at 600° or 700°. It is formed either of protoxide
and peroxide, 2 PbO + PbO, ; or of sesquioxide and protoxide,
Pb,O, + PbO. Acids resolve it into peroxide and protoxide,
It 1s much used in the manufacture of flint glass, to give bril-
liancy and fusibility to the glass.
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Chloride of Lead. Pb Cl= 3902

Is formed when hydrochloric acid or a soluble chloride is added
to any solution of a salt of protoxide of lead : HC1 4 PhO =
PbCl' 4 HO. It is deposited in strong solutions as a white
precipitate, sparingly soluble in cold water, It dissolves in hot
water, and forms white needles on cooling. It is fusible below
a red-heat, and forms on cooling a horny mass.

Todide of Lead. PbI=—=229.

Formed when hydriodic acid or a soluble iodide is added to a
salt of protoxide of lead. KI + PbO, NO, =PbI 4 KO,NO,.
It forms a bright yellow very sparingly soluble precipitate, which
dissolves in hot water, forming a colourless solution ; and, on
c?oling, deposits beautiful yellow six-sided tables with the lustre
of gold.

lgiromide of lead, PbBr, resembles the chloride.

Sulphuret of Lead. PbS=—1197.

This is the native compound from which the lead of commerce
is obtained. It is grey, and has a high metallic lustre, and is
often found beautifully crystallised in cubes. By the action of
fuming nitrie acid, it is entirely converted into sulphate of lead.
PbS + 4NO, =Pb0,80, + 4NO,. 1t is formed by the
action of sulphuretted hydrogen on the salts of lead, as a black
powder.

OrpER 3.—METALS, THE OXIDES OF WHICH ARE REDUCED TO THE
Mgeratic State BY A REp-HEear.

48. Mercury. Hg=—202.

This metal is distinguished from all others by its being liquid
at ordinary temperatures. It is occasionally found in the
metallic state ; but its usual ore is the bisulphuret, known as
cinnabar. From this it is obtained by distilling it in iron vessels
with iron filings.

The appearance of mercury or quicksilver is well known.
Its Sp. G. is 13:545 at 47° : but it contracts in freezing ; and as a
solid, its Sp. G. is 15:612. It freezes at —39°, and boils about
620°. When heated to its boiling point along with air, it slowly
combines with oxygen, forming a red powder, which is peroxide
of mercury, the ozydum hydrargyri rubrum per se of the older
chemists. At a somewhat higher temperature the oxygen again
separates from the metal. The uses of mercury for barometers,
thermometers, mirrors, &c., are universally known.
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MERCURY AND OXYGEN.
a. Protoxide of Mercury. HgO =210-013

To prepare it, protochloride of mercury (calomel) is rapidly
mixed with aqua potassz in excess, by rubbing in a mortar ; and
the black powder formed is washed with cold water and dried
in the dark. HgCl+ KO =KCl + HgO. It is a black or
dark olive powder, which is easily resolved into peroxide and
metal : 2 HgO = HgO, 4 Hg ; and hence is difficult to keep.
It is a feeble base, and forms with acids crystallisable salts, such
as the acetate and nitrate. Its solutions are precipitated black
by caustic alkalies : white (calomel) by hydrochloric acid, or a
soluble chloride ; and the metal is reduced by copper, phosphor-
ous acid, or protochloride of tin. i

b. Peroxide of Mercury. HgO,=—=218-026.

Is formed, as above mentioned, by the combined action of heat
and air ; but much more readily by dissolving mercury in nitric
acid, evaporating to dryness, and heating the dry residue as long
as any nitrous acid is given off. The peroxide is left in the form
of a crystalline scaly powder, nearly black while hot, but of a
light red when cold. In this form it is often called red precipi-
tate, a most absurd name, as it has not been prepared by precipita-
tion, and when precipitated it appears as a yellow hydrate. It is
a base, and forms salts with acids, which are apt to be decom-
posed by hot water, yielding insoluble yellow sub-salts and
soluble super-salts. These salts give a yellow precipitate with
caustic potash, a white with ammonia, and a fine scarlet with
iodide of potassium ; phosphorous acid, protochloride of tin, and
copper, reduce the mercury to the metallic state.

Both the oxides of mercury, in their solutions, are precipitated
black by sulphuretted hydrogen. 1

MERCURY AND CHLORINE.
a. Protochloride of Mercury. HgCl—23742.

Syn. Calomel—Qccurs sparingly as horn quicksilver in the
mineral kingdom. May be prepared either by subliming a
mixture of bichloride of mercury and mercury, HgCl, + Hg,
which yields 2 HgCl ; or by adding hydrochloric acid or solution
of common salt to a solution of protonitrate of mercury, when
the protochloride is precipitated. HgO, NO, + NaCl = NaO,
NO, 4+ HgCl. Itis a heavy white volatile powder, insoluble
in water. It is blackened by alkalies. When first prepared, it
is always contaminated with corrosive sublimate, and must be
well washed with hot water before it is used as a medicine.
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b. Bichloride of Mercury. HgCl, =—272-84.

Syn. Corrosive Sublimate—This compound is formed when
mercury is heated so as to burn in chlorine gas. It is prepared
by subliming a mixture of ‘bisulphate of peroxide of mercury
with common salt. HgO,, 280, 42 NaCl=2(NaO, SO,)
+ HgCl,. Or it may be formed by dissolving peroxide of mer-
cury in hydrochloric acid, when it is deposited in crystals. It is
a heavy, translucent, crystalline, volatile solid, soluble in 20
parts of cold water, and in two parts of hot wrter. It has a
very disagreeable acrid, metallic taste, and is very poisonous.
Its solution gives, with fixed alkalies, a yellow precipitate of
hydrated peroxide ; with ammonia, a white insoluble powder,
called white precipitate ; with sulphuretted hydrogen, first a
white, and when the test is added in excess, a black precipitate
of sulphuret ; with iodide of potassium, a scarlet precipitate of
periodide ; and with protochloride of tin, a grey powder of running
mercury.

The proper antidote to corrosive sublimate, as a poison, is
albumen or white of egg, which forms with it an insoluble and
inert compound. -

MERCURY AND IODINE,
a. Protoiodide of Mercury. HgI—3283.

This compound is formed when iodine and mercury are
rubbed together in the proper proportions, with a little alcohol,
which facilitates the combination ; or when iodide of potassium
is added to solutions of protoxide of mercury ; HgO 4 KI=
KO 4 Hgl. It is a greenish yellow, heavy insoluble powder,
which may be sublimed ; but s apt to be decomposed by heat,
and especially by light, into metallic mercury and periodide.
2 Hgl=HgI, 4+ Hg.

b. Biniodide of Mercury. Hgl,=—4546.

Syn. Periodide of Mercury—1Is obtained by rubbing together
iodine and mercury in the proper proportions, with a little
alcohol, and subliming ; or by adding iodide of potassium to a
solution of corrosive sublimate. HgCl, +2KI1=2KCl +
HgI,. It is an insoluble powder, of the most brilliant scarlet
colour, superior to that of vermilion, and equal to that of certain
flowers, such as _lobelia cardinalis, salvia splendens, and certain
varieties of pelargonium : but unfortunately it loses part of its
brilliancy when exposed to light under certain circumstances.
Although insoluble In water, it dissolves easilyin anexcessof either
of its precipitants ; a hot solution of nitrate of peroxide of mercury
dissolves it, and on cooling, deposits it in beautiful red crystals,

3
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The biniodide, when heated, undergoes a remarkable change :
the red powder, which has an earthy aspect, passing into yellow
crystals ; and when further heated, melting and subliming in
large yellow rhombic tables. Either.these, or the yellow crystal-
line’ powder first mentioned, sometimes retain their yellow
colour pretty long ; but agitation, or friction, or the mere touch
of a sharp point, at once causes them to-become red, beginning
at a point or points, and gradually changing throughout the
mass, This is the result entirely of a new molecular arrange-
ment ; for the composition of the red and yellow iodide is pre-
cisely the same.

The bromides of mercury are very similar to the chlorides.

MERCURY AND SULPHUR.
a. Protosulphuret of Mercury. HgS=—2181.

Formed by the action of sulphuretted hydrogen on diluted pro-
tonitrate of mercury. It is a black powder which, by heat, is
resolved into metallic mercury and bisulphuret.

b. Bisulphuret of Mercury. Hg S, =—=2342.

Occurs naturally, as' cinnabar, and is the chief ore of mer-
cury. Is formed by fusing sulphur with 6 parts of mercury,
and subliming ; or by pouring a solution of corrosive sublimate
into an excess of hydrosulphuret of ammonia, when a black
powder falls, which 1is to be dried and sublimed. When sub-
limed, the bisulphuret forms a dark red crystalline mass, called
cinnabar, which, when finely powdered, acquires a very fine
red colour, and becomes vermilion. .

The black powder obtained by triturating together equal parts
of mercury and sulphur, and long known as. Ethiops mineral, is
a mixture of sulphur with bisalphuret. It is to be observed,
that the bisulphuret, like the biniodide, exists in two states,
being sometimes black, and sometimes red.

49. Sicver. Ag=—108-31.

This beautiful and useful metal is found in the metallic state ;
also, as chloride and as sulphuret. It occurs also alloyed with
gold, tellurium, antimony, copper, and arsemic. Almost all
varieties of galena (the ore of lead) contain a small proportion of
sulphuret of silver ; and in many places, it is found worth while
to extract this silver from the lead smelted from the ore. The
separation of lead from silver is effected by cupellation ; that is,
by heating the alloy in a current of air, when the lead is oxi-
dised, and the oxide is either absorbed by the cupel or porous
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cup ; or, on the large scale, is raked away to the side, while the
silver remains as a bright metallic globule, or button. From
the ore in which silver occurs as metal, it is extracted by amal-
gamation with mercury ; and the amalgam being distilled, leaves
pure silver.

When the proportion of silver in lead is very small, it may be
still rendered available by melting the lead, and allowing it to
crystallise, the crystals first formed being the richest in silver.
These are ladled out, and again melted and subjected to the
same process, by which is at last obtained a lead very rich in
silver, and at the same time a quantity of lead nearly free from
that metal, The former is now cupelled, and the silver
obtained. p

Silver has a fine white colour and high lustre. It is highly
malleable and ductile, and, when pure, is a soft metal. ItsSp.
G. is 105 ; it melts at a full red-heat, and when melted in open
vessels, it absorbs a considerable quantity of oxygen, without
apparently combining with it ; and on consolidating, gives out
the whole, causing the metal to assume a beautiful frosted aspect.
The uses of silver are quite familiar. For the purpose of making
coinage, or silver plate, it is alloyed in this country with rather
less than % of copper, which renders it much harder and fitter
for wear.

When silver, as commonly happens, has been alloyed with
copper, it is purified in several ways. 1. By dissolving the alloy
in nitric acid, and adding common salt, which throws down the
silver as chloride ; and from this the metal is separated (see be-
low). 2. By dissolving the alloy in oil of vitriol, with the aid of
heat, and acting on the hot solution with metallic copper, which
precipitates the silver as metal, the copper taking its place in the
solution. In both processes, the small quantity of gold usually
present in commercial silver, is left by the acid as a black pow-
der, when the silver and copper ate dissolved ; and its extraction
generally covers the whole expense of the purification of the
silver, leaving, besides, a profit to the purifier.

Oxide of Silver. AgO=—116-323.

This, the only oxide of silver, is obtained by dissolving silver
in nitric acid, and adding caustic potash, when the oxide is pre-
cipitated as a brown powder. It may also be formed by boiling
the moist, recently-prepared chloride with very strong potash,
when it appears as a very dense pure black powder. 1I)t isa
base, and neutralises all acids, forming salts, most of which are

insoluble, or sparingly soluble. The oxide is reduced to the
metallic state by a retheat. Its solutions are easily recognised.
P2
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They give, with caustic fixed alkalies, a brown precipitate ; with
ammonia, a similar one, soluble in the slightest excess ; with
hydrochloric acid, or any soluble chloride, the white curdy pre-
cipitate of chloride of silver, insoluble in water and acids, but
soluble in ammonia ; and with sulphuretted hydrogen, a dark
brown, nearly black precipitate of sulphuret. Silver and all its
compounds are very sensitive to sulphuretted hydrogen, which
blackens them. Most of the compounds of oxide of silver are
very soluble in ammonia ; and all the compounds of silver are
darkened by the action of light, a property which has lately been
applied to useful purposes in the Daguerréotype, Calotype, and
other photographic methods. Oxide of silver is reduced to the
metallic state from its solutions by copper, zine, and several other
metals, When mercury is used, there is formed a beautiful
arborescent crystallisation of an alloy of silver and mercury,
called Arbor Dianz. :

When precipitated oxide of silver is acted on by ammonia, a
dark powder is formed, which fulminates violently when heated,
or by friction. Its composition is not exactly known ; but it
probably contains a compound of silver with nitrogen.

Chloride of Silver. Ag Cl —=143:78.

Is found in the mineral kingdom as horn silver ; and is formed
whenever oxide of silver comes in contact with chlorine, hy-
drochloric acid, or a soluble chloride. Ag+OH Cl (or M Cl)=.
Ag C14+-HO (or MO). It then forms a heavy white curdy precipi-
tate, quite insoluble in water and acids, but soluble in ammonia,
Hence, a solution of silver is a most delicate test for hydrochlo-
ric acid, or chlorides. The chloride melts at a heat below 600°,
and, on cooling, forms a translucent horny mass. The freshly
precipitated chloride is very sensitive to light, and this is the
foundation of Talbot’s Calotype. :

To reduce the chloride to the metallic state, several methods
are followed. 1. It is covered with water acidulated with hy-
drochlorie acid, and a rod of zinc is introduced, which gradually
reduces the whole mass of chloride. AgCl4+Zn=Ag+Zn Cl.
The silver is digested in dilute hydrochloric acid, washed, dried,
and fused. 2. The dried chloride is fused with carbonate of
potash, when carbonic acid and oxygen are given off, chloride
of potassium is formed, and metallic silver collects as a button
in the bottom of the crucible. In this process, the effervescence
is troublesome ; and if-the heat be not high enough, the silver
remains disseminated in the mass ; while, if the heat be too high,
the crucible is corroded, and the silver flows into the fire.
Hence this process, although it succeeds in experienced hands,



GOLD. 213

is very apt to fail in those of beginners, for which reason I have
proposed the following. 3. The freshly precipitated chloride,
while still moist, is boiled with very strong caustic potash, till it
is converted into black oxide of silver entirely, or in great part.
The oxide is then heated with a little pearlash and borax, and
vields a button without any risk of failure. The oxide thus
prepared, answers admirably for making pure nitrate of silver,
as diluted nitric, and dissolves it instantly, leaving undissolved
any undecomposed chloride. The action of the potash in the
two last processes is very simple. Ag Cl4+KO=K Cl+4AgO.

Todide of Silver. AgI—234-88.

Formed under the same circumstances as chloride of silver,
which it resembles. It is a yellowish white insoluble powder, in-
soluble in water, and nearly so in ammonia. It is very sensitive
to light, and a film of iodide of silver is the substance which re-
ceives the impressions in the silver plates of the Daguerréotype.

The bromide of silver is very similar to the chloride.

Sulphuret of Silver. AgS=—12443.

Occurs as a mineral, silver glance, and is formed by the action
of sulphuretted hydrogen on oxide of silver, or indeed on silver
itself, or any compound whatever. Polished silver is instantly
tarnished by the minutest trace of sulphuretted hydrogen,
so that coal-gas, which contains a mere trace of that gas, cannot
be used in silversmith’s shops. It would appear that the
affinity of silver for sulphuris very powerful.

50. GoLp. Au—199-2.

This metal is found native, either pure, or alloyed with silver
and tellurium. When combined with silver, it is purified by
quartation ; that is, by fusing it with so much silver, that the
gold does not exceed one-fourth of the mass, and then acting on
the alloy by nitric acid, which dissolves the silver, and leaves
the gold as a black or brown powder, which, when fused, assumes
the peculiar yellow colour of gold.

Gold is distinguished by its pure yellow colour, high metallic
lustre, and great demsity. Its Sp. G. is 19-3. It is the most
ductile and malleable of all metals ; and it melts in a strong red
or white heat. Fromits feeble affinities, gold does not readily
tarnish, and may be heated for any time without change, except
when it is exposed to a strong electric spark, when it burns with
a green light. No single acid dissolves it ; but it is easily dis-
solved by chlorine apd by nitro-hydrochloric acid, or aqua regia,
chlorine being apparently the solvent in both cases.
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GOLD AND OXYGEN,
The oxides of gold can only be obtained by indirect means.

a. Protoxide of Gold. AuO=—207-213.

Formed by the action of cold potash on protochloride of gold. ;
It forms a green precipitate, which is soon resolved into peroxide
and metallic gold.

b. Peroxide of Gold. Au 0, =223-239.

Obtained by adding carbonate of potash to a neutral solution
of perchloride of gold, as a brownish-yellow hydrate, which at
212° loses its water and becomes black. It is a very feeble
base, having apparently a tendency to combine with bases
rather than with acids. When acted on by ammonia it yields
fulminating gold, a very dangerous compound, which probably,
like fulminating silver, contains a compound of gold with
nitrogen. A binoxide of gold, AuO,, is supposed to exist,
and to be formed as a purple powder when gold is burned by
the electric spark.

GOLD AND CHLORINE.

a. Protochloride of Gold. Au Cl —234-67.

Formed by exposing the perchloride to a heat of 600°. It is
a yellow insoluble powder, which by boiling in water is changed
into metallic gold and perchloride. 3AuCl=Au, 4 AuCl,.

b. Perchloride of Gold. Au Cl,; == 305-61.

This, the usual form in which gold is dissolved, is formed
when gold is acted on by aqua regia or by chlorine. It forms,
when evaporated sufficiently, ruby-red crystals, which are deli-
quescent. The solution is yellow. It is reduced to the metallic
state by many deoxidising agents, such as protosulphate of iron,
formic acid and formiates, &c. &c.; and when the reduction -
takes place in a diluted solution, the metallic gold appears as
a blue powder as long as it is suspended in the liquid. Deoxi-
dising agents probably act by decomposing water, the hydrogen
of which deprives the gold of chlorine. Chloride of gold is
also reduced directly by the action of hydrogen, phosphuretted
hydrogen, and metals. When heated it is first reduced to pro-
tochloride and afterwards to metallic gold.

When solution of protochloride or sesquichloride of tin is
added to solution of gold, a purple precipitate is formed, long
known as the purple of Cassius, and used for staining glass.
Its composition is not known with certainty, but it contains
gold, tin, and oxygen.
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The iodides of gold are in" composition analogous to the
chlorides. The sulphuret, formed by the action of sulphuretted
hydrogen on the perchloride, is a black powder, supposed to be
a tersulphuret, AuS,.

51. Pratinum. Pt=—98:84.

This metal, like gold, is found in the metallic state, but
always alloyed with other metals, and generally mixed, as the
ore of platinum is, in the form of sand, with gold, silver, and
other minerals in small proportion. The purification of plati-
num is a tedious operation, too difficult to be described here
in a few words. But the essential parts of the process are the
dissolving the platinum ore in aqua regia ; the precipitating the
platinum as a double chloride of ammonjum and platinum ; and
the igniting of this salt, which leaves pure platinum in a spongy
state, containing, perhaps, a trace of iridium. The double
chloride may also be reduced by the action of zinc and diluted
sulphuric acid, when the platinum is obtained as a dense black
powder. Spongy platinum is rendered malleable by being first
exposed to powerful pressure, and then heated and hammered
till it is rendered dense and workable. Or it may be fused
before the oxyhydrogen blowpipe, being quite infusible in the
furnace.

Pure platinum resembles silver, but is not so white. Its
density is about 21°5, and it is both malleable and ductile,
particularly the latter. It is not melted by any furnace-heat,
nor acted on by air and heat together ; hence its extreme utility
to the chemist. When ignited with caustic alkalies, however,
it is oxidised and corroded ; and care should be taken never to
heat any metal in vessels of platinum, as it readily forms alloys,
and is much injured in consequence. The proper solvent of
platinum is chlorine or aqua regia, but it dissolves less easily
than gold.

_One of the most important properties of platinum is its power
of causing gases to enter into combination. Wkhen a current of
hydrogen gas falls on spongy platinum or platinum powder in
the air, combination between hydrogen and oxygen takes place
at the surface of the platinum, and the heat developed is suffi-
cient to make the metal red-hot. The red-hot metal, then
acting like any other red-hot body, sets fire to the hydrogen.
This power is present even in solid polished platinum ; for if a
perfectly clean %late of platinum be introduced into a mixture
of oxygen and hydrogen, it will cause them to combine, and
may, by becoming red-hot, even produce explosion. But the
power is seen in greatest perfection in the black powder of
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platinum ; and Débereiner has shown that this powder con-
tains within its pores about 250 times its volume of oxygen,
which, as the pores do not exceed 1 of the powder, must
occupy no more than % of its bulk as gas, and must be
denser than water. This explains the action on hydrogen. In
the case of the polished metal it is supposed that the particles
of the gases, which repel each other, are attracted by the metal,
and consequently, on its surface, come within the sphere of
affinity. The powder of platinum, by virtue of the oxygen in
its pores, rapidly oxidises the vapour of alcohol into acetic acid,
&ec. ; and the smallest portion of this powder introduced into a
mixture of oxygen and hydrogen causes instantaneous explosion.

OXIDES OF PLATINUM.

Platinum appears to form a green protoxide, PtO, and a rust-
coloured binoxide, Pt O, which, when anhydrous, is nearly
black ; but these compounds are even more prone to change
than the oxides of gold, and the binoxide is hardly to be
obtained pure, owing to its tendency to combine with the
alkalies used to precipitate it. Both oxides are prepared from
the chlorides.

PLATINUM AND CHLORINE.

a. Protochloride of Platinum. Pt C1=—134-31.

Prepared by heating the bichloride to 450°, when the proto-
chloride is left as a greenish-grey insoluble powder. This
chloride enters into combination with ammonia, and the com-
pound, under certain circumstances, gives rise to several very
remarkable organic or quasi-organic bases, of which platinum is
an element.

b. Bichloride of Platinum.

This, the usual soluble salt of platinum, is best made by dis-
solving spongy platinum in aqua regia, and gently evaporating
to the consistence of syrup, when, on cooling, the whole forms
a crystalline brownish-yellow mass, very soluble in water.
The solution of platinum is characterised by yielding metallic
platinum as a black powder when acted on by zinc and diluted
sulphuric acid ; and by giving with salts of potash and of
ammonia a sparingly soluble yellow double chloride, which is
also reduced by zinc and sulphuric acid.

The iodides and sulphurets of platinum correspond in com-
position to the chlorides, but are of no practical interest. The
iodides are very dark-coloured, so that the addition of iodide of
potassium . to -a solution of platinum produces-a very intense
reddish-brown colour, gradually becoming nearly black.

T —
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52, Imiprvm. Ir— 98-84.

This is one of the metals which accompanies platinum. It
occurs combined with osmium, alloyed with a large proportion
of platinum, and occasionally nearly pure, but still containing
platinum. Specimens have been found of Sp. G. 23 to 26, indi-
cating that iridium is the heaviest of all metals. Tt is also the
‘most infusible, the hardest, and that which resists best the
action of acids. These latter properties would render it most
valuable if it could be wrought, but as yet it has proved
refractory. It is remarkably analogous to platinum, from
which it chiefly differs in the darker colour of its chloride,
and of the double chlorides which it forms with potassium and
ammonium. The Jatter occurs in very dark red octohedral
crystals, nearly black, which, when heated, leave metallic
iridium, very similar to spongy platinum, and acting in the
same way on hydrogen.

Iridium forms 4 oxides and 4 chlorides, which are little
known. They. have different colours ; hence the name iridium,
from iris, the rainbow. The oxides are IrO, Ir, O, IrO,, and
IrO,, and the chlorides correspond to them.

53. Osmiom. Os = 99-72.

This metal is found associated with iridium, constituting a
small part of the ore of platinum, which is insoluble in aqua
regia. When this residue is acted on at a red-heat, by nitre,
both the metals are oxidised, and the mass being distilled with
sulphuric acid, yields osmic acid, Os O,, which condenses in
fusible crystals. From the acid, the metal may be obtained by
the action of reducing agents, as a black powder, which becomes
metallic by friction.

Osmium is very infusible, and when it nas been ignited in
close vessels, may be heated in air without oxidation, It is
chiefly remarkable for forming with oxygen a volatile acid, which
has a pungent smell, like that of chlorine, and is very poisonous.
It forms, altogether, 5 oxides, Os O, Os, 0,, 0s O,, Os O, and
Os O, ; 4 chlorides, and 4 sulphurets, corresponding to the
4 first oxides.

54. Patrapion. Pd=53-3.

This metal is also one of those which occur in small quantity
in the ore of platinum. It has lately been found rather more
abundantly, alloyed with gold and silver. When the ore of pla-
tinum has been dissolved, and the solution rendered neutral by
evaporation to dryness and resolution in water, a solution of
bicyanide of mercury causes a flocculent, greyish, yellow pre-
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cipitate of cyanide of palladium. When this is ignited, the
palladium is left. It is rather more fusible than platinum,
which it resembles in colour, lustre, and malleability, but is
rather harder. Its Sp. G. is 11'3 to 11'8. From its not tar-
nishing, it is a valuable metal, and would be applied to many
useful purposes, if it were less scarce. It is chiefly used by
dentists in plates, as a substitute for gold. Itis dissolved by
nitric acid, but more easily by aqua regia.

Palladium forms two oxides: the protoxide Pd O, and the
binoxide, Pd O,, both of which are black when anhydrous,
and brown or yellow when hydrated. The binoxide forms fine
red salts, with acids, from which the palladium is precipitated,
as metal, by other metals, and by deoxidising agents in general.

There are two corresponding chlorides, a black protochloride,
Pd Cl, and a dark brown bichloride, Pd Cl,. The former yields
with chloride of potassium a yellow double chloride, the latter a
red one.

The protosulphuret of palladium, Pd S, is easily formed by
hei'a:aing the metal with sulphur. It is a brittle fusible grey
solid.

55. Ruoprom. R—=52-2.

This metal is also found, in small proportion, in the ore of
platinum. It is separated from platinum, when both are in the
state of chloride, by adding chloride of sodium, with which both
the chlorides form double salts, of which the platinum salt is
soluble, the rhodium salt insoluble, in alcohol. When purified,
the rhodium salt is dissolved in water, and the rhodium pre-
cipitated by metallic zinc. It appears as a black powder, which
may he fused in a powerful wind furnace, and is then white and
metallic, very hard, brittle, and of Sp. G. 11.

Rhodium is hardly dissolved by any acids, unless' when
alloyed with other metals. The best method of dissolving it is
to fuse it with bisulphate of potash, when it forms a soluble
double salt, Rhodium, from its great hardness, has been used
t(’.i) i;orlrln the tips of metallic pens, which are said to last won-

erfully.

It forms two oxides ; a protoxide, and a sesquioxide, R, O, 3
and probably two corresponding chlorides. The solution of the
sesquichloride is of a fine red colour, and most of the salts of
rhodium are either red or yellow.

The sulphuret of rhodium is bluish grey, metallic, and fusible
at a white-heat.
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ALLOYS.

The compounds of metals with metals are called alloys, and
many of them are extremely useful and important. The alloys
into” which mercury enters, as a component part, are called
amalgams.

Fine solder is an alloy of two parts of tin and one of lead.
It melts at 360°. Coarse solder, which melts at 500°, contains
one part of tin and three of lead. Hard solder, for copper, is a
compound of copper and zinc, the latter metal being in excess.

Pewter is composed of tin, with a little antimony, copper and
bismuth ; the inf%rior kinds contain a good deal of lead.

Newton’s fusible metal is composed of 8 parts of bismuth,
5 of lead, and 3 of tin, It melts below 212°,

Type metal is an alloy of 3 parts of lead, and 1 of antimony,

Bronze is composed of about 90 parts of copper to 10 of tin ;
bell-metal and gong-metal, of 80 parts of copper to 20 of tin.
Speculum metal, for telescopes, is formed of 2 parts of copper
and 1 of tin, with a little arsenic.

Brass is an alloy of copper and zinc ; the best contains 4 parts
of copper and 1 of zinc ; and when the proportion of zinc is
increased, we have tombac, Dutch gold, and pinchbeck.

Tutenague, or white copper, as it is called in China, or
German silver, as it is now called in Europe, is an alloy of
copper, zinc, and nickel ; the finer kinds containing most nickel.

Steel appears to form valuable glloys with a very small pro-
portion of some other metals. With a little silicon and alumi-
num, it yields a metal equal to the Indian wootz ; and with
small quantities of silver, platinum, rhodium, palladivm, and
even iridium and osmium, alloys of prodigious hardness and
toughness are obtained, 1 part of silver is sufficient to effect
a marked improvement,

Standard silver, and standard gold, are alloys, with from
to ¢ of copper, which much increases the hardness of these
metals, without injuring their colour.

An amalgam of tin is used for silvering the backs of mirrors ;
and an amalgam of 4 of mercury, 2 of bismuth, 1 of lead, and
1 of tin, is used for silvering the inside of hollow glass globes.

The amalgam used for exciting electrical machines is formed
of 1 part of zinc, 1 of tin, and 2 of mercury.

The tendency of mercury to combine with gold and silver is
made use of in extracting these metals from their ores. An
%malgam of 1 part of gold, and 8 of mercury, is used in gilding

rass.

It is probable that the best alloys are those which contain
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L
atomic proportions of their ingredients; but this subject has
been as yet little studied. Alloys are always more fusible than
their least fusible ingredient, and they are commonly harder and
more brittle than their elements. They are sometimes more
dense, sometimes less dense than we should expect from the
densities of the combining metals.

SALTS.
.

The salts are a very important and useful class of compounds;
but our space will not allow us to describe them minutely, and
we must be satisfied with a few general remarks, applicable to
the whole class, and with a brief statement of the characters
which distinguish the separate families of salts, as marked by
the acids they contain. We have already given, under the dif-
ferent metals, the characters of the different bases in their salts.
Fortunately the analogies among the very numerous salts are so
strong and well marked, that here, better than in any other
department, minute details may be omitted.

When the term salt was first extended beyond sea-salt, the
original type, it was applied to substances having similar pro-
perties, such as solubility, neutrality, and saline taste, with the
property of crystallising. It was found, after a time, that salts
were produced by the combination of acids with alkalies, or at
least by bringing them together, and as sea-salt was obtained
when soda and muriatic acid were mixed, it was supposed to be
formed of these constituents, just as sulphate of soda was sup-
posed to consist of sulphuric acid and soda.

But when, in process of time, it came to be known that sea-
salt contained neither muriatic acid nor soda, it was found neces-
sary, since it was impossible to deny the claim of sea-salt to
rank as a salt, to admit two kinds or classes of neutral salts, one
formed of an oxygen acid and an oxygen base ; the other, of a
salt-radical and a metal. Thus, while sulphate of soda was
NaO, SO, ; sea-salt was Na Cl; the former corresponding to
the hydrated acid, HO, SO, ; the latter to the hydrogen acid,
HCl. This, indeed, is the view which has for many years pre-
vailed. :

But it did not escape the sagacious mind of Davy, that,
according to this view, we give two different explanations of
phenomena almost identical, and that a more truly philosophical
view might be taken.

When hydrated sulphuric acid acts on soda, we have two
marked phenomeéna : these are, the formation of a neutral salt
and the separation of water. This is represented as follows :
Na O 4+ HO, 80, =HO + Na0, 80O,. = Now, when hydro-
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chloric acid acts on soda, we observe exactly the same phe-
nomena ; the formation of a neutral salt, and the separation of
water ; but the explanation is now different. It is Na O 4
HCI=NaCl + HO.

Davy showed that, in the latter case, but one explanation was
possible—because the hydrogen could only come from the hydro-
chloric acid, and the oxygen from the soda ; and he proposed so
to view the former case as to bring it under the same explanation.

He pointed out that we have no certainty that- the hydrated
sulphuric acid really contains water ; or the sulphate of soda,
oxide of sodium ; and that, instead of the formula HO,SO,, we
might with better reason adopt the formula H,SO, for the acid,
which would thus come to be considered a hydrogen acid, dif-
fering from hydrochloric acid only in containing a compound
radical, SO,, instead of a simple one, Cl. But, in the first
place, chlorine may not be really a simple body ; and secondly,
if it were so, we know that compound radicals exist, performing
exactly the part which is here ascribed to the hypothetical body
SO

Thus, cyanogen, Cy=C_ N, with hydrogen forms hydrocyanic
acid, HCy, which acts on bases exactly as hydrochloric acid
does, yielding a neutral salt (a cyanide) and water. MO<+HCy
=MCy+HO. 3

Let us represent SO, by Su, and then we have HSu=
hydrated or real sulphuric acid; and when it acts on soda,
NaO+4+HSu=NaSu+HO. We have then—

Radical of
Chlorine, Cyanogen.  Sulphuric Acid.
Radical 8 4 #51C) 23 Cy P Su
Hydrogen Acid B HCTY, | HCy .. H Su
Neutral Salt . o LG 1 McCy .. .M Su

In this form we see that, assuming sulphuric acid to be a
hydrogen acid, the whole of its relations admit of being ex-
pressed as simply as those of hydrochloric acid. These two
acids, and all acids analogous to either of them, come into the
same category, and the same is true of their salts, all of which
are considered compounds of metals with radicals, simple or
compound. In this simple way we get rid of the absurdity of
two different explanations for the same phenomena, and we
arrive at the following general definition of an acid and of a
salt :

An acid is the hydrogen compound of a simple or compound
radical, possessing the power of neutralising bases; and its
general formula is HR.
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A salt is the compound formed by replacing the hydrogen
of I?In acid by a metal ; and the general formula for a salt
is MR.

This is the only view that can be taken in the case of the
acids and salts of simple radicals ; but in the case of compound
radicals, we have already seen that another view is taken. For
example, oil of vitriol is considered to be, not a hydrogen acid,
but an oxygen acid united to water, and is called hydrated sul-
phuric acid, HO,80, ; and in its salts the water is supposed to
be replaced by metallic oxide, MO,S0O,.

In favour of this, the ordinary view, it is urged that dry sul-
phuric acid, SO, exists, and that, in contact with water, it
produces hydrated sulphuric acid ; in contact with bases, sul-
phates. That, although oil of vitriol may be viewed as H,80,,
this view is improbable, because the body SO, the supposed
radical, is unknown in a separate form, and that many undoubted
oxygen acids exist containing no hydrogen, as carbonic, silicic,
phosphoric, and chromic acids.

To these considerations it may be replied, that although the
body SO, exists, it is not truly an acid, and does not acquire
acidy properties until it has been in contact with water, and
combined with it, that is, with hydrogen. That with ammonia,
SO, does not form sulphate of ammonia, but an entirely dif-
ferent compound. That, although the supposed radical SO, is
unknown in a separate form, the same objection may be made to
the older view in the case of nitric acid and many other acids ;
for strong nitric acid is viewed as a hydrate of dry nitric acid,
HO,NO,, while dry nitric acid is quite unknown in a separate
form. That those oxygen acids which exist without hydrogen,
such as dry sulphuric acid, SO,, dry phosphoric acid, P,0,,
carbonic acid, CO,, silicic acid, SiO,, and chromic acid, CrO,,
either have no acid properties till water is added, as in the
case of SO, and P,0,, or possess very feeble and ill-marked
acid properties, as in the case of carbonic and silicic acids,
which cannot neutralise the alkalies, and form with them an
almost unlimited number of compounds. That all those oxygen
acids which possess in perfection the acid character, such as oil
of vitriol, nitrie acid, phosphoric acid in its active state, and the
whole of the organic acids, invariably contain hydrogen in a
form in which it is replaced by metals in the salts, or, according
to the older view, water, which in the salts is replaced by
metallic oxide. Now, as in water, HQ, and metallic oxide,
MO, the oxygen is the same, it is, even on that view, hydrogen
Zgﬁch is replaced by metal when an acid is converted inte a

t.
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It may be added, that considerations derived from the phe-
nomena of galvanic decomposition (Daniell), from the heat
developed when bodies combine to form salts (Grabam,
Andrews), and from the molecular or atomic volume of acids
and salts (Kopp), all concur to render it probable that oxygen
acids are hydrogen compounds, not hydrates, and that oxygen
salts contain a metal united to a radical, and not an oxide
united to a dry or anhydrous acid.

On the whole, therefore, the simpler view, and that which
admits of but one kind of acids and one kind of salts, is, in the
present state of our knowledge, to be preferred ; but we shall
give the formula according to both views, since we ought to be
equally familiar with both.

Since salts are formed from acids by the replacement of the
hydrogen of the acid by a metal, and since acids exist containing
more than one equivalent of hydrogen (or of water) replaceable
by metals (or metallic oxides), it is advisable to class the salts
according to the acids from which they are derived, whether
monobasic or polybasic.

SALTS OF MONOBASIC OXYGEN ACIDS.

Monbobasic acids are those of which an equivalent forms a
neutral salt with 1 eq. of base. The general formula of a
monobasic acid, considered as a hydrogen acid, is HR, and its
action on a protoxide is as follows—HR+MO=HO+MR;
so that MR is the general formula for a monobasic salt.
R stands here for the radical, which with hydrogen forms
the acid.

On the other view, a monobasic oxygen acid is a hydrate
containing 1 eq. of water and 1 eq. of dry or anhidrous acid,
and the general formula is HO,RO;; R standing here for the
combustible element of any oxygen acid, which may be united
with 2, 3, or more eq. of oxygen in the anhydrous acid. The
action of such an acid on a base is as follows :—HO,R 0,+MO
=MO,RO,+HO; so that, on this view, the general formula
for a monobasic neutral salt is MO,RO,.

The most important monobasic oxygen acids, of inorganic
nature, are the following—sulphuric, sulphurous, nitric, hypo-
chlorous, chlorie, perchloric, iodic, phosphoric, arsenic, arsenious,
chromic, boracie, silicic, and carbonic acids, the salts of which
are now to be very briefly described. The salts formed by the
monobasic hydrogen acids with simple radicals have been
already described, under the respective metals, as chlorides,
bromides, iodides, fluorides, sulphurets, &c.
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SULPHATES,

General formula of neutral sulphates—M,SO,, or MO,S0,.
General formula of bisulphates—M,SO,+H,S0, ; or M0O,SO,
+HO0,80,.

Of the sulphates, some are found native ; some are very
soluble, some sparingly soluble, some insoluble. All the soluble
sulphates are recognised in solution by the test of nitrate of
baryta, which causes a white precipitate of sulphate of baryta,
insoluble in acids. All the insoluble sulphates, when fused
with carbonate of soda, yield sulphate of soda, ‘which may be
recognised as above ; or, when heated with charcoal, they yield

_sulphurets, which are easily known by their blackening the salts
of lead. The action of charcoal on a sulphate is thus repre-
sented : MO,80,4-C,=4CO+MS; or M,80,4-C,=4C0+
MS.

The sulphates of the weaker bases are decomposed by a white
heat, but those of the stronger bases are not altered. :

Some neutral sulphates exist in the anhydrous state, MO,S

0,, or M,;80,. Others occur combined with 1 eq. of what
Graham -calls constitutional water, requiring a red-heat for its
expulsion, and capable of replacement by another neutral sul-
phate ; and many occur with several equivalents of water of
crystallisation.

Sulphate of potash crystallises in six-sided prisms and pyra-
mids, which are anhydrous. Its formula is KO,S80,, or K,80,.

Bisulphate of potash crystallises in fine needles, the formula
of which is (K0,80,+4+HO0,80,), or (K,S0,+H,80,). Itis
a very acid salt, and is much used as a flux in mineral analysis.

Sulphate of soda, or Glauber’s salt, forms large prisms, the
formula of which is Na O, SO, +10 aq.; or Na, SO,+10 aq.
It is used as a laxative ; and from this salt in its anhydrous
state (prepared from sea-salt by the action of oil of vitriol), car-
bonate of soda is manufactured by heating it with charcoalin a
reverberatory furnace.

Sulphate of ammonia (NH,, HO, 80,) or (NH_, SO,), crys-
tallises in the same form as sulphate of potash. With water of
((:__)rységllisation it-forms crystals of a totally different form, NH_,

g +aq.

Sulpilate of baryta, or heavy spar, occurs native in large tabu-
lar and also prismatic crystals. It is remarkable for its insolu-
bility in water and acids. It is decomposed by ignition with
charcoal, yielding sulphuret of barium, from which all the other
compounds of barium may be obtained. It is anhydrous, and
its formula is BaO, SO, or Ba, SO,.

B = e
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Sulphate of strontia, or celestine, also occurs native; and is very
analogous to the preceding. It serves, when decomposed by
ignition with charcoal, to yield all the compounds of strontium.
Formula SrO, 8O ,, or 8r, 8O ,. .

. Sulphate of lime. This salt occurs native, as gypsum, sele-
nite, and alabaster, the formula of which is (Ca0, SO, +HO)+
aq.; or (Ca, 8O,4-HO)+aq. Inthe mineral anhydrite, it is
anhydrous, CaO, SO, or Ca, SO,. When heated to 270% gyp-
sum loses both its constitutional water, and its water of crystal-
lisation, and falls to a fine powder, which is plaster of Paris; and
which, when mixed with water, combines with it again, forming
a solid compound, or setting, as it is called. Hence its use in
moulding. Gypsum is also a very valuable manure. It is very
sparingly soluble in water, but its solution is precipitated copi-
ously by salts of baryta.

* Sulphate of magnesia, or Epsom salts, occurs in some springs,
and is easily made by dissolving carbonate of magnesia in sul-
phuric acid. It is very soluble, and crystallises readily in four-
sided prisms, the formula of which is (MgO, SO, +HO)+6 aq.
It is much used as a laxative, .

* Sulphate of alumina does not crystallise, but it enters into the
composition of crystallisable double salts, called alums. Its for-
mula is Al, O,, 3 SO, o Al,, 3S0,.

* ‘A subsulphate, or trisulphate of alumina, occurs native as the
mineral aluminite. Formula Al, O,, SO, +aq.

Sulphate of manganese. Forms pale pink, or colourless crys-
tals ; of the formula (MnO, SO, +HO)+4aq. ; or,(Mn, SO, +
HO)+4 aq. ,

Sulphate of iron (protoxide) or green vitriol. This well known
salt forms pale green oblique prisms. Formula (FeO, SO, +
HO)45 aq. ; or (Fe,SO,+HO)+5aq. It is used in the manu-
facture of fuming sulphuric acid, hence called oil of vitriol ; in
making ink ; and very extensively in dyeing, and calico-printing.
1t isalso much used in medicine.

Sulphate of the peroxide of iron does not crystallise, but forms
cr_)Sf:(a)tallisable double salts. Formula ¥e, O,, 3 SO, ; or, Fe,,
3%0,.

Sulphate of zinc, or white vitriol, forms crystals exactly simi-
lar to those of sulphate of magnesia. Formula (Zn0, SO, +HO)
+6 aq. ; (Zn, SO, +HO)+ 6 aq. Itis much used in surgery,
and is formed when zine is dissolved in diluted sulphuric acid.

Sulphate of nickel forms emerald green crystals, of the same
form as the preceding. Formula (Ni O, SO, +HO)+6 aq. ; or,
(Ni, 8O, +HO)+6 aq:

Sulphate of cobalt forms rose-red crystals of the same form as

Q



226 DOUBLE SULPHATES.

green vitriol. Formula (CoO, SO, -}-HO)+5 aq. ; or (Co, SO, +
HO)+5 aq. :
Sulphate of chromium does not crystallise, but forms erystal-
lisable double salts. Formula Cr, O,, 3 80, ; or Cr,,3 S0,.
- Sulphate of copper, or blue vitriol, forms azure blue crystals,
exactly of the same form as those of sulphate of manganese. Its
formula is (CuO, SO,+HO)+4 aq; or (Cu, SO, 4-HO)+4 aq.
With excess of ammonia it forms a deep violet-blue salt, the
ammoniuret of copper, in which the water of crystallisation of
blue vitriol, or a part of it, appears to be replaced by ammonia.
Sulphate of copper is much used as an escharotic in surgery.
Sulphate of peroxide of mercury is formed as a erystalline
powder, when mercury is boiled to dryness with sulphuric acid.
Its formula is Hg O,, 2 SO,, or Hg, 2 SO,. It is used in the
preparation of corrosive sublimate, and of calomel.
Sulphate of silver forms anhydrous crystals, having the same
form as those of anhydrous sulphate of soda. Formula AgO,
80,, or Ag,80,.

DOUBLE SULPHATES.

Of these there are two well-marked groups. The type of the
first is sulphate of magnesia and potash ; the type of the secord
is sulphate of alumina and potash, o#alum,

1., When sulphate of potash and sulpbate of magnesia are
mixed in equivalent proportions, and the solation evaporated,
crystals are deposited, of a well-marked form, the formula of
which is (KO, SO, +MgO, 80,)+6 aq. ; or (K, SO, +Mg, SO,)
+6aq. It appears tohave been formed from sulpilate of mag-
nesia, by the substitution of KO, 8O,, for the constitutional
HO, the 6 aq. remaining unchanged. It is but the type of a
large group ; for similar double salts may be formed with sul-
phate of potash, and the sulphates of zinc, nickel, cobalt, iron,
copper, and manganese ; and another series, of exactly the same
form, may be obtained by substituting sulphate of ammonia for
sulphate of potash ; as, for example, in the double salphate of
magnesia and ammonia (NH_, O, S0, +Mg O, SO,)+6 aq.

2. Common alum, the type of the second group, is formed when
sulphate of potash combines with sulphate of alumina, and its
formula is (KO, 8O,+Al, O, 3 80,)+24 aq. ; or (K, SO, +
Al,, 380,)+24aq. Now, this is also the type of a numerous
group ; for the potash may be replaced by soda or ammonia,
and the alumina may be replaced by the sesquioxides of iron,
manganese, and chromium. The general formula of this group
is (MO, 80,4m, O,, 380,)+4-24 aq.; M representing potas-
sium, sodium, or ammeonium, and m, aluminum, iron, manganese,
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or chromium. All the salts of this group, which are called alums,
crystallise in octohedrons, and contain the same amount of
water.

When we consider the facts above noticed, the circumstance
that the sulphates of copper aud manganese, with 4 eq. of water
of crystallisation, those of iron and cobalt, with 5 eq., and those
of magnesia, zinc, and nickel, with 6 eq. respectively erystallise
in the same forms, different for each group ; and when we reflect
on the two remarkable groups of deuble sulphates just described,
we cannot avoid the conclusion, that similarity of constitution
is one main cause of similarity of crystalline form ; and this
constitutes the doctrine of isomorphism, as at present understood
and admitted. By similarity of constitution is meant, not only
a likeness in the nature of the elements present, but a similar
arrangement of those elements.

Thus, in common alum, KO, SO,4Al, O,, 380,424 aq. ;
and in ammonia, iron, alum, Am O, 8O,+Fe, O,, 3 80,+24
aq.; not only is ammonium (Am) analogous to potassium, and
iron to aluminum; but the new elements occupy the same
position as the original ones, as is shown by the formula.

SULPHITES..

The sulphites are recognised by their giving off the suffocating
smell of sulphurous acid when acted on by a stronger acid. They
have lately been studied by Muspratt, who has found that a very
close analogy exists between the sulphites and the carbonates.

NITRATES.

The nitrates are easily prepared by the actiod of nitric on
bases, on metals, or on carbonates. They are all decomposed by
a red-heat, and they all deflagrate with red-hot charcoal. In so-
lution, they are best recognised by adding sulphuric acid and
warming, which sets free the nitric acid, and then cautiously
adding solution of green vitriol, which, at the line of junction of
the two liquids, becomes black or red, according to the propor-
tion of nitric acid, from its peculiar action on the protosalts of
iron. The general formula of nitrates, in the anhydrous state, is
MO, NO,, or M, NO,.

Nitrate of potash, nitre or saltpetre, is found as an efflor-
escence on the soil in hot climates, and may be formed artificially
in nitre beds. The essential conditions are the presence of a
fixed base, particularly potash ; and of decaying organic matter,
or some other source of ammonia, which is oxidised, producing
nitric acid and water ; and the acid then unites with the hase.

Q2
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The ammonia NH,, with 8 eq. of oxygen from the air, gives
rise to nitric acid and water, NO,+3 HO, or H, NO 42 HO.
There is no reason to believe that the nitrogen of the atmosphere
is ever oxidised, or contributes to nitrification ; and the minute
trace of nitric acid sometimes observed in the rain of thunder-
storms, has in all probability been formed from the ammonia of
the atmosphere.

Nitre crystallises in 6-sided prisms. It is much used in
making gunpowder, and as an oxidising agent, also in the manu-
facture of nitric acid. Formula, KO, NO,, or K, NO,.

Nitrate of soda is formed precisely in the same way, where
soda is the base present in the soil, and occurs in immense
quantities in some parts of South America. It crystallises in
rhombohedrons. It is much used in the manufacture of sul-
phuric and nitric acids, but does not answer for gunpowder,
Formula NaO, NO, or Na, NO,.

Both nitre and nitrate of soda are used as manures : and it is
still uncertain whether the acid of these salts contributes to the
good effect, or whether they act by the bases alone.

Nitrate of ammonia crystallises in prisms like those of nitrate
of potash. It is used in the preparation of the protoxide of
nitrogen or laughing gas. Formula NH,0, NO, or NH,,NO,.

Nitrate of baryta crystallises in octohedrons, which are
anhydrous. It is much used as a test, and when ignited yields
pure baryta. Formula BaO, NO, or Ba, NO,.

Nitrate of strontia forms anhydrous crystals, isomorphous with
the preceding salt ; but it also occurs in large prismatic crystals,
containing 5 eq. of water. It is used in the manufacture of red fire.

Nitrate of lime and nitrate of magnesia crystallise with diffi-
culty, and are extremely deliquescent.

N};trate of copper forms deep blue crystals, the formula of
which is Cu O, NO, + 3 HO or Cu, NO, +3HO. There is
also a subnitrate, the formula of which is HO, NO, +3CuO:
the former salt may be viewed as nitrate of copper with 3 eq. of
constitutional water, the latter as nitrate of water, with 3 eq. of
constitutional oxide of copper. When either is ignited, it leaves
pure oxide of copper, well adapted for organic analysis.

Nitrate of lead crystallises in octohedrons, and is isomorphous
with the nitrates of baryta and strontia. Formula PbO, NO,
or Ph, NO,.

Nitrate of mercury is of uncertain composition : there seem to
be nitrates both of protoxide and peroxide, but both have a
great tendency to form subsalts, especially in contact with
water. When heated, the acid is driven off, and peroxide of
mercury is left. :
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Nitrate of silver, or lunar caustic,is very much used as an
escharotic. It is made by dissolving pure silver, or the oxide
formed from the chloride (see p. 213) in nitric acid and evapo-
rating, when crystals are deposited, which are fine tables,
anhydrous, and fusible at 426°, when they may be run into a
mould so as to yield the sticks of caustic. "Formula AgO0, NO,,
or Ag, NO,. Itis the chief ingredient of indelible ink. Like
all the other compounds of silver, it is blackened by light, espe-
cially when in contact with organic matter. It is much used as
a test for chlorine,

{ CHLORATES.

The chlorates are, both in formula and properties, very analo-
gous to the nitrates. They deflagrate violently with combustible
matter, and are easily distinguished from nitrates by leaving
chlorides when ignited. Their general formula is MO, C10,,
or M, C10,.

The only important chlorate is chlorate of potash, the theory
of the production of which has been already explained (see p. 77).
It forms tabular crystals, of a pearly lustre. It is chiefly used
as a convenient source of very pure oxygen gas, and as an
oxidising agent. Its formula is KO,C1 0, or K, C10,.

The perchlorate of potash, KO, C1 0, or K, Cl10, is the only
perchlorate of interest. It is so sparingly soluble that perchloric
acid may be used as a test for potash. It deflagrates with com-
bustible matter, although not so powerfully as the chlorate.

HYPOCHLORITES,

These salts do not, in themselves, possess much importance,
but are interesting as forming part of the bleaching compounds
of lime soda, so much used in the arts. These bleaching com-
pounds, as explained at pp. 76 and 77, are formed when chlorine
acts on an alkali or alkaline earth, and may be viewed either as
composed of a hypochlorite and a chloride, or as oxychlorides of
the metal. According to the former view, which is the more pro-
bable, bleaching-powder is (Ca0, C10)4CaCl. 'When acted on
by an acid, the whole of its chlorine is set free, and hence its
enormous bleaching power when an acid is used : hence, also,
its want of bleaching power, unless acid is added. The action
of sulphuric acid is as follows :—(CaO, C10 + CaCl) 42 SO,
= 2(Ca0, 80,) + Cl,. According to the latter view, bleaching
powder is CaO Cl, an oxychloride, and the action of sulphuric
acid is CaO C1 + 8O, =Ca0,S0, + CL

Chloride of soda, a perfectly analogous compound, is either
NaO0, C10 4 NaCl, or NaO Cl ; and its action with sulphuric
acid is explained exactly as above.
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I0DATES.

These salts are, in general, analogous to the chlorates, but are
of little practical importance. The general formula for an iodate
is MO, 10,,or M,10,. When heated to redness, oxygen is
given off, and an iodide remains.

The bromates are quite analogous to the chlorates. General
formula, MO, BrO,, or M, BrO,.

PHOSPHATES.

There are three distinct modifications of phosphoric acid, each
of which forms its own salts. Indeed, were it not that these
acids, under certain circumstances, may be made to pass inte
each other, we should never think of describing them otherwise
than as totally distinct acids. The three acids are, monobasic,
bibasic, and tribasic phosphoric acids.

The so-called anhydrous phosphoric acid, formed by burning
phosphorus in dry air or oxygen, is not, strictly speaking, an
acid, and does mot acquire acid properties till it has taken ap
the elements of at least 1 eq. of water, when it becomes moneo-
basic phosphoric acid.

According to the usual view, the three acidsare P, O_, HO,
P,0,.,2HO, and P, 0,, 3 HO, thus containing, all of them,
anhydrous acid united with different proportions of water. Now
this is quite conceivable, and we actually possess three distinct
hydrates of sulphuric acid, SO, HO ; SO_,,2HO ; and SO,
3 HO. But we find, further, that the acid P,0,, HO requires
but 1 eq. of base to form a neutral salt, while the acid PO,
2 H O requires 2 eq. ; and the acid, P, 0,, 3 HO, 3 eq. of base
to form neutral salts. In the case of sulphuric acid the same
phenomenon does not occur, for all the hydrates are neutralised
by 1 eq. of base, yielding the same salt, and not, as the phos-
phoric acids do, different salts. What is the cause of this
difference ? It is not enough to say that the dry acid, P, O,,
being in the monobasic form combined with 1 eq. of water, has
a tendency to take 1 eq. of base, and so on ; for this is merely
re-stating the fact in other words ; and, besides, no such tendency
is observed in sulphuric and in many other acids.

It appears to me that the only satisfactory answer to the
question is the following. The three acids are all distinct acids,
and none of them contains anhydrous phosphoric acid. They
are all hydrogen acids ; and their respective formule are P, 0,
H;P,0,,H, ;and P,O,, H .. Now, as every hydrogen acid
forms a neutral salt by the substitution of a metal for the hydro-
gen, these acids, if t{my exist, must require respectively, one,
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two, and three eq.of base to neutralise them, and must, of
course, produce totally distinct salts : according to the equations,
rP,0,, H+MO=P,0,, M+ HO; P,O,, H, +2MO =
P.0., M, +2HO;and P,0,,H, +3MO=Pb,0,, M, +
3HO. 4

MONOBASIC PHOSPHATES.

According to the above views, therefore, the general formula
for a monobasic phosphate is P, 0,, M, or P, O,, MO, Mono-
basic phosphate of soda, P, 0, Na,or P,0, Na 0, is obtained
by heating the acid tribasic phosphate of soda to redness, when
it loses 2 eq. of water, and monobasic phosphate is left. It is
soluble, but not crystallisable, and gives, with chloride of barium,
a bulky precipitate, which is P, 0,, Ba,or P, O, BaO ; and with
nitrate of silver, a flaky white precipitate, which is P, O, Ag,
or P,O,, AgO. :

BIBASIC PHOSPHATES.

Of these there are two series, as_one of the two eq. of base
may be basic water, or both may be fixed base. The general
formulae for the two series are P,0,, M,,or P, O, 2 MO ; and
PO, { ?’I or PO, { 11&8 Bibasic phosphate of soda, P, 0,

Na,, or P, 0., 2 NaO, is obtained by exposing to a red-heat
common tribasic phosphate of soda, which loses 1 eq.'of water,
and is converted into the new salt, It is soluble and crystal-
{isable, and gives, with nitrate of silver, a granular white preci-
pitate, which is P, 0,, Ag,, or P,0_, 2 Ag0.” When the acid
tribasic phosphate of soda is heated to 400°, it loses 1 eq. of

water, and leaves the acid bibasic phosphate, P, 0, { ﬁ or

?,0, {310;

TRIBASIC PHOSPHATES,

. Of these, which are the most usual phosphates, there are three
series, the general formula for which are as follows : P, 0,, M,

orP,Os,3MO:P,Os{1I\I,I or P,OngO : and P,O,{H

8 2MO’ M
2 .
et v { Mo.

Common phosphate of soda belongs to the second series : it is

P, 0, Na P, 0, ggao when dry, to which, in the
crystals, are added 24 eq. of water of crystallisation. By the
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addition of caustic soda, it is converted into P, O,, Na_, or
P, O,, 3 Na O; and by the addition of phosphoric acid, until
it ceases to precipitate chloride }({)f barium, it is cIo{ngert-ed into
SO0 R 2 H .
the acid tribasic salt, P, O, Na oF PO { Na O, With
nitrate of silver, either of these three salts yields a lemon-yellow
precipitate, which is tribasic phosphate of silver, P, O,, Ag,,
orP,0,,3Ag0.

Microcosmic salt, much used as a blow-pipe re-ﬁggnt, is a
tribasic phosphate, P, O, { Na- 4 8aq.orP, 0, { NaO+8aq.
] S { NH, |NH
NH, here represents ammonium, -

Bone phosphate of lime is a peculiar eompound, (8 CaO 4
3P, 0, + HO)= (P, 0, {ga +2(P,0,,Ca,) ); orP,
0, {ggao +2(P, O,, 3 Ca 0) ; and may bg viewed as a com-
pound of two forms of tribasic phosphate of Iime, i

The double phosphate of ammonia and magnesia, which occurs
in some urinary ealculi, and is also found in the husk of grain
and other vegetable products, appears to be an anemalous phos-
phate, containing (P, O,, 2MgO, 2 NH,, 10HO), but how
arranged is not known. This salt always separates as a sparingly
soluble, or insoluble granular precipitate, when phosphoric acid,
ammonia, and magnesia meet in neutral or alkaline solutions,
and therefore its formation may be made a test, either of the
presence of phosphoric acid, or of that of magnesia,

o+

ARSENIATES,

The salts of arsenic acid are extremely analogous to those of
tribasic phosphoric acid ; indeed, they are so similar, in fornr,
colour, solubility, &c., that to distinguish the arseniate of a base
from the corresponding tribasic phosphate, we must ascertain
the presence of arsenic. The only case in which a well-marked
difference in external properties exists, is in the case of the
arseniate of silver, which, instead of being yellow, like the cor-
responding tribasic phosphate, is of a dark, brick-red colour.
The arseniates are tribasic, and their general formule are, As,

0,; M, or As, O,, 3MO: As, ©, { B oras, 0, { 3

and As, O, {Iﬁlﬂ orAs, O, { 12\,1%0 Several ' arseniates are
found native. , i 65 {
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CHROMATES.

These salts are yellow, orange, or red, the latter colour pre-
dominating when the acid is in excess, except in the case of
dichromate of lead, which is red. The soluble chromates are
recognised by their colour, which is changed to green when alco-
hol and hydrochloric acid are added, and the mixture is boiled.
The general formula for neutral chromates is MO, Cr O, ; and
for bichromates, MO, 2 Cr O,.

Neutral chromate of potash, KO, Cr O, forms beautiful yellow
crystals, isomorphous with sulphate of potash. It is formed by
- neutralising the bichromate with potash. .

Bichromate of potash, KO, 2Cr O, is much used in calico-
printing, and is obtained by fusing chrome iron ore with nitre.
The ore contains sesquioxide of chromium, Cr, O,, which is
oxidised by the nitre into chromic acid, Cr, 0, =2Cr O,, and
this combines with the potash of the nitre to form neutral chro-
mate. This is dissolved and filtered, and the warm solution
acidulated with acetic acid, which takes half the potash, and, on
cooling, the bichromate is deposited in beautiful red crystals.

Both these salts, especially the bichromate, have a very dele-
terious action on the system, when their solutions are brought
much in contact with the skin, causing sores, which are very
painful and difficult to heal. Paper impregnated with these
salts, and dried, forms excellent tinder. The solutions have
very powerful antiseptic properties.

Dichromate of lead, 2Pb O 4 Cr O, is found native, as the
red-lead ore, forming beautiful red crystals. It may also be
formed by fusing the neutral chromate of lead with nitrate of
potash, or by boiling carbonate of lead with chromate of potash;
and is much used as a paint.

Chromate of lead, Pb O, Cr O;, is an insoluble powder, of a
very fine yellow colour, much used in painting, under the name
of chrome yellow. It is formed by the action of soluble salts
of lead on chromate, or bichromate of potash.

Chromate of silver, Ag O, Cr O, forms dark green crystals,
which are red by transmitted light, and yield a deep red powder.
When precipitated, the salt is of a rich dark red.

Bichromate of silver forms crimson-red tabular crystals, AgO,
2 Cr O,, Chromate of mercury, Ag O, CrO;, is a light red
powder, which, when ignited, leaves sesquioxide of chromium of
a very fine green colour.

BORATES.

The only important borate is borax, which is a biborate of
soda, Na O, 2B Q, 4 10aq. It is found native, but very
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impure, in Thibet, and is purified in Europe. Itis also now
formed by adding soda to the native boracic acid obtained
from hot springs in Tuscany. Boracic acid is so feeble an
acid that even the 2eq. of it in borax do not fully neutralise
the soda, so that borax is an alkaline salt. The berate of
soila. with 1eq. of acid, Na O, BO,+8 aq., is a strongly alkaline
salt.

Borax is much used as a flux, on account of its ready fusibility,
and its high solvent power, at a red-heat.

CARBONATES.

These salts are recognised by their being decomposed with
effervescence, the gas disengaged having no offensive smell, when
acted on by acids. All the soluble carbonates, even those con-
taining 2 eq. of acid to 1 of base, are alkaline, so that the title
of carbonic acid to the name of acid is doubtful. :

Carbonate of potash, KO, CO,, is anhydrous, deliquescent,
not crystallisable, insoluble in alcohol. 1t is obtained pure by
igniting cream of tartar, and lixiviating the residue. In an
impure state it constitutes pearlash and gotashes, which are, as
the name implies, the ashes of plants. Carbonate of potash is
much used as a flux in mineral analysis, and for the preparation
of caustic potash, and other salts of potash ; also in the manu-
facture of soap, and of glass.

Bicarbonate of potash, KO, CO, 4+ 2 aq., is obtained by
exposing a strong solution of the carbonate to a current of car-
bonic acid, or to the atmosphere of a fermenting vat, when the
bicarbonate is deposited in crystals. The purest carbonate is
obtained by igniting these crystals.

Carbonate of soda, Na O, CO, 4 10 ag., forms very large
rhomboidal crystals, which effloresce in the air. It was for-
merly extracted from kelp, or barilla, which is the ashes of
marine plants; but is now made from sea-salt, far more cheaply,
and in a state of perfect purity. The salt, Na Cl, is first con-
verted into sulphate of soda, Na O,80,, by being heated with
oil of vitriol. The sulphate of soda is now mixed with saw-
dust and lime, and heated in a reverberatory furnace. By this
means the sulphuric acid is decomposed, its sulphur partly
uniting with calcium, and partly escaping as sulphurous acid,
while the carbonic acid which is formed unites with soda. The
carbonate is purified by erystallisation, but generally retains a
trace of sulphuric acid.

Carbonate of soda is very much used in the making of soap
and glass, being both much cheaper and much purer than ordi-
nary potash. It is also much employed by washerwomen to

e —
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render hard water soft, and in general to assist in washing, as it
is powerfully detergent.

Bicarbonate of soda, Na O, 2CO, + aq., forms a white
powder, which is alkaline, and is much used in medicine as a
mild antacid, and as one of the ingredients in effervescing or
Seidlitz powders.

The common commercial and medicinal carbonate of ammonia
is a sesquicarbonate, 2NH; + 2HO +3 CO,. It is formed
by heating a mixture of 2 parts of sal ammoniac and 3 of dried
chalk, and sublimes as a hard crystalline volatile mass, having a
strong smell of ammonia. When exposed to air, it loses ammo-
nia, and falls to a powder of bicarbonate, NH, 0, CO, 4+ HO,
Co,.

Carbonate of baryta occurs native, as witherite. It forms,
when artificially prepared, a heavy white powder, soluble in
diluted hydrochloric and nitric acids, insoluble in water. It is
very poisonous. Formula, Ba O, CO,.

Carbonate of strontia resembles the preceding. It occurs
native, as strontianite, in radiated crystalline masses of an apple-
green colour. It is not poisonous. Formula Sr0,CO,.

Carbonate of lime occurs native, as marble, limestone, chalk,
and calcareous spar. It -also forms the chief part of shells, and
i§ often found in springs, dissolved by an excess of carbonic acid.
When such water, which is very hard water, is boiled, the excess
of carbonic acid escapes, the carbonate of lime is deposited, and
the water becomes, pro tanto, softer. Or, the same effect may
be produced by adding just as much lime-water as will neutralise
the bicarbonate of lime, when the whole is precipitated as
neutral carbonate. Ca0,2CO, +CaO0=2(Ca0, CO,).

When carbonate of lime is ignited in the open fire, it loses all
its carbonic acid and becomes quicklime. The uses of this sub-
stance are well known. Formula of carbonate of lime Ca O,

Carbonate of Magnesia, Mg O, Co,, occurs as a rock in the
East Indies. When a solution of bicarbonate is exposed to the
air, crystals are deposited, which are MgO, CO, 4+ 3 aq.
Other crystals have been obtained, which were Mg, 0, CO, 45
aq. When carbonate of potash isadded to a solution of sulp’hate
of magnesia, a precipitate falls, which contains 4 Mg 0+4+3 CO,
+4 aq. ;

Carbonate of protoxide of iron is formed when an alkaline
carbonate is added to a solution of protosulphate of iron, It
falls as a dirty white bulky precipitate, which rapidly becomes
green, and then brown, losing carbonic acid, and attracting
oxygen, till it passes into hydrated peroxide of iron, It may be
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preserved as protocarbonate by mixing the fresh precipitate
while still moist with sugar, and drying it in the water bath.
In this state it is the carbonas ferri saccharatus, and is a very
active remedy. It occurs in chalybeate waters, dissolved by
excess of carbonic acid. Formula Fe O, C O, 4-aq.

There are two native carbonates of copper: the dicarbonate,
2 Cu0+CO,+aq. in the beautiful green mineral called
malachite ; and the carbonate, hydrated, in the fine blue copper
ore, Cu0, HO+2 (CuO, CO,).

Carbonate of lead, PbO, CO,, occurs native as white lead
spar. Prepared artificially, it is ceruse, or white lead, much
used as a white pigment. It is formed by the slow action of
air, moisture, and the vapour of acetic acid on thin sheets of
lead, by which the metal is oxidised and carbonated. It is
the most poisonous of all the compounds of lead, and is apt to be
formed when pure water (as rain water) is kept in leaden cis-
terns or conveyed in leaden pipes. It is not formed, however,
when the water contains even a small proportion of saline matter,

especially sulphates. These appear to protect the metal, and
render the use of it safe.

SULPHUR SALTS,

Berzelius has shown that sulphurets unite together, and pro-
duce what he calls sulphur salts. The sulphurets of potassium,
sodium, and the strongly basic metals in general, act the part of
bases ; and the sulphurets of arsenic, antimony, molybdenum,
&c., take the parts of acids. Thus sesquisulphuret of arsenic
combines with sulphuret of potassium, forming the arsenio-
sulphuret of potasstum, K8-+4As, §,, which corresponds to the
arsenite of potash, KO+ As, O,; and as a general rule, the
sulphur salts correspond to oxygen salts, and may of course be
represented in two ways ; as, if we make the arsenite of potash
K -+ As, O,, the sulphur salt will be K4As, S,. The sul-
phurets of hydrogen and carbon are sulphur acids. The sulphur
salts, as yet, are not of much practical interest, although the
tendency to form them is applied to useful purposes in analysis.

Selenium and Tellurium form similar compounds.

END OF PART I,
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of Chemistry in the University of Edinburgh. 1 thick vol. 8vo,

11, 8s. cloth.

¢ There is no English work on Chemistry which has been in so many hands, and
has met with such universal approbation as ‘ Turner's Elements,” and there is
scarcely any work which has received so many additions and improvements in
passing through its numerous editions. The present one appears to fulfil all that
can be desired of a work of this kind. In the former editions, which were conducted
by the late lamented Dr. Turner, the inorganic division of the subject was treated
with that clearness, perspicuity, and beauty of arrangement so peculiarly his own ;
but the organic part of the work, although giving a very good general outline of this
part of Chemistry, was not so full as could be wished, when the almost miraculous
advances of this interesting branch of the science were taken into consideration.
The edition now before us, by W. Gregory and J. Liebig, leaves nothing to be
desired in this respect ; they have rendered it exceedingly complete, carrying out, at
the same time, the original idea of Turner. There are many other new works on
Chemistry of surpassing merit, but some of them are more adapted to the teacher
than the student ; some are based on entirely new hypotheses, adopted only by a
few, and, consequently, although of incalculable value to advanced students, do
not render such eminent service to young chemists as works on the usual plan are
capable of doing. Of these latter the work before us is a splendid example ; and as
a compendium of the present state of Chemistry,and a text-book for all beginners,
we consider it as unequalled by any in the English language, and we even doubt
whether there are any of the foreign manuals of an equal size which can venture to

pete with it.”—Chemical Gazette, D ber 1, 1842,




WORKS PRINTED FOR TAYLOR AND WALTON.

PROFESSOR LIEBIG'S WORKS.

AGRICULTURAL CHEMISTRY.
CHEMISTRY IN ITS APPLICATIONS TO AGRICULTURE AND
PHYSIOLOGY.

By Justus Lizmie, M.D., Ph. D., F.R.8,, Professor of Chemistry in the
University of Gicssen. Kdited, from the Manuseript of the Auther, by
Lvox Pravramr, Ph. D. Third Edition, with large additions and
numerous alterations, 8vo, 10s. 6d.

¢ A book infinitely superior to its predecessors, and to a very considerable extent
unlike them."—Guardeners’ Chronicle.

FAMILIAR LETTERS ON CHEMISTRY ;

AND 118 Rrvations 1o ComMERCE, PHysioLoGy, AND AGRICULTURE.
By Justus Liesie, M.D. Edited by Jous Garoner, M.D. Seccond
Edition. Fep. 8vo, 4s. 6d.

 That the public will discover its merits, and that it will find its way into the
drawing-room as well as the library, and be equally prized by the advanced man of
sclence and the student, we venture to say is certain: and it must increase the
respect entertained for Chemistry wherever it is read.” —Chemical Gazette.

FAMILIAR LETTERS ON CHEMISTRY.

Second Serics. Tur Puirosopuicar PrincipLs aNp GeNERAL Laws or
rHE Science. By Justus Liesig, M.D. Idited by Jonn Garoner, M.D.
Fep. 8vo, bs.

“ The volume should be in every family libyary, and read in every school.”—
Critic.

ANIMAL CHEMISTRY ;

OR, CHEMISTRY IN ITS APPLICATIONS TO PHYSIOLOGY
AND PATHOLOGY.

By Justus Lirsic, M.D., Ph. D. Edited, from the Author's Manuscript,
by WiLLiau Grecory, M.D., Professor of Chemistry in the University of
Edinburgh. Second Edition. 8vo, 94. 6d. cloth.

*While we have given but a very imperfect sketch of this original and profound
work, we have endeavoured to convey to the reader some notfon of the rich store of
interesting matter which it contains.  The chemist, the physiologist, the medical
man, and the agriculturist, will all find in this volume many new ideas, and many
useful practical remarks, It is the first specimen of what modern Organic Chemistry
is capable of doing for l’hyslolosgy ; and we have no doubt that from its appearance,
Physiology will date a new era in her advance.”—Quurlerly Review, No. 139.

RECENT ADVANCES IN CHEMISTRY,
AND ITS APPLICATION TO AGRICULTURE,

Report of Speeches delivered at a Public Dinner given to Proresson
Liesic in Glasgow, on Friday, October 11th, 1844, 8vo, ls.
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WORKS PRINTED FOR TAYLOR AND WALTON.

PORTRAIT OF PROFESSOR LIEBIG.

A Line Engraving by Raucn, after n Drawing by Travrscnovp.
Prico 7s. 6d.
“ This is an admirable likeness of Professor Liebig,”—Lanoet.

DR. THOMAS YOUNG'S

LECTURES ON NATURAL PHILOSOPHY
AND THE MECHANICAL ARTS;
With References and Notes, by the Rev. P. Kereano, M.A., RS,
Lond. and Edinb., late Fellow of Queen'’s College, Cunbridge, Professor of
Mathematics, &e., in the University of Edinburgh, To form 1 Volume
Octavo, with an Octavo Volume of Plates.
PLAN OF PUBLICATION.

1. 1t is proposed to reprint the Toxt entire. The authovities referred to
will be given at the foot of each page, and & copious list of recent treatises
will be added. In those branches of Science in which considerable progress
has been made sinco the lectures wore first published, the references given
will point out the authors of the improvements, and will bo accompunied
by observations on the nature of those improvements, with divections to
the best sources of further information.

2. The work will he completed in Eight or Nino Mounthly Parts, cach
contuining 80 pages of letter-press nnd 5 quarto plates, folded into 8vo.
Tu the present edition all the Plates contained in the Original Work will
be given,

Pant . witt appear oN Tue 3lst or January, 1845,

— o m—— ——

THE USE OF THE BLOWPIPE
IN THE EXAMINATION OF MINERALS, ORES, FURNACE
PRODUCTS, AND OTHER METALLIC COMBINATIONS.
By Prorrssor C. F. Pravrsen, Assay-Master at the Royal Freyberg
Smelting Works, Transluted from the Germau, with Notes, by Dr. Jams
Sukripan Muspratr, of the University Colloge and Giessen Laboratories,
With o Prefice by Prorssson Lieme. Illustrated by numerous Wood
Engravings. 1 vol. 8vo, 108 6d. (Just Published.)

LECTURES TO FARMERS ON AGRICULTURAL
CHEMISTRY.

By Aupxanpen Prrzuouvr. (Just Published.) 1 vol. small 8vo, 7s. Gd.

““'The author does not overload his subject with needless detuils, which is the
vice of some such books, but he confines the reader to those points only which he
ought to be well aoquainted with, and these he explains ina clear and simple way."
—Qardeners’ Chrondele,

' A work which ought to be found {n every farm-house."—Critic.



WORKS PRINTED FOR TAYLOR AND WALTON.

APPLIED CHEMISTRY ;

IN MANUFACTURES, ARTS, AND DOMESTIC ECONOMY.
Edited by E. A. ParneLL, Author of “Elements of Chemical Analysls
‘With numerous -Wood Engravings and Illustrations.

Vol. I.,13s. cloth lettered, containg :—
PrELIMINARY OBSERVATIONS—Gas ILLUMINATION — PRESERVATION OF
' Woop—DvEiNg anp Carico PrinTiNG.

Vol. I1., 13s. cloth lettered, containg :—
Grass—STaRCH — TanNING — CaouTcHOUC—BoRrAX AND THE Boracric
LiacooNs—Soap—SvULPHUR AND SULPHURIC AcID, AND SoDA.

Vol. II1. will contain :—DyEING MATERIALS.

CHEMICAL ANALYSIS.

PARNELL’S ELEMENTS OF CHEMICAL ANALYSIS,
INORGANIC AND ORGANIC.

‘With Diagrams on Wood. 8vo, 10s. 6d. cloth lettered.

¢ As an adjunct to the exertions of the teacher, but by no means superseding the
necessity of oral and practical instruction, the work of Mr. Parnell appears likely to
be in the highest degree useful ; it will servetoconvey to the attentive student a correct
notion of the general routine of operations proper to each of the different classes of
analytical research, and the principles upon which such modes of proceeding have
been devised, besides affording him a fund of practical detail, an easy reference to
which will certainly lighten his labours and accelerate his progress.”—Chemical
Gazelte, November, 1842,

ALKALIMETRY.

NEW METHODS OF ALKALIMETRY, anD oF DETERMINING
THE COMMERCIAL VALUE OF ACIDS AND MANGANESE.

By Drs. Fresentus and WiLe, Chemical Assistants in the University of
Giessen. Edited by J. Lrovp Burrock, Member of the Chemical Society,
and late of the Giessen and Paris Laboratories. 12mo, 4s. cloth.

“ This little Work will prove of the highest importance to Calico Printers,

Bleachers, Dyers, Manufacturers of Soap, Paper, and Prussiate of Potash ; also,
to Cheunsts, and to Dealers in Alkalies, Acids, &c.”

APPLICATION OF LIEBIG’S PHYSIOLOGY,

TO THE PREVENTION AND CURE OF GRAVEL, CALCULUS,
AND GOUT.

By H. Bence Jones, M.A., Cantab. ; Licentiaté of the Royal College of
Physicians, London ; and Fellow of the Chemical Society. 8vo, 63.

““In thus expressing our opinion of the practical value of this publication, it is

satisfactory to find ourselves supported by Professor Liebig himself, under whose

immediate superintendence and sanction a translation into German is now prepar-
ing.”’—Pharmaceutical Journali,

LONDON ;| BRADBURY AND EVANS, PRINTERS, WHITEFRIARS,
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