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PREFACE

TO THE

SECOND AMERICAN EDITION.

*

Ix preparing a second edition of the work on CHEMISTRY by the
late Professor Brande and myself, T have endeavored to carry out the
principles which influenced us in the selection of subjects and in the
mode of treating them. We felt that there was a large amount of
useful chemical knowledge available for the student, but that it was
too often locked up in elaborate treatises, and incorporated with sub-
jects of no practical interest. Our object in undertaking this work
was to furnish the reader, whether a student of medicine or a man of
the world, with a plain introduction to the science and Ppractice of
chemistry. With this view, we avoided as much as possible the
introduction of questions connected with abstract science or with
chemical philosophy, and we excluded from our pages the formule
and descriptions of substances which were never likely to be seen
except as rare and curious specimens in the cabinets of professors.
The chemistry of every-day life is quite sufficient to give full occu-
pation to a medical student. If, after the completion of his medical
education, he has the time and inclination to devote to the study of
atoms and the numerous and conflicting hypotheses on their combina-
tions in groups and series, there can be no objection to his taking up
the examination of these recondite subjects, but let him make himself
master of what is simple and practical before he occupies valuable
time in studying that which is complex and hypothetical. ‘

The ordinary and well-known notation, based on the equivalent or
combining weights of bodies which was adopted in the first, is
adhered to in this edition. Although not perfect, it is based upon
simple and intelligible principles. The new methods of notation
must be regarded as still upon their trial. Gerhardt’s system, which
a few years since was generally adopted by “advanced” chemists, has
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now given place to another system, and the extinction of this is
threatened by a third and an entirely different system, recently
propounded by Sir Benjamin Brodie, Professor of Chemistry in the
University of Oxford. Apart from any advantages supposed to be
presented by these new systems, a writer on chemistry, in making a
selection, is bound to consider the present state of chemical literature
and the course which has been adopted by authors of repute. It will
be found that in the best modern works on Chemistry in the English
and French languages and in the great majority of such works, the
ordinary notation is adopted, and the new notation ignored even by
writers who have been or are advocates for a change. In proof of
this, I may refer to the English translation of the Hand-book of
Gmelin, in sixteen volumes; the Traité de Chimie of Pelouze and
Fremy, in six large volumes, which has already gone through three
editions; the earlier editions of Dr. Miller’s Chemistry ; the works of
Apjohn and Bloxam among recent, and of Regnault, Mitscherlich,
Graham, Brande, Gregory, and Turner among older publications on
the science. In the Précis d’Analyse Chimique of Gerhardt, pub-
lished eight years after the introduction of his proposed new but now
obsolete system, the ordinary notation was adopted by this author as
more intelligible to the student; and in the recently published Chimie
Médicale of Professor Wurtz (1867) the new views advocated by the
writer in his Introduction to Chemical Philosophy, are laid aside and
the old equivalents are used. The apology for this is said to be the
necessity of conforming to the official teaching in the Schools of Paris.
This may be true, but it proves that the official teaching in one of the
greatest Chemical Schools of Europe is opposed to these new systems
of notation. With these examples before me, and with a conviction
of the artificial and unsatisfactory nature of the grounds upon which
the new systems are based, I did not feel justified in making any
change in the plan adopted after full consideration by the late Pro-
fessor Brande and myself. Nothing could be gained by laying aside
one system because it is imperfect, for another which at present offers
no prospect of stability; for, as Mr. Bloxam justly remarks, “the
different modes of representing chemical changes are almost as
numerous as chemical writers.’

It cannot be denied that a student of chemistry at the present time
has a heavy labor before him. Besidestwoor more methods of chemi-
cal notation, he will find in English works on the Science, that while
one author employs the continental metrical weights and measures,

! Chemistry, Inorganic and Organic, 1867.
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giving quantities in grammes and cubic centimetres, another adopts
the English system of expressing them in grains and cubic inches. One
describes the barometrical pressures in French millimetres, another in
English inches; one describes degrees of temperature on the foreign
centigrade scale, another on the ordinary scale of Fahrenheit, and to
add to this want of uniformity, there is a further difficulty that the
same chemical compound may be described under four or five different
names, according to the special views of each writer regarding theo-
ries of atomicity and nomenclature! This want of agreement among
chemical writers is but little creditable to the science, and is discourag-
ing to a student. Instead of making himself acquainted by actual
experiment with the properties of bodies, so that he may be able to
identify and describe them, he is induced to load his memory with the
formule of complex organic products, as if chemistry consisted simply
in knowing or calculating the number of atoms in a compound, and
the precise order in which they are grouped. This may be know-
ledge, but it is not true chemical knowledge, and to a medical or general
student, it is not in any sense profitable knowledge. A recent writer
on the Progress and Prospects of Chemistry, justly remarks that “ab-
stract reasoning has thrown more complication round chemical science
than it hasever afforded of satisfactory demonstration. Recent chemi-
cal works affecting a logical reasoning, are crowded with arguments
and classifications that have in a great measure taken the place of
facts and experiments, and are calculated rather to bewilder than
assist the student. TLogic is very well in its own place, but it is easy
to carry it to excess in sciences essentially practical, more especially
when it is built upon assumptions that never have been and perhaps
never will be established as truths. Many of the elaborate systems of
classification now brought forward are more ingenious than useful,
and even their plausibility seems but too often to arise from accidental
circumstances, rather than from any foundation in fact.”

The student who desires to succeed in this branch of science, must
constantly bear in mind that chemistry is essentially based upon ex-
periment, and that work in the laboratory offers a better and surer
road to success than the study of the most ingenious speculations in
the closet. 1

The revision of the'second edition, in consequence of the death of
my lamented colleague, has devolved entirely upon myself. Every
chapter, and indeed every page has been revised, and numerous addi-
tions made in all parts of the volume. These additions have been

! Professor McGauley, Progress and Prospects of Chemistry, 1866.
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restricted chiefly to subjects having some practical interest, and they
have been made as concise as possible in order to keép the book
within those limits which may retain for it the character of a Student’s
Manual.

ALFRED S. TAYLOR.
Juxe 29, 1867.

WitniaM Toomas Branpg, D. C. L, F. R. S, died at Tunbridge
Wells on the 11th February, 1866. Mr. Brande had been long known
as a skilful chemist and an assiduous cultivator of science. For- more
than forty years he was engaged in this metropolis as a lecturer on
chemistry. 'We have now before us an advertisement of his lectures
in October, 1811. He was then the colleague of the late Sir Benja-
min Brodie in the Medical School of Great Windmill Street. His
lectures subsequently at the Royal Institution, where he was the col-
league of Faraday, gained for him a high reputation. IHis explanations
of chemical phenomena were lucid, and his experiments ingenious and
well-contrived. The substance of these lectures is incorporated in the
great work by which he acquired a European reputation, namely, the
“ Manual of Chemistry.” This work was, in its day, one of the most
popular in the English language, and there are few recent treatises in
- chemistry which are not indebted to its pages for much valuable in-
formation. The fact that, owing to its bulk, the manual had gone
beyond the necessities of the medical students, and that it had acquired
an encyclopeaedic character led the distinguished chemist to join with
me, in 1863, in preparing the present work in one volume for the
special use of students, and I may here state that the whole of the
chapters on the METALS, excepting those parts which refer to Toxi-
cology, and the larger portion of the section on ORGANIC CHEMISTRY,
were contributed by my friend and coadjutor. For thirty years we
bad known each other, and during that time we had been frequently
associated in many important chemical investigations of a public and
private nature. All scientific men who were brought in contact with
Mr. Brande, could not fail to be struck with the accuracy and extent
of his knowledge, the retentiveness of his memory, and the truthful-
ness and honesty of purpose by which he was always actuated. The
friend of Gay-Lussac and Thénard, and the colleague of Davy and
Faraday, he formed a connecting link between the chemists of the
past and the present generation. He lived to see great thanges in the
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CHEMISTRY.

CHAPTERI.
MATTER AND ITS PROPERTIES.

CHEMISTRY as a Science embraces the whole range of animate and inani-
mate nature. By its means, man acquires a knowledge of the special pro-
perties of bodies, and the laws which govern their combinations. By the
application of its principles he can resolve substances into their elementary
constituents, and out of old materials construct new compounds. It confers
on him a species of creative power, by enabling him to unite elements or
compounds, and thus to produce a large number of bodies which have no
independent existence in nature. Either directly or indirectly, Chemistry
as an art lends its aid to the great purposes of civilization. In every civil-
ized country, mining and metallurgy, as well as most branches of manufac-
turing industry, owe their development and progress to the proper cultiva-
tion of Chemistry.

A chemist has to deal with matter, as well as with the forces which are
inherent in and connected with it. Matter may be either simple or compound,
and the forces that control it may be either physical or chemical. Had the
globe heen constituted of only one kind of substance or matter,.the laws
of physics alone would have sufficed to explain the phenomena of nature.
There are, however, sixty-five different kinds of matter now known to
chemists, and as these are resolvable into no other bodies, they are called
simple substances or elements. But few of these are found in nature in their
simple or elementary condition ; they are in general intimately combined
with each other, constituting the large variety of compounds of which the
crust of the carth is composed. These simple substances not only differ in
properties, but their compounds also differ as much from each other as from
the elements which form them. It isthe province of a chemist to define
these differences, to determine the laws by which they are brought about,
and to establish the relations of this with other branches of science.

Chemistry teaches us that matter is in its natore unalterable and inde-
structible : it may change its state, and undergo a change in properties, as
a result of the chemical force, but it may by the same force be restored to
its original state with all its properties unimpaired. Iron and sulphur
possess well-marked characters by which they may be easily known from
each other; but when combined, as in iron pyrites or bisulphide of iron,
these characters are entirely lost, and new properties are manifested. On
again separating the two elements, each reassumes its original properties.
Chemistry, therefore, is not only a science of properties, but a science of
metamorphoses or transformations.

Recent researches have shown that although elements are not resolvable

into other substances, they are in some instances so altered by chemical and
2
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physical forces, that they apparently lose their identity. We have an ex-
ample of this metamorphosis of elementary matter, in that condition which
is called allotropy (aanos zpomos, change of state), and no substance presents
it in so remarkable a degree as phosphorus. Common phosphorus is a waxy-
looking solid, melting at or below 1119, and taking fire a little above its
melting point. It is dissolved by sulphide of carbon; it is luminous in the
dark, evolves an acid vapor in air, producing at the same time ozone, and is
very poisonous. By exposure to a temperature of 460°, under certain con-
ditions, this substance is so completely changed in its properties that it
would no longer be recognized as phosphorus. It presents itself as a hard,
brittle, red-colored solid, which may be heated to about 500° before it melts
or takes fire, is insoluble in sulphide of earbon, does not evolve any lumi-
nous or acid vapors, does not produce ozone, and has no poisonous action
on animals. By the application of chemical reagents and heat, the same
products are obtained from it as from common phosphorus; and as no other
matter or substance can be extracted from it, and each is convertible into
the other, we are compelled to ascribe the difference in properties to mole-
cular changes. Oxygen, sulphur, carbon, boron, and silicon, are bodies
which may also exist in two or more states in which their properties are
widely different. This difference is sometimes brought out by physical, and
at other times by chemical agency. These facts show us that the elemen-
tary state of matter is not so simple as has been hitherto supposed, and they
point to the probability that many of the substances now regarded as ele-
ments, may hereafter be proved to be compounds. The allotropic state,
however, is not confined to simple substances. Compound bodies, such as
silicic acid, and the peroxides of iron and tin, present instances of this con-
dition. The physical and chemical properties of these bodies are changed
by heat, or vary with the mode of their production, while their chemical
composition remains unaltered.

When two compounds can be proved to be formed of the same elements in
the same proportions by weight, it would appear to be a reasonable inference
that their properties should be identical ; but chemistry teaches us that this
condition may exist, and yet the substances be wholly different in chemical
and physical properties. Bodies which thus resemble each other in atomic
constitution are called #someric ({sos equal, and uépos part), and isomerism is
the name applied to this condition of matter. The fact is, the properties of
the substance depend not only on the nature of the elements, and the number
of atoms of each, but on the mode in which these elements are grouped or
arranged. Gum, starch, and sugar are isomeric, or are constituted of a like
number of atoms of the same elements, and the difference in their properties
can therefore only be ascribed to a difference of arrangement among these
atoms. Cases of ssomerism are much more numerous in organic than in
mineral chemistry, for the reason that organic compounds are composed of a
greater number of atoms of each element, and these admit of a greater
variety of arrangement. In some instances, the atoms are in precisely the
same number, but the bodies which they form are widely different. Thus,
the hydrated cyanate of ammonia is represented by the formula NH,;,C,NO,
HO, while the organic compound urea is C,N,O,H,. The properties of
these compounds are widely different. That the differences must depend on
the arrangement of the atoms is proved by the discovery of Wohler, that on
evaporating a solution of the hydrated cyanate of ammonia this salt disap-
peared, and the organic principle urea was produced. Oil of turpentine and
oil of Jemons present another instance of similarity of atomic composition
with different properties. Each of these oils contains C,H 4, but no method
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is known by which one can be converted into the other. There is a whole
group of hydrocarbons similarly constituted. Isomeric bodies in which the
atoms are the same in number and relative proportion are called metameric,
in order to distinguish them from another class called polymerie, in which
the relative proportionsin 100 parts by weight are the same, while the abso-
lute number of atoms differs. Aldehyd and acetic ether are liquids remark-
ably different in properties, but they are polymeric. Aldehyd is represented
by C,H,0,, and acetic ether by C,H,O,. Two atoms of aldehyd wounld
therefore be equivalent to one of acetic ether; but 100 parts of each liguid
would yield precisely the same relative weights of earbon and hydrogen.
At the same time these liquids are not mutually convertible into each other.
In mineral chemistry, a similar condition presents itself in reference to the
compounds known as ferro and ferri-cyanogen. The former is Fe,C;N,;
the latter has exactly double the number of atoms, F,,C,,N,. In a state of
combingtion, their crystalline forms, color, and chemical properties are wholly
different. These facts teach us that the grouping of the atoms, apart from
the chemical composition of substances, has a material influence on their
chemical and physical properties.

While physies relate to those changes, in masses as well as particles of
matter, which result from the physical forces of gravitation, electricity,
magnuetism, light, and heat, chemistry relates to changes produced among the
minute particles of bodies which are the resalt of one peculiar force—namely,
chemical force, affinity, or attraction.

Physical Forces.—Physical forces are manifested on the same or on different
kinds of matter. The chemical force can be manifested only between different
kinds of matter. As a general rule physical forces produce no permanent
change in the properties of bodies, while it is the special character of the
chemieal force, and the leading feature of its existence, that the properties of
the bodies on which it has been exerted are permanently altered. Sulphur
and ¢ron will serve to illustrate the differences here indicated. Gravitation
affects both, but in different degrees. A cubic inch of iron gravitates with
a force equal to that of three and a half cubic inches of sulphur. This is
indicated by a comparison of their relative weights-in the same volume or
bulk (specific gravity). If the mass of iron is rubbed with a flannel, and
held near a light substance, such as dry bran, there is no attraction; when
brought near to a suspended magnet, each end of the magnet is powerfully
attracted ; when heated it does not melt ; under reflected light it has a gray
color and a metallic lustre. A small bar of it held in a flame, allows the heat
rapidly to traverse its substance, and it becomes painfully hot, without under-
going any further change. On the other hand, a mass of sulphur warmed
and rubbed with dry flannel, powerfully attracts bran and all light substances.
Until it has been rubbed it manifests no attraction for the magnet, and after
rubbing, it attracts it only as a result of the frictional electricity produced in
it; when heated, it readily melts, takes fire, and burns with a blue flame;
under reflected light it has a peculiar yellow color without any metallic lustre.
Here, then, we have a manifestation of different pkysical properties in these
two bodies, and we learn thatiron is of greater specific gravity than sulphur ;
that while iron is not rendered electric by friction, sulphur becomes highly
electric ; that while iron is powerfully magnetic, there is no magunetism in
sulphur; that as to the effect of feat, while one is infusible and incombus-
tible at ordinary temperatures, the other readily melts and burns; that the
light reflected by the two is different, and that while iron allows keat to tra-
verse its particles rapidly from end to end, sulphur does not. After having
manifested all these phenomena as a result of physical forces brought to
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bear upon them, the iron and the-sulphut resume their original state,
unchanged in properties.

The chemical differénces which exist between iron and sulphur are not less
remarkable. If sulphur in fine powder is sprinkled in a jar inverted in a
saucer of water, it may be kept for any length of time without undergoing
any change. If iron-filings are sprinkled in another jar, also inverted in
water, the iron will be oxidized or rusted, and the water will rise in the jar,
showing that a part of its gaseous contents has been removed. The gas thus
removed may be proved by experiment to be oxygen, which, at a low tem-
perature, will combine with iron but not with sulphur.

If we mix together iron and sulphur in the finest powder, in the propor-
tions in which we know they will chemically combine to form iron pyrites
or bisulphide of iron, namely, forty-seven parts of iron and fifty-three of
sulphur, they will remain as a mere mixture, each with its physical properties
unaltered. Owing to the presence of iron the powder will have magnetic
properties, and when placed in water the iron will rust, and remove oxygen
from a vessel of air. If a magnet be drawn over the powder, the iron will
be removed, and the sulphur remain. If examined by a microscope, the
particles of sulphur will be distinctly seen mixed with the particles of iron.

Chemical Force.—When the sulphur end iron are, however, chemically
united in the proportions above-mentioned, as in iron pyrites, they will be
found to have lost their characteristic physical and chemical properties.
This substance is seen in hard cubic crystals of a yellow color and of a
metallic lustre. It has no magnetic properties; it is not, like sulphur,
rendered electric by slight friction, and in the state of fine powder it does
not remove oxygen when placed in a jar of air over water. A magnet drawn
over this powder produces no effect upon it, the iron is not separated from
the sulphur. Neither sulphur nor iron can be seen in the powder, by the
aid of the most powerful microscope. We have, in fact, an entire change of
properties, and the new properties acquired are retained so long as the two
elements are chemically combined. By aid of the chemical force, the two
elements may be separated and procured in a pure state. The iron and sul-
phur will then be found to have re-acquired all the properties, physical and
chemical, which they had lost as the result of their combination.

Physical forces, therefore, produce only temporary changes in bodies,
while the chemical force entirely alters them ; and this alteration continues
until the union of the elements is dissolved. Further, we learn that the
properties of a chemical compound cannot be inferred from the properties of
its constituents. Its physical condition as gas, liquid or solid, and its chemi-
cal and physiological characters, can be determined only by experiment.
Nitrogen and hydrogen are two comparatively inert gases, while carbon is
an innoxious solid. The combination of these three elements produces a
highly poisonous liquid, Prussic acid. Hydrogen has no smell, and sulphur
only a slight smell on friction ; when chemically combined these bodies pro-
duce a most offensively-smelling gas, sulphide of hydrogen. Carbon, oxygen,
hydrogen, and nitrogen, are innoxious agents, and have no taste, but when
combined in certain proportions they form strychnia, remarkable for its
intensely bitter taste and highly poisonous properties. Iron manifests mag-
netism most powerfully, and oxygen is the most magnetic of gases, yet these
two bodies, when combined in the proportions of two of iron to three of
oxygen, produce a compound in which no trace of magnetism can be
discovered.

The properties-of substances which are referable to the senses in the form
of taste, odor, color, or touch, are called by the French organoleptic, to
distinguish them from physical and chemical properties. They are of some

.
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importance in chemical analysis, as they often aid the chemist in his search
after minate traces of certain elements or compounds.

Divisibility of Matter. —Matter, in the simple or compound, in the solid
or liquid state, is divisible. Thus a solid or liquid may, by various pro-
cesses, be reduced into particles so fine that they are no longer perceptible
to the eye. When reduced to the 1-500,000th of an inch in diameter, the
particle would be no longer visihle under the most powerful microscope
(Mitscherlich) ; but lines closer together than the 100,000th of an inch
admit of no separation by the most powerful modern object-glass. The
minute particles of fine precipitates, such as sulphate of baryta or chloride
of silver, are individually imperceptible : they are only rendered visible to
the eye by aggregation. So of all solids in solation, the particles are so
small that light traverses them. A small quantity of mercury shaken in a
bottle with strong sulphuric acid, is temporarily split into myriads of minute
globules. Mere pressure with the finger will divide this liquid into particles
so small that they become gray and their bright lustre is lost to the eye.
By subliming the metal in a tube, its particles may be so subdivided as to
present only a gray tarnish on the glass. If a solution of chloride of tin is
added to a solution of corrosive sublimate, a grayish-black precipitate is
formed, which, when separated by filtration, appears on the filter in the form
of microscopical globules, so minute that it would be difficult to assign a
weight and size to each. Platinum, in the form of ammonio-chloride, is
converted by nascent hydrogen produced by the action of sulphuric acid on
zine into a black powder (platinum-black) resembling charcoal. All the
physical characters of a metallic substance are lost by reason of the extreme
tenuity of its particles. Gold admits of still finer subdivision. It has been
reduced to such a state of tenuity that it does not sink in water, but-allows
light to traverse it as well as the liquid : its particles giving to the liquid a
blue, green, or ruby color, according to the degree to which they have been
divided by chemical agency. According to Faraday’s experiments, the ruby
liquids present metallic gold in the finest state of division ; the blue liquids
hold the gold in a more aggregated form. That they are finely-diffused par-
ticles of the metal is proved by throwing a cone of sun-rays, either by a lens
or mirror, into the midst of the liquid, when the illuminated cone clearly
proves them to be undissolved bodies. He estimated that a particle in this
state formed 1-500,000th part of the volume of the fluid. (Proc. Roy. Soc.,
vol. 8, No. 24, p. 361.) Muncke has calculated, from the diffusion of a
known weight of gold over silver wire, that one grain admits of subdivision
into ninety-five thousand millions of visible parts, ¢. e., visible under a micro-
scope magnifying 1000 times. (Handb. der Naturlehre, 43.) Films of gold,
finer than the finest leaves of the metal, may be obtained by the following
process : Place a thin slice of phosphorus on a surface of a very diluted solu-
tion of chloride of gold. Cover the vessel so as to prevent thie access of
light. In the course of twenty-four hours the gold will be reduced to the
metallic state, for a considerable extent around the phosphorus. It will
present the brilliant color of the metal by reflected, but will appear bluish-
green by transmitted light. The metallic film may be raised from the surface
of the solution, by bringing into contact with it a clean surface of glass. It
will adhere to, and may be dried and preserved upon the glass. Its tenuity
is such, that by mere appearance it is scarcely possible to determine on which
side of the glass it is deposited. It is probably less than the millionth of an
inch in thickness.

The divisibility of matter is of interest to the chemist, inasmuch as it
enables him to speculate on the limits of chemical tests for the detection of
substances. If half a grain of nitrate of silver is dissolved and diffused in
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100 ounces of distilled water, the presence of the metallic silver throughont
will be indicated by the liquid being rendered opaque, from the production
of chloride of silver, by the addition of a few drops of a solution of common
salt. One grain of silver may here be proved to be split into 188,000 parts.
But Malaguti found in sea-water taken off the French coast, that silver was
dissolved in it as a chloride, in the proportion of one grain in 100,000,000
grains, so that each grain of water would contain only the 100,000,000th of
a grain of metallic silver. No analysis could reveal its presence, except by
an operation on a large quantity. (Quart. Journ. of Chem. Soc. 1851, vol.
3, p. 69.) One quarter of a grain of acetate of lead dissolved and diffused
in 100 ounces of water, will form a solution which is turned of a brown
color by sulphuretted hydrogen, in parts as well as in the mass. The lead
is here converted into sulphide; and a grain of the metal is actually split
into 336,000 parts. With indigo the divisibility may be carried still further.
One-eighth of a grain of indigo dissolved in sulphuric acid will give a well-
marked blue color to 300 ounces of water. This is in about the proportion
of a millionth part of a grain in every drop of water. Muncke, who has
ingeniously calculated the aeight of the minutest visible particle of gold
obtainable from the division of a grain of metal, has endeavored, in reference
to indigo, to determine the size of the minutest particles of this substance
from the dilution of a measured guantity of its solution. He estimates it at
the five hundred billionth of a cubic inch. (Op. cit., p. 44.) Half a grain
of iodine may be easily diffused in vapor, throngh five gallons of air, con-
tained in a glass vessel: Each millionth of a cubic inch of air contains only
the 1-2,770,000,000th of a grain. In other words, a grain of iodine is split
by diffusion into two thonsand seven hundred and seventy millions of parts
—these minute atoms being easily detected thronghout the whole of the inte-
rior of the glass vessel by the action of iodine on paper wetted with starch.
Assuming the specific gravity of iodine to be 5, it follows that the size of the
atom of iodine under this divisibility, is less than the three billionth of a
cabic inch.

The divisibility of matter has of late' acquired an additional interest in a
chemical point of view, by reason of the discoveries of Kirchoff and Bunsen,
in reference to the diffusion of metals. Their researches tend to show that
sodium, probably in the form of chloride, is a constituent of the atmosphere,
and is diffused as a vapor over the whole of the globe. The divisibility of
sodium to the extent in which it may be detected by prismatic analysis,
utterly defies the balance and the microscope. These chemists have tested
the diffusion of the vapor of sodium from a minute quantity by weight in a
room of known capacity, and they have detected its presence by the prism
when the quantity examined could not have exceeded the 195,000,000th part
of a grain in weight. (Phil. Mag., Aug. 1860, p. 95.) In reference to this
mode of analysis they have also announced the presence of a metal (casinm)
in a mineral water, of which it could not have formed more than the
100,000,000th part. ;

These results and caleulations naturally suggest the question, whether
there can be any limit to the divisibility of matter. Without going into the
metaphysical part of this question, we may state that as bodies in masses
can be proved to combine in definite weights, or weights which are fixed for
each substance, it is probable that the same is true of the minutest particles
of which they are composed. The view most consistent with chemical facts
and theories is, that there is a limit to the divisibility of matter, and to this
limit the term atom. (Grouos, undivided) is applied. It is believed that at
this point matter is no longer divisible. What that limit is cannot be
defined, and it is unnecessary for practical purposes to inquire. We can
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neither calculate nor estimate the size, shape, or absolute weight of atoms,
but we can say that they are infinitely smaller than any particles which we
can weigh in the most delicate balance, or measure in the field of the most
powerful microscope.

Cohesion.— The minute atoms of matier in the solid or liguid state may
be held together by two forces ; first, by the force of cokesion; and second,
by the force of gffinity, or the chemical force. In simple substances cohe-
sion only is exerted. Thus, in sulphur as a solid, and in bromine as a liguid,
the particles of each element are held together by cohesion. In compound
bodies the two forces are in operation. In a mass of lime the particles are
united by cokesion; but the oxygen and calcium of which the lime is consti-
tuted, are held together by the chemical force.

The force of cohesion in bodies may be destroyed by physical causes, and
the three states in which matter exists, solid, liquid, and gaseous, depend on
the relative amount of cohesive force exerted among the particles. In a
solid the cohesive force is strong, in a liquid it is comparatively slight, and
in a gas it ceases to manifest itself. The cohesion of solids is destroyed by
pulverization, but more completely by heat, which operates as an antagonistic
power. Thus many solids are reduced to a liquid, and ultimately to a
gaseous or vaporous state, by the mere effect of heat. Ice, water, and steam,
present familiar examples of these states of matter, in the well-known com-
pound of oxygen and hydrogen. We can see a mass of ice or liquid water,
but no eye, even aided by the microscope, can see the particles of aqueous
vapor into which water is converted above 212°, Some bodies are known
only in the solid state, e. g., lime and carbon ; others only in the gaseous
state, e. g., oxygen ; others, again, only in the liquid and gaseous states, e g.,
alcohol. From recent experiments, there is reason to believe that bodies
hitherto supposed to be of a fixed nature, such as platinum, iron, and even
carbon, are capable of assuming the gaseous or vaporous state under the in-
tense heat of the voltaic battery ; and that their particles may be thus trans-
ferred from one pole to another.

The destruction of cohesion in compounds, whether brought about by
mechanical division or by the effect of heat, does not, as a general rule,
destroy the chemical force by which the atoms are bound together. Calomel
may be reduced to the finest state of powder, or even converted into vapor,
by heat ; but each atom of the compound still consists of chlorine and mer-
cury. In the same manner the invisible particles which constitute aqueous
vapor, contain, in their most extreme division, oxygen and hydrogen. In
some instances, heat applied to solids or liquids, either direetly or as a result
of friction or percussion, will dissever atoms united by chemical affinity.
Such effects are seen in the solid iodide and in the liguid chloride of nitrogen;
but this is the result, not of mechanical division, but of the decomposing
agency of heat on such bodies, brought out by friction or percussion. The
atoms of snbstances which are once chemically combined, require, as a rule,
the chemical force for their separation. :

Adhesion.—Cohesion may take place between substances of different kinds, -
hut this is by contact of surfaces, and is sometimes called ‘adhesion. An
amalgam of tin and mercury (used in silvering mirrors) adheres closely to
a surface of polished glass. The film of reduced metal in the collodio-iodide
of silver, on which a photographic image has been produced, adheres very
firmly to the glass. Lastly, one metal, platinum, by reason of its expansion
and contraction, when exposed to heat, not differing materially from that of
glass, may be actually welded to this substance, and on cooling it firmly
coheres to it. A platinum wire thus welded into a short glass rod, forms a
useful piece of apparatus for the detection of small quantities of alkaline
bases by combustion. 3
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Oapzllary Attraction.—Closely allied to cohesion is that mutual attractlon
between the surfaces of solids and liquids which gives rise to the phenomena
of capillary attraction, so called from its caunsing the visible rise of fluids in
tubes of small bore. If a tube with a capillary bore of one-fiftieth of an inch
be dipped at one end into a glass of colored water, the water rises to about
23 inches, and the rise is great in proportion to the smallness of the bore,
and is greater with water than with any other liquid. If two plates of per-
fectly clean.glass be so held as to form a very acute angle with each other,
and their lower edges be then dipped into water colored by sulphate of indigo,
the liquid will rise in the form of a curve (hyperbola) between the plates,
rising highest where the space between them is least. It is in consequence
of this species of attraction that a drop of water upon a solid surface wets
and adheres to it; and that the surface of water in a clean glass is not truly
level, but a little elevated upon the edges. These phenomena depend upon
the nature of the substances presented to each other; thus water will not
rise upon greasy glass or wax ; and hence also different liquids rise to differ-
ent heights in the same tube, independently of their specific gravities, and
of their relative degrees of viscidity. Mercury not only does not rise, but
is depressed in the bore of a common glass tube: so that, unlike water, it
presents a convex instead of a concave surface when contained in a glass tube
or vessel, provided the tube or vessel is clean and the mercury is absolutely
pure. The cohesive attraction of the particles of mercury to each other
is greater than of the mercury to the glass: hence they are incapable of
wetting it. "This renders mercury well fitted for thermometers of a minute
capillary bore.

The rising of ]1qmds in porous or spongy bodies, the ascent of oil or spirit
in the wicks of lamps, in which the fibres of cotton or asbestos, by reason of
their contiguity, build up small tubes or channels—and the circulation of the
juices of plants, are dependent upon capillary attraction. If a lump of white
sugar is placed on a few drops of diluted sulphate of indigo, the liquid rises
and colors the whole substance of the sugar. A heap of dry sand placed in
contact with water soon becomes damp throughout. If a short piece of cane
is planged into oil of turpentine, the liquid after a time rises through the
fibrous or tubular structure of the cane, and may be burnt as with a wick at
the top. A curious instance of capillary attraction operating with crystal-
lization, is farnished by the following experiment: Let a Florence flask be
half filled with a satarated solation of bisulphate of potash. Plunge into the
liquid a clean deal stick, so that the end may project one or two inches above
the neck of the flask. I kept in a warm and dry place, the liquid will rise
by capillary attraction, and a dense crop of prismatic erystals will after some
days or weeks be formed on the top of the wood. As the small prisms build
up tubes, the liquid is gradually drawn through them, and more crystals are
deposited, until they fall off as a result of their weight.

The effect of capillary attraction is often seen in crystallizing solutions.
The slender prisms deposited at the edge of a vessel where the solution is in
contact with it, draw up more of the crystallizing liquid and another crop is
formed, in a ring or circle above the liquid. These carry the liquid by capil-
lary attraction still further, so that they sometimes creep up.the inside of a
vessel and descend on the outside. A prismatic crystallization of carbonate
of soda, nitrate of potash, and sulphate of soda, is often seen on walls, cover-
ing a large surface, as a result of capillary attraction.

This force is remarkable in the fact that, like cohesion, it is more powerful
than gravity. Water and other liqnids are lifted perpendicularly in spite of
gravitation. It affects the freezing point of water, which is stated to be
much lower than 32° when the liguid is contained in a capillary tube.
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CHAPTER II.
CRYSTALLIZATION—DIMORPHISM—ISOMORPHISM.

TuE process by which the cohesive force operates to produce a symmetrical
or regular form in bodies is called crystallization. A crystal (xpisrannos, ice
or crystal) is a polyhedral or many-sided solid, having smooth and bright
surfaces called planes, terminated by sharp edges or angles. This force is
chiefly witnessed in bodies as they are passing from the gaseons or liquid to
the solid state. The study of this subject is of some interest in reference to
analysis. As a peculiar crystalline form is observed in a large number of
mineral and organic compounds, an analyst, when assisted by the microscope,
is enabled to detect many substances in quantities too small, or in mixtares
too complex, for the application of ordinary tests. Thus a erystal of white
arsenic not larger than a 20,000th part of an inch may be easily identified
by its form.

This force appears to be impressed on the minute atoms of all kinds of
matter. Simple and compound, solid, liquid, and gaseous bodies, all more
or less assume a crystalline form when placed in the conditions necessary to
the process. It appears to be as closely associated with certain kinds of
matter as the force of gravitation itself. Salts not found in nature, but
purely productions of art, acquire crystallizing power in fixed and definite
forms, whenever the union of their atoms takes place in certain chemical pro-
portions. ‘Thus potassium, iron, carbon, and nitrogen, when artificially com-
bined, produce salts which, in one state, form splendid yellow octahedral
crystals with a square base (ferrocyanide of potassium) ; and in another state,
right rhombic prisms of a rich ruby color (ferricyanide of potassium), the
two compounds differing but slightly in the proportions of one of their com-
ponent parts. Crystallization may be regarded as an indication of definite
constitution in certain solids. Thus, among alkaloids strychnia and mor-
phia are obtained perfectly crystalline, but veratria, digitaline, and aconitina
have not been obtained in a crystalline state. It is not improbable that these
uncrystalline substances may consist of the alkaloid associated with other
alkaloids, or principles derived from the vegetable.

The forms of crystals are generally characteristic of the substance : thus,
among native or natural crystals, quartz is known by its transparent six-
gided prisms, fluor-spar by its cubes, and Iceland spar by its rhombs.
Among artificial crystals, nitre is known by its long fluted prisms, common
salt by its cubes, and alum by its well-marked octahedra. Some substances,
such as gum, starch, and glass, cannot be made to assume the crystalline
state : they are for this reason called amorphous (from e, priv. and popsps,
form). Others, like sulphur, assume it most readily, provided cohesion be
destroyed by fusiton, sublimation, or solution. ‘

Some bodies, e. g., the metals, can be readily erystallized by fusion ; others,
as nitre, alum, and the greater number of salts, only by solution ; and others,
again, e. g., calomel, only by sublimation. Corrosive sublimate and white
arsenic may be obtained perfectly crystallized either by sublimation or solu-.
tion, and in reference to arsenic the octahedral form is preserved in both
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cases. Hence it follows that if a substance cannot be melted, dissolved, or
sublimed, it will not admit of crystallization.

Crystallization by Fusion.—If a quantity of pure bismuth is melted in an
iron ladle, and is allowed to cool until a slight erust is formed on the surface,
and two holes are then made in this crust to permit the still lignid metal to
be poured out, a group of cubic erystals of bismuth will be obtained. Sul-
phur melted in a crucible at a low temperature, and treated by a similar
process, will yield a hollow cavity containing numerous prismatic crystals,
intersecting each other in all directions. The crystals thus obtained will be
large in proportion to the guantity of bismuth and sulphar melted, and the
slowness with which the cooling has taken place. The melted substances
should be kept at perfect rest. Groups of crystals thus procured somewhat
resemble the hollow minerals found in different strata called geodes (yeddns,
earthy). They are rough-looking globular masses on the exterior, but when
broken are found to be lined with crystals of quartz, fluor, and other mineral
compounds.

Advantage is taken in the arts of this tendency of certain metals to crys-
tallize by fusion, to separate silver from commercial lead. About six tons
of lead are melted at once. In the act of cooling the lead crystallizes in
octahedra, and is removed from the molten mass by means of a perforated
iron ladle. The melted portion is thereby reduced to about seven hundred
weight; and this consists of a very fusible alloy of lead and silver, in which
the silver is in large proportion, and can be easily separated from the lead
by other processes. The efficiency of this method of separation may be
judged of by the fact that the average quantity of silver contained in lead is
ten ounces to the ton; and by the erystallization of the lead, the proportion
of silver is brought up to two hundred ounces to the ton.

Structure of Crystalline Solids.—The erystallization of sulphur, bismuth,
and other metals by fusion, shows that erystdllizable bodies are made up of
groups of minute crystals, since but for the pouring off of the liquid portion
of bismuth or sulphur, the whole would have set into a confused mass. An
experiment on tin will further illustrate this condition. If a piece of tin-
plate (tinned-iron) is heated, and the surface is then rapidly brushed over
with a liquid consisting of one part of nitric and one part of hydrochlorie
acid, with eight parts of water, a very beautiful crystalline structure will be at
once made apparent. This has been called the moirée of tin. The tin in
cooling on the surface of the sheet-iron, assumed a crystalline structure, but
this was concealed by a deposit of amorphous metal which the diluted acid
removes. Spurious tin-foil, 2. e., sheet-lead faced with tin, does not present
this crystalline character. When treated with the mixed acids, after a short
interval a dark blue -or leaden color appears, and the spurious metal is par-
tially dissolved. Most metals by exposure to weak solvents which act slowly
on the surface, are found to present a crystalline structure. Platinum thus
assumes a crystalline surface from the action of nitro-hydrochloric acid, and
sluminum may be moiréed by the action of a solution of potash or soda.
Wrought iron immersed in a weak acid solution of chloride of platinum,
presents a fibrous structure ; and the damasking of steel is produced by wash-
ing the metallic surface with diluted nitric acid.

Many salts which are soluble in water, may be made to present a well-
marked crystalline structure as a result of partial solution. A rough block
of alum placed for a few days in a cold and nearly saturated solution of ‘this
salt, will present upon its surface the planes and angles of numerouns octa-
hedra. A crystalline structure is also thus brought out on a mass of bichro-
mate of potash, sulphate of iron, or carbonate of soda. The cohesive force
which holds together the atoms of salt, appears to be stronger in the planes
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and angles of the erystal than in other directions; hence these parts resist
solution, and the block is unequally dissolved. Ice may be made to present.
a erystalline structure by soaking a block in water at about 32°. This struc-
ture, however, is rendered more apparent by the freezing of thin films of
vapor deposited on glass during winter. The same phenomenon is observed
with respect to most solids which can be dissolved or sublimed. K Thus a
rough block of camphor kept in a capacious bottle for some weeks, dimi-
nishes in bulk by reason of a portion being volatilized. and deposited in .
crystals in the upper part of the bottle, which has been exposed to light.
If the surface of the camphor be now examined with a lens, it will be found
to be composed of the planes and angles of well-defined rhombohedra, as if
it bad been artificially carved. :

Cleavage.—To the crystalling structure may be referreds the property of
cleavage, whereby crystals can be easily broken only in certain directions,
corresponding to the planes of erystallization. Masses of selenite (sulphate
of lime), Iceland spar, and galena, when struck, will break readily in sharp
angular fragments of different shapes, but presenting bright surfaces. When
these broken surfaces are examined, they are found to correspond to the
planes or layers of the primary form of the erystal, to which each substance
may ultimately be reduced by cleavage. Thus selenite readily splits in two
directions, and in one of these so easily that it may be reduced to the thinnest
plates. By fracture in another direction, the pieces break in the angles of
a rhomb, so as to form rhombic plates. Iceland spar (carbonate of lime)
on the other hand, may be readily eleaved in three directions, so as to produce
a rthomboidal crystal. To this form, the numerous varieties of carbonate
of lime may be finally reduced by cleavage. Galena, or sulphide of lead,
is met with crystallized as a cube, octahedron, or rhombic dodecahedron.
The eubic galena admits of cleavage in three directions, corresponding to
the rectangular form of the cube. If an attempt be made to split the
octahedral or dodecahedral crystal parallel to the planes of those figures, the
crystal will resist the force in these directions, but it may be readily broken
in planes parallel to the cube. These three figures have therefore a direct
relation to each other: they may pass and repass into each other, and they
constitute one of the systems in which erystalline forms are arranged.
Although the diamond is considered to be the hardest substance in nature,
yet as a crystalline body it may be cleaved in four directions parallel to the
surfaces of an octahedron, and when moderate force is applied in either of
these directions, this hard solid readily gives way and may be split into
pieces. The sapphire, although less hard than the diamond, cleaves only in
one direction, and therefore may bear a harder blow without fracture.than
the diamond itself. When a rough diamond contains a flaw, it is split into
two at this point, and it then makes two perfect stones. By practical
skill a workman knows how to direct the cleavage and strike the blow.
Tracing the plane, he makes on the exterior a slight nick with another
diamond. He then places.a small knife in that nick, gives to it a light tap
with the hammer, and the stone is at once cleaved in two, directly through-
the flaw. This eperation is daily practised in the' diamond works of
Amsterdam. (Pole on Diamonds.) Mr. Pole states that Dr. Wollaston
once made £1250 by purchasing a large flawed diamond at a low price, and
subsequently splitting it into smaller and valuable stones, the principle of
the operation not being then generally known.

The property of cleavage shows that the force of cohesion in erystals is
stronger in certain directions than it is in others. An amorphous or
unerystalline solid, like chalk or starch, when struck, will break in any
direction with a dull and uneven fracture. Another cuarious fact which was
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discovered by Mitscherlich is, that a great number of crystals, when heated,
expand unequally, 7. e., more in certain directions than in others. As a
general rule, solids, when heated, expand equally in all directions. The
crystals belonging to the cubic or regular system (alum, common salt, white
arsenic), also follow this rule ; while in the five other systems of crystallization,
the crystals, when heated, expand unequally in one or more directions.
Thus a rhomb of carbonate of lime, when heated only from 32° to 2129,
undergoes an alteration of shape. The obtuse angles become more acute,
and there is by measurement a difference of 8} degrées in the inclination of
the planes of the crystal. This can only be ascribed to an inequality in the
cohesive force in two opposite directions.: In cooling, the crystal resumes
its original shape.

Orystallizing Force.—The force with which cohesion is exerted in crystal-
lization is very great. In the crystallization of water during freezing, lead,
iron, and glass vessels containing this liquid are liable to burst. This is
owing to the increase of bulk which takes place when water passes into the
solid form of ice. (See WaTER.) The effects of freezing water on rocks,
earth, and porous stones are well known. Crystallizing solutions, by
penetrating into-small cracks or fissures in the vessels which contain them,
often cause their destruction. An alloy of eight parts of bismuth, four of
tin, and five of lead (fusible metal), crystallizes on cooling from a state of
fusion. It expands so as to fill a mould completely, and thus allows a
perfect impression to be taken. For this reason, in the act of crystallizing
it sometimes causes the fracture of a glass vessel in which it is melted. Cast
iron crystallizes on cooling, and expands to such a degree that very accurate
impressions may be taken from moulds.: The Berlin iron used for this purpose
containg phosphorus, which increases the fusibility of the metal, and castings
are obtained from this in imitation of the finest filigree work.

Production of Orystals.——It follows from what has been stated regarding
the conditions for crystallization, that substances which are insoluble, infusible,
or fixed at a high temperature, cannot be crystallized by artificial processes.
Carbon, sulphate of baryta, silicic acid, and fluoride of calcium, are found
perfectly crystallized in nature, but they do not readily admit of erystallization
by art. The natural erystallization of these bodies is probably due to
the slow operations of nature over very long periods of time, and to the
progressive increase in the size of the crystal by gradual accretion from
without.

In employing boracic acid as a solvent for alumina, magnesia, and oxide
of iron, M. Ebelmen has succeeded in obtaining octahedral crystals identical
in physical and chemical properties with the native spinelle ruby. The
substances in proper proportions were fused with boracic acid, and by
exposing this mixture for some days to the heat of a porcelain furnace, the
solid acid was driven off and hard crystals of spinelle were formed.

When diluted sulphuric acid is added to a solution of nitrate of baryta,
the sulphate of baryta, owing to its great insolubility, falls at once in an
amorphous powder. It shows no tendency to crystallization. When the
same acid is added to a solution of tartrate of potash, a crystalline precipitate
(cream of tartar) is slowly separated. This compound is also produced in
crystals by suspending by a thread, in the midst of a diluted solution of
potash to which a small quantity of alcohol has been added, a large crystal
of tartaric acid. One or two drops of a solution of ammonia added to a
strong solution of oxalic acid in a watch-glass, will slowly lead to the
production of the well-marked prismatic crystallization of oxalate of ammonia.
Metallic lead may be obtained in a beautifully crystalline state by immersing
a piece of clean granulated zinc in a solution of the acetate of lead; acidulated
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with acetic acid :—or still better, by the introduction of a piece of clean zinc-
foil into a weak solution of acetate of lead, slightly acidulated with acetie
acid. Tin may also be obtained crystallized in prisms by placing a piece of
granulated zinc in a diluted solution of chloride of tin. 'When iodide of
potassium is added 4o a solution of nitrate of lead, a rich yellow precipitate
(iodide of lead) falls down. This precipitate is amorphouns; but if the
supernatant liquid is poured off, and the yellow precipitate is boiled for a
short time in water, a part of the iodide assumes a crystalline state, appearing
under the microscope in triangular or hexahedral plates of a golden color,
with shades of green.

By Sublimation.— A mong the bodies which are easily obtained crystallized
by sublimation, ¢. e., from a state of vapor, may be mentioned benzoic acid,
naphthaline, iodine, white arsenie, and c%mphor. The last-mentioned sub-
stance is slowly sublimed at ordinary temperatures, in hexahedral plates or
rhombohedral crystals. These are deposited on that side of the glass vessel
containing the camphor which is subject to the greatest amount of cooling
by radiation. The following experiments will illustrate this method of
producing crystals. Place in a small tube about a quarter of a grain of
white arsenic, heat the tube a little above the part where the powder is
deposited, then very gradually warm the powder. At about 370° the arsenic
will be volatilized, and if not too rapidly heated, well defined and distinct
octahedra will be deposited on the eold part of the tube. Place in another
tube a few grains of the red iodide of mercury; heat it until it mglts, then
moderate the heat, and the red powder will be sublimed in splendid rhombic
plates of a brilliant yellow color.

By Solution.—We must here select a salt, such as nitre, alum, or sulphate
of copper, the solubility of which greatly increases with the temperature.
A boiling saturated solntion of the salt is made, and the vessel is placed
aside, covered over, and kept undisturbed. The cooling should be allowed
to take place very slowly : 100 parts of water at 212° will dissolve 246 parts
of nitre, but at 60° this quantity of water will retain only 30 parts of the
salt. Hence 216 parts are deposited on cooling in groups of prisms, which
are large or small according to the quantity of salt dissolved, and the slowness
with which the deposit has taken place. Asa general rule, small crystals
are more perfect in form and and more transparent than large crystals. As
the crystals of salts are of greater specific gravity than the liquid in which
they are formed, they are usually deposited at the bottom of the vessel, or
they will adhere to any rough surfaces of wood or string which may be
introduced into the crystallizing solution. Under these circumstances they
increase in size by the spontaneous evaporation of the solution, and a
continued deposit from without, and as they are in the midst of the liquid
they retain a perfect form. We have thus seen produced rhombic prisms of
carbonate of soda of sixteen inches in length, and stalactiti¢ octahedra of
alum of still greater dimensions. If the substance is not very soluble in
water (arsenious acid), the crystals are small but perfect, and are slowly
produced. If the salt is equally soluble in hot and cold water, no crystals
are obtained on cooling the solution. Common salt (chloride of sodium)
presents an example of this kind, and by this singular property it admits of
separation from a large number of salts. It can only be obtained erystallized
from its saturated solution by evaporation, 7. e., by the removal of the
solvent.

The liguid in which crystals are deposited on cooling is a saturated solu-
tion of salt for the temperature ; it is called the mother-liquor. By remov-
ing it from the deposited crystals and carrying the evaporation still further,
7. e., until a slight pellicle appears on the surface, a fresh crop of the same
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crystals may be procured, but not so pure as those first obtained. If a por-
tion of the mother-liquor, cooled to 60°, is placed in a freezing mixture, there
will be a further deposit of crystals of nitre, this salt being less soluble at
320 than at 60°.

Crystallization as a result of cooling is witnessed ih many liquids, and
becomes a test of their strength on chemical composition. Acetie acid
cooled to below 40° sets into a mass of prisms resembling ice. Tt is hence
called glacial acetic acid. It serves as a test of the strength of the acid, and
represents the strongest form in which this acid can be procured. Sulphuric
acid is liquid at ordinary temperatures. - When cooled to below 40° it forms
a solid crystalline mass, like ice, which has a definite constitution of one atom
of acid combined with two atoms qf water, a bihydrate. As a liquid at 60°
its specific gravity is 1.78. If the proportion of water is increased or dimin-
ished, it no longer crystallizes at this temperature,

In the deposition of crystals from saline solutions the mother-liquor gene-
rally retains the impurities associated with the salt, and thus by repeatedly
crystallizing a substance in fresh quantities of water, we may bring it to a
state of great purity. In the crystallization of tartar emetic, the arsenic con-
tained in the materials used remains in the mother-liquid ; and according to
Martius, the larger erystals of tartar emetic ‘which are formed principally in
the mother-liquor contain arsenic. (Gmelin, vol. iv. p. 817.) The purifi-
cation of alkaloids by repeated solution in alcohol, ether, or chloroform, is
based om a similar principle.

The more slowly the evaporation takes place, the larger and finer the
crystals. The small and opaque cubic crystals of common salt are obtained
by rapid evaporation at a boiling temperature. The large crystals of bay
salt are procured by the spontaneous evaporation of brine. A viscid state
of the mother-liquor from repeated evaporations, is a bar to the production
and deposit of fine crystals. Certain alkaloids and other compounds which
do not bear a high temperature are protured perfectly crystallized by allow-
ing the liquids to evaporate ¢n vacuo at a low temperature—a vessel of sul-
phuric acid being placed under the crystallizing liquid, to absorb the aqueous
vapor as it is evolved.

Crystals may be made to grow or to increase in size, by selecting those
which are perfect—covering them with the mother-lignid, and allowing this
liquid to evaporate spontaneously. That the crystals-may preserve their
regular form while this increase is taking place, it is necessary that they
should be occasionally turned, otherwise the deposit will be formed chiefly
on the upper parts.

Separation of Selts.—When two or more salts are present in the same
solution, if of different degrees of solubility and not isomorphous, they may
be separated by crystallization. It is observed that the salt which is least
soluble for the temperature is separated first. In the evaporation of sea-
water, sulphate of lime, by reason of its insolubility, is first precipitated and
removed. Chloride of sodium or common salt is then separated, as this is
no more soluble in hot than in cold water, while the other salts associated
with it are much more soluble at a boiling than at a low temperatare. When
the water is exhausted of its crystallizable salts, the residue contains chiefly
chloride of magnesium with traces of bromide. It is this chloride which
gives an intensely bitter taste to the liquid, hence the residue is called
“bittern.” When two nearly equally soluble salts are present, that which
is in larger quantity is usually separated first.

Deposition of Orystals.—As a general rule all crystals are deposited in the
mother-liquor as the solution cools, but there are solutions of certain salts
which if kept at rest and so covered as to prevent free access of air or dust,
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will either not deposit crystals on cooling or deposit them only partially. A
hot saturated solution of sulphate of magnesia placed in a vessel secured
with bladder may be cooled at 60°, and yet will only partially deposit crys-
tals. On agitating the cooled liquid, more will be deposited. This property
is more remarkably manifested by sulphate of soda. This salt when dissolved
at a boiling heat in the proportion of two parts by weight of crystals to one
part by weight of boiling water, may be placed in flasks or tubes and cooled
£0 60° or below, without depositing crystals, provided the vessels are kept at
rest and the surface of the solution is covered while hot with a stratum of oil,
or the mouth of the vessel is firmly secured by caountchouc or bladder. Upon
agitating the liquid, or exposing it to air by cutting through the bladder—
by plunging into it a glass-rod or a crystal of the salt, the sulphate immedi-
ately begins to crystallize, either from the surface or around the rod or crys-
tal; and the whole speedily forms a crystalline mass. If a quantity of- this
hot liquid is allowed to cool in a tube about twelve inches long, similarly
secured, the process of crystallization may be easily watched ; the mode in
which a solid mass of salt is built up of myriads of prisms intersecting each
other in all directions, will be then at once made evident to the eye. We
have preserved a solution of this kind, with the process of crystallization
thus suspended, for three years, and the ordinary mechanical causes above
mentioned brought about erystallization in the whole mass after this long
period. From this sudden crystallization of sulphate of soda, we learn that
the production of erystals is attended with the evolution of sensible heat,
light, and even electricity. The phenomenon is considered to be owing to
the fact, that in a hot saturated solution the sulphate of soda is dissolved in
an anhydrous state, and so remains on cooling, until slight mechanical causes
operate on the solution. Agitation, the introduction of a crystal, or expo-
sure to air, canses the formation of the ten-atom hydrate, so that the water
now enters into chemical combination with the sulphate, and the whole sets
into a solid mass. There is also a seven-atom hydrate of the sulphate of
soda. Transparent crystals of this hydrate are frequently deposited in a
flask during the cooling of a saturated solution. They become white on the
surface, probably from a loss of water during the formation of the ten-atom
hydrate. The crystallization of water itself presents a similar phenomenon.
Water kept in a narrow tube and at rest may be cooled to 26°, and yet
remain quite liquid. If shaken, or disturbed by the introduction of a ther-
mometer, a part of the water immediately congeals, and the thermometer
rises to 32°.

The liquid employed in the Storm-glass presents a remarkable instance of
the slight causes which lead to the production and disappearance of crystals
in a solution. Two parts of camphor, one part of nitre, and one part of
chloride of ammonium are dissolved in a minimum of rectified spirit, to which
sufficient water is added to dissolve the two salts, the alcohol being just suf-
ficient to retain the camphor. If the solvents are in too large proportion,
the liquid may be brought to the point of saturation by slight exposure to .
the air. It should be filtered and placed in a long tube. At temperatures
between 40° and 70° feathery crystals; chiefly of chloride of ammonium, are
produced ; but these disappear at the higher temperature. It is supposed
that their production is also influenced by electrical changes in the atmos-
pbere ; but of this there is no proof whatever. The separation of paraffine
from the heavy oil in which it is dissolved, is the effect of a change of tem-
peratnre. 'When the oil is cooled to below 40°, the solid paraffine crystal-
lizes, and may be separated by pressure from the liquid.

Interstitial and Combined Water.—Crystals which are deposited in aliquid
necessarily retain a portion of the mother-liquor in their interstices. This
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has been called interstitial water. It is removed by draining and drying.
The amount contained in any sample of crystals may be determined in the
same manner as hygrometric water. (See WATER.)

Many saline substances in crystallizing combine chemically with a certain
proportion of water, which is specially defined for each salt. These are
hydrated salts. Some salts, such as the sulphates of soda and magnesia, form
several hydrates—the number of atoms of water with which they combine
depending on the temperature at which crystallization takes place. Sulphate
of soda may be obtained crystallized in the anhydrous as well as in the
hydrated state. The common sulphate contains ten atoms of water. Sul-
phate of magnesia, erystallized at common temperatures, combines with seven
atoms of water. If crystallized by evaporation at a high temperature, there
are six equivalents of water : and if crystallized from its solutions below 32°,
large crystals containing twelve atoms of water are obtained. (Regnault, 2,
259.) Some erystalline salts contain no combined water ; in other words,
they are ankydrous or dry. The chlorides of sodium and ammonium, and
the nitrate and sulphate of potash are instances of this kind. It is necessary
to observe that as these words are often used synonymously, a dry calt in a
chemical sense does not mean a substance free from moisture or wetness, but
one which contains no water in a state of combination. In a popular sense,
the word ¢ dry” signifies merely the absence of moisture. The want of pre-
cision in the use of these words has led to costly litigation in reference to
patents for procuring colored products from aniline.

Some of these, when suddenly heated, fly to pieces with a cracking noise,
to which the name of decrepitation is given. Common salt and sulphate of
potash possess this property. On the other hand, alom and phosphate of
soda, the sulphates of iron and copper, and the carbonate and sulphate of
soda, are hydrated crystalline solids ; the combined water in some of them
forming more than half the weight of the solid salt. Thus the crystals of
sulphate of soda contain 56 per cent. of water, and those of alum nearly 46
per cent. The combined water is driven off by heat, and the salt is dehy-
drated or rendered anhydrous. If the salt be previously dried, and a given
weight of it be then heated in a platinum crucible, the amount of water may
be determined. The erystalline form, color, and, to a certain extent, the
properties, of the salt are dependent on the presence of this water. The
sulphate, phosphate, and carbonate of soda readily lose a portion of their
combined water at a moderate heat in a dry atmosphere. The sulphate of
soda becomes almost completely dehydrated by exposure; the crystals lose
their transparency and fall to a white powder. This spontaneous change in
crystals is called efflorescence : it is in general characteristic of the salts of
soda, It may be prevented by preserving the erystals in a damp atmosphere.
On the other hand, some salts, such as the chlorides of calcium and mag-
nesium, the nitrates of lime and magnesia, and the carbonate and acetate of
potash; absorb water from the atmosphere, not in definite proportion, but
until they are reduced to a concentrated solution of the respective salts. To
this property the term deliquescence is applied. Many crystals undergo no
change in air; they are permanent. This is a character possessed by alum,
acetate of soda, and many other salts, as well as by all native crystals.

The chemically combined water in a crystalline solid does not manifest its
presence by dampness or humidity when the substance is powdered. The
water, in entering into combination, is in fact solidified in the crystal. Alum
in powder is perfectly dry—no water can be pressed out of it, yet it contains
nearly half its weight of water in a chemically combined state. On heating
crystals of alum, they readily pass to the liquid condition or melt in their
water of crystallization. This is gradually expelled as aqueous vapor by
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continning the heat; and a light white porous mass is left, in which no ap-
pearance of crystallization can be seen. The residue is ankydrous or burnt
alum. In this state, and by reason of the loss of its water, the salt acts as a
mild caustic. When water is poured over this dry mass the salt recombines
with it, and heat is evolved. Gypsum is the native crystalline state of sul-
phate of lime : it contains about 21 per cent. of water. When roasted at
abont 260° this water is expelled, and the crystalline mass falls to a white
powder known as plaster of Paris. When this powder is mixed with suffi-
cient water to form a cream, it sets in a few minutes into a firm mass, which
by erystallization fills accurately every part of a mould on which it is placed.
The setting of plaster of Paris is therefore due to the resumption of the com-
bined water which had been expelled by heat. The strong tendency which
sulphate of lime has to unite to water in the act of crystallizing, is well illus-
trated by mixing together equal parts of diluted sulphuric acid, and a nearly
concentrated solution of chloride of calcinm. When mixed, the liquids set
into a solid mass owing to the water of the two solutions combining with the
sulphate of lime produced. When powdered sulphate of copper is heated
to a moderate temperature it loses its blue color and forms a white powder.
On pouring water over it it becomes intensely hot, the water again enters
into combination with the white anhydrous sulphate, and the powder acquires
a blue color. The color of the salt therefore appears to depend on the water
of hydration. Asa further proof of this, the blue crystals become white when
placed in strong sulphuric acid, as a result of a removal of the water by the
acid. The green crystals of sulphate of iron are also rendered white under
similar circumstances.

The influence of the proportion of combined water on the color of crystals
is more remarkably seen in the platino-cyanide of magnesium than in any
other substance. These crystals are prismatic, and are of a ruby red, with
reflections of an emerald green color. A strong solution of them imparts to
paper a carmine red golor, and in this state they contain seven atoms of water.
When water is dropped on the red compound on paper it immediately whitens
the paper, forming a colorless solution of the salt. By gently heating the
red deposit on paper, one atom of water is lost, and the substance becomes
yellow ; at 212° it loses four atoms of water, and is rendered colorless. If
still more strongly heated, it loses all its water and becomes yellow. These
facts, as well as the discovery of this salt—the type of a remarkable series—
we owe to the late Mr. Hadow, of King’s College. We find that the salt is
an-admirable test of humidity. If the paper stained with it is rendered yellow
or white by a moderate heat, it rapidly resumes its carmine-red color, as a
result of hydration either in a damp atmosphere or by merely breathing on it.
The chloride of cobalt is another salt which presents changes of color depend-
ent on hydration or dehydration. Paper stained with this solution has a
light pinkish-red color; when deprived of water by heat it becomes blue, or,
if any iron is mixed with it, green, but it resumes its pink color on cooling.

Freezing Mixtures.—The rapid solution in water, of salts abounding in
water of crystallization, is always attended by a diminution of temperature;
and the more water of erystallization they contain the greater is their cooling
effect during solution. As the water in these salts is solid, their solution
cannot take place without at the same time rendering latent a large amount
of heat. An ounce of erystals of sulphate of soda mixed with one ounce of
water lowers the temperature in consequence of the solid hydrated salt be-
coming itself liquid; but, as it has been above stated, if an ounce of anhy-
drous sulphate be employed, the addition of water will raise the temperature,
because part of the added water enters into combination with the anhydrous
salt, and the latent heat of the water is set free.

3 :
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Freezing mixtures may be made by causing the rapid liquefaction of the
combined water of crystalline salts. If to eight parts of crystallized sulphate
of soda we add five parts of strong hydrochloric acid, each being separately
at 50°, the acid takes away water from the sulphate, liquefying it at the same
time, and it thus renders latent so large an amount of heat as to reduce the
thermometer from 50° to 0°. For common purposes, the materials used
need not be weighed. The fresh crystals finely powdered should be drenched
with strong hydrochloric acid. The acid mixed with ice operates in a pre-
cisely similar manner, namely, it causes the rapid liquefaction of the solidified
water, and lowers the thermometer from 32° to 17°. Diluted sulphuric acid
in the proportion of four parts to five parts of the powdered crystals of sul-
phate of soda, produces a mixture in which the thermometer sinks from 50°
to 3°. By taking advantage of these principles, the same substances may
be employed to produce cold or heat. If four parts of broken ice are rapidly
mixed with one part of strong sulphuric acid a freezing mixture results in
which the thermometer falls to 15°. But if four parts of the strong acid
are mixed with one part of ice, the temperature of the mixture rises to 170°
and even higher. In the former case the crystalline solid (ice), is rapidly
liquefied and absorbs heat from all surrounding bodies. In the latter case
the sulphuric acid is in such quantity as to enter into combination with the
water formed producing a hydrate with the evolution of great heat.

Other curious phenomena are dependent on the setting free of the com-
bined water of crystals. Chloride of ammonium eontains no combined
water : sulphate of soda contains 56 per cent. These are perfectly dry salts,
but when rubbed together in a mortar in equal parts by weight, for some
time, they form a liquid mass. In fact, they produce by double decomposi-
tion chloride of sodium and sulphate of ammonia. The chloride of sodium
takes no combined water, the sulphate of ammonia requires only 18 per cent.
Thus 38 per cent. of the water of the sulphate of soda is set free as a liquid,
and this causes the liquefaction of the mass. Sulphate of copper and sesqui-
carbonate of ammonia, when triturated together, form, for the same reason,
a semi-liqnid mass. }

Although it is commonly laid down as a principle that no substances will
take on the crystalline state unless they have undergoune fusion, sublimation,
or solution, there are some exceptions to this rule among the metals. In
the process of cementation, iron is converted into steel by heating it with
carbon. The iron loses its fibrous character and acquires a cerystalline struc-
ture as steel, without fusion. By simple exposure to repeated concussion or
vibration, wrought iron is observed to acquire a crystalline structure and to
become brittle. This is a change to which the axles of railway carriages are
subject, and serious accidents have arisen owing to the brittleness acquired
by the iron as a result of its assuming this erystalline condition. Platinum
and silver vessels, frequently heated, undergo, after long use, a similar mole-
cular change, and break with a crystalline fracture. The acquired brittleness
of some kinds of brass wire, containing an undue proportion ofszinc, may be
attributed to a similar cause.

Irregular Forms.—Various names are given to the crystalline structure of
bodies when there is an absence of regular form. 1. Fibrous, spicular or
acicular, crystallization is seen in gypsum and sulphide of antimony. 2. A
laminated or foliated structure is observed in mica, petalite, and other mine-
rals. 8. The substance may have a granulor structure still presenting bright
but irregular surfaces on fracture. Loaf-sugar, marble, and alabaster are
examples of this kind. 4. Plumose or feathery crystallization is seen in
chloride of ammonium, sulphate of strychnia, and other salts. 5. Stellated
crystallization is seen in the grouping of minute prisms crossing each other
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at various angles. Strychnia and many other substances often present them-
selves in this form. ; ;

Regular Forms.—The external forms of regularly erystalline solids are
subject to great variation. The nature of the solvent, the temperature, and
the presence of other substances in the liquids, modify the form, by creating
new planes or angles, so that the true shape of the crystal may bé no longer
recognizable. The octahedral crystals of alum lose their solid angles when
an excess of aeid is present, and they become converted into cubes when
alumina predominates. Common salt deposited from an aqueous-solution
containing urea, erystallizes in octahedra instead of cubes, its usual form ;
and sal ammoniac under the same circumstances forms cubes, whereas in
pure water its crystals are octahedral. Berzelius states that large crystals of
nitre may be obtained from its solution in boiling lime-water, which has no
other analogous effect upon other salts. Native erystals of the same sub-
stance are met with in great variety. Carbonate of lime is said to present
itself in a hundred varieties of form ; but these are all reducible to one com-
mon figure by cleavage, namely the rhomb. Iron pyrites may be met with
either in cubic, octahedral, or dodecahedral crystals; but these are forms
which are reconcilable with a systematic arrangement of the molecules around
similar axes.

“In order to facilitate the study of this subject, and to reduce the large
variety of forms to a few well-marked classes, chemists now generally agree
in assigning crystals allied in form, to one of six different systems of erystal-
lization, the particles of the substance being supposed to be symmetrically
arranged around certain imaginary axes of the crystal. A system, therefore,
includes all those forms, however varied, which can be referred to the axes
which are peculiar to it. We give on the next page, a table of the special
characters of the six systems of crystallization as described by Weiss, includ-
ing their allied forms and their relations to heat and light.
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[To the reader who wishes to pursue this suhject, we recommend the small
and concise ‘“‘Précis de Cristallographie” of M. Laurent. Models in white
wood, representing the systems of erystallization and the principal allied
forms, may be obtained of dealers in chemical apparatus. ]

The student should make himself acquainted with the common external
forms of well-known substances, including the cube, octahedron, and its
derivative, the tetrahedron—the square, hexahedral, oblique, and rhombic
prisms, and plates. A few drops of a solution of a substance in water or
alcohol, left to spontaneous evaporation on a glass slide, will furnish-a group
of crystals, of which the forms can be well determined by a low power of the
microscope. If we have to deal with a soluble solid in fine powder, we
should dissolve a quarter of a grain in a few drops of water or alcohol on a
glass slide, according to the solubility of the substance in either liquid. The
liquid should be warmed, until its circumference acquires a slight but visible
margin of saline matter. = The glass may then be placed aside, and the liquid
allowed to crystallize slowly. - No crystals are so perfect for microscopical
observation as those which are procured in dry and warm weather by spon-
taneous evaporation. This micro-chemical examination will not only guide
analysis by leading to an immediate suspicion of the real nature of the sub-
stance—but it will sometimes enable a chemist to detect and pronounce an
opinion on the presence of impurities in the substance examined ; and in
medical practice it may suggest the nature of the disease, and point to a plan
for treatment. The sedimentary deposits in urine are now easily recognized
by their crystalline forms, and the presence of urea, uric acid, or cholesterine
in the blood or other liquids, is known by the peculiar crystalline shape
which each assumes. L

Dimorphism (8is and popps, two forms).—It is a remarkable fact that the
same substance may present itself in crystalline forms belonging to two - dif-
ferent systems : such bodies are called dimorphous. This is the case with sul-
plur, which when crystallized by fusion yields oblique rhombic prisms (5th
system), but is deposited from its solution in snlphide of carbon in octahedra
with a rhombic base (4th system). Carbon, in the form of diamond, crystal-
lizes in octahedra, but as graphite, in hexagonal plates. Carbonate of lime
in calcareous spar has the rhombohedral structure, but in arragonite that of
the rectangular prism ; and there are other analogous ibstances. It has been
found in regard to these cases of dimorphism, that each form has its peculiar
density ; the specific gravity of calcareous spar, for instance, being 2.71 ; that
of arragonite is 2.94. The temperature too at which the crystals are formed
is another influencing cause : thus when carbonate of lime is precipitated by
adding chloride of calcium to carbonate of ammonia, the grains of the pow-
der are rhombohedral if. thrown down at the temperature of 50°, but octa-
hedral if at 1560°. (G. Rosg, Phil. Mag., xiii. 465.)

The iodide of mercury presents a remarkable instance of dimorphism. It
is of a rich scarlet color, and as it is obtained crystallized from a saturated
solution in iodide of potassinm, it assumes the form'of octahedra, with a
square base. When heated it becomes yellow, forms an amber-colored liquid,
and may be sublimed in rhombic plates of a rich yellow color. In twenty-
four hours these crystals, either partially or wholly, acquire a scarlet color.
Mr. Warington has observed the rthombic plates to break into octahedra with
a square base, as they changed from yellow to scarlet. Hence it is reasonable
to infer that there is a spontaneous change in the molecular condition of this
salt; indicated not merely by change of form but by change of color in the
crystal. The scarlet powder may be crystallized on a card without fusion, by
heating it over a spirit-lamp (thus furnishing an instance of the erystallization
of solids): -and if, when cold, the yellow crystalline compound is rubbed
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with a piece of paper, it is reconverted into the red iodide. These differently
colored crystalline forms may be regarded ‘as allotropic states of the sub-
stance.

Dimorphous bodies, or substances crystallizing in the incompatible forms
of two different systems, must be regarded as exceptional to the general law
of crystallization. It is a curious fact, however, that when this condition
exists, the substance frequently presentsin its two forms marked differences
in hardness, specific gravity, lustre, solubility, fusibility, optical characters,
&e., thus showing a molecular difference throughout. In addition to the
substances above mentioned, dimorphism has been observed in specular iron
ore, iron pyrites, the carbonates of iron and lead, arsenious acid, oxide of
antimony, the sulphates of magnesia, zine, and nickel, and in the seleniates
of the two latter metals. It has been noticed with respect to some of these
cases of dimorphism, that the crystal of one system is made up of groups of
crystals of the other system. The sulphate of nickel crystallizes in right
rhombie prisms. Mitscherlich found that when these prisms were heated and
broken up, they were, resolved into minute crystals of the second system,
namely, octahedra with a square base. The’ crystals of sulphur, recently
obtained by fusion, are in the form of oblique rhombic prisms of a yellow
color, transparent and somewhat flexible. Ina few days they become opaque
and brittle, and they fall to a powder which, under the microscope, is found
to consist of rhombic octahedra.

Isomorphism (from Isog similar, and popps form.)— Although substances may
in general be identified by their special forms, yet different substances, like
white arsenic and alum, may present themselves in similar forms. Sometimes
a similarity of form is presented by substances which also resemble each other
in atomie constitution, or in the number of atoms of acid, base, or water,
which enter into their composition. In this case it has been found that
such bodies may replace each other, or be substituted for each other in com-
bination, without affecting the crystalline form. Thus the arseniate and bin-
arseniate of soda have the same forms as the phosphate and biphosphate of
soda; and the arseniate and binarseniate of ammonia resemble the phosphate
and biphosphate of that alkali. Such salts are termed ¢somorphous. In the
above instances, the equivalents of acid, base, and water of crystallization
correspond ; and a similar correspondence has been traced in the atomic con-
stitution of the acids and bases of the salts. Thus the arsenic and phosphoric
acids each include one equivalent of base and five of oxygen, and are therefore
themselves isomorphous ; so also phosphorus and arsenic are presumed to be
isomorphous—isomorphous compounds, in general, appearing to arise from
isomorphous elements. They have the same garlic odor in the state of vapor,
and combine with the same number of atoms of hydrogen to form gases. So
also in respect to the isomorphism of the sulphates, seleniates, chromates,
and manganates of the same base, each of the acids in these cases contains
three atoms of oxygen to one of the metalloid or metal. In respect to bases,
similar analogies are observable; thus the salts formed by magnesia, the
protoxides of zine, iron, nickel, cobalt, and copper, with a common acid, are
isomorphous ; and alumina and the sesquioxides of chromium, manganese,
and iron, each of which contains two atoms of base and three of oxygen,
replace each other in many combinations without change of crystalline form.
This is seen in the different varieties of alum. The following is a tabular
view of some isomorphous groups :—
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Chlorine Chloric acid . 3 4 : 5t 1 . Clo,
Iodine Iodic acid . . p A " 5 . 10,
Bromine Bromic acid . - . - . H . BrO,
Sulphur Sulphurie acid 5 : 2 s S . S0,
Seleninm Selenic acid . 3 ! : 4 - - Se0,
Chromium Chromic acid > 0 g S 0 . CrO,
Manganese Manganic acid . 7 7 ‘ 3 : MnO,
Phosphorus Phosphoric acid . . . . . . PO,
Arsenic Arsenic acid . 8 £ g . . o AsO;
Arsenic Arsenious acid (unusual form) . . . AsO,
Antimony Teroxide of antimony . 3 3 - 3 SbO,
Barium BaO
Strontium Their oxides . 3 x 4 . g % Sr0
Lead PbO
Calcinm (in arragonite) . 5 - - 5 ¥ AR 518
Potassium KO
Sodinm Their oxides s 5 . . 5 e NaO
Ammonium NH,O
Calcium Ca0
Magnesium MgO
Manganese MnO
Iron N X | FeO
Zine Their oxides " 5 ) 3 . « {Zn0
Cadmium €do
Cobalt Co0O
Copper Cu0
Nickel NiO
Aluminum AlLO,
Manganese . AR Mn,0,
Tocn Their sesquioxides 5 . Fe,0,
Chromium Cr,0,

Common alum consists of sulphate of alumina united to sulphate of potash
with water of crystallization. It erystallizes in well-marked octahedral
crystals. Soda and ammonia are isomorphous with potash, aud each may
take the place of this alkali without affecting the form of the crystal. So
again the oxides of manganese, iron, and chromium are isomorphous with the
oxide of aluminum (alumina). Each of these oxides may take the place of
the alumina, the other constituents remaining the same, and the octahedral
form of the compound will be unaltered. A crystal of potassa-alum may
therefore receive a deposit of ammonia-alum in a solution of that salt, and it
has even been found, as a remarkable instance of the tendency of isomorphous
salts to crystallize together, that a white crystal of potassa-alam may be
coated with a layer of deep ruby-red chrome-alum ; and it is stated that if a
solid angle be broken off, chrome alum may be deposited in its place. From
this ready association of isomorphous salts, it is difficult to purify them by
crystallization. Thus all commercial alum contains oxide of iron, which
replaces part of the alumina. Sulphate of magnesia and sulphate of zinc
are isomorphous, and if mixed, they crystallize, more or less, together, so_
that other means must be resorted to in order to separate them. This obser-
vation applies also to the sulphates of copper and iron, which belong to the
same system. They are isomorphous in regard to acid and base, and, when
mixed, each crystallizes with seven atoms of water. It is a curious fact, that
pure sulphate of copper, in crystallizing, combines with only five atoms of
water ; but if sulpbate of iron is present, it will crystallize with seven atoms,
like this sulphate. The two are then isomorphous, and they cannot be sepa-
rated from each other by crystallization. If a large crystal of sulphate of
copper is placed in a nearly saturated solution of sulphate of iron, it will be
increased in size by a deposit of this salt on the outside, and a crystal may
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thus be constructed of successive layers of either salt. Although the carbon-
ates of iron and magnesia are isomorphous, the sulphates of these bases are
not. They contain different quantities of water of crystallization, and when
a solution of the mixed salts is concentrated by evaporation, crystals of each
are separately deposited. %

Besides a reliance upon form, the measurement of the angles of erystals
when of similar form, is sometimes necessary for the purposes of mineralogy.
An appropriate and beautiful instrnment for this purpose is the goniometer of
Dr. Wollaston. Its action depends on the reflection of light from the
polished surface of a crystal, however minute. By rotating a brass circle,
the value of the angle made by any two planes is at once determined ; and as
a vernier is attached to the scale, a very slight difference in the angles of two
similar rhombs may be readily determined, and the identity of each, made
out. Thus the carbonates of lime and magnesia assume the rhombohedral
form, and are alike in cleavage. By the goniometer, however, it is found
that in carbonate of lime the angles formed by the two planes is 105° 57,
while in the rhomb of carbonate of magnesia the angle is 107° 25’. These
measurements supply means of identifying these minerals.

CHAPTER III.
CHEMICAL FORCE—SOLUTION—ELECTROLYSIS.

Chemical Force.—The special characters of the chemical force have been
already explained. While cobesive attraction merely unites the atoms of
similar or dissimilar kinds of matter without altering their properties, the
chemical force leads to the union of dissimilar atoms with a more or less
complete change of properties.

A chemical compound is known, 1. By the substance uniting in definite
proportions by weight—these proportions being called atomic, or equivalent
weights. 2. By their union being attended with the absorption or evolution
of heat, or the evolution of light, electricity, and magnetism. 3. By a
change of properties—thus the density, color, solubility, and crystalline form
of the compound, as well as its reactions on other bodies, are in general
different from those of its constituents.

This force is only manifested between the minute particles of matter.
Place a few grains of powdered iodine in a capacious jar, <. e., of 200 e. 7.
capacity. After agitation for a few minutes the particles of iodine will be
found diffused through the whole of the jar. They are quite invisible, but in
a mass they may give a slight pink tinge to the aérial contents. If a long
strip of bibulous paper, soaked in a solution of starch, he now gradually
introduced, the presence of the atoms of iodine, and the formation of a
chemical compound with the starch, will be indicated by the gradual pro-
duction of a purple or blue color in the paper. Although five times the
weight of water, and four thousand times the weight of the air in which
they float, these imponderable atoms clearly indicate their presence and
diffusion by a chemical action on starch. If the paper is now removed, and
a leaf of silver (made to adhere to a glass-plate by breathing on it), is
brought over the mouth of the jar so as to close it, the chemical formation
of iodide of silver will be indicated by the production of circular films on
the metal, of a straw-yellow, purple, blue, and brown color, each of these
films indicating an infinitesimal tenuity of iodide of silver probably less
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than the 2,000,000th of an inch in thickness. On a thin purple film thus
obtained, an image may be produced by light in the Daguerreotype process.

Influence of Cohesion.—As a general rule, the more perfectly cohesion is
destroyed in substance, the more strongly is the chemical force manifested.
A small block of tin covered with nitric acid in a glass, will show only a
slight amount of chemical action. If an equal weight of tin in the state of
powder is similarly treated, the acid is decomposed with great violence. So
in acting upon equal weights of calcareous spar in lump and fine powder, by
adding to them diluted hydrochloric acid, a striking difference will be
observed in the relative amount of chemical action. The reduction of a
solid to powder operates simply by increasing the sarface for chemical action,
whieh, ceeteris paribus, is always proportioned in intensity to the surfaces of
contact between bodies. A cubic-inch of a substance exposes only six
square inches of surface ; but if divided into a million parts, that small area
is multiplied into 416 square feet. The finest pulverization of all solids is
therefore a necessary condition for a perfect and rapid chemical combination.

A stream of sulphuretted hydrogen gas may be allowed to fall on a mass
of anhydrous oxide of iron (hematite) without producing any chemical
changes. If, however, the gas is passed on the anhydrous oxide in fine
powder, the whole mass becomes speedily red hot, and water and sulphide of
iron are produced. The same gas may be passed into pure water mixed
with coarse fragments of flint-glass without indicating the presence of lead
in the glass ; but if the flint-glass is very finely powdered and is thus treated,
it is rendered brown by the conversion of the oxide of lead contained in it
into sulphide of lead. '

Liquids readily combine on mixture ; and some gases combine on contact,
although in the latter case heat or electricity is generally required to bring
about their union. Solution facilitates chemical action by reason of the
infinitesimal division to which a solid is thereby reduced ; and so frequently
is this a preliminary to chemical processes, that the maxim corpora non agunt
nist solute is a generally accepted truth. At the same time in reference to
solids which are not easily brought to a state of solation, the operator must
equally bear in mind the rule—corporae non agunt nisi divisa.

The effect of the minute division of solids in aceelerating chemical action
is well illustrated in pyrophori—substances which are spontaneously com-
bustible on exposure to air. If finely-powdered Prussian blue is heated
intensely in a glass tube, and then hermetically sealed, the brown-black
powder into which it is converted, instantly takes fire, with bright scintilla-
tions, on exposure to air. If dry tartrate of lead ‘is heated in a tube to a
dull red heat, 7. e., sufficient to carbonize the acid (and the tube is hermetically
sealed), the residue, when exposed to air, will take fire and burn. In the one
case, minute atoms of iron, and in the other, of lead are instantly oxidized
with the phenomena of combustion at the ordinary temperature; although
neither iron nor lead will burn in air under common circumstances. Sulphate
of potassa in powder, strongly heated in a covered cracible, with half of its
weight of lamp-black, is converted into sulphide of potassinm, which becomes
so rapidly oxidized on exposure to air, that it will take fire and burn. The
difference between the combustibility of carbon as tinder, and of carbon as
coke or diamond, is also dependent on the different cohesive force and
amount of surface exposed by these substances. Again, thin shavings of
zinc are very combustible in the heat of a spirit-lamp, while a bar of the
metal, or stout foil, resists combastion. There is no case in which this effect
of division and surface is more strongly manifested than in phosphorus. This
substance may be exposed to air in a mass, at a temperature helow 60°,
without taking fire. When, however, it has been dissolved in the sulphide
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of carbon, and the solntion is poured over a sheet of thin paper, a layer,
consisting of infinitely minute particles of phosphorus, is left upon the paper
by the evaporation of the solvent; and when dry, these minute particles of
phosphorus on the surface of the paper, burst into a sheet of lame. We are
accustomed to speak of oxygen as it exists in our atmosphere as passive, but
these facts show us that its passivity is more apparent than real; and that
were it not for the force of cohesion by which the particles of matter are
held together as solids, many of the metals and metalloids could not possibly
exist in an unoxidized condition. .

In some exceptional cases, solids are found to react upon each other.
Potassium placed on ice will decompose it, and burn at the expense of the
oxygen, which is one of its constituents. If powdered iodine be placed on
a freshly-cut slice of dry phosphorus, mere contact leads to the fusion of the
phosphorus, and to instantaneous combination with combustion. A mixture
of finely-powdered chlorate of potash and allotropic phosphorus explodes
with the slightest friction and with tremendous violence. :

Influence of Water.—The influence of water on chemical affinity is very
remarkable. In some cases, by its removal, chemical changes are entirely
arrested. Albumen or gelatin, combined with a small quantity of water,
speedily putrefies; but when desiccated, or deprived of water, these substances
undergo no change. (See WATER.) Iron has a great terdency to become
rusted or oxidized on exposure to air; but if the air is perfectly free from
water, there is no rust or oxidation. A strong solution of nitrate of silver
dried on paper is decomposed in a few days, even when kept from light.
The organic matter of the paper reduces the silver to the metallic state in
the dark, and the paper becomes discolored. If, however, the paper is
placed in a vessel containing anhydrous chloride of calcium, and kept from
the light, it may be preserved unchanged for weeks and months. Sensitized
papers used in the art of photography, or photographic drawings when once
taken, are thus effectually preserved from change, so long as they are in a
dry atmosphere. Even pure chloride of silver, prepared as white as snow,
by immersing leaf-silver in chlorine gas, undergoes no change on exposure
to light, provided chloride of calcium is placed in the vessel containing it,
and the vessel is accurately closed. We have thus kept the chloride of silver
for six months, with its whiteness unaltered, althongh during that time it
“was exposed to the direct solar rays. Chlorine itself when entirely deprived
of moisture, manifests no tendency to combine with metallic silver in the
state of leaf. The film of iodide of silver, which is used in the collodion
process of photographby, may be kept for many months in the dark, with its
sepsitive powers undiminished, provided the surplus nitrate of silver is
removed by washing—the film itself is dried and coated with a layer of
albumen or tannic acid, and lime of chloride of calcium is placed in the box
to absorb any moisture. The color of compounds appears to be in some
instances closely connected with the presence of the elements of water. If
Prussian blue is boiled with strong sulphurie acid, it loses its color and
becomes of a dingy white. This change appears to be owing to the removal
of water; for if the white compound is poured into a large quantity of water,
it immediately reacquires its color, but the color is not restored when it is
put into oxygen gas. This proves that the restoration of the blue color
depends on hydration.

In the absence of water we can get no evidence of acidity or alkalinity in
substances. Thus sulphuric acid in the anhydrous state is a fibrous solid,
which bas no action on litmus, and no corrosive properties. Solid anhydrous
phosphoric acid has no acid reaction on test-paper; this is only manifested
on the absorption of some water from the air. Boracic acid and silicic acid
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are in the same condition ; in fact, owing to its entire insolubility in the free
state, silicic acid cannot be proved to have any reaction’ like an acid on
vegetable colors. Dry carbonic acid gas has no action on dry litmus. The
same remark may be made of the gallic, pyrogallic, and other vegetable acids,
whether hydrated or anhydrous. They manifest no acid reaction on test-
paper until water is added. It has been supposed that this apparent
production of acidity by water was a proof that all acids must owe their
acidity to hydrogen, and be really hydracids, hydrides of new radicals, or, as
they are termed, *“ salts of hydrogen ;" but such an hypothesis is not necessary
for an explanation of the facts. Thus, in reference to the elements of
phosphorie, carbonic, pyrogallic, and other acids, water may simply act as a
solvent to bring the constituents of the acid in contact with the vegetable
color. Anhydrous potassa, soda, ammonia or morphia in the absence of
moisture or water, cannot be proved to exert any alkaline reaction on
vegetable colors ; and to explain this reaction, it is not necessary to suppose
that the potash or soda absorbs another atom of oxygen and becomes a
hydride (see OxAcips, and OXYGEN), or to assume therefrom that hydrogen
is the canse of alkalinity. An acid or alkaline reaction, as manifested by
changes in vegetable colors, depends much on the solubility of the substance,
and of the coloring principle employed. Some vegetable acids, say the
tartaric, when dissolved in alcohol, have but a slight effect on litmus paper,
while the solution of the same acid in water has a powerful acid reaction.
Carbonate of potash in water has a strong alkaline reaction on test-paper,
but this salt mixed with alcohol manifests no alkalinity. A solution of pure
potash, whether in water or alcohol, is strongly alkaline. Magnesia manifests
no alkalinity to test-paper when mixed with alcohol, but when mixed with
water it is sufficiently soluble to produce the usnal changes of colors
indicative of the presence of an alkali. Solutions of some of the resins in
alcohol give no indication of acidity to test-paper, but when water is added,
to precipitate the resin, there is immediately an acid reaction—litmus paper
is reddened.

The intensity of reaction on vegetable colors, whether acids or alkalies, is
generally in a direct ratio to the solubility of these substances in water.
‘While tartaric acid acts powerfully on infusion of blue litmus—a solution
of boracie acid barely reddens it—and silicic acid in its ordinary and insoluble
state does not alter the blue color. There is an equally marked difference
of action on vegetable colors, which are affected by alkalies, in reference to
pure potash, lime, and magnesia. Potash is soluble in half its weight of cold
water. Lime requires 700 times its weight. Magnesia 7000 times its
weight for solution. Potash has an intense alkaline reaction, while magnesia
acts feebly and slowly. Among substances which readily decompose each
other, there is an entire want of action, unless water is present. Thus dry
tartaric acid has no action on dry carbonate of soda, even when finely
powdered. In the cases above-mentioned, water as such, may take a share
in promoting chemical action without necessarily undergoing decomposition.
(For other instances see WATER.) '

In the chemical process of bleaching by chlorine or bromine, it is highly
probable that water is decomposed. Dry chlorine has no bleaching action
on dry vegetable colors. The slightest trace of humidity in the gas or in
the colored material brings about the destruction of color. As hydrochloric
acid is found in a liquid thus bleached, some portion of the water must have
parted with its hydrogen; and oxygen thus liberated in the nascent state
(as ozone) enters into combination with the coloring matter and probably
operates as the direct bleaching agent. The influence of water on the
chemical force is well seen in the production of the so-called amalgam of
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ammonium. ' If dry amalgam of sodium is placed in a dry block of chloride
of ammonium, there is no chemical change; but if water is added, the
mercury speedily increases in size : it becomes soft and compressible, and is
everywhere penetrated with the two gases, liberated by the combination of
the sodium with the chlorine. The whole forms a light spongy mass, which
is rapidly reconverted into mercury, hydrogen, and ammonia. (See Am-
MONIUM.)

Influence of Heat.—Heat plays an important part in reference to the
chemical force. By its agency bodies are united and disunited. Mercury
combines with oxygen at one temperature, and at a still higher temperature
the compound is again resolved into mercury and oxygen. Protoxide of
barium will at one temperature take another equivalent of oxygen, to form
peroxide; but when this compound is more strongly heated, the atom of
oxygen will be expelled, and it will revert to the state of protoxide. Gene-
rally speaking, the effect of heat is to increase the affinity of bodies for each
other. The strongest nitric acid has no action on aluminum in the cold, but
when heat is applied, there is a violent action—the metal becoming oxidized.
This action ceases on cooling the acid, and is renewed on again heating it.
Sulphur and charcoal have no tendency to combine with oxygen unless
heated to about 500° and 1000° respectively, when they both undergo
combustion, and produce gaseous compounds. The inflammation of gun-
powder furnishes an example of the effect of heat on these ingredients. It
is only when this substance is heated in air to a temperature above 500°
that combustion takes place, with the conversion of the solid into a large
volume of gases.

The solubility of substances in water is generally fncreased by heat: in
some instances, the reverse condition is observed. Lime is twice as soluble
in cold as in boiling water ; hence when a saturated solution of lime is
boiled, a portion of this alkaline earth is deposited. A very diluted solution
of persnlphate of iron is decomposed by heat, and a basic salt with excess of
oxide is deposited. The effect of heat on albumen is remarkable. At a
temperature exceeding 170°, the soluble is converted into the insoluble
variety, and the properties of the substance are entirely changed. Heat
destroys temporarily the combination of iodine with starch; the liquid from
being intensely blue becomes colorless ; but if not too long heated the color
of the liquid will be restored on cooling, by the reabsorption of the vapor of
iodine, which has been temporarily separated from the starch. When this
experiment is performed in a close vessel the colored compound is reproduced;
but when in an open dish, the iodine is lost by volatilization, and the blue
color is either not restored, or only in a slight degree. A solution of
chloride of calcium, so diluted as to yield no precipitate with a solution of
sulphate of soda, undergoes decomposition when heated, and sulphate of lime
is precipitated, the salt being less soluble in hot than in cold water. Again,
borate of soda produces no precipitation or apparent decomposition of
sulphate of magnesia in the cold, but when: a solution containing the two
salts is boiled, an insoluble borate of magnesia is thrown down. A solution
of bicarbonate of soda, or of carbonate of lithia, gives no precipitates with
sulphate of magnesia until the liquids have been boiled. It is unnecessary
to specify additional instances of the influence of heat on chemical affinity.
Illustrations will be found in the history of every clement and of most
compounds.

Influence Of.L’lg]lt —The influence of light is seen in some combinations
of the gases, as well as in the changes produced in the salts of certain metals,
as silver, mercury, gold, chromium, iron, and uranium. - When equal
volumes of chlorine and carbonic oxide are exposed in a glass vessel to solar
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light, they combine to form a compound known as phosgene gas. 1In the
"dark they manifest no tendency to unite. 'When chlorine and hydrogen are
mixed and exposed to the direct rays of the sun, they combine with explo-
sion, and produce hydrochloric acid; in the dark there is no combination ;
and in the diffused light of day the union of the gases takes place slowly,
withodt explosion. So strictly does this union depend on light, that Bunsen
and Roscoe have made use of such a mixture for the purposes of photometry,
in determining the relative intensity of light. On the other hand, under the
influence of light, aqueous vapor mixed with chlorine undergoes decomposi-
tion, hydrochloric acid and oxygen being the products (supra). Unless a
solution of chlorine is carefully kept in the dark, it is rapidly decomposed,
and the liquid becomes strongly acid from the hydrochloric acid produced.
It is under the influence of solar light that carbonic acid is decomposed by
the leaves of growing vegetables, and the carbon is fixed, while oxygen is
liberated. y

The influence of light on chemical affinity is especially seen in the changes
produced on the salts of silver. When in contact with organic maftter,
nitrate of silver is entirely decomposed by exposure to light. The oxygen
and nitric acid are removed and the silver is reduced to the metallic state.
If moisture is present, chloride of silver is also decomposed by exposure to
light, hydrochloric acid is produced, and metallic silver is deposited. In
reference to these salts, the changes are physical as well as chemical—the
silver is visibly darkened. Other salts of silver, such as the iodide and
bromide, undergo no visible change of color when exposed to light; but
they are altered in their molecular state. (See p. 52.) This subject will
be more fully considered under ProToGRAPHY. The suboxide of mercury,
exposed to light, is converted into red oxide and metallic mercury. Turpeth
mineral, or the basic sulphate of the peroxide, is darkened by light. The
salts of the peroxide of iron, formed by the citric and oxalic acids in contact
with organic matter, are reduced to proto-salts by exposure to light, a fact
which may be proved by the application of appropriate reagents, e. g., the
chloride of gold. The persalts of wranium and the bichromate of potassa
are also reduced to lower degrees of oxidation by exposuare to the solar rays.

The effects above deseribed take place under the influence of ordinary
light; but a closer analysis of the phenomena has established the fact, that
this chemieal influence is almost exclusively confined to the more refrangible
rays of the spectram, namely, the blue and violet. Thus, an intense light
passing through violet or blue glass will cause the immediate explosion of a
mixture of chlorine and hydrogen; while the same light, traversing yellow
or red glass, has no combining effect on the gases. Although a larger
amount of luminosity exists in the yellow than in the blue light, the yellow
rays are powerless to bring@about a chemical union of the gases. This
peculiar effect of colored light is equally observed in reference to the changes
produced on the salts of silver; but in different degrees in different salts.
The rays which produce these chemical changes are called actinic; they are
met with even beyond the visible violet ray. On the undulatory theory of
light, the blue and the violet rays are considered to produce a greater
number of ethereal undulations, in a given time, than the yellow and the red
rays; and the difference of color is supposed to depend upon the difference
in the number of their undulations. 'While this theory derives great support
from many physical phenomena, it affords no satisfactory explanation of the
remarkable influence of white or colored light upon the chemical union and
decomposition of bodies.

Influence of the Nascent State.—Gases when once in the free state do not
readily combine with each other. Thus hydrogen will not combine with
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nitrogen to form ammonia, nor will it combine with sulphur or arsenic in
powder or vapor, to form sulphuretted or arsenuretted hydrogen ; but
there is a condition called the nascent state, which is eminently favorable
to the chemical combination of these bodies, either with each other or with
solids. The nascent state simply implies that condition in which a body is
passing from the solid or liquid to the gaseous state. The ammonia formed
by the putrefaction of substances containing nitrogen, is the result of the
combination of hydrogen and nitrogen, as they are liberated from the
organic solid or liquid. When sulphide of iron is treated with diluted
sulphuric acid, the nascent hydrogen resulting from the decomposition of
water, instantly seizes upon the sulphur of the sulphide to form sulphuretted
hydrogen. When the same acid is poured upon zine, containing arsenie,
or when the zinc and acid are added to an arsenical liquid, the nascent
hydrogen instantly combines with the arsenic to form arsenuretted hydrogen.
The affinity of hydrogen in the act of liberation from water is so exalted,
that it will combine with and carry over minute traces of carbon, sulphur,
phosphorus, selenium, silicon, arsenie, iron, zine, and other substances,
although in the state of free gas it has no tendency whatever to combine
with them. The production of silicide of hydrogen, as well as of the tartarie,
* acetic, oxalic, and other ethers, depends on the influence of the nascent state
in effecting the combination of bodies.

Many chemical decompositions in which the results appear to be conflict-
ing, receive an explanation from this theory of a nascent state. A current
of pure hydrogen in a free state, passed through solutions of permanganate
of potash, bichromate of potash, and tartar emetic, produces no chemical
change ; but if the hydrogen is generated in each of these solutions by adding
sulphuric acid to pure zine, as it is eliminated from the water, it deoxidizes
the dissolved substances. It discharges the color of the permanganate of
potash ; it reduces the chromic acid to green oxide of chromium, and it
combines with a portion of metallic antimony escaping from the vessel in
the form of antimonuretted hydrogen. In these cases it matters not how
the hydrogen is produced, so that it is slewly evolved as the result of chemical
decomposition in immediate contact with the substance. An amalgam of
sodium and mercury evolves hydrogen, which equally deoxidizes the per-
manganate of potash. Hydrogen in a free current, when passed into
mixtures of ammonio-chloride of platinum in water and of chloride of silver
in water, produces no chemical changes ; but when the hydrogen is liberated
in the mixture by the reaction of an acid on pure zinc, metallic platinum in
the form of platinum black is thrown down in the one case, and pure silver
in the other. Free hydrogen manifests no reducing power, while nascent
hydrogen has a more intense action and immediately combines with the
chlorine, setting the metals free. Sodium amalgam speedily reduces the
chlorides of gold and platinum, the hydrogen combining with the chlorine
and setting the metals free—the metallic gold entering into combination
with the mercury, forming a gold amalgam. In the rusting of iron, hydrogen
is evolved in the nascent state by the decomposition of water: it imme-
diately combines with the nitrogen of the air, producing ammonia, which is
formed in most parts of irgn rust. When free, hydrogen cannot be made to
combine with nitrogen to produce ammonia. Many other instances might
be cited in illustration of this mode of action. They will be described
hereafter.

What is a Chemical Compound 2—The answer to this question is involved
in the inquiry—How may a chemical compound be distinguished from a me-
chanical mixture? In gun-cotton (pyroxyline) and gunpowder we have
illustrations of the two states. Gun-cotton is a chemical compound of the
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organic substance (cotton) as a base with the elements of nitrous or hypo-
nitric acid (NO,). The constitnents cannot be separated without an entire
destrnetion of the substance. Gunpowder is a mechanical mixture of char-
coal, sulphur, and nitre, in certain proportions, the two last being easily
separable from each other and from the charcoal, by appropriate solvents.
The chemical force is. only brought into operation among these ingredients
by heat; while in gun-cotton this force already binds together the nitrous
acid and the eotton, and heat merely produces a new series of combinations.

In spite of these broad distinctions, there are some cases of the union of
substances, of so doubtful a character, that chemists are not agreed upon
the nature of the force which binds them together. Gelatinous alumina,
shaken with solution of cochineal, removes the color and is precipitated with
it. Charcoal in the same way removes the color of indigo, litmus, cochineal,
and of other vegetable and animal snbstances. It will also remove the blne
color of iodide of starch, and the red color of permanganate of potash,
which are chemical compounds. This is commonly described as a surface
action or an attraction between surfaces, as the properties of the bodies
undergo no change. :

When caoutchouc is combined with sulphur at a temperature of about
300°, a compound known as vuleanized rubber is produced. The properties
of this substance are different from those of its constituents. Thus after
vuleanization the rubber is altered in color; its elasticity is remarkably in-
creased ; it does not melt even at the boiling point of mercury, and it does
not become stiff in the cold. It isalso guite insoluble in all the liquids which
dissolve rubber. Here then is a change of properties sufficient to justify a
chemist in regarding this as a chemical compound of its two constituents.
On the other hand, the two substances do not combine in definite propor-
tions : the sulphur may be in the proportion of from 10 to 16 per cent., and
it may be removed from the rubber, after inecorporation, by the usnal sol-
vents, withont materially affecting its properties. These conditions are
adverse to the hypothesis of a chemical union, and the result is, that such a
compound can be expressed by no chemical formula. Again, in the phe-
nomena of solution or diffusion, as of hydrated sulphuric acid, or of anhy-
drous alcohol in water, we have evolution of heat and a great alteration of
volume. Is this a chemical nnion of the liquids with the water, or is it not?
The phenomena accompanying the mixture point to something more than a
mechanical force ; but there is no change of properties, and there is no evi-
dence of union in definite proportions. This subject is, however, of sufficient
importance in a chemical point of view to receive a separate examination:

SoruTioN.—The solution of solids in liquids, whether the solvent be water,
aleohol, ether, benzole, chloroform, or mercury, has been assigned by some
chemists to a species of affinity, and by others to a physical efféct of adhe-
sion. By solution we are simply to understand a combination of a solid with
a liquid, in which the solid itself assumes a liquid form. Thereis no change
of properties, and here this great feature of chemical force is wanting :
thus common salt dissolved in water possesses all its usual characters. This
observation applies equally to the solutions of other salts, as well as to solu-
tions of acids and alkalies. The best solvents are generally those liqnids
which are similar in properties to the solid. Benzole and oil of turpentine
readily dissolve caontchonc and other solid hydrocarbons ; oils dissolve fats;
mercury dissolves metals; alcohol dissolves resins; and water, itself a neutral
oxide, dissolves nentral salts and neutral compounds, such as gam, sugar, &e.
Water is the great solvent for chemical purposes, and it is by the use of this
liquid that most chemical changes are produced among solids; it breaks up
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the cohesion of solids more effectually than pulverization, and thus brings
their particles within the sphere of each other’s attraction.

Solution is only influenced by gravitation, when the solid salt is allowed
to remain at the bottom of the water. The lower stratum of liquid then con-
tains a much larger quantity of the salt than the upper portion ; but after a
time it will spread by diffusion, varying in degree with the nature of the salt.
For this reason, solution is always best effected by suspending the solid sub-
stance in the upper stratum of liquid. 'When the salt is once dissolved and
equally diffused thronghout the liquid by agitation, gravitation is not found
to affect it. Thus, although corrosive sublimate has a specific gravity six
times greater than water, yet a solution of it, preserved for many yearsin a long
tabe, was not found to contain any more of this salt in the lower than in the
upper stratum.

Each substance has its own specific solubility which varies with tempera-
ture, and as a general rule heat increases the solubility of solids in water and
other solvents, but there are some exceptions in reference to water. Thus
lime, citrate of lime, sulphate of lime, and sulphate of soda, are less-soluble
at the boiling points of their solutions than at lower temperature ; while
chloride of sodium is nearly equally soluble at a high and a low temperature.
The fact that each solid has a special rate of solubility, and that this varies
with temperature is inconsistent with the theory that solution is dependent
on physical force.

A knowledge of the relative solubility of salts i water is of some import-
ance in chemical analysis. Many substances thus admit of separation by
evaporating the solutions, those which are least soluble for the temperature
being first deposited. We subjoin a table of the relative solubility at 60° of
many salts in common use. . The figures represent in weight the parts of
salts dissolved by 100 parts of distilled water by weight.

Parts dissolved at 60°. Parts dissolved in 60°,

Acid tartrate of potash . .1 “Carbonate of ammonia . . 33
Oxalate of ammonia . ¢ 4 Nitrate of baryta . 5 . 35
Alum . . . 6 Chloride of barium . . 36
Bicarbonate- of soda. 4 o <3l Chloride of ammonium . 36
Sulphate of potash g . 8 Chloride of sodium g . 37
Sulphate of soda . 2 . 10.5 Sulphate of magnesia . . 100
Bicarbonate of potash . .. 25 Carbonate of potash . . 100
Phosphate of soda . . .25 Tartrate of potash JOIT00
Phosphate of ammonia . . 25 Nitrate of ammonia . . 120
Chioride of potassium . . 29 Todide of potassmm . . 143
Ferrocyanide of potassium . 33 Chloride of magnesium . 200
Nitrate of potash . 5 . 33 Chloride of caleium . . 400
Nitrate of soda . . . 33

The term insolubility as applied to a salt has only a relative signification.
Sulphate of lime is sometimes described as insoluble in water. Compared
with the salts in the preceding list, its solubility in water is very slight.
Thus it requires 400 parts of water at 60° to dissolve one part of the sul-
phate of lime, but it is very soluble when compared with the sulphate of
baryta. Taking the sulphates of lime, strontia, and baryta, their solubility
in water decreases in-a decimal proportion. One part of

Parts of water.
Sulphate of lime is dlssolved by . . . . .
Sulphate of strontia ‘¢ . . . 3 . 4,000
Sulphate of baryta o 43 . . . . . 40,000

The sulphate of baryta is usually described as quite insoluble, but there
are compounds which are still less soluble than it. Carbonate of lime re-
quires 16,000 parts of water for the solution of one part. The presence of
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free carbonic acid renders it much more soluble. Chloride of silver is the
most insoluble of salts, and is said to require 113 million parts of water to
dissolve it.

The comparative insolubility in water of the platina chlorides of the alkali-
metals, enables chemists to separate some of them from each other. The
following table represents the effect of water as a solvent at 60° and at 212°.
One part of

Parts of water Parts of water
at 60°. E

i ’ at 212°
Platino-chloride of potassium is.soluble in . 2 108 19
£ $& ammoninm & s . 150 80
Rubidium & - A 740 157
Ceesium & . . 1,308 261
Thallium 4 3 . 15,585 1,948

The platino-chloride of thallium, it will be seen, is as insoluble as chalk,

The alkaloids are remarkable for their insolubility in water. Strychnine
is usually described as insoluble : it requires 7000 parts of water for the solu-
tion of one part. -The alkaloids are, however, dissolved by alcohol, ether,
benzole, and chloroform in different degrees. The table shows the different
quantities of eight important alkaloids which chloroform will dissolve at 60°.
It may be found unseful in the separation of some of these alkaloids from each
other. 100 parts of chloroform by weight dissolve of

Parts. Parts.
Veratria . ! 2 . 58.49 Narcotina g e =2 31T,
Quinia . s 4 . 57.47 Strychnia d 3 . 2019
Brucia . X . . 56.70 Cinchonia . £ sl A3
Atropia . - 3 . 51.19 Morphia . = . . s U9,

These remarkable differences in the proportion of solids which the same
weight of the solvent is capable of converting into a liquid, render it impos-
sible to admit that solution is a mere physical adhesion of the atoms of one
body to the atoms of another. :

The solution of saltsin water is sometimes attended with great loss of heat
by reason of the salt rapidly passing from the solid to the liquid state. Some
of the cheapest freezing mixtures, in the absence of ice, are based upon this
property. Thus one part of crystallized nitrate of ammonia, dissolved in one
part of water causes the thermometer to fall from 50° to 4°; and five parts
of sal ammoniac with five parts of nitre, dissolved in sixteen parts of water,
are nearly equally effective. These are anhydrous salts, so that the result is
the direct effect of solution, and it appears to point rather to chemical com-
bination than mechanical adbesion. Another fact observed by Playfair and
Joule is, that salts containing water of erystallization, when dissolved in water,
add no more bulk to the water than is equivalent to the water of erystalliza-
tion (calculated as ice) with which their atoms are chemically combined.
Thus, when alom is dissolved in water, the increase of volume in the solution
is not in proportion to the bulk of alum used, but to the bulk ‘of combined
water as ice (24 equivalents), contained in it. The atoms of alum have
therefore disappeared, or been received, within the interstices of the atoms
of water ; at any rate they occupy no appreciable space. If these results
are confirmed, it will show that the hypothesis of mechanical adhesion of a
liquefied solid to a liquid is not in all cases sufficient to explain the phenomena
of solution. The effect of heat in increasing or diminishing solubility, the
fixed limit of solubility for different salts, and the decrease or increase occa-
sionally observed in the volume of the solvent, as well as the.singular fact
observeil by Dr. Gladstone (Proc. B. S., vol. 9, p. 69), namely, the absorp-
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tive power on light exhibited by strong solutions of salts, are adverse to the
hypothesis of a mere adhesion of atoms.

‘When a liquid will dissolve no more 6f a solid, it is said to be saturated ;
in other words, its adhesion or affinity for the solid is exhausted. It is a
curious fact, however, that water which is saturated with one salt has still
the property of dissolving a second and a third salt. Crystals of nitre may
be thus freed from impurities, such as chloride of sodium by washing them
with a saturated solution of nitre. A saturated solution of a salt exerts a
powerful attraction on water. If a saturated solution of sulphate of copper
is inclosed in a funnel tube, secured at the larger end by bladder, and the
tube is plunged in a vessel containing water, so that the liquids inside and
outside are on a level, in the course of some hours it will be found that
although some of the copper-salt has passed out through the pores of the
bladder, a much larger proportion of water has passed in. Solutions of
common salt, sugar, and other substances, present this phenomena, to which
the term osmosis (from &6ée to push) has been applied. The diffusion of
liquids or their relative tendency to mix on contact has been fully examined
by Mr. Graham (Quart. Jour. Chem. Soc., vol. 3, p. 60) ; and the effect of
porous membranes in allowing liquids or dissolved solids to traverse them,
has also been made the subject of experiment by the same chemist. Mineral
substances, such as arsenic, may thus be separated from organic matter.
He has called this process dialysis. (Proc. E. S., 1861, vol. 11, p. 243.)

The. dissolved solid may be separated from the solvent by the addition of
another liquid. Camphor is separated from its solution in alcohol by adding
water—gum from its. solution in water by the addition of alcohol—soap from
water by chloride of sodium, and corrosive sublimate and chloride of gold
from water by ether.” Inthe latter case, the metallic salt changes its solvent,
and the compound of mercury or gold is found dissolved in the ether as chloride.

When liquids mix together, they are said to combine by diffusion, accord-
ing to various circumstances. Alcohol and water readily combine with evo-
lTution of heat and contraction of volume. If 54 parts, by measure, of aleohol,
are mixed with 50 of water, the reduction in volume on cooling is equal to
about four per cent. (Mitscherlick.) This cannot be regarded as the mere
result of adhesion or any mechanical force, but rather of chemical union,
although the properties of the mixture have undergone no change. If the
alcohol be poured carefully on the water in a long tube, and a piece of white
wax dropped through the spirit, to indicate, by floating, the exact level of
the water, many months may elapse without the position of the wax under-
going a change, and therefore without combination of the two liquids. This
depends on the smallness of the area of contact, and the great difference in
the specific gravity-of the two liquids. Water will dissolve or combine with
alcohol in all proportions, but with ether there is a fixed limit : of this liquid
it cannot hold dissolved more than ten per cent. by volume., When water is
added to a mixture of ether and alcohol, the alcohol is entirely dissolved,
but the surplus ether is separated, and floats on the top of the liquid. Chlo-
roform is soluble in alcohol, but only to a limited extent in water ; hence,
for the same reason, water separates it from alcohol.

Some substances appear to be held in water by a kind of suspension resem-
bling solution. Thus starch forms an opaque liquid; gelatin, gelose, and
certain silicates as well as silicic acid itself, are similarly suspended without
having formed a perfect combination with the water as a solvent. They
appear to constitute hydrates of the respective substances with a large sur-
plus of water, For all practical purposes in chemistry they are regarded
and treated as solutions, although the substances may be ultimately deposited
in an insoluble form. When a chemical change takes place on the mixture
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of a liquid and solid, as on the addition of nitric acid to copper or silver,
the term solution is no longer appropriate ; the liquid is decomposed, and a
new compound results. :
Solutions of metals in mercury are called Amalgams. Some metals are
more soluble in this liquid than others; thus gold, silver, tin, and bismuth
are rapidly dissolved, while iron, and copper (in its ordinary state), are not
affected. Although treated as solution, or the simple adhesion of metal to
mercury, as of salt to water, there is every reason to believe that there is a
chemical union of the mercury with the metal in definite proportions, and
that this compound is dissolved in the large proportion of mercury which
forms a liquid amalgam. Tin and silver combine with small proportions of
mercury to form crystalline compounds. If a large quantity of mercury is
employed, both tin and silver disappear as by solution ; but when a smaller
proportion is used a soft amalgam is formed, which gradually becomes hard -
by crystallization. The force which holds the tin to the mercury cannot be
considered the same as that which holds the amalgam of tin and mercury to
a surface of glass. Thésolution of metals in mercury is sometimes attended
with th® production of heat and cold, as well as with a change of state. If
equal parts of sodium and potassium are well mixed by pressure under naph-
tha, and a globule of mercury is poured on the soft alloy, there is instant
chemical union with an evolution of heat and flame, and the production of a
solid amalgam. Melt together 207 parts of lead, 118 of tin, and 284 of bis-
muth. These form, when cold, a brittle alloy. When this is reduced to a
fine powder, and mixed with 1617 parts of mercury, at a temperature of 60°,
the thermometer falls to 14°. This is owing to the rapid conversion of the
solid metals to the liquid state, and the absorption of heat from surrounding
bodies.. It resembles, in effect, the solution of crystallized nitrate®of ammo-
nia in water. Mercury, under certain conditions, appears to combine with
the gases hydrogen and nitrogen in the proportions of one equivalent of
nitrogen to four of hydrogen, producing the amalgam of ammonium. Tt
then becomes semi-solid, and assumes a crystalline condition, like that which
it acquires in combining with a large guantity of tin or silver. The union is
only of a temporary nature, and appears to be physical rather than chemical.
a Most solids and liquids manifest a tendency to enter into union or combi-
nation. There is, however, one substance which shows a remarkable indif-
ference to conbination of any kind, and from this indifference it has received
the name of paraffine (purum offinis). ;
Proofs of Chemical Change.—We generally look for certain visible results
as evidence of the chemical union or separation of substances; but the
chemical force may have acted without causing visible changes; and on the
other hand the condition of allotropy (see page 31) in elements and com-
pounds, shows us that such changes may take place without reference to the
chemicalforce. Photographic chemistry furnishes a remarkable instance of
the operation of chemical affinity, without any apparent physical altération
in‘the condition of the compound. A dried film of pure iodide of silver on
glass, after it has received an impression from light, will retain its surface
unaltered for many hours, or even days ; we should not be able to distinguish
the exposed from the unexposed film ; but if the exposed surface is washed
with a weak solution of pyrogallic acid or sulpbate of iron, the silver is
reduced and blackened only in the parts which have received the luminous
impression, and in a degree precisely proportioned to the intensity with
which the impression has been made. There is perhaps nothing so wonder-
ful in the whole range of chemistry as the fact of thus revealing a dormant
image which has been produced without any apparent physical change in the
iodide of silver by the chemical rays of the spectrum. As a general rule, we
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cannot trust our senses as furnishing evidence of the chemical force being
brought into operation. We can only arrive at a knowledge of this fact by
a process well known under the name of analysis (Gva abw, to separate), by
which we separate the component parts of a body. This may be either
qualitative, to determine the nature, or gquantilative, to determine the pro-
portions, of the ingredients. Our analytical results may be confirmed by
synthesis (siv zibyue, to put together), 7. e., by reconstructing the substance
from its constituent parts. The latter process is not, always available, and it
is not indispensable to a correct view of the constitution of a body. It is
sufficient if we examine the products of chemical combination, and compare
their weights and chemical properties with those of their constituents. The
following experiments will serve as an illustration of the processes of analysis
and synthesis, as applied to elements and compounds. We may analyze or
separate the constituents of hydrochloric acid—namely, chlorine and hydrogen,
by adding zinc to one portion of the acid, and peroxide of lead to another
portion. The zinc liberates the hydrogen, and the peroxide of lead sets free
the chlorine. If we now place a vessel containing chlorine over a jet of
hydrogen burning from a bottle, hydrochloric acid will be immediately
reproduced by synthesis and by the direct union of its elementss Among
compounds which readily admit of analysis and synthesis, is the chloride
of ammonium.

Place in two Florence flasks some of the powdered chloride. Mix the
chloride of one flask with its bulk of dry lime, and apply a spirit-lamp to the
mixture. Ammonia, asa gas, will escape. Now add to the chloride in the
other flask sufficient sulphuric acid to moisten the powder. Fumes of hydro-
chloric acid immediately escape. On bringing near to each other the mouths
of the flasks, the gases immediately combine to reproduce, by synthesis in
the air the chloride of ammonium which had undergone analysis, or been
resolved into its constituents in the two flasks.

Single Affinity.—The chemical force is usually studied under the heads of
single and double affinity ; and all analytical processes are dependent upona
-knowledge of the laws which govern these operations. In single affinity—
of three substances present, one is found to combine with another in prefer-
ence to a third. Let us assume that the three substances are the base
baryta in solution and two acids—¢. e., the sulphuric and nitric acids diluted
with water. On adding the solution of baryta to diluted nitric acid, there is
no.visible change ; the base enters into a soluble combination with the acid,
forming nitrate of baryta. When the baryta is added to sulphuric acid, a
white insoluble precipitate appears (sulphate of baryta). DBoth the acids
therefore combine with the base, the one to form a soluble, and the other an
insoluble salt. If we now wish to discover which of the acids has the
strongeraffinity for the base, we add sulphuric acid to the solution of nitrate
of baryta, and an insoluble sulphate of baryta immediately appears—the
nitric acid being set free. If we treat the precipitated sulphate of baryta
with nitric acid, it will undergo no change. A minute quantity of the pre-
cipitate may be dissolved, but the sulphuric acid still remains, combined with
the baryta. The only conclusion to be drawn from these facts, is, that
sulphuric acid has a stronger affinity for baryta than nitric acid, and that it
will take that base to the entire exclusion and separation of the nitric acid.
As a kind of choice is thus manifested, this has also received the name of
elective affinity. The change is represented by the following equation,
BaO,NO,+80,=Ba0,80,+ NO,.

The term precipitate has here been employed to indicate chemical change,
and it is desirable to define the proper meaning of a term which so frequently
occurs in chemical language. It is applied by chemists to signify that con-
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dition in which a substance dissolved in a liquid, is thrown down in a solid
form as the result of chemical change or decomposition. If the substance is
not dissolved, but diffused mechanically through the water, its falling to the
bottom is not true precipitation but subsidence, or the mere effect of its
greater specific gravity.

Precipitation always implies that the compound formed is less soluble in
he liquid than the saubstance which produces it. Sulphuric acid added to
ime-water produces no precipitate, because sulphate of lime is more soluble

than lime. If carbonic acid is employed, there is an immediate precipitate,
the carbonate of lime being much less soluble than lime. Precipitation may
oecur rapidly or slowly, according to the solubility of the precipitate. It
may take place as the result of natural causes: thus in petrifying springs,
which owe their properties to carbonate of lime, dissolved by carbonic acid
in the water, a precipitate of carbonate of lime takes place in the form of
stalactite, owing to the escape of carbonic acid. The Geyser water in Iceland
deposits silicic acid, and all chalybeate waters produce, on exposure to air,
ochreous deposits of hydrated peroxide of iron, under similar circumstances.
The quantity of water present influences the production of a precipitate. A
diluted solution of a salt of lime is not precipitated by sulphuric acid, while
an equally diluted solution of a salt of baryta is precipitated, the difference
depending on the relative insolubility of the respective sulphates. The great
insolubility of precipitated chloride of silver renders it easy to detect the
minutest traces either of hydrochloric acid or silver. . According to Mitscher-
lich, one part of hydrochloric acid diffused through 113 million parts of
water is rendered visible, as a white cloud or precipitate, by the addition of
a salt of silver.

* The order of affinity of sulphuric acid for bases, may be Svipmoric Acip.
thus easily determined by experiment; and upon this prin- P

ciple, tables of affinity have been constructed, in which the S?r?nfi;
substance whose affinities are to be represented is placed at Potassa.

the head of a column, and the bodies with which it combines Soda.

beneath it, in the order of their respective attractions; thus Lime.

the affinity of sulphuric acid for several bases is shown in the Magnesia.
table. From this it would appear that baryta separates sul- Sfi’f:g?;ﬂver
pharic acid from its compounds with all the substances below ;
it, and that ammonia is separated by all those which are above it. Tt will
be found, however, by experiment, that if a solution of ammonia is added to
a solution of sulphate of magnesia, there is a precipitate of magnesia. If, on
the other hand, magnesia is boiled in a solution of sulphate of ammonia, the
magnesia combines with the sulphuric acid, and ammonia is evolved as a gas.
Hence the table rather shows the order of decomposition under one set of
circnmstances. The relative affinity of the acid for magnesia or ammonia
will depend on the temperature of the mixture. If we take the base soda,
and examine the affinity manifested by it to the three acids—namely, the
boracic, sulphuric, and hydrochloric—we find that this resolves itself also
into a question of temperature. ;

Sopa AT 60°. Sopa AT A REp HEAT.
Sulphurie. Boracic.
Hydrochloric. Sulphuric.
Boracic. Hydrochloric.

The result depends on the relative fixedness and solubility of the acid at
the temperature to which the mixture is exposed. If sulpharic or hydro-
chloric acid is boiled with borate of soda—on cooling the liquid, the boracic



54 REVERSAL OF AFFINITY.

acid is precipitated by reason of its insolubility in water at a low tempera-
ture ; and sulphate of soda or chloride of sodium remains dissolved. If,
however, the precipitated acid be mixed with the solid sulphate, or chloride
obtained by evaporation, and the mixture is submitted to a full red heat,
borate of soda is reformed, and the more volatile sulphuric and hydrochloric
acids are entirely expelled. The fixedness of boracic acid at a high temper-
ature here causes a reversal of the order of combination. 1

These tables are of great use in analysis, inasmuch as the exceptional cased
are not numerous, and are easily remembered. They may be made applicable
to elements as well as compounds. We here give tables representing the
order of affinity of lime in solution at 60° for four common acids : also for
some of the combinations of hydrogen with non-metallic bodies, and of
oxygen and chlorine for various metals :——

LivE. HYDROGEN. * OXYGEN. CHLORINE.
Oxalic. Chlorine. Hydrogen. . Magnesium.
Sulphurie. Bromine. Magnesium. Zinc.
Acetic. Iodine. Zinc. Lead.
Carbonio. Sulphur. Lead. Tin. 2

Tin. Hydrogen.
Copper. Copper.
Mercury. Mercury.
Silver. Silver.

The results thus arrived at are often susceptible of important practical
applications. The liquid in which' a salt is dissolved may cause a reversal
of the order of affinity.- Thus, if to a strong solution of carbonate of potassa
in water, we add acetie acid, carbonic acid is expelled, and acetate of potassa
is formed and dissolved (KO,C0,+Ac=KO0,Ac+ CO; in water). If, how-
ever, we pass a current of carbonic acid gas for some time into a saturated
solution of acetate of potassa in alcokol, the gaseous displaces the liquid acid,
and carbonate of potassa is reproduced (KO,Ac+C0,=K0,00,+Ac in
alcohol). The insolubility of the alkaline carbonate in alcohol, and its im-
mediate removal by precipitation, appear to explain this change in the order
of affinity. If water is added to the alcoholic liquid, the precipitated car-
bonate is redissolved.

Oxide of.lead combines readily with carbonic and acetic acids, forming a
carbonate and an acetate of lead. If acetic acid is added to carbonate of
lead, the carbonie acid is displaced, and acetate of lead is formed ; but if a
solution of acetate of lead is exposed to an atmosphere containing carbonic
acid, carbonate of lead is formed and the acetic acid is expelled. The manu-
facture of white lead (carbonate of lead) depends upon this reversal of affinity.
The metal is exposed to the fumes of acetic acid, and the formation of an
acetate is the first step in the production of a carbonate.

This fact appears to support the view of those who believe that chemical
affinity between substances is to some extent governed by the relative pro-
portion or mass of the displacing agent. The changes which chloride of
silver undergoes by exposure to light, also tend to corroborate this opinion.
‘When not absolutely dry, chloride of silver, which is of snow-white appear-
ance, is darkened by exposure to light. In fact it is superficially converted
into subchloride (2AgCl=Ag,Cl+Cl). The quantity of chlorine thus set
free is small. Rose found, by using a delicate balance, that there was no
difference in weight between the white and dark chloride. Chlorine water
added to the dark chloride renders it again white.

Decomposition by single affinity may take place, althongh it is not mani-
fested by the precipitation of a solid or the visible escape of gaseous matter.
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If we boil gold-leaf with some crystals of nitre dissolved in water, there is
no change; if we boil the gold in pure hydrochloric acid, there is no change ;
but if the two are mixed, the gold is immediately dissolved. The soluation of
the gold proves that chlorine has been evolved. This eould only proceed
from the decomposition of a part of the hydrochloric acid by the nitrate of
potash. TUnder ordinary circumstances a watery solution of nitre may be
mixed with hydrochloric acid without any perceptible decomposition of either
bod

A):l interposed animal membrane does not prevent the manifestation of this
force. 1If a tube containing a weak acid solution of acetate of lead is well
secured at the mouth with a piece of bladder, and the outer surface of the
bladder is then placed downwards on a clean surface of metallic zinc—in
the course of a short time crystals of lead will be deposited on the bladder
inside the tabe ; and the solution will contain acetate of zinc, a fact which
proves that the zinc has traversed the bladder either as oxide or metal, and
has displaced an equivalent proportion of lead in the solution. This is
effected by capillary osmosis of a part of the solution of acetate of lead, and
its simultaneous conversion into acetate of zinec.

Predisposing or Concurrent Affinity.—If zinc is covered with hydrochloric
acid it displaces the hydrogen, which escapes, and chloride of zinc is formed ;
if covered with water, this liquid is not decomposed until an acid (sulphuric)
is added, when hydrogen immediately escapes, and an oxysalt of zinc is pro-
duced and dissolved. This has been called predisposing-affinity, but it should
rather be regarded as concurrent affinity. Two affinities are here brought
into play : there is the affinity of zinc for oxygen, and of the acid for oxide
of zine, and these are sufficient to decompose the water. This principle is
the basis of many chemical operations. In the manufacture of aluminum,
carbon as charcoal cannot alone remove the oxygen from alumina (the oxide
of aluminum) ; but if ehlorine is passed over a mixture of alumina and char-
coal heated to a high temperature, the carbon readily takes the oxygen, and
the chlorine now combines with the aluminum. Platinum cannot be made
to unite to oxygen directly; but, if caustic potash is fused on the metal, this
is oxidized and destroyed by reason of the tendency of the alkali to combine
with oxide of platinum. Iron does not rust in air free from moisture, . e.,
it will not take the oxygen from dry air. Again it will not combine, with’
the oxygen of water at common temperatures, except when air is present.
In order that oxidation may take place, it is necessary that air and water
should be present at the same time. It is a well-known fact that gold is not
acted upon, or dissolved by sulphuri¢ acid or nitric acid, eveun at & boiling
temperature. Bat if a drop of nitric acid is added to the mixture of sul-
phuric acid with gold-leaf while boiling, the metal instantly disappears
and enters into some unknown form of combination with the salphuric acid.
When the acid solution is cooled and added to water the gold is thrown
down as a purple precipitate in the metallic state.

Double Affinity.—In double affinity there is a reciprocal mterchanve of
elements, or, in reference to salts, of acids and bases, so that two new com-
pounds are produced. One of the simplest cases is seen on the admixture
of hydrochloric acid and a solution of soda. Chloride of sodium and water
result (NaO 4+ HCl=NaCl+4+HO). Among numerous instances which may
be taken from the class of salts, there is the reaction of sulphate of potash
on nitrate of baryta, by which sulphate of baryta and nitrate of potash are
produced (KO,80,+Ba0,NO,=Ba0,S0,4+K0,NO,). In this case one in-
solable salt only is formed and precipitated; but two soluble salts may be
changed into two perfectly insoluble compounds, as in adding a solution of
sulphate of silver to chloride of barium (both soluble) when sulphate of
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baryta and chloride of silver (both insoluble) result. Thus Ag0,S0,4Ba

*C1=Ba0,S0,4+AgCl. This decomposition forms one of the steps in the
production of pure peroxide of hydrogen. Double affinity generally furnishes
to the chemist a more perfect method of decomposition than single affinity.
Thus oxalate of ammonia more effectnally precipitates lime than oxalic acid.
A solution of arsenious acid does not readily decompose solutions of sul-
phate of copper or nitrate of silver; but if the acid is corabined with a small
quantity of alkali (ammonia), the precipitation of insoluble arsenites of the
metals by double affinity is immediate and complete.

In general it may be inferred that two salts will decompose each other,
when, by interchange, an insoluble compound or precipitate can result.
Solubility, however, is a purely relative term, and precipitation must there-
fore often depend on the quantity of water present in the saline solations.
Nitrate of baryta gives a dense white precipitate with a solution of borate
of soda, provided the two solutions are concentrated. If much water is
present, there will be no precipitation on mixture; a fact also proved by the
re-dissolution of the precipitate on adding a qguantity of water. Sulphate
.of soda will precipitate a salt of lime, and chloride of platinum a salt of
potassa, provided the respective solutions are concentrated; but if much
diluted, there will be no precipitate. The platino-chloride of potassium,
although precipitated from potassa or its salts, by a solution of chloride of
platinum, is sufficiently soluble in boiling water to precipitate from their
solutions the salts of rubidium and ceesium, the platino-chlorides of which
metals are far less soluble than the corresponding salt of potassium. This,
in fact, is the only available method of separating the salts of the two new
metals from the salts of potassium. While the degree of dilution always
affects the production of a precipitate, it sometimes so completely changes
its character that it might be fairly inferred that two different compounds
were under examination. Thus if nitrate of silver is added to a concentrated
solution of borate of soda, a white borate of silver is precipitated : if the
solution of borate is much diluted, nitrate of silver gives a brown precipitate
resembling oxide of silver. Sulphocyanide of potassium produces, in a con-
centrated solution of a salt of copper, a black precipitate of sulphocyanide,
which slowly becomes gray and white ; in a moderately diluted solution a
gray precipitate is thrown down, and in a very diluted solution a white pre-
cipitate of sub-sulphocyanide is slowly formed.

Precipitates are sometimes readily dissolved by the precipitant : thus the
scarlet iodide of mercury is easily dissolved by a solution of iodide of potas-
sinm. This renders it necessary to employ tests with caution, or the pre-
sence of a substance may be overlooked. When the double decomposition
of two salts does not take place in the cold, it may be brought about by
heating the mixture.

Double affinity is liable to be modified by all the canses which affect single
affinity. If a mixture of dry chloride of sodium and sulphate of ammonia
is heated, chloride of ammonium is sublimed, and sulphate of soda remains.
This is one method of manufacturing sal ammoniac from the ammoniacal
liquor of gas-works. When the two salts are intimately mixed with a small |
quantity of water, the temperature rises and the mass rapidly dries. There
is a double decomposition, and the sulphate of soda produced absorbs water
of crystallization. Each of the salts alone lowers the temperature during
the act of solution. (Chem. News, Sept. 5, 1860.) But when powdered sul-
phate of soda is well mixed with chloride of ammonium at 60°, there is a
reversal of the affinities—anhydrous sulphate of ammonia and common salt
are produced, while the water of crystallization of the soda-sulphate is set

“free, the mass acquiring a liquid consistency. (See page 34.) When solu- .
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tions of these two salts are mixed, there is, according to Schiff, an increase
of volume owing to the setting free of water of erystallization.

Salts having the same acid or base do not precipitate each other. Thusa
solution of sulphate of lime does not decompose sulphate of soda or chloride
of calcium. On this principle, the last-mentioned salt is employed to deter-
mine whether the alkalinity of river-water depends on the presence of the
carbonate of potassa or soda, or of the bicarbonate of lime. In the former
case, it gives a precipitate ; in the latter notie. v

But double affinity may be exerted between two salts in cases in which
there is no visible change or decomposition. When a solution of nitrate of
soda is mixed with chloride of potassium, and this mixture is boiled, chloride
of sodium, or common salt, is separated, because it is the least soluble of the
salts at a boiling temperature, and therefore requires the largest amount of
water to hold it in solution. (See page 30.) If the saturated solutions of
the two salts are kept at a low temperature, nitrate of potassa crystallizes
out of the liquid. In either case there is an interchange of acid and base
dependent on the relative solubility of the salts at a given temperature
(NaO,NO,+KC1=NaCl+KO,NO,). The process above mentioned has
been employed in Prussia for the manufacture of nitre. The manufacture of
sulphate of magnesia from sea-water is dependent on a similar decomposition.
Sulphate of soda added to a solution of chloride of magnesium or bittern,
produces no visible change ; but when boiled, the eompounds are resolved
into chloride of sodium and sulphate of magnesia. The former is separated by
evaporation of the liquid at the boiling-point, the latter by allowing the cold
saturated solution to deposit crystals (NaO,80,4+MgCl=NaCl4Mg0,S0,).

The production of a color on the admixture of colorless solutions of salts
is evidéence of at least a partial interchange of acids and bases. A very
dilated solution of ferrocyanide of potassium added to extremely diluted
solutions of sulphate of copper and persulphate of iron, produces in the one
case a red, and in the other a blue color in the liquid. These results furnish
chemical proofs that the ferrocyanogen of the potassium-salt has, at least in
part, united to the metals of the copper and iron salts. Sulphocyanide of
potassium may be substituted for the ferrocyanide in reference to iron ; and
insthis ease a blood-red color, but no precipitate, results. Berzelins long
since devised an ingenious experiment by which the interchange of acid and
base in two salts was clearly proved by the peculiar color acquired on mixture.
Of the diluted solutions of the salts of copper, the nitrate and sulphate remain
blue when boiled ; but the diluted chloride, which is blue at 60°, acquires a
bright green color at 212°. This change of color is therefore a distinguishing
test among these salts, of the presence of ehloride of copper in a diluted
state. A solution of chloride of sodium is colorless and remains so at all
temperatures. When a diluted solution of nitrate of copper is added to a
diluted solution of chloride of sodium and the mixture is heated, it acquires
a bright green color, thus proving that some portion at least of the nitrate
of copper must have been converted into chloride of copper, and therefore
that an interchange of acids and bases must have taken place. If the two
solutions are highly concentrated, the interchange takes place at 60°, since
the mixture in the cold has a greenish color—the color of the chloride of
copper when in a more concentrated form. ;

We have hitherto treated the saline compounds as if both were soluble in
water; but cases of double affinity are witnessed, in which one salt issoluble
and the other is insoluble. If insoluble sulphate of baryta or oxalate of
lime is hoiled in distilled water with soluble carbonate of potassa for a short
time, and the respective liquids are filtered—it will be found that a partial
interchange of acids and bases has taken place, and while the filtrates (the
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filtered liquids) will contain two soluble salts (the carbonate of potassa
associated either with the sulphate or oxalate of potassa), the white residues
on the filters will eontain, besides sulphate of baryta and oxalate of lime,
the insoluble carbonates of baryta and lime. Four salts are in each case
produced, as represented in the following equation, in which the decomposi-
tion is given only for the sulphate of baryta, 2(Ba0,80,)4-2(K0,C0,)=
KO,SO +KO, CO, and BaO,SOi-i—BaO COgr This mode of decomposition is

Soluble. Insoluble

sometimes resorted to, in order to render an msoluble compound sufficiently
soluble for the purpose of testing. The silicification of chalk or soft lime-
stone is based on this principle. The mineral is soaked in water-glass, or a
solution of silicate of potash or soda, and it is afterwards exposed to the air;
silicate of lime and bicarbonate of potassa or soda resalt. The surface of the
chalk is thus hardened and rendered impermeable to water. It is probable
that the presence of Epsom salt, or sulphate of magnesia, in spring waters
in certain districts, is dependent on a natural reaction of this kind. Water
containing sulphate of lime flowing over a bed of magnesian rock (carbonate
of magnesia) becomes impregnated with sulphate of magnesia, a portion of
the lime being exchanged for this base. If carbonate of magnesia is agitated
with a solution of sulphate of lime, sulphate of magnesia will soon be found
in the filtered liquid, by appropriate tests.

"Double affinity is not prevented by the interposition of animal membrane.
If the mouth of a tube containing sulphate of soda is well secured with
bladder, and inverted in a vessel containing a solution of nitrate of baryta—
or if the nitrate of baryta be secured in a tube, and the soda-sulphate is
placed in an open vessel, double decomposition is observed to take place.
In performing this experiment many times, however, we have noticed that
the white precipitate of sulphate of baryta has been formed in the tube
containing the nitrate, and not in that containing the sulphate of soda.

Catalysis (from xare downwards, and ae to loosen) is a term which was
first employed by Berzelius, to explain those cases in which two or more
bodies are combined by the presence of a substance which itself takes no
share in the chemical changes. A body is thus supposed to resolve others
into new compounds merely by contact, without gaining or losing anyththg
itself. 'When a mixture of oxygen and hydrogen is exposed to the action of
spongy platinum, the gases combine to form water; when alcohol is dropped
on platinum-black under exposure to air, the alcohol is oxidized and con-
verted into-acetic acid ; when a ball of spongy platinum, made red hot, is
placed on a mass of camphor, it continues to glow, and causes a slow
combustion of the camphor; when a ball of platinum is made white hot and
plunged into water, it causes the separation of the constituent gases oxygen
and hydrogen ; and lastly, when fine platinum wire is heated red hot, and
exposed to a mixture of coal-gas and air, it continues to glow, and leads to

a slow combustion of the gas. In these cases the platinum has produced
combmatlon as well as decomposition, but it has undergone no change. We
have witnessed a similar effect with charcoal placed in a mixture of oxygen
and sulphuretted hydrogen. The gases were combined with explosion, but
the charcoal underwent no change. The power of charcoal to absorb and
remove foul efflavia, by leading to their oxidation, may be regarded as a
similar phenomenon ; but all these are simple cases of the absorption and
condensation of gases by the platinum and charcoal, and not referable to
any new force or to any occult effect of contact or presence.

Sulphur, it has been already stated (p. 47), will unite at a high tempera-
ture to India-rubber, and will then produce in it the effects indicated by the
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term vualcanization—z¢. e., change of color, infusibility, great increase of
elasticity, and a resistance to heat and cold. The vulcanized rubber when
boiled in a solution of sulphite of potash is desulphured ; it reacquires its
usual appearance, but it still retains the properties which the sulphur
imparted to it. This has been ascribed to a catalytic action, for the sulphur
itself has undergone no change.

The production of anhydrous chloride of magnesium, according to Mits-
cherlich, turns upon a similar state of circumstances, If hydrochlomc acid
is Saturated with hydrate of maguesia, and the liquid is concentrated and
cooled, large crystals of chloride of magnesium combined with water are
obtained. - If these erystals are heated, like those of other chlorides, in order
to expel the water, the hydrochloric acid escapes and magnesia remains. 1If,
however, equal weights of hydrochloric acid are saturated with magnesia and
ammonia, and the two solutions are mixed and evaporated to dryness, the
residue, when heated to fusion in a platinum crucible, consists entirely of
anhydrous chloride of* magnesium ; the whole of the chloride of ammoniam
having been expelled. Here chloride of ammonium causes a fixed eombina-
tion of the elements, apparently by a catalytic force.

Catalytic results are obtained with compounds as well as with simple
substances. The production of oxygen at a low temperature, from a mixture
of peroxide of manganese, or of iron with chlorate of potash, has been
referred to an action by catalysis or presence. The facts, however, admit of
another explanation. (See OzoNE.) The decomposition of peroxide of
hydrogen by contact with a variety of metals and oxides, was generally
explained by reference to catalysis, until the recent views of Schonbein had
been made public.

There are many changes in organic compounds which have been referred
to catalysis—e. g., the conversion of gum and starch to sugar, of alcohol to
ether by sulphuric acid, and- of sugar to alcohol by a ferment ; but there are
here numerous reactions depending on a variety of causes; and as science
progresses, and these reactions become better understood, the use of this
term may be rendered necessary.

Electrolysis.—(grexzpoy, 2w, to loosen by electricity.)—This term is
applied to the -electro-chemical decomposition of substances as a result of
the electric current. The electric fluid serves to unite as well as to disunite
bodies ; and in producing their disunion or separation there is this remarka-
ble difference from the chemical force—namely, that as current electricity
it transports and collects at particular points, called poles, the elements or
compounds which are separated.

‘When the_electrodes or poles of a voltaic battery are brought near to each
other in ceffain liquids, such, for instance, as acidulated water and saline
solutions ; or, in other words, when these liquids are made part of the elec-
tric circuit, so that the carrent of electricity can pass through them, decom-
position ensues; that is, certain elements are evolved in obedience to certain
laws.. Thus water, under these circumstances, yields oxygen and hydrogen ;
and the neutral salts yield acids and alkalies. In these cases, the ultimate and
proximate elements appear at the electrodes or poles—not indiscriminately,
or indifferently ; but oxygen and acids are evolved at the anode, or surface at °
which the eleetricity enters the electrolyte ; and kydrogen, and alkaline bases,
at the cathode, or surface at which the electric current leaves the body under
decomposmon

All compounds susceptible of direct decomposition by the electric current
are called electrolytes ; and when electro-chemically decomposed, they are said
to be electrolyzed. Those elements of the electrolyte which are evolved at
the anode are termed anions, and those which are evolved at the cathode,
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ecations (avioy, that which goes upwards ; xazior, that which goes downwards),
and when these are spoken of together, they are called fons : thus when acidu-
lated water is electrolyzed, two ions are evolved, oxygen and hydrogen, the
former being an anion, the latter a cation.

In all primary electro-chemical decompositions, the elements of compounds
are evolved with uniform phenomena either at the anode or cathode of the
electrolyte ; hence their division into electro-negative and electro-positive
_bodies, or, into anions and cations. The latter have more recently received
the name of dasylous bodies, as by combining with oxygen they form a large
class of bases. But it frequently happens that the evolution of a substance
at the electrode is a secondary effect; sulphur, for instance, in the decom.
position of sulphuric acid, is evolved at the cathode or negative pole, not by
direct electrolysis, but in_consequence of the action of the nascent hydrogen ;
and whenever sulphur is obtained by primary electrolytic action from a com-
pound containing it, it is evolved at the anode, or positive pole; hence, in
classifying the elements according to their electrical felations, this distine-
tion must be observed. Tt is also necessary to guard against the combina-
tion of the substance (or for), with the electrode ; hence the advantage of
platinum electrodes, that metal being acted upon by very few of them.

The following table of szmple and compound ions has been drawn up by
Faraday :—

ELECTRO-NEGATIVE BODIES OR ANIONS. v

Oxygen Cyanogen Phosphoric acid Citric acid
Chlorine Sulphuric acid Carbonic acid Oxalic acid
Todine Selenic acid Boracic acid Sulphur
Bromine Nitrio acid Acetic acid Selenium
Fluorine Chloric acid Tartaric acid Sulphocyanogen.

ELECTRO-POSITIVE BODIES OR CATIONY,

Hydrogen Tin Mercury Strontia

Potassium Lead Silver . Lime

Sodium Iron Platinum Magnesia

Lithium Copper s Gold P Alumina

Barium Cadmium Protoxides generally
Strontium Cerium Ammonia Quinfa

Calcium Cobalt Potassa Cinchonia
Magnesium Nickel Soda Morphia

Manganese Antimony Lithia Alkaloids generally.
Zine Bismuth Baryta

Compounds only undergo electrolysis: and in order to act as electrolytes,
the compound if a solid, must be in a state of solution or fusi ‘Electro-
lysis is always definite in amount. Thus the quantity of electricity produced
during the solution of 32 grains of zinc, is equivalent to the decomposition
of 9 grains of water. Electrolytes differ in the facility with which they yield
up their elements to the influence of the electric current, or in the resistance
which they offer to electro-chemical decomposition. "The following bodies
are electrolytic in the order in which they are placed, those which are first,
being decomposed by the current of lowest intensity :—

Todide of potassinm (solution) Chloride of zinc (fused)
Chloride of sodium (solution) Chloride of lead (fused)
Sulphate of soda (solution) Iodide of lead (fused)

Chloride of silver (fused) Hydrochloric acid (solution)
Water acidulated by sulphuric acid. - .

The intensity of the current is in proportion, 1, to the difference in
oxidizing power (by the action of the oxygen and the acid) on.the two
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metals employed ; 2, to the increase of surface of the metals; and 3, the
increase of acid on the intensity of chemical action. The first condition is
remarkably illustrated by platinom and magnesium. If a coil of platinum
is placed round a band of magnesium and this is immersed in distilled water,
an electric current is, slowly set up, and hydrogen is slowly evolved with-
out the addition of an acid. If a few drops of any acid are added, there
is a rapid evolution of hydrogen partly as the result of chemical, and partly
of the electrical force.

As a result of the chemical force, we may deposit copper on iron or zine,
by immersing either of these metals in a solution of a salt of copper; but if
for iron and zinc we substitute silver and platinum, no deposit will take
place, these metals having less affinity for oxygen and acids than copper.
If, however, we wrap a coil of zine round the bar of silver or platinom, and
then immerse it into a solution of copper; the metal copper will now be
deposited on the silver and platinum as a result of the electric current set
up between the two metals. In this case both the chemical and electrical
forces operate to cause a separation and deposition of metallic copper. By
electrolysis any metal may be thus deposited on any other metal, or on any
organic substance, such as a feather or insect, provided it can receive a
metalline or conducting surface.

Prismatic or Spectrum Analysis.——Chemists have for many years relied
upon the colors given by the salts of various metals, to the colorless flames
of alcohol, or coal gas, as a usefnl aid to gualitative analysis. MM. Kirchoff
and Busen, by their researches on the colored flames of metals, have arrived at
an entirely new method, which has enlarged greatly the scope of chemical
reactions, and has Jed to some important discoveries. This method consists
in not merely relying as, hitherto, upon the color imparted to a flame, but in
decomposing the colored light by a prism; in other words, in submitting
the colored flame to a minute prismatic analysis. Their observations have
been chiefly directed to the detection of the metals of the alkalies and
alkaline earths. They have employed pure salts of these metals, as well as
various mixtures of them, and they have found that the more volatile the
metallic compound on which they operated, the brighter was the spectrum
which they obtained. A high temperature was generally required: a
coal-gas flame of a Bunsen’s burner, of which the heat was estimated at
2350° C., was found to be sufficient for the alkaline metals, and the colorless
nature of this flame rendered it otherwise well adapted for the spectralytic
observations, The alkaline salt in minute quantity was placed on the end
of a fine platinum wire (bent into a hook and flattened, if for a solution),
and this was introduced into the lower part of the colorless coal-gas flame.
The light of the’colored flame was then make to traverse a prism of sulphlde
of carbon having a refracting angle of 60°; and as it issued from the prism
it was examined by a small telescope

The reader will find a description of this apparatus, and of the method of
employing it, in the Philosophical Magazine for August, 1860, page 91, and
the Pharmaceulical.fournal, February, 1862; but it has since been superseded
by more convenient instruments. The colored flame of each metal, even in
the minutest quantities, was found to give a well-marked and characteristic
spectrum. Compared with the spectrum of solar light, the actual amount
of colored light was very small, and this was distributed without any kind
of order, in a series of bands or stripes of different widths and intensities,
the bands of color taking up the situation of the corresponding spectral
colors. Sodium was observed to give a single or a double line of yellow
light only, in a position corresponding to the orange rays of the solar
spectrum, Potassium, besides a more diffused spectrum, gave a red line in
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the extreme red rays, and a violet line in the extreme violet rays. Lithinm
gave a dark spectrum, with only two bright lines, one a pale yellow
corresponding to the red rays. Strontium, barium, and caleium, the only
three alkaline earthy metals which give spectra (magnesium not being
volatile in this flame), are remarkable for the number and variety of the
colored bands which they present. Strontium presents eight characteristic
lines—six red in the part corresponding to the red rays, one broad orange
band parallel to the orange rays, and at some distance from these a blue
line, in the situation of the blue rays. The spectra of barium and calcium
are distingunished from the others by the number of green bands which they
present. Two of these in the situation of the green rays characterize barinm.
There are, besides these, three other green bands, and several yellow, qrange,
and red lines. Calcium presents one broad green band in the sitnation of
the yellow-green rays; and a bright orange band near the red rays, besides
several smaller orange lines. The new alkaline metal Cesium (cesius,
sky-color), discovered by Bunsen in the waters of Durckheim and Baden, as
well as in most spring-waters containing chloride of sodium, presents two
distinct grayish-blue lines in the parallel of the blue rays, and no other
colored bands or lines. The other new metal, Rubidium, found by Bunsen
in the waters of Hallein and Gastein, derives its name from the two splendid
red lines in its spectrum; these are of a low degree of refrangibility.
Thallium gives the most simple spectrum known: it consists of one bright
green band in the situation of the green rays of the solar spectra. The
optical characters of the spectra are constant for each metal, and are equally
well marked in size and position under all varieties of flame, even of that
given by the electric discharge."

Bunsen estimated that the amount of sodium which admitted of detection
by prismatic analysis was the 195,000,000th part of a grain;* of lithium, the
70,000,000th; of potassium the 60,000th; of barium the same; of strontium
the 1,000,000th; and of calcium the 100,000,000th of a grain!

The delicacy of the sodium reaction accounts for the fact that all bodies,
after a lengthened exposure to atmospheric air, show when heated, the sodium
line. Evenignited air and all kinds of dust show the yellow tinge of sodium.
Fine platinum wire or foil, however clean, if exposed to air for a short time,
has been observed to give a yellow color to flame, owing, as it is supposed,
to the depdsit upon its surface of sodium derived from the atmosphere.
Three-fourths of the earth’s surface are covered with sea-water, and the
minutely diffused chloride of sodium may, it is supposed, be.thus spread
through the whole of the atmosphere. Lithium, which was supposed to be
a rare metal, also appears by this mode of analysis to be very widely
distributed. Bunsen found it in about an ounce and a half of the waters of
the Atlantic Ocean; in the ashes of kelp from Scotland; the ashes of tobacco,
of vine-leaves, and of plants growing on various soils. It was found in the
milk of animals fed from these crops, and it was detected by Dr. Folwarezny
in the ash of human blood and muscular tissne. It hasalso been discovered
in the residue of Thames-water, in Stourbridge clay, and in meteoric stones.
It is a curious fact that the intermixture of these alkaline metallic compounds
does not materially interfere with the optical as it does with the common
steps of a chemical analysis. Thus a drop of sea-water shows at first a
sodium-spectrum; after the volatilization of the chloride of sodium—a
calcium-spectrum appears, which is made more distin¢t by moistening the
platinum wire with hydrochloric acid. By treating the evaporated residue.
of sea-water with sulphuric acid and alcohol, potassium and lithium-spectra
are obtained., The strontium reaction is best procured by digesting the
boiler-crust of sea-going steamers in hydrochloric acid, and employing
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alcohol as a solvent. By this process of analysis, most mineral waters are
found to contain all the alkalies and alkaline earths excepting the compounds
of barium. :

The different degrees of volatility in the alkaline metals are favorable to
their detection in a state of mixture. Thus a solution containing less than
the 600th of a grain of each of the following chlorides—potassium, sodium,
lithinum, caleium, strontium, and barium—was brought into the flame. At
first the bright sodium line appeared, and when this began to fade the
bright-red line of lithium was seen, while at some distance from the sodium
line the faint red line of potassium came into view, and with this two of the
green bariom lines; the spectra of the potassium, sodium, lithium, and barium
salts gradually faded away, and then the orange and green calcium lines
showed themselves in their usunal positions. (Pkil. Mag., Aug. 1860, p. 106.)
The presence of organic matter in large quantity does not interfere with the
production of simple spectra. Thus it has been found that a portion of the
dried liver of an animal, to which a salt of*thallium had been given, yielded,
when burnt, & spectrum, in which the peculiar green line of this metal was
visible. Among other novel applications of this branch of analysis, may be
mentioned the proposal to employ it in the manufacture of cast-steel. In
the new process of melting the metal, it is important to know the exact
moment at which to shut down the cover of the furnace; time must be
allowed for the escape of the gaseous products which are injurious to the
steel, but if that time be prolonged, an injurious effect of another kind is
produced. To meet this contingency it has been proposed to test the gases
as they fly off, by means of the spectroscope; and as soon as the particular
color is observed, peculiar to the gas, which begins to escape at the moment
the molten metal is in proper condition, the manufacturer will then have an
infallible sign of the proper moment for closing the furnace.

It has been successfully employed for the detection of the coloring matter
of blood. Every red color, mineral or organic, which is soluble in water,
has its peculiar spectrum with special bands of absorption.

An improvement has been recently made in the prismatic apparatus by
which the spectra of two flames may be examined at once. Thus any doubt
respecting the presence of the substance from the colored bands.in one
spectrum, may be removed by introducing a portion of the suspected sub-
stance into the second flame, so that the two spectra may be seen side by
side, and compared. In employing this method of analysis, it is often
necessary to compare the solar spectrum with the spectrum of the substance
under examination. A spectroscopic eye-piece has been invented by Mr.
Sorby, which may be adapted to any good microscope. By this invention,
any two spectra may be at once examined and compared. This enables the
observer to determine with accuracy the bands of absorption and their exact
position, compared with the colors of the solar spectrum. b

It has been observed that gases ignited by the electric spark from
Ruhmkorff’s coil give spectra of a remarkable kind. Thus hydrogen through
which the electric discharge is passed, gives a spectrum having an intensely
red line like that of lithium, and a bright band of green, which can be split
up into a number of thin and beautiful green rays (Roscoe). Spectra of
nitrogen, chlorine, and other gases rendered incandescent, have heen obtained
by various observers, and it is not improbable that gases generally and their
complex mixtures may be hereafter qualitatively determined by this method,
like the compounds of alkaline metals.

The platinum poles of a battery, simply ignited, give a violet blue platinum
spectrum ; and if a salt of copper, iron, chromium, nickel, or other metal,
be placed upon them, a spectrum peculiar to each metal is brought out, but
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instead of a few lines of color, as in alkaline metals, they occur in many
hundreds. Dr. Roscoe describes seventy brilliant lines in the iron spectrum,
of all degrees of intensity and breadth. The most prominent of these lines
may, however, be selected for identity. Kirchoff states that he has thus
been able to distinguish the compounds of the rare metals—yttrium, erbium,
terbium, lanthanum, didymium, and cerium. The spectra obtained from a
mixture of the common metals, are not so distinet as those of the alkaline
series. Thus in German silver the spectrum may show only one of the
constituents (Roscoe). The spectra of the ecommon metals require a much
higher temperature (7. e., the electric spark of Ruhmkorfl’s apparatus) for
their production, and they are then liable to be mixed with the spectra of
the platinam poles, as well as those of the metalloids, which constitute the
acids or radicals of their salts.

As these discoveries are at present in their infancy, it is difficult to specu-
late upon the prdctical results to which they may ultimately lead. In
reference to the qualitative analysis of the alkaline salts, they will enable a
chemist not only to detect the respective metals, with great rapidity, in
quantities inconceivably minute; but they may also enable him to detect
these quantities in mixtures with each other, with a certainty which no other
- known analytical process can furnish. On further research they may serve
. to identify, with nearly equal certainty, the salts of other metals, either alone

or in a state of admixture. Quantitative analysis, by the usual processes,
must, however, be still resorted to, in order to determine the proportion of
ingredients by weight in a compound; and as it is impossible to weigh a
smaller quantity than the 1000th part of a grain, chemists may in fature be
compelled to assign to a compound many substances which do not admit of
a determination by weight. The extreme delicacy of this photo-chemical
method is likely to create the greatest difficulty in its practical application.
When-a mineral-water like that of Baden is thereby shown to contain all the
metals of the alkalies and alkaline earths, excepting barium, besides two
new metals, one of them (the more abundant) existing only in the proportion
of one part in a hundred million parts of the water, the question will really
be, whether there can be any assigned limits to the number of substances
which may be discovered by such a mode of analysis.

CHAPTER IV.

EQUIVALENT WEIGHTS AND VOLUMES—NOMENCLATURE
AND NOTATION.

Determination of Equivalent Weights.—It has been-.already described as a
special character of a true chemical compound, that its constituents combine
in fixed proportions, which are represented by figures, and are called equiva-
lent or atomic weights. For the determination of these weights, a series of
careful analyses of the substance are made. To take water as an example,
there is no compound in chemistry of which the constitution has been so
accurately determined, both analytically and synthetically, as of this. ‘In
100 parts by weight, it is found to coutain 11.09 of hydrogen, and 88.91 of
oxygen. These proportions reduced to their smallest denomination would
be represented by the figures 1 and 8; or if, instead of making hydrogen
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unity, we assumed that oxygen combined as 1, then hydrogen would be
represented by the decimal 0-125. As, however, this last assumption would
lead to a very inconvenient use of decimals, the standard of unity is assigned,
by most chemists, to kydrogen : and the selection of hydrogen has this great
advantage, that being the lightest body in nature, and combining relatively
in the smallest weight, the figures representing the equivalents of the other
bodies are comparatively low and are easily remembered. The numbers 1
and 8 therefore respectively represent the atomic weights of hydrogen and
oxygen, on the assumption that one atom of each element is contained in
the compound, the atom of hydrogen being equal to a whole volume, and
that of oxygen being counsidered to represent half a volume of this element.
The weight of the atom of water is, therefore, on this assumption, 9, the sum
of the weights of its two constituents.

All bodies combine either with hydrogen or with oxygen, and the atomic
weight of any body may be therefore found by analyzing its compound with
either of these elements, and determining by the rule of proportion how much
by weight enters into combination with 1 part-of hydrogen or with 8 parts
of oxygen. The atomic weight of sulphur may be thus determined. 100
parts of its compound with hydrogen (Sulphide of Hydrogen) are composed
of 941 of sulphur and 59 of hydrogen: hence 94'1+59=159, or, allow-
ing for differences of analysis," 16, the atomic weight of sulphur. Again,
hydrochloric acid consists in 100 parts of 97:26 chlorine and 2-74 hydrogen -
hence 97-26--274=38549, or, in round numbers, 36, the atomic weight of
chlorine.

It will be understood that these figures do not represent the absolute, but
merely the proportional weights in which bodies combine. We have no
knowledge of the absolute weight of an atom of any substance, and we are
unable to say whether the combining weights thus determined, include one
or more atoms of any element; but it is convenient to assume that the
figures represent the relative weights of atoms; and that however the figures
may vary, there is only one atom of each element in the figures which repre-
sent its combining weight. We have thus arrived at two of the laws of
chemical combination. . 3

1. The equivalent or atomic weight of a body represents the smallest
quantity by weight in which it will combine with one part by weight of
hydrogen or eight parts by weight of oxygen.

2. The equivalent weight of a compound is the sum of the equivalents of
its constituents.

There is a third law which flows from the preceding :—

3. If a simple or compound body combines with more than one propor-
tion of the same substance, the other proportions are multiples, or sub-
multiples, of the first. ¢ 3

Guided by these rules, it is possible to determine the atomic weight of a
substance (fluorine), which has never yet been isolated. The compound of
this body with calcium is a well-known mineral. Assuming that we take a
weighed quantity of fluoride of calcium, we convert it into sulphate of lime
by heating it with sulphuric acid. The weight of the sulphate of lime being
kuown, the weight of the calcium in the lime is easily determined ; and by
deducting the weight of calcium from the original weight of fluoride employed
in the analysis, the exact amount of combined fluorine is kuown. The atomic
weight of this unknown element is thus found to be 19.

These laws of combination are of great aid to the analyst. If he can
determine the weight of one constituent of a compound, the weight of the
other may be accurately determined by calculation. If, for instance, in
referencﬁe to sulphate of lime—should the weight of sulphuric acid be deter-



66 CALCULATION OF EQUIVALENT WEIGHTS.

mined, then as 40 parts of sulphuric acid unite to 28 of lime to form this
salt ; the amount of lime associated with the acid may be readily known by
a simple calculation ; or, conversely, if the weight of lime is determined, the
amount of sulphuric acid which must have been combined with it may be
easily calculated. 3

It was at first supposed that the equivalents of all simple substances wonld
be found to be integers or multiples of hydrogen, taken as unity ; but experi-
ence, based on accurate analysis made by Dumas, shows that this rule admits
of application only to those elements enumerated in the subjoined list, and
even the accuracy of the results on which this list is based has been recently
called in question :— i

; Hydrogen 1.

Oxygen 8. Sulphur 16.

Carbon 6. Phosphorus 32.

Nitrogen 14. Arsenic 75.
Calcium 20.

To this number some chemists have added fifteen other elements. M.
Stas, who has recently investigated this subject, denies the existence of any
multiples of hydrogen among the equivalent weights. He assigns as the
equivalent of nitrogen 14°041, and of sulphur 16:0371. These differences
are not, however, such as to affect materially any calculations based on the
elements ; and with respect to the equivalent weights of other substances, it
is the common practice among chemists to represent them by whole numbers.
The reason is obvions. No two chemists agree concerning the decimals,
The equivalent of chlorine is given at 35-45, 835-47, and 3550, by equally
reliable atthorities. It is usually taken at 36. Strontium is given by
Stromeyer at 4367, by Dumas at 4374, by Rose and de Marignac at 4377,
by Liebig at 43-80, and by Graham and Pelouze at 43-84. It is usunally
taken at the whole number 44. The whole numbers are easily carried in the
memory ; and if great accuracy is required in any investigation it is easy to
substitute for them, the real figores of any selected authority. §

Symbols —It ‘will have been perceived from frequent examples given in
the preceding pages, that a symbolic langnage has been generally adopted
by chemists. Thus the symbols H, O, 8, Cl, stand respectively as abbrevia-
tions for hydrogen, oxygen, sulphur, and chlorine. 'When the initials of
elements are similar, then the first and second, or the first and third letters
of the name of the substance are taken: and in reference to the metals the
corresponding Latin names are similarly used as distinctive symbols. It is
important to bear in mind, however, that these symbols not only represent
the element but the relative weight of it which enters into combination.
Thus the letters HO, not merely represent hydrogen and oxygen, but 1 part
of hydrogen and 8 parts of oxygen ; and the two associated, 9 parts of water.
The number of atoms of each element in a compound is generally indicated
by a figure placed on the right-hand corner. Thus the symbol HO, indicates
2 atoms of oxygen combined with 1 atom of hydrogen (peroxide of hydro-
gen), while 2HO represents two atoms of water—the figure thus placed -on
a line, doubling all that follow it up to the addition sign + , or symbols
included in brackets. Thus KO,S0,, represents sulphate of potassa, but
K 0,280, represents bisulphate of potassa. Sometimes in order to represent
9 atoms, instead of a figure 2 at the right corner, the symbol is barred, as
thus, 9S-, or O S. These are equivalent to O, and S,. A collection of sym-
bols constitutes a_formula, as in the formula for alum, KX0,S0,+ Al1,0,,380;
+24HO. The plus sign is introduced to show that in this compound salt,
the elements are supposed to be arranged as sulphate of potash, sulphate
alumina, and water. It will be perceived from this formula that the atom of
crystallized alum is compounded of T1 atoms, namely, 40 of oxygen, 24 of
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hydrogen, 4 of sulphur 2 of themetal aluminum, and 1 of the metal potas-
sium ; and the equivalent weight of the compound calculated from this eon-
stitution would be 4745. Formule when so arranged as to represent
chemical decompositions, constitute an equation, a term borrowed from
algebra, to represent that the quantities on the two sides are perfectly equal
—2. e., that the formulee although dissimilar will represent an equal number
of atoms, and therefore, equal atomic weights, as in the reaction of common
salt on a solution of nitrate of silver, NaCl4- AgO,NO,=AgCl4NaO,NO,.
The meaning of the word equivalent will be apparent from this equation.
It denotes a quantity of one substance which can exactly replace or be sub-
stituted for another in chemical combination. Thus silver is substituted for
sodium, but in weights which are to each other respectively as 108 to 23, 7. e.,
these weights of the metals are equal to each other in the power of satu-
rating the same quantity of chlorine, 7. e., 36: the 8 of oxygen combining
‘with the sodium, and exactly replacing the 36 of chlorine which have been
transferred to the silver.

The following Table comprises an alphabetical list of the 65 elements now
known to chemists, with their respective symbols, and their atomic or equiva-
lent weights, hydrogen being assumed as unity. In this Table, the non-
metallic elements or metalloids are printed in italics to distinguish them from
the metals.

Table of Elementary Substances, with their Symbols and Equivalent or
Atomic Weights.
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The equivalent weights have been here- placed in integers for reasons
already assigned. The. figures, it will be observed, have no relation to the
solid, gaseous, or liquid form of the elements, or to their specific gravity ;
some substances widely different in chemical or physical properties have
similar equivalent weights, while among others, a common difference may be
observed. Thus lithium and glucinum are each represented by 7T ; aluminom
and nitrogen by 14; cobalt and nickel by 80 ; iron and manganese by 28;
and copper, zinc, yttrium, and phosphorus by 32. Lithium, sodium, and
potassium, have a common difference of 16, these metals being respectively
7, 28, 39. The new alkaline metal, Cesium, by its high equivalent (123)
disturbs this order. Calcinm, strontium, and barium, being strictly 20, 438,
and 68°5, have nearly a common difference of 24. Other curious arithmetical
relations may be fonnd in chlorine, bromine, and iodine, as well as in other
groups. i

Equivalent Volumes.—In reference to elements and compounds which "
exist in the gaseous state, it has been determined by experiment that the
weights correspond in general to very simple proportions by volume. Thus
again taking water as an example, it is found that the proportion by volume
in which hydrogen combines is always double that of oxygen ; and further,
that the compound formed, calculated as vapor, is exactly equal to the bulk
of hydrogen which goes to constitute it. Assuming hydrogen as unity, by
volume as well as by weight, it follows that the atomic weight of hydrogen
(1) corresponds to the atomic volume 1; and that the above weight of oxygen
(8) corresponds to 0-5, or one-half volume. So in sulphuretted hydrogen 1
equivalent of hydrogen represents 1 volume, but the equivalent of sulphur (16)
in consequence of the great spécific gravity of the vapor of this element at
its boiling point corresponds to only 1-6th of the bulk of hydrogen, or 1-6th
of a volume. This is the greatest deviation from simplicity among all the
gaseous bodies ; but its admission is unavoidable, except at greater inconve-
nience than arises from retaining it. Thus if, to avoid fractional parts of
volumes, sulphur were made unity, ¢. e., if 16 parts of sulphur by weight
were assigned to 1 volume of the vapor, then the atomic volume of hydrogen
would be 6, of oxygen 3, and of water 6. Some chemists have compromised
this difficulty by avoiding the fraction for oxygen, but still retaining it for
sulphur ; although why, if retained for one, it should not be retained for both,
does not clearly appear.. Thus they represent 1 part by weight of hydrogen
to correspond to 2 volumes of the gas, and 8 parts by weights of oxygen to
1 volume of that gas. They thus adopt hydrogen as unity by weight, but
oxygen as unity by volume. Continental writers reject both of these arrange-
ments ; they take hydrogen at 12-5 by weight, and 100 by volume ; oxygen
at 100 by weight, and 50 by volume.

Water, therefore, stands thus :—

By Weight. By Volume.
— r A, r 'y s )
Hydrogen 5 . el 12:5 e 25000
g or OX ;3 308
Oxygen . s 2 s 100- % 1 50

It will be perceived that these numbers bear an exact ratio to each other.
To us it appears desirable not to depart from the simplicity of ordinary
chemical language, except for some cogent reason. The atomic volume
of hydrogen being 1, the atomic volumes of oxygen, phosphorus, and arse-
nie, are respectively %, and that of sulphur }th, With these exceptions there
are no fractional volumes in the gaseous combinations of simple and compound
bodies. 3

Atomic Volume.—The atomic weight of a gas or vapor divided by the
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specific gravity (compared with kydrogen) will give the atomic volume. Thus
the atomic weight of oxygen is 8: bulk for bulk, it is 16 times heavier than
hydrogen and 8-16=0"5, or 3 the atomic volume of hydrogen. The atomic
weight of sulphur is 16; compared with hydrogen in the same volume, its
weight is 96 (the sp. gr. of its vapor at 900° being 6:63). Thus 16+ 96=
01666, or fractionally tth of a volume. " If we take the ordinary specific
gravity in which air is made the standard, the numbers for the atomic volumes
of gases are in the same proportions. Thus hydrogen has a sp. gr. of
00691, and 1--0'0691=1'44; oxygen, a sp. gr. of 1-1557, and 8--
1-1057=7-2 ; 'sulphur vapor at 900° a sp. gr. of 663, and 16+6:63=
2:41. These quotients 1-44, 7-2, and 2-41 are to each other as 1, 4, and
4th respectively, and they equally represent the atomic volumes of these
bodles

The atomic or equivalent volunres of all solids and Ziquids, whether ele-
mentary or compound, may be calculated on similar principles—-namely, by
dividing their atomic weights respectively, by their specific gravities compared
with water, the atomic volume of which is 9+1=9. The sp. gr. of the metal
lithinm, the lightest of all solids and liquids is 059 : its atomic weight is 7,
and 7--059=118, the atomic volume. Platinum, the heaviest of all sol;ds
has a sp. gr. of 21" 5, and its atomic weight is 99, and 99-+-21-5=4'6; the
atomic volume of this metal. The atomic volume of ice, which, according to
Playfair and Joule, has a sp. gr. of 0:9184, is found on a similar principle
.3157=9'8. The relative number of atoms in a given volume of any sub-
stance is obtained by an inverse proceeding—namely, in dividing the specific
gravity by the atomic weight.

It appears probable from the researches of Petit and Dulong (Ann. de Ch.
et Phys., x. p. 403), that the atoms of all simple substances have the same
specific keat, for by multiplying the specific heat of any one of the elements
by its atomic weight, in nearly all cases the quotient is the same, or a mul-
tiple or sub-multiple of the figures. There are some remarkable exceptions,
however, as in the case of carbon : and these can scarcely be explained by
any want of accuracy, either in determining the specific heat or the atomic
weight of bodies. Further researches are required to show that there is that
exact relation which has been supposed.

New Notation.—A new system of notation was proposed by Gerhardt,
with a view to establish a constant relation between the atomic weight of
bodies, their specific gravities, and vapor volumes. In order to carry out
these views, he has suggested that hydrogen should be the standard or unit
for the atomic weight, specific gravity, and combining volume, and that, in
OTrl?el to meet this view, the equivalents of certain bodies should be doubled.

US e

Symbols, Atomic Weights.
Hydrogen . . 2 . - suiEl H 1
Oxygen .° . . . . . 0 ] 16
Sulphur . z . . . .S S 32
Selenium p “ . Se Se 79
Tellurium . -, 4 - Te Te 128.4
. C c ook L2

Carbon .

The symbols are represented sometimes in Italic capitals, but more cor-
rectly in the Roman capitals barred, to show that they are double the usnal
weights. The unitary system creates a difference in the meaning of the terms
atom and equivalent, a§ hitherto understood. Thus while 8 is the equivalent
weight of oxygen in combining with 1 of hydrogen, 16 is assumed to be the
atomic weight of that element, since this is considered to be the lowest pro-
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portion in which oxygen enters into combination with hydrogen or any other
body. Upon this assumption water cannot be formed of less than two atoms of
hydrogen, and it is therefore represented by the formula H,O. So with sul-
phur the equivalent weight is 16, but under the unitary system the atomic
weight is fixed at 32—two atoms ‘of hydrogen being here required to form
the compound hydrosulphurlc acid, H,S. In reference to chlorine and
bromine, however, hydrogen is. supposed to combine with these elements in
the one atom, and thus the equivalent and atomic weights are the same.
Upon this system the various elements have been divided into groups accord-
ing to their assumed power of combmmg with, or 1ep1ac1ng different quan-
tities of hydrogen. We thus have what is called 'the atomicity of the elements.
Those bodies which combine with or displace one atom of hydrogen are
called monatomic elements, or monrads : they include the group of halogens
Cl, Br, I and F. In addition to these there are five metals of the alkaline
group, namely, Li, Na, K, Rb,and Ce, with T1, Ag, and hydrogen itself. The
atomicity is usnally indicated by a mark above the letter, thus, H’. The
elements which are assumed to combine with or displace two atoms ef hydro-
gen are called Dyads. Among non-metals they include O, S, Se, and Te, and

n%ong the metals they include those of the alkaline earths Ba Sr, Ca, Mg,
and eleven of the common metals. Their atomicity is indicated by two marks
above the symbol, thus, O’ 8/, &e. The triads, or those which take three
atoms of hydrogen, include among non-metals N P B, and among metals As,
Sb, Bi, Al, Au. This atomicity is expressed by three marks, thus, N’’’.
The tetrads which are supposed to take or displace four atoms of H, include
C and Si as well as the following metals, Ti, Zn, Sn, Ta, Pd, Pt, Ir, Os.
Their atomicity is thus indicated, C¥*. There is a group of Iexads repre-
sented by the metals, Mo", V", and W¥, and also a group of nine metals,
of which the atomicity has not been determined, namely, Th, Ro, Ru, G, Yt,
Ce, La, U, and Di, being placed among the tetrads, and the other metals
among ‘the dyads.

This arrangement of the elements is based on certain assumptions which
may or may not be true. With respect to the metals, it is notorious that
they form but few compounds with hydrogen, so that the atomicity must be
determined among them indirectly, <. e., by their combinations with chlorine.
1t places silver in the same group with the alkali metals, and transfers the

alkaline earthy metals to the group which 1nclud,es copper, manganese, iron,
and mercury.

The doubling of the combining weight of oxygen destroys in some cases
that simplicity which has rendered chemical notation an-easy subject to the
student. The componnds of nitrogen with oxygen will illustrate the differ-
ence in the two systems :—

Ordinary Notation. Name. Unitary Notation. Name.
NO Protoxide of nitrogen N,0 Nitrous oxide’
NO, Deutoxide of nitrogen NO Nitric oxide
NO, Hyponitrous acid N,0,4 Nitrous anhydride
NO, Hyponitric acid, Nitrous acid NO, Nitric tetroxide
NO, Nitric acid N,0; Nitric pentoxide.

Under the ordinary system, in which oxygen is represented by 8, there is
that progressive increase from 1 to 5 atoms, which is in strict accordance
with the simple law of multiple proportions. On the unitary system there
are three. compounds which it is assumed cannot be formed except by two
atoms of nitrogen entering into combination, while there are two other com-
pounds of these elements which can be produced by one atom of that ele-
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ment. Owing to this arrangement, the oxygen atoms have no kind of
numerical relation. No satisfactory reason can be assigned why one of the
gaseous compounds of these elements should take one atom, and the other
require two atoms of nitrogen for its production. The inconsistency of this
arrangement is still more strikingly displayed in comparing the formule of
the two systems, which represent the anhydrous nitric and the hydrated
nitric acid.

Ordinary Notation. Name. Unitary Notation. Name. -
NO, Anhydrous nitric acid N0, Nitric pentoxide or anhydride
. NO;HO Hyd’d nitric acid HNO; Hydric nitrate. -

The same compound of the two elements is représented on the unitary
system as requiring two atoms of nitrogen for its formation when the elements
of water are not present, and only one atom when the ‘elements of water are
present. No valid reason can be assigned for such an assumption as this,
and it is certainly not in accordance with the simplicity of the laws of chemi-
cal combination. It would be foreign to the purpose of this work to occupy
the pages with controversial matter. It may be sufficient to state, the sup-
posed advantages of the new notation appear to be more than counterbalanced
by the disadvantages which necessarily accompany it. Some of those chem-
ists who use it, frequently violate their principles by retaining the name of
the old system, with which the unitary formula of the compound is wholly
inconsistent. Others with a desire to be consistent, have so completely
changed the names of substances, that they are now scarcely recognizable by
scientific men, and are unknown to and unused by those who are engaged in
pharmaceutical or manufacturing chemistry.

The specific gravity of all gases is referred by Gerhardt to hydrogen as a
standard, instead of atmospheric air. This certainly has the advantage of
representing generally by one set of figures both specific gravities and atomic
weights. Thus oxygen is 16 times heavier than hydrogen. Its specific
gravity wounld be therefore 16, and, as it combines with hydrogen in the pro-
portion of 8 to 1, this is in the ratio of 16 to 2; hence if the atomic weight
of oxygen is 16, it will take two atoms of hydrogen to form water. Thus
hydrogen is supposed to unite not as one, but as two atoms with one atom
of oxygen, in order to meet this duplication of oxygen. This is on the
assumption that equal volumes of gases, under similar circumstances, contain
an equal number of atoms, and that each atom of an elementary gas repre-
sents a volume, and vice versi. Thus a volume of oxygen contains 1 atom
= 16, and a volume of hydrogen contains 1 atom = 1- But water, accord-
ing to this view, cannot be produced by the union of 1 atom or volume
of hydrogen ; hence it would stand thus :—

By Weight. By Volume,
]-Is = 2 — 2
2 ==z 16 = 1
H,0 - 18 u=f 2

Water would therefore be a suboxide of hydrogen, while the peroxide would
become the oxide (HQ). Protoxide of nitrogen would in like manner be a
suboxide N,O, and the dentoxide would become the protoxide (NO). In

respect to this theoretical constitution, it may be remarked that the chemical

properties of water are really those of a neutral oxide, and not of a suboxide.
Faraday considers that the electrolysis of water proves it to be a protoxide,
t. e., a compound of one atom of each element, HO. On the other hand, the
peroxide of hydrogen represented by the unitary system as a neutral oxide,
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HO, has none of the characters of a neutral oxide ; but from the facility with
which it parts with half of its oxygen, it more strikingly resembles a peroxide,
HO,.

The compounds of hydrogen and nitrogen with oxygen serve to illustrate
the inconsistency of the new system of nomenclature. Thus N,O is described
as nitrous oxide, but H,O is described by the same authority as hydrie oxide,
or oxide of hydrogen. Again, NO is represented as nitric oxide, while IO
stands as hydric peroxide, or peroxide of hydrogen. It is clear that if this
view is correct, that the compounds are respectively on the unitary system
suboxides and oxides, and water should be aqueous oxide, and oxywater
hydric oxide. This should be the true nomenclature, if the old names of
nitrous and nitric oxide have been properly applied to the analogous ‘com-
pounds of nitrogen with oxygen.

It is stated in favor of this method, that it is better adapted for expressing
the formule of certain organie eompounds than that now in use ; and that,
in reference to compound gases and vapors, the atoms may be so arranged
that they will all yield two volumes—the specific gravities of the compounds,
compared with hydrogen, being then equal to one-half of their atomic weights.
Thus carbonic oxide C O forms 2 volumes of gas (the atoms being doubled);
the atomic weight is 12416, or 28, and the specific gravity, compared with
hydrogen, equal to one-half, or 13.95. Alcoholis C,H O ; it forms 2 volumes
of vapor; the atomic weight is 24 4 64 16==46, and the specific gravity,
compared with hydrogen, is one-half of this, namely, 238. Chemical facts
are, however, somewhat strained to snit the requirements of this hypothesis.
The specific ‘gravities of arsenic and phosphorus in vapor, compared with
hydrogen, are dounble their atomic weights, being 152.79 and 63.71 respect-
ively. The atomic weights (75 and 32) therefore represent only half a
volume instead of one volume of each element; and one volume of arsenic
or phosphorus must represent two atoms. Either, therefore, the system is
inconsistent with itself, and the assumption that the volume of an element
represents one atom, or its atomic weight, is contrary to known facts—or,
in order to bring arsenic and phosphorus within the rule, the atomic weights
of these elements must be donbled on this system of notation. So with sul-
phur—the atomic weight being 32, the specific gravity of the vapor, com-
pared with hydrogen, is 3 times this weight, or 96. Hence, instead of an
atom of sulphur corresponding to one volume, it would be repreqented by %
of a volume. By ingeniously selecting a speclﬁc gravity of sulphur-vapor
calculated for the unusual temperature of 1900°, in place of the ordinary
specific gravity at 9000, this element is made apparently to fall within the
rule. Oxygen itself only falls within it by doubling the equivalents of all
the bodies with which this element combines.

This system, therefore, introduces duplicate or molecular atoms in place of
the usual single atoms. Elements are supposed to enter into combination
with themselves before they can enter into combination with other elements.
Thus hydrogen does not exist in all cases as H, but on some occasions as
HH or H,; in other words, it is supposed to form a compound of itself, or
8 hydride of hydrogen, and nitrogen is also NN, or a nitride of nitrogen. We
have here not only a departure from simplicity, but from all analogy. Thus

we are told that anhydrous oxide of potassium is %1 O, while the anhydrous

chloride, bromide, iodide, and fluoride, would be represented by one atom of
each, KCl or KBr, &c. The analogy of composition between oxide and
chloride is thus set aside: and the names of compounds are no longer in
accordance with their chemical constitution. The present language has been
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found adequate to explain all chemical changes that are of any importance
and require, explanation ; and although in some respects imperfect, it has
this great advantage, that it has taken a deep root not only in the arts and
manufactures of this country, but in medicine and pharmacy.

Nomenclature.  Constitution of Salts.—Elementary bodies often take their
names from their peculiar physical properties as chlorine and iodine in refer-
eunce to color, and bromine to odor: in some instances the name is derived
from the products of combination, as oxygen, hydrogen, nitrogen, and cyano-
gen. The general principle of nomenclature as applied to compounds, has
been, as far as possible, to indicate the composition of the substance by the
name. Thus sulphate of potash implies at once the constitntion of this salt:
it was formerly called the sal de duobus. Its formula is KO,S0,, and herein
its composition is at once announced. The same observation applies to other
salts. In regard to the common metals, the salts receive the name of the
metal, as sulphate of copper Cu0,80,. The acid, however, as in the case of
sulphate of potash, is believed to'be combined with oxide of copper, and not
with the metal itself. Awong the alkalies the oxides were known long before
the metals, and received specific names, which have been since retained. In
recent times it has been proposed to assimilate the names of metallic salts,
by using a common designation. Thus the sulphate of potash is described
as sulphate of potassium, on the hypothesis that the acids are not combined
directly with the oxides, but with the metals. If, as we believe, this hypo-
thesis is inconsistent with chemical facts, then a retrograde step in nomencla-
ture has been taken, since a name which suggests a direct combination of an
acid or acid radical with a metal, conveys no incorrect idea of the constitu-
tion of salts.

A salt is a compound of an acid and a base. An acid i a compound which
has an acid or sour taste, which reddens the blue color of litmus, and neun-
tralizes an alkali in combining with it to form asalt. But according to some
modern cheémists, an acid is a salt, and all acids are described as salts of
hydrogen. There are some acids, however, which neutralize alkalies or bases
and form definite salts, but they form no compound with water and are never
found associated with hydrogen in any form. Thus hyponitrousacid (NO,)
forms a well-known eclass of salts, the hyponitrites—of the alkaline and
metallic oxides. When water'is added to the anhydrous acid, this acid is
immediately decomposed. It isthe same with hyponitric (nitrous) acid NO,.
It forms however well-defined nitro-compounds with cellulose, glycerine, and
benzole. It performs all the functions of an acid, but when water is placed
in contact with it, it undergoes decomposition. It enters into no combina-
tion-with the elements of water. It is, therefore, impossible to describe an acid
as a salt of hydrogen, except by ignoring the existence of a large class of
substances which have all the characters of acid, except the power of combining
with water or its elements. KEven some which combine with water as a
solvent, such as the carbonic and sulphurous acid gases, form no’hydrates:
or chemical compounds with water. They may be obtained perfectly free
from water or its elements—but they combine with metallic oxides and pro-
duce well-known crystalline salts. Among solids the fused boracic and
silicic acids form a large number of saline compounds by uniting as acids to
bases, wholly irrespective of the presence of water.

The term base is applied by chemists to signify a compound which will
chemically combine with an acid; it includes alkalies (oxides of alkaline
metals, and alkalies of the organic kingdom), oxides of the ordinary metals,
and a variety of complex compounds in the organic kingdom which are not:
alkaline and possess none of the charactars of metallic oxides. The metals
which form bases are are now called basylous bodies. An alkali is known
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by its having an acrid or caustic taste, by its rendering a red solution of
litmus blue, and by its being neutralized by an acid, 7. e., having-its alkaline
properties entirely destroyed. Farther, it has the property of turning yellow
turmeric to a red-brown color ; the red color of the petals of flowers, and
fruits, to a blue or green; and the red color of woods and roots to a crim-
son tint. The basic metallic oxides are generally insoluble in water, and
neutral to test-paper; some have a feebly alkaline reaction.

In reference to Oxacids, or those which contain oxygen, the termination
¢ indicates the higher degree of oxidation, while the termination ous im-
plies a lower degree. Thus we have sulphunc (S0,) sulphurous (SO,) acids.
When there are more than two acids, a further distinction is made by the
prefix hypo (d=6 under) : thus we have hyposualphuric acid to signify an acid
containing a smaller quantity of oxygen than the sulpharie, but a larger quan-
tity than the sulphurous; and hyposulphurous, indicating a smaller quantity of
oxygen than exists in the sulphurousacid. When an acid has been discovered
containing a still larger amount of oxygen than the highest in a known series,
it receives the prefix Izyper (vnzp above) ; still retaining the terminal ic.
Thus there is manganic acid (MnO,); and hypermaunganic or permanganic
acid (’\In 0,), which contains a still larger proportion of oxygen than the
manganic. The salts formed by these acids terminate in afe when the acid
terminates in 7¢, and in 7te when it terminates in ous. The terminations
tc and ous have been employed by Berzelius, and other chemists, to dis-
tinguish the oxides and salts of metals. Thus the protoxide of iron would
be the ferrous oxide, while the peroxide would be the ferric oxide ; so there
are also ferrous and ferric sulphates—stannous and stannic chlorides and
sulphides.

When there is only one acid formed by the same -elements, its termina-
tion is always in ¢c, as the boracic acid, formed of boron and oxygen, of
which only one compound is known. _The class of Aydracids includes those
binary compounds in which hydrogen is a constituent ; and the names imply
at once the composition as hydrochloric acid (HCl). Hydrogen, unlike
oxygen, does not form more than one compound with the same element or
radical, These hydrogen acids require no water for the manifestation of
acidity. The term radical, or compound radical, is applied to a compound
which in its order of combination acts like an element. Thus the compound
gas cyanogen (NC,) is a radical ; it enters into combination with the metals
and metalloids, like chlorine, producing binary compounds called cyanides.
It is a substitute for an element.

When in the composition of salts the atoms of acids preponderate, the
prefix bi or ter is used to indicate the number, as bisulphate of potash
(K0280,), or tersulphate of alumina (A1,0,380,). These counstitute acid
salts. When the base predominates, the abbreviated Greek prefix &/ or tré
is employed to designate the sarplus atoms of the base. Thus, the triacetate
of lead signifies a compound in which three atoms of oxide of lead are united
to one atom of acid 3PbO,Ac. The term sesqu? is used to signify one and

a half atoms, or avoiding fractions, 3 atoms of base to 2 of acid, as 3Pb0,2Ac.
The following Table represents the nomenclature of salts in reference to their
constitution. M stands for any metal :—

Neutral (normal) salt MO+ SO, Bibasic . . . . 2MO+4 SO,
770 s TR A g R \IO+2SO . Sesquibasic . . . 3M04-280,
o Sesquisalt . . . . 2\IO+3SO Tribasic . . . . 3MO+4 SO,

Binary Compounds.—The Binary System.—When a metalloid is united to
another metalloid or metal, or when a compound radical (salt-radical) is
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united to a metal or metalloid, the combination is called dinary, from its
consisting of two elements. They are generally known by the termination
ide. Thus oxide, chloride, sulphide, carbide, phosphide, and cyanide indicate
compounds of the elements or of the radical (cyanogen) with other elements.
‘When more than one combination exists, the compounds take the Greek prefix
proto, deuto, trito, or di, to indicate the respective number of atoms of the
constituents. (See OXYGEN for the series of Oxides.) The highest combi-
nation always takes the prefix per. The binary compounds formed by chlorine,
bromine, iodine, and fluorine, with the alkaline metals, are frequently called
haloid salts, to indicate the marine origin of the radicals (8ns, anos, the sea).

Chloride of sodium furnishes an instance of a binary compound ; and as
nitrate of silver or nitrate of potash equally forms a salt bearing a physical
resemblance to the chloride, it has been suggested that in oxacid salts the
elements may be so arranged as to form hypothetical binary compounds.
Chloride of sodium is NaCl and nitrate of silver is AgO,NO,; but the
accepted symbolic language would admit of the atomic arrangement AgNQ,,
and by this means all decompositions would become mere substitutions of
one metal for another, or for hydragen. Thus in the production of chloride
of silver we should have in ordinary symbols NaCl4+-AgO,NO,=AgCl+4
NaO,NO,; but if the oxygen is supposed to be associated with the elements
of nitric aeid, forming a compound radieal (nitron), then the changes would
be more simply represented thus: NaCl4+AgNO,=A gCl4+NaNO,. If, how-
ever, this view were correct, it should apply to all salts and even to hydrates.
Thus, to take a few examples of compounds which are intelligibly represented
by the present method, we should have, on the binary hypothesis, to make
the following changes: 1. Carbonate of soda, as a type of the carbonates,
Na0,CO, would be rendered Na,CO,; and for the bicarbonate of soda,
Na0,2C0, a new hypothetical radical would have to be created, as Na,C,0,
or Na,CO,+ CO,, neither of which formulee would convey the slightest know-
ledge of the composition of the salts. This objection equally applies to all
salts having one atom of base to two or more atoms of acid, as the bisul-
phates, bisulphites, the binarsenates, and others, as well as to all double
salts containing an oxygen acid. 2. In the application of this notation to
hydrates (which could not be fairly expected), hydrate of potash KO,HO
would be K,HO, ; but while potassium (K) has a stronger affinity for oxygen
than any other known substance, and peroxide of hydrogen (HO,) so readily
parts with oxygen that the mere contact with metals or metallic oxides is
sufficient for the purpose, it is assnmed that the peroxide can remain in com-
bination with potassinm without undergoing decomposition. 3. Sulphurous
acid by combining with potash forms KO,80,." It could not be regarded or
written as K8O,, for this would imply a combination of anhydrous sulphuric
acid with the metal potassium. The bisulphate of potash K0,280,, would
present an equal difficulty. On the binary system this would be K,S,0,—
the sulphurand oxygen, in order to form a salt radical, being here associated
as in hyposulphuric acid, which is a well-known and independent acid of sul-
phur. 4. The anhydrous salts formed of metallic bases and acids could not
be consistently represented on the binary hypothesis; for there could be no
definite principle on which the oxygen should be wholly assigned to either
metal. Thus chromate of lead is commonly represented as PbO,CrQ,, bat
as a binary compound it would be either Pb,CrO,, or CrPbO,. Of these
three combinations of elements, those only which are known and separable,
are oxide of lead and chromic acid. The necessary creation of an endless
number of hypothetical radicals, some already conflicting with known com-
pounds, is indeed fatal to the hypothesis. It would add complexity instead
of simplicity to chemical formulee. While NO,, 8O, and CO, have a real
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and independent existence, the binary radicals NO,, SO, and CO, are mere
assumptions. It has been supposed that the electrolytic decomposition of
salts is in favor of this view ; but although the metal may be separated from
_the salt by an electric current, the supposed binary radical has never been
obtained, and the facts are fully explained on the supposition that it is
S0,+0, and not SO,. On the other hand, ordinary electrolysis favors the
common view of the constitution of salts by acid and base, as the following
simple experiment will show. Provide a piece of glass tube, bent at an angle,
and placed in a wine-glass, to serve for its foot or support. Fill this siphon
with the blue infusion obtained by macerating the leaves of the red cabbage
in boiling water (rendered blue by a little potash), and put into it a few
crystals of sulphate of soda ; then place a strip of platinum foil in each leg
of the siphon, taking care that they do not come into countact at the elbow
of the tube, and connect one of these with the negative and the other with
the positive pole of the pile; in a few minutes the blue color will be changed
to green on the negative side, and to red on the positive side of the tube,
indicating the decomposition of the salt, the alkali or soda of which is col-
lected in the negative, and the sulphuric acid in the positive side. Reverse
the poles, and the colors will also gradually be reversed. In this and ana-
logous experiments, it is found that, whenever a neutral salt is decomposed
by electricity, the oxide or base appears at the cathode, and the acid at the
anode. The bases, therefore, in their electrical relations, rank with hydro-
gen, and are cathions ; and the acids with oxygen, and are anions (see page
59): The least soluble salts may be made to render up their elements in
the same way. If, for instance, we substitute for the sulphate of soda in
the preceding experiment, a 'little finely-powdered sulphate of baryta
moistened with water, baryta will be evolved at the cathode, and will there
render the liquid green ; while sulphuric.acid will appear at the anode, ren-
dering it red.

If the binary hypothesis were adopted, it ‘would be necessary to change
the names of all salts. CO, is not carbonic acid ; it wonld be necessary to
invent a new term for this radlca] to indicate its composition, e. g., a teroxy-
carbide, so that dry carbonate of potash KO0,CO,, would be a teroxycarblde
of potassinm K(CO,. If names are not to express, as far as may be, the
composition of salts it would be preferable to return to the old nomencla-
ture based on phyqxcal properties, and to designate the sulphate of iron
(Fe0,80,) as green vitrol, rather than under the binary hypothesis as the
tessaroxisulphide of iron (FeSO‘,). We must bear in mind, in reference to
such changes, that the supposed advantages gained in one part of the science
may be far more than counterbalanced by the disadvantage of using names
which either do not express the nature of the compound, or which express it
in such formule as to deceive the student of the science. As Dr. Miller has
pointed ont, there are four ways in which nitrate of potash may be repre-
sented ; KO ,NO,; K,NO,; KNO4; and KNO,: but to only the first of
these is the usual name of the salt applicable. The first, second, and third
formulz are on the ordinary system of notation; the fourth is on the system
of Gerhardt, which, except by some conventional understanding, cannot
represent the presence of potash or nitric acid in the salt on any reasonable
interpretation.

There are some cases in which the binary theory of salts is inadmissible
not only with respect to oxacids, but to hydracids. The alkalies of the
vegetable kingdom form definite crystallizable salts with the hydrochlorie,
sulphuric, and nitric acids. The hydrochlorate and sulphate of morphia
are well-defined salts, in which there is every reason to believe that acid and
base are directly combined. Even in the mineral kingdom, there is some-
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times a want of evidence of this binary condition. Magnesia or alumina
may be dissolved in hydrochloric acid, and it is supposed that soluble
.chlorides are formed. In the case of soda and potash there is the strongest
evidence of the production of chlorides by the fact that the binary salts are
obtainable as such by crystallization. On submitting to evaporation the
hydrochloric solutions of magnesia and alumina and applying heat to the dry
residues, no binary compounds are obtained, but simply the bases which
were originally employed. According to some authorities, cobalt forms
both a chloride and hydrochlorate, indicated by a different color in the com-
pounds; the chloride or binary compound obtained by concentration at a
high temperature being blue, while the hydrochlorate, like the non-binary
compounds nitrate and sulphate, although deprived of water, remain red,

Neutralization, in reference to salts, must be distinguished from saturation :
the first implies the destruction of the properties of acid and alkali by com-
bination, as manifested on organic colors; the second the exhaustion of
chemical affinity. Potash is neutralized by combination with one atom of
sulphuric acid. The compound, sulphate of potash, presents neither acid
nor alkaline reaction ; it is a perfectly neutral salt. Potash will however
combine with an additional equivalent of acid forming a bisulphate ; in this
compound it is saturated with the acid, but the alkali is more than neutralized ;
it possesses a well-marked acid reaction. Potash in the state of bicarbonate
is saturated with carbonic acid ; it will take no more: but it is not neutral-
ized, for it presents a well-marked alkaline reaction. These terms are often
used as synonymous, but they have a widely different signification. The term
neutral salt is however commonly employed to signify the condition of a
compound without reference to the action of its solution on vegetable colors:
Provided the same equivalent weight of acid is present, the salt is neutral
although the solution may have an acid reaction. The sulphates of copper,
iron, and zinc contain the same proportion of acid to base as the sulphate of
potash, but while the latter is quite neutral, the three former are acid, and
redden litmus.  The best test for neutrality is the blue infusion of cabbage,
prepared in the manner elsewhere described (page 76). It is reddened by
an acid, and changed to a green color by an alkali. To avoid confusion from
the use of the term neutral, Gmelin has proposed to call such salts normal.

In the double decomposition of salts it is usual to state that neutral salts
produce neutral compounds. This may be proved by adding to solutions of
sulphate of potash and chloride of barium respectively a small quantity of
blue infusion of cabbage. When mixed, there is a complete interchange of
acids and bases, but the mixed liquids remain blue. Hence there must have
been a complete substitution or replacement of acids and bases in equivalent. -
proportions; in other words, the chloride of potassinm and sulphate of baryta
are just as neatral as the compounds which form them. If an equivalent of
bisulphate of potash is employed, the blue liquid will be reddened by this
salt, and remain red after mixture, an equivalent of hydrochloric acid being
set free.  When solutions of phosphates of soda and chloride of calcium,
colored with blue litmus, are mixed, the compounds, although neuntral, so
decompose each other as to set free an acid, and the litmus is reddened.
This is owing to the formation of a basic phosphate of lime, 7. e., a salt in
which the base predominates. An acid and an alkaline salt may by double
decomposition produce neutral compounds. A solution of alum reddened
by infusion of litmus or blue cabbage, when mixed with a due proportion of
a solution of carbonate of potash rendered green by infusion of cabbage,
will give rise to products of a neutral kind (sulphate of potash and hydrate
of alomina), and both liguids will become blue.
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METALLOIDS OR NON-METALLIC BODIES.

CHAPTER V.

METALLOIDS AND METALS.—PROPERTIES OF GASES AND
VAPORS.

Division of Elements.—For the convenience of study, elementary bodies
are divided into two great classes, namely, METALLOIDS or NoN-METALS,
and MEerars. This division is arbitrary ; hence chemists have taken differ-
ent views of the substances which belong to these two classes. - Sulphur may
be regarded as a type of the metalloids, and gold of the metals. Here the
distinctions in physical characters are sufficiently marked. In some cases,
however, it is difficult to assign the elass; thus arsenic, tellurium, and sele-
nium have been regarded either as metallic or non-metallic. It is difficult
to suggest any broad chemical distinction between the two classes. Asa
general rule, non-metallic bodies produce, in combining with oxygen, either
acids or neutral oxides; they do not form any salifiable base. Water may
be regarded as an exception to the remark : since, although a neutral oxide,
it is believed by most chemists to act, in some instances, the part of a base
to acids, and is known as basic water. Hydrogen therefore ranks with the
metals as a basylous body, and takes the first place as an electro-positive.
On the other hand, the metals, while they produce acids in combining with
oxygen, also produce alkahes earths, and oxides; in fact, they are the
chief source of the bases from which salts are formed.

English writers commonly enumerate as non-metallic 13 out of the 65
elementﬁry bodies known to science. They comprise 4 gaseous, 1 liquid,
and 7 solids, with 1 the physical state of whlch is unknown. They are con-
tained in the subjoined list :—

OXYGEN & - Broyine (liquid) PrOSPHORUS

HyproGgex | 2 FrLuoriNe (unknown) CARBON <

NITROGEN g JopiNE o Borox K]

CHLORINE J o SuLPHUR }%‘ SiLicoN
SELENIOM

The symbols and atomic weights of these bodies will be found at page 67.

Distinction of Gases and Vapors.—The gaseous, liquid, or solid state, is
well known to be a physical condition of matter, depending on the heat
associated with the atoms of the solid or liquid. By heating a solid, we
may cause it to pass through the liquid and vaporous conditions. Thus
camphor placed in a retort and heated to 347° melts or passes to the liquid
state. If thetemperature be raised to about 400, it is rapidly converted
into a transparent vapor or gas, which is deposited in white flocenlent masses
on all cold surfaces. Thus distilled from a short retort into a tall jar placed
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npright, it forms a beautiful illustration of the solidification of a vapor by
cooling. Ether, at ordinary temperatures, is a liquid ; if the liquid be heated
to 960, it is entirely converted into vapor or gas, having at and above this
temperature all the physical properties of gas. The best method of proving
this is to invert in a wide dish of water, heated to above 100°, a small gas-
jar filled with water at this temperature. If a tube containing liquid ether
be opened under the mouth of the jar in the hot water, the ether will pass
into the vessel as gas or vapor, and displace the water. The jar may be
removed, and the contents inflamed by a lighted taper, when it will be seen
to burn like coal-gas. If another jar be similarly filled with the vapor, and
transferred to a basin of cold water, or if cold water be simply poured over
it, the gaseous contents will be condensed, the ether will be liquefied, and
the cold water will rise and fill the jar.

Liquefaction of Gases.—Experiments conducted on these principles led
Mr. Fardday to the discovery that a large number of gases are merely the
condensable vapors of liquids or solids. It is a well-known fact, that when
any gas is submitted to sudden and violent pressure, great heat is given out.
A small volume of air, suddenly compressed, evolves so much heat as to
ignite inflammable substances. Thus a piece of amadon, or German tinder,
may be kindled by the sudden compression of a few cubic inches of air in a
dry and warm glass cylinder. If, therefore, a gas is submitted to pressure,
and at the same time cooled as it is compressed, the conditions are such as
to cause it to pass into the liquid state. On the other hand, when the
liquefied gas again assumes the gaseous condition it absorbs from all
surrounding bodies, a large amount of heat, and thus produces a great
degree of cold. The freezing of water in a hot platinum crucible is a well
known illustrative experiment. Liquid sulphurous acid is poured in quantity
into a platinum crucible, the temperature of which is sufficient to bring out
a spheroidal condition of the liquid. Water contained in a thin tabe
introduced into this liquid is speedily frozen, owing to the rapid evaporation
of the sulphurous acid and its conversion from a liquid into gas.

With some gases no pressure is necessary—mere cooling will be found
sufficient. Sulphurous acid is a gaseous body at all temperatures above
14°. When cooled to this temperature, it is immediately liquefied. If
sulphurous acid gas in a dry state be passed through a tube immersed in a
freezing-mixture of pounded ice and salt, it will be condensed as a liquid in
the bend of the tube, and if the horizontal portions be drawn out in a
capillary form in the first instance, the liquefied gas, when condensed, may
be sealed up and preserved. If the tube be broken, the liquid will rapidly
pass to the gaseous state, producing a great degree of cold. Under
sufficient pressure, the amount of which varies with each gas, some of these
bodies may be liquefied without cooling, and the pressure may be produced
by the gas itself.

The solid crystalline hydrate of chlorine (C1410HO) inclosed in a stout
bent tube sealed, yields, when gently heated, chlorine liquefied by its own
pressure, forming about one-fourth of the liquid obtained in the cool part of
the bent tube. The liquefaction of ammonia may be performed in like
manner, by saturating dry chloride of silver with the gas, and introducing
this into a stout glass tube bent at an obtuse angle and securely sealed. The
ammonio-chloride of silver melts at about 100°. The ammonia is evolved,
and may be condensed to a liquid by cooling the other end of the tube. The
ammonia is reabsorbed by the ehloride on eooling, so that this experiment
may be repeated any number of times (Mitscherlich). M. Carré has
successfully used liquefied ammonia for producing large quantities of ice for
commercial purposes. The machine consists of two strong iron vessels
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connected in an air-tight manner, with a bent pipe. When it is desired to
procure ice, one of the vessels is charged with a solution of ammonia in
water saturated at 320. This vessel is heated, and the other acting as a
receiver, is placed in cold water. As the results of the heating the ammonia
is expelled from the water and collects in the cool iron vessel, and when
the pressure amounts to about ten atmospheres, the gas is condensed in a
liquid form. When the greater part of the gas has thus been liquefied, the
arrangement is reversed. The vessel which contained the. solution of
ammonia, is cooled, while the water intended to be frozen, is placed iu the
hollow interior of the receiver, which holds the liquefied ammonia. By the
evaporation of the ammonia, and-its reabsorption by water, so great a degree
of cold is produced that water is rapidly frozen. (RoscoEe.) If a substance
like cyanide of mercury, capable of yielding ten cubic inches of gas, is
inclosed in a stout tube of one cubic inch capacity, the gas, when evolved,
will be under a pressure of ten atmospheres (15 X 10), or 150 pounds on the
square inch, a pressure quite sufficient to make it assume the liquid state.
Faraday thus condensed many of the gases by merely exposing them to the
pressure of their own atmosphere. He placed the materials for producing
them in strong glass tubes, bent at a slight angle in the middle, and her-
metically sealed. Heat was then applied to the solid substance; and when
the pressure within became sofficient, the liquefied gas made its appearance
in the empty end of the tube, which was artificially cooled to assist in the
condensation, In these experiments much danger may be incarred from
the occasional bursting of tubes; so that the operator should protect his
face by a mask, and his hands by thick gloves. The greatest caution should
be always observed in performing the experiment. Faraday succeeded in
liquefying the following gases, which, as will be seen, required various
degrees of pressnre for the purpose.
Atmospheres, TehE. v e R
Sulphurous acid . . .2 at 45° Sulphuretted hydrogen . 17 at 50°
Chlorine . . . . . .4 ¢ 60 Garbonievaeid U& Sl D361 ¢ 32

Cyanogen . . . . .4 “ 60 Hydrochloric acid . . . 40 ¢ 50
Ammonia . . . . . 6.5 ¢ 40 Nitrous oxide . . . .50 ¢ 45

Faraday subsequently succeeded in liquefying olefiant gas and fluosilicie
acid, and solidifying hydriodic and hydrobromic acid gases, oxide of chlorine,
and protoxide of nitrogen (Phil. Trans., 1823 and 1845; also Bunsen,
Bibliothéque Universelle, 1839, vol. 32, p. 105; and Poggend. Ann., vol.
12, p. 132).

By employing a bath of sohd carbonic acid and ether, Faraday produced
a degree of cold amounting fo —106° in the open air, and —166° in vacuo.
By simple exposure to a cold of —106° without any pressure, the following
gases were liquefied :—

Chlorine, Hydriodic acid.
Cyanogen. Hydrobromic acid. -
Ammonia. Carbonic acid.
Sulphuretted hydrogen. Oxide of chlorine.

With the aid of powerful condensing pumps, and a cold of —166°, all the
gases excepting six were liquefied, and those above-mentioned were solidified,
as well as the protoxide of nitrogen. Carbonic acid is, however, readily
obtained in the solid state as the result of the cold produced by the sudden
escape of its own vapor. The six which resisted liquefaction at this low
temperatare, and under a pressure varying from 500 to 750 pounds on the
square inch, were the following :—
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Oxygen. Nitrogen. Deutoxide of nitrogen.
Hydrogen. Carbonic oxide. Coal-gas. (7)

It will be perceived that of these, three are simple and three are compound
gases. In employing a mixture ¢# vacuo of liquid protoxide of nitrogen and
sulphide of carbon, Natterer succeeded in producing a degree of cold equal
to —220°, without any effect upon these six gases. Dr. Andrews reported
to the British Association (Sept. 1861), that by pressure alone he had
succeeded in reducing oxygen to 1-324th of its volume, and by pressare with
a cold of —106°, to 1-554th of its volume; and atmospherie air by pressure
and cold to 1-675th, in which state its density waslittle inferior to that of water
(the difference between air and water at 60° being 814). Hydrogen was
condensed by similar means to 1-500th, carbonic oxide to 1-278th, and
deutoxide of nitrogen to 1-680th. The gases were compressed in the capillary
ends of thick glass-tubes, so that any physical change they might undergo,
could be easily observed. ~When thus highly coundensed, they were not
liquefied ; hence, although these six gases are probably the vapors of liquids,
they must be regarded at present as permanent gases, since cold and pressure
conjoined, and carried to the utmost limits, do not cause them to assume the
liquid condition.

From these facts, we learn that the greater number of gases, simple and
compound, are the vapors of liguids and solids. They differ from ordinary
vapors in the faet, that the boiling points of their liquids are far below
the ordinary temperature of the atmosphere; hence they only admit of
condensation by artificial cooling. A true vapor, like that of ether, is
condensed on its production, because the temperature of the air is below its
boiling-point, 96° : it requires no artificial cooling for its condeusation. In
any part of the earth in which the temperature was above 96°, ether would
be a permanent gas, unless kept under pressure; while in any part where
the temperature was below 149, sulphurous acid gas would always exist as
a liquid. The difference between vapors and gases is therefore merely a
physical difference dependent on temperature. A gas is permanently, that
which a vapor is temporarily.

The sulphide of carbon as a liquid is stated to resist a very low degree of
cold without solidifying. The intense cold produced by its evaporation is,
however, sufficient to bring the evaporating liquid to the solid state. Pour
a small quantity of sulphide of carbon into a watch-glass. Place a few fibres
of asbestos on a slip of filtering paper, so that one end may be immersed in
the liquid, and the other passed freely over the edge of the glass. Ina few
minutes the projecting end will be fringed with a snow-like crystalline
deposit of a solidified vapor. This may serve as an illustration of the cooling
process by which solid is obtained from liguid carbonic acid.

The laws which govern gases also govern vapors, so long as they have a
temperature above the boiling-points of their respective liquids.

Plysical Properties of Gases and Vapors.—Gases have no cohesion,
Their volume is determined by the capacity of the containing vessel ; and it
is remarkably affected by slight changes in temperature and pressure. (The
rules for calculating changes in volume from these causes will be found in
the ArrENDIX.) Unless gases are confined within a closed space, as in
caoutchoue or bladder, or in a gas-jar inverted on water or mercury, we can
have no knowledge of their materiality, or of the fact that they exclude other
bodies from the space which they occupy. When secured in membranes, they
manifest remarkable elasticity ; they are easily compressed into a smaller bnlk,
but immediately resume their original volume on the removal of the pressure.
They gravitate, and therefore have weight; but as they are light' compared

6
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with their bulk, their weights are generally given for 100 cubic inches (nearly
one-third of a gallon). Owing to their great elasticity, their volume is
affected by the height of the column of liquid in which they are standing, as
well as by the density of the liquid itself. Thus a gas admits of accurate
measurement in a graduated vessel, only when the liquid on the outside of the
jar is precisely on a level with the liquid on the inside. If the level on the
inside be higher, the gas is under diminished pressure from the gravitating
force of the column of liquid ; and the contents of the graduated jar, as read
off in cubic inches, appear greater than they really are. If by pressing the
vessel downwards, the level on the inside is below that on the outside, the
gas is under increased pressure, and the contents are less than they appear
to be. The substitution of water for mercury makes a considerable difference
in the volume of a gas. Fill a long stout tube with mercury, and invert it
in a basin containing just enough mercury for this purpose. Allow two or
three cubic inches of air to pass up the tube, and then mark the level of the
mercury. Now pour into the basin, water covered with litmus, or indigo,
and then raise the tube into the colored water, so that the mercury may flow
out. As it flows out, the water takes its place, and it will be found when
the substitution is complete, that the gas now has only from one-third to
one-half of the volume which it had when over the mercury. The inside
column of mercury gravitates with more force than that of water, and the
expansibility of the gas allows it to occupy a larger space. Over water the
gas contracts nearly to its proper bulk.

The following experiments will illustrate the effects of atmospheric pres-
sure on the volume of gases. Tie securely a piece of thin caoutchouc over
the mouth of a wide short jar. Place it under a receiver on the air-pump
plate, and exhaust the vessel. As the pressure of the air is removed from
the interior, that which is contained in the vessel expands and raises the
caoutchouc considerably. This phenomenon disappears on letting the air
pass into the receiver.—Adjust a small bladder with a leaden weight, so that
it will just sink, in a tall jar of water. Place this under a receiver, as in the
preceding experiment, and withdraw the air. The air in the bladder expands
by removal of pressure from the surface of the water, and the bladder in-
stantly rises to the surface, by reason of the increased volume of its contents.
On letting in the air, it again falls to the bottom of the vessel.—The effect
of heat may be shown by various experiments. Invert a long tube, having
a thin bulb, of about three inches’ diameter, at one end, the other, or open
end, being immersed in a solution of litmus contained ina bottle. Heat the
bulb by a spirit-lamp to expel some of the air, when, on cooling, the colored
liquid will rise to one-third or one-half the height of the tube. This will
now serve as a delicate air-thermometer. On applying the warm hand to
the bulb, the increase in the volume of air will be at once perceptible by the
descent of the colored liquid in the tube ; and the contraction or diminution
of volume by cold may be shown by pouring a little ether over the bulb.
The cold produced by the evaporation of this liquid, condenses the contained
air, and the colored liquid rises in the tube.—Heated air, by reason of the
increase of volume, is lighter than cold air. Balance on a scale-beam a thin
glass shade of some capacity, with the open end downwards. Place a spirit-
lamp under the shade; the increase in volume and diminution of weight in
the heated air are at once manifested by the rising of the shade. Again, a
small bladder so balanced with lead as just to sink in cold water, will, by
the expansion of air in the bladder, rise to the surface if placed in a jar of
hot water. ‘

Pressure and temperature, with very slight limits, affect all gases equally,
whether compound or simple, however they may differ from each other in
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density. There is, however, a peculiarity in the expansion of gases by heat,
whereby they are distinguished from liquids. The same quantity of heat will
expand a gas, in an equal degree, at a high and a low temperature ; but with
liquids the expansion is, for the same gnantity of heat, proportionably greater
at high than at low temperature. !

It has been ascertained by Dalton and Gay-Lussac that 1000 measures of
dry air, when heated from the freezing to the boiling point of water, nndergo
an increase in bulk about equal to 875 parts ; so that 1000 cubic feet of air
at 32° become dilated to 1375 cubic feet at 212°. Air, therefore, at-the
freezing-point expands ;1yth part of its bulk for every added degree of heat
on Fahrenheit’s scale (for 375-+180=2-08, and 1000 +-2:08=480). Hence,
assuming that the volume of air is 480 cubic inches, thus,

480 cubic inches, at 32°, become
481 % at 33°,

2 482 « at 34°, &e.

increasing one cubic inch for every degree. A contraction of one cubic inch
occurs for every degree below 32° : thus,

480 cubic inches, at 32°, become
479 “ at 31°,
478 5 at 30°, &e.

The volume of air, therefore, at 32° would be donbled at 480°, and tripled
at 960°: the latter temperature being about that of a dull-red heat. Steam,
and all other vapors, when heated out of contact of their respective fluids,
are subject to laws of expansion similar to those of air. It may be remarked,
in regard to the expansion sustained by gases as a result of increase of tem-
perature, that, although great in amount, the actual force which is thus
exerted is small (when compared with that of solids and liquids under the
same circumstances), in consequence of their extreme elasticity: thus,
although the volume of air (or of vapor) is about tripled by red heat, vessels
easily sustain the pressure.

(For the determination of the increase and decrease of volume as a result
of changes of temperature, see APPENDIX.)

Incandescence.—1t is a remarkable fact, that gases which appear of such
an attenuated nature, can, even when brought almost to a state of vacuum,
be rendered incandescent by the high temperature of the electric spark. No
oxygen is present, therefore there can be no combustion. Hydrogen, nitro-
gen, sulphurous acid, and other gases, inclosed in tnbes through which the
electric spark from Ruhmkorf’s apparatus is discharged, evolve an intense
light as the result of incandescence; and this light not only presents a
different color for each gas in its vacuous state, but it is resolvable into a
spectrum of colored bands of different degrees of refrangibility. Thus when
pure hydrogen is placed in a tube, which is afterwards brought almost to a
state of vacuum by an air-pump, it.is found that under a discharge from the
coil, a fine ruby red light is evolved; while the nitrogen vacuum, under
similar circumstances, gives a magnificent violet light (MitLer). The
spectra produced by the lights of these gases are singularly contrasted ;
while the nitrogen spectrum includes rays of high refrangibility, that of
hydrogen contains only rays of low refrangibility, and these have scarcely
any action on the collodio-iodide of silver. Attenuated gases thus heated
by the electric discharge, evolve the colors indicated in the subjoined table :
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Hydrogen, ruby red. Light carburetted

Nitrogen, violet. hydrogen, pale blue.
Oxygen, greenish-white. Olefiant gas, pale red.
Sulphurous acid, blue. Ammonia, red and violet.

Carbonic acid,  violet.

The compound gas ammonia evolves the colors of its constituent elements.

Specific Gravity.— Density.—Gases and vapors vary in specific gravity.
As a general rule, the air is taken as a standard, and all gases are compared
with it under similar circumstances of temperature, pressure, humidity,
dryness, &c. The lightest of all gases is hydrogen, which is 144 times
lighter than air. Among the heaviest is the vapor of iodine, which is, bulk
for bulk, nearly 9 times as heavy as air. The greater number of simple and
compound gases are of about the same weight as air, or a little heavier.
(The rules for calculating the specific gravity of gases and vapors will be
found in the APPENDIX.) It has been proposed to substitute hydrogen as
a standard of comparison instead of the atmosphere, because it is thé lightest
of the gases, and it will place the equivalent weights and specific gravities
of these bodies, with few exceptions, in a uniform relation ; but we do not
take naphtha as the standard for the specific gravity of liquids, nor lithium as
the standard for solids ; and the selection of air for gases, and of water for
liguids and solids, has been so confirmed by long use, that any change would
be attended with great inconvenience. A volume of air may be obtained for
the purpose of weighing, with much greater certainty than a volume of pure
hydrogen, not to mention that for equal weights nearly fifteen times as much
hydrogen as air must be taken in one experiment—thus increasing the
chances of error. Gerhardt and others, who have advocated this change to
suit an hypothesis, have entirely forgotten that if the standard is changed for
specific gravity, it will entail a change for specific heat, the refractive power
of gases, the law of diffusion, &e¢., in reference to which, air is now uni-
versally taken as a standard.

Specific Heat.—DBy this it is to be understood the proportional quantity of
heat contained in equal weights of different gases at the same thermometrie
temperature. . The absolute quantity of heat contained in two gases, as well
as in two liquids, at the same temperature, is very different. A thermometer,
in fact, can only show the relative quantity present. Gases are equally
expanded or increased in volume by equal additions of heat; but unequal
quantities of heat will be required to raise them to the same degree; and
for this reason unequal quantities will be given oot by them in cooling from
a high to a low temperature.

" When equal weights of different gases, heated at 2129, are passed slowly

through a glass tube immersed.in cold water, the temperature of the water is
raised while the gas is cooled. The relative heating power of gases has
Lieen thus measured and tabnlated—atmospheric air being taken as the
standard of comparisop :—

Hydrogen . . . 12340 AT Sl 4 . . 1000
Olefiant gas 3 . 1576 Protoxide of nitrogen . 887
Carbonic oxide . . 1080 Oxygen . . . 884
Nitrogen . . ., 1031 Carbonic acid . . 828

These figures represent the specific heat or the capacity for heat of different
gases. As each compound gas has its own specific heat, withont reference
to the specific heats of its constituents, it follows that this physical property
of gases may be occasionally applied to distinguish a gaseous chemical
compound from a gaseous mixtare. It has been thus applied to the con-
stituents of the atmosphere.
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Light.—Gases exert a refracting power on light pecaliar to each, and the
refracting power of a compound gas is not eqnal to the mean refracting
powers of its constituents. The refracting powers of the subjoined gases
were determined by Biot and Arago, and are as follows :—air bemg the
standard.

Hydrogen . 2 . 6614 Nitrogen . - . 1034
Ammonia . 3168 Carbonic acid . . 1004
Carburetted hydrowen 2092 Airtey . s . 1000
Hydrochloric acid . 1196 Oxygen . . . 861

Hydrogen has the highest and oxygen the lowest refracting power among
these gases.

Light, like the electric fluid or heat, has in some instances a combining
power over gases. Thds a mixture of chlorine and hydrogen is converted
into hydrochloric acid with explosion, when exposed to the direct rays of the
sun or any intense light, as the oxyhydrogen or lime light ; but more slowly
and gradually in diffused light, such as daylight. Bunsen and Roscoe have
ingeniously made the rate of combination a measure of the intensity of light
for photometrical purposes, and have thus been able to institute numerons
comparisons on the relative intensities of artificial lights and the light of the
sun. This combining power resides in those rays of the spectrnm which are
near to the more refrangible colors, the violet and blue ; although not visible
in the ordinary spectrum, they may be made visible by uraninm glass.
‘When exposed to the yellow, orange, or red rays, the two gases show no
tendency to combine. This is in accordance with the action of light on the
salts of silver.

Magnetism.—Faraday has discovered that there is a difference among
gases, as to their magnetic properties, when secured in glass tubes and deli-
cately suspended in the field of a powerful artificial magnet. Of the follow-
ing gases, four were found to be magnetic, taking up a north and south
position (axial) like the common magnet; while three were diamagnetic,
taking up a position at right angles, or east and west (equatorial). In
measuring the intensity of ‘this power, it was found that a vacuum in the
glass tube was 0-0, and that oxygen manifested the greatest magnetic force.
The following table represents the relative intensities :—

Oxygen . <175 s Carbonic acid s 0.0
Air . B . 34 (% Hydrogen . ‘ . 01) %
Olefiant gas . 060 % Ammonia . . . 05048
Nitrogen . . 0.3 ) H Cyanogen. . . 09) §

A vacuum, 0.0.

[Thereader will find in the AppENDIX a Table of the principal gases and
vapors and their compounds, representing in a concise form their combining
volumes, atomic weights, specific gravity, and the weight of 100 cubic
inches. ]

Diffusion.— Osmosis.—There is a property of gases which is known under
the name of diffusion. This implies a power by which they intermingle with
each other in spite of a difference in specific gravity, and when they have no
tendency to combine chemically, and when this intermixture takes place
through membranes or porous partitions it is called osmosis. If we half fill
a bottle with mercury, and pour upon this, ether—it is well known that the
two liquids do not, combine chemically, and that there isa great difference in
their specific gravities. Hence, it is hardly necessary to observe, that how-
ever long these liquids may be in contact in a closed bottle, the mercary will
not rise into the ether, nor will the ether descend into the mercury. Faurther,
if shaken together and thus mixed, they will in a few minutes be completely

.
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separated according to their specific gravities. Carbonic acid and hydrogen
among gases have no tendeney to form a chemical union, and they differ more
from each other in specific gravity than mercury does from ether. Tuvert a jar,
well-ground, containing hydrogen, on a similar jar which it will accurately
fit, placed below—containing carbonic acid. After from five to ten minutes’
contact at the ordinary temperature, carbonic acid will be found in the
upper jar (by the appropriate test, lime-water), and hydrogen will be found
in the lower (by the application of a lighted taper and the combustion of the
gas). If this experiment is performed in bottles, it will be found that the
two gases when once mixed will never again separate. If light hydrogen
or coal-gas be thus placed over a jar of air, the light gas will descend, and
render the air explosive. Air is one-third lighter than carbonic acid ; air
will support combustion, and it has no effect on lime-water. If a jar of air
be placed over one of carbonic acid—in a few minutes the heavy carbonic
acid will have risen into the air, a fact proved by lime-water being precipi-
tated white, and a lighted taper being extinguished in the upper jar. This
property of gases applies also to vapors, and it. leads to a uniformity of mix-
ture on contact, when there is no tendency among them to combine chemi-
cally. Such mixtures are of a physical nature, and their properties are always
represented by the sum of the properties of their constituents. During
mixture, there is no evolution or absorption of heat, and no increase or con-
traction of volume. The atmosphere itself forms a remarkable example of a
mixture of this kind. There are numerous facts in chemistry illustrative of
this property. That a gas like ammonia, with a specific gravity of 0-587,
should rapidly diffuse itself, and rise through the air is not surprising ; but
it may be proved to fall as well as to rise, or, in other words, to diffuse
itself in all directions. Place a long (stoppered) shade with its open end in
a plate. Suspend from the stopper long strips of dry test-paper for alkalies,
e. g., reddened litmus, turmerie, and rose. - Now pour on the plate a few
drops of a strong solution of ammonia, or open a small jar containing am-
monia beneath, the ascent and diffusion of the gas will be indicated by the
progressive chano*e of color in the papers asit ascends. By another method
of proceeding, the diffusion downwards may be proved. Place a similar shade
in a clean plate containing slips of the various test-papers. Remove the
stopper of the shade and place over it a small jar containing a few cubic inches
of ammonia. In the course of afew minutes the descent (or diffusion) of the
light alkaline gas will be indicated by a change of color in the papers. The
specific gravity of sulphuretted hydrogen gas is 1'17. A few cubic inches
of this gas will, in spite of its greater density, diffuse itself in the air, and be
perceptible in a few minutes in every corner of a large apartment. The same
is true of other -gases which are not perceptible to smell. The vapor of
ether is, perhaps, more remarkable in this respect. Its specific gravity is
nearly 2'6. In spite of this great density, the diffusibility of ether vapor is
so great, that on opening a bottle containing the liquid, the odor of the
escaping vapor will be in a few minutes perceptible over a large space.
Even metallic vapors, such as that of sodinm, are observed to have this
diffusible property. DBunsen found that a small piece of sodium burnt in the
corner of a room produced a vapor which was easily detected at the most
distant part of the room by the coloring of an invisible jet of gas, and by
the spectrum obtained from this light (p. 22.) The great natural result of
this property, is to equalize mixtures of gases and vapors, and, in open spaces
to prevent an accumulation of foul effluvia in the air.

It must not be supposed, however, that specific gravity has no influence
on diffusion. On the contrary—the heavy carbonic acid escapes slowly by
diffusion from a narrow jar placed with its mouth upwards, while the light
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hydrogen also escapes slowly from a similar jar placed with its mouth down-
wards.

A curious fact regarding this property, however, is, that it is manifested
not only when the sole communication between the two gases is by a narrow
tube, but when they are separated by porous partitions, such as dry plaster,
unglazed porcelain, animal membrane, caoutchoue, cork, or spongy platinum.
To this mode of diffusion the term osmosis is applied, from a Greek word sig-
nifying “to push through,” and the terms endosmosis and exosmosis were
applied to those cases respectively in which the gas penetrated into or passed .
out of the vessel through the porous septum. Dobereiner first observed the
readiness with which hydrogen escaped through a small crack or fissure in a
glass jar which had been filled with the gas. The water rose three inches in
a jar from which the gas had thus escaped, clearly proving that the hydrogen
had not been replaced by an equal quantity of air passing into the jar. Ac-
cording to Longet, hydrogen will traverse a sheet of writing paper or even
gold leaf. It traverses unglazed porcelain with great rapidity.

Mr. Graham, on examining Ddbereiner’s results, observed that while the
hydrogen escaped outwards, a portion of air, amounting to between one-
fourth and one-fifth of the lost hydrogen, penetrated inwards; in fact, that a
volume of air was not replaced by a volume of hydrogen, but by 3.83 volumes.
He also found that every gas had what he calls a diffusion-volume peculiar
to itself, representing the amount in which it was exchanged for a volume of
air—air being considered=1 or unity. The diffusion-volume was further

und to depend on the sp. gr. of the gas. Of gases lighter than air, the

\ffusion-volume is greater than 1; of those which are heavier, it is less than
1. As a general law it may be stated that the diffusion-volumes of gases, or
the volumes in which they replace each other, are inversely as the square
roots of their densities. The following table represents the diffusion-volume
or the velocity of diffusion among different gases:—

Hydrogen . Sl Lt . 3.83 Oxygen .» . . . 0.94
Light carb. hyd. (CH,) . 1.34 Sulph. hyd. (HS) . . 0.9
Carbonic oxide . . Sated 05 Protoxide of nit. (NO . 0.82
Nitrogen . 1 : L ¢ Carbonic acid ’ . 0.81
Olefiant gas . . £ :1:02 Sulphurous acid E . 0.68

An experiment illustrative of the rapid diffusion and osmosis of gases, may
be performed with hydrogen. Fill a wide-mouthed jar with pure hydrogen,
and secure the mouth (placed downwards) with a piece of thin sheet caout-
chouc. Then place the jar, mouth upwards, under a bell-glass of air immersed
in water. The rapid diffusion and osmosis of hydrogen will be indicated by
the caoutchouc cover being gradually depressed, and after a time it will
burst. This is owing to the place of the hydrogen not being supplied with
sufficient rapidity by the passage of air. If a similar jar is filled with air
and placed in a bell-glass of hydrogen, the caoutchounc will rise up in a con-
vex form, and become so distended that it will finally burst, thus showing that
the gaseous contents of the jar have greatly increased by the rapid osmosis
of hydrogen. A layer of animal membrane (bladder) may be substituted
for caoutchone with similar results.

The fact that gases will thus traverse membranes which would be imper-
vious to them without rupture under direct pressure, has an important bear-
ing on numerous chemical and physiological phenomena. The function of
respiration is partly dependent on the exchange of gases by osmosis. The
oxygen of the air is taken into the lungs in all warm-blooded animals, pene-
trates the fine pulmonary membrane, as well as the thin coats of the capil-
laries ; and it there excludes the carbonic acid of the venous blood. Besides
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carbonic acid, aqueous vapor containing animal matter is also largely elimi-
nated. Hence the chief phenomena of respiration are due to an endosmose
of oxygen and exosmose of carbonic acid, which takes its place. Carbonic
acid has been found to escape from blood which was drawn from a vein into
a vessel containing hydrogen ; thus proving that the blood contains carbonic
acid in a free state, and that it is not produced by the combination of oxygen
with carbon in the blood circulating through the lungs.

Giases and vapors which admit easily of detection by chemical tests may
be proved to traverse membranes with great rapidity. If a wide-mouthed
bottle is filled with sulphurctted hydrogen gas, and the mouth is completely
closed by a layer of bladder tied tightly over it, it will be found, by the
application of paper impregnated with a solution of a salt of lead, that the gas
rapidly escapes through the bladder. The paper is turned brown.

If into a similar vessel a small quantity of prussic acid is put, and the
month is secured with bladder, the rapid escape of the volatile acid vapor
will be indicated by inverting on the bladder a watch-glass containing a drop
of a solution of nitrate of silver. The solution is whitened in a few minutes,
and crystals of the cyanide of silver will be found in the watch-glass. A
practical application of the property of osmosis of gases, has lately been made
by Mr. Ansell, of the Royal Mint. Light carburetted hydrogen, the explo-
sive gas of coal mines, comes next to hydrogen in diffusive power. Thus, as
it will be seen by the table, every 100 volumes of air will be replaced by 164
volumes of this gaseous compound. A bladder containing air placed in light
carburetted hydrogen gas, will rapidly become distended. Mr. Ansell h
contrived an instrument to give warning of danger from explosions, bas:?
on this osmotic power of the gas. He says: * For the purpose of indicating
by signal, I use a balloon of thin India-rubber, with its neck tied tightly with
silk, and a piece of linen is bound around the equator of the balloon to pre-
vent expansion. The balloon is placed under a small lever, upon a stand of
wood, so as to exert a gentle pressure upon the lever. If any gas accumu-
lates around the balloon), the lever is pressed, and, raising it, relieves a detent,
by which the poles of a battery are connected, and we thus get te]egr’aphlc
communication.” ‘It may be so delicately set,” says the author, * as to glve
warning if the mixture be still below the ezploswe point.” Ani ingeniouns
piece of apparatus for showing the relative osmotic power of gases has also
been invented by this gentleman. It consists of a glass vessel, with a porous
earthenware cover joined to it in an air-tight manner. This vessel forms the
air-chamber. At the lower part it is connected with a thermometer tube,
which bends upwards, and is fastened to a scale. Mercury is introduced into
this tube so as to lie at the lower level of the glass air vessel, and to rise to
a certain height on the thermometer tube where it marks a zero. If a jar,
containing light carburetted hydrogen is now inverted and placed over the
porous glass vessel, care being taken that the earthenware septum is not
wetted, the osmotic force of the gas is immediately manifested by the rapid
rise of the mercurial column in the thermometer tube. This proves that the
light carburetted hydrogen penetrates the air-chamber much more rapidly
than the air passes out. A rise of several inches thus takes place in a few
minutes. A small percentage of the explosive gas has been found to be
sufficient to affect the column of mercury sensibly. If in place of this gas,
carbonic acid is placed over the air chamber, a portion of the air contained
in it passes out with greater rapidity than the carbonic acid passes in, and
the mercurial column is depressed. On the removal of the gas-jar, the mer-
cury slowly falls to its level by the whole of the gas which had entered pass-
ing off through the porous septum; after some hours, there is nothing but
air in the glass vessel.
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In some further researches.on the property of gases, Mr. Graham has made
the discovery that mixed gases, as atmospheric air, for instance, do not tra-
verse septa of caoutchioucin the exact proportions in which their constituents
are known to exist. Thus he found that if one side of the rubber film was
freely exposed to the atmosphere, while the other side was under the influ-
ence of a vacuum, oxygen and nitrogen traversed the septum but in very
different proportions from those constituting the atmosphere. Instead of 21
per cent., the oxygen formed 41.6 per cent., so that the rubber film kept
back one-half of the nitrogen, and allowed the other half to pass through with
all the oxygen. The air was thus dialyzed, and its constituents separated by
the rubber. Its properties were also changed. It kindled into flame, ignited
wood, and, in reference to combination, had all the properties of a mixture
intermediate between air and pure oxygen. (Proec. R. S. 1866.)

Mr. Graham’s view is that the gases are liquefied on the surface of the
rubber or membrane ; they thus penetrate its substance as ether or naphtha
would if placed in contact with it, and they again evaporate into a vacuum,
and appear as gases on the other side. The results show that gases are
unequally absorbed and condensed under these circumstances; oxygen twenty-
four times more abundantly than nitrogen, and that they penetrate the rubber
in the same proportion.

Penetration of Metals by Gases —MM. St. Clair Deville and Troost
found that hydrogen would even penetrate red hot platinnm and iron, and it
has been suggested in this case that hydrogen as a metallic vapor is liquefied
and absorbed by the heated metal, and again escapes on the other side. Mr.
Graham found that platinum in the form of wire or foil at a low red heat
would take np and hold 3.8 volumes of hydrogen measured cold; but it is
by palladium that the property in question appears to be possessed in the
highest degree. Palladium foil from the hammered metal condensed as much
as 643 times its volame of hydrogen, at a temperature under 212°. The
same metal had not the slightest absorbent power for either oxygen or nitro-
gen. IHence a peculiar dialytic action may reside in certain metallic septa
which may enable them to separate hydrogen from other gases. According
to this gentleman, platinum in the form of sponge will absorb 1:48 times its
volume of hydrogen, and palladium as much as 90 volumes. In the state of
platinum black, the metal absorbs several hundred volumes of hydrogen.
Carbonic oxide is taken up more largely than hydrogen by soft iron, and this
absorption at a low red heat is considered to be the first and necessary stage
in the conversion of iron into steel. The carbonic oxide gives up half of its
carbon to the iron when the temperature is afterwards raised to a consider-
ably higher degree. While heated. platinum absorbs hydrogen, silver appears
to have a strong absorbent power over oxygen. It has been long known that
it gives off oxygen in the act of solidifying from the melted state, and gene-
rally in a sudden jet, so as to produce some irregnlarity on the sarface of the
button. Mr. Graham found that the sponge of silver fritted but not fused,
held in one case as much as 7:49 volumes of oxygen.

The first of the metalloids which will require consideration is OXYGEN.

re
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CHAPTER VI.
OXYGEN—(0=8—O0XIDES—OXIDATION.

History.—Oxygen, one of the six permanent gases, was discovered by

Priestley in the year 1774. IIe obtained it by heating the red oxide of

‘mercury. He called it dephlogisticated air ; it was termed empyreal air by

Scheele, and vital air by Condorcet. The name oxygen was given to it by
Lavoisier, from its tendency to form acid compounds (é¢ds, acid, and yewdo,
to generate). It is more abundantly diffused thronghout nature than any of
the other elementary bodies; it forms eight-ninths of the weight cf water,
one-fifth of the bulk of the atmosphere, and a large proportion of the
mineral bodies of which the crust of the globe is composed. Oxygen is a
constituent of a large class of acids—the oxacids, which are solid, liguid, and
gaseous componnds. It is a constituent of all the alkalies, excepting am-
monia, and of the alkaline earths ; and it enters largely into the composition
of numerous organic substances belonging to the animal and vegetable
kingdoms.

Preparation.—This gas may be readily procured by heating in an ordinary
retort, by means of a spirit-lamp, a mixtare of equal parts of finely-powdered
peroxide of manganese, previously well dried, and of chlorate of potash. The
oxygen is entirely derived from the decomposition of the chlorate, which is
converted into chloride of potassiam (KO,CiO,=KC1+0;). The gas may
be collected in the usual way over water or mercury. As it is thus procured,
it generally contains traces of chlorine, which may be separated by passing
the gas, during its collection, through a wash-bottle containing a solution of
potash, or by allowing the gas to remain for a short time in contact with
water. One hundred grains of the chlorate will yield thirty-eight grains, =
about 113 cubic inches of oxygen; or one ounce will yield nearly two gal-
lons of the gas. This is in the.proportion of about twenty-eight gallons of
gas to one pound of the salt. A mixture in fine powder, of ten parts by
weight of chlorate of potash with one part of sesquioxide of iron, has been
recommended by Mr. Ashby as superior to the mixture with manganese, in
the facility with which oxygen is disengaged, and the great economy of heat.
Every grain of this mixture yields a cubic inch of the gas. The result of
our experiments with the mixture is, that the oxygen is liberated too suddenly
and rapidly.

Oxygen may also be procured by heating the chlorate of potash sepa-
rately : but this process requires a much higher temperature, and the employ-
ment of a retort or tube which will not readily fuse. This is, however, the
only method of procuring the gas absolutely pure for chemical purposes ; it
should then be collected over a mercurial bath.

Oxygen is obtained on the large scale by gradually heating to full redness
in a wrought-iron bottle the black oxide of manganese reduced to a coarse
powder. The bottle should be filled to not more than two-thirds of its capa-
city, and the heat gradually applied. In the first stage of the operation,
aqueous vapor and carbonic acid escape; when an ignited mateh is kindled
into a bright flame at the mouth of the tube connected with the bottle, the
gas may be collected. The chemical changes which eusue are of a simple
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kind (3MnQ,=Mn,0,4+0,). The oxide of manganese, at a full red heat,
parts with one-third of its oxygen. Mitscherlich states that three pounds will
yield a cabic foot (six gallons) of oxygen ; while Dr. Miller assigns five gal-
lons as the quantity obtained from one pound. This difference probably
depends on the impurities contained in the native oxide. Among these is
carbonate of lime, which contaminates with carbonic acid, the oxygen obtained
from manganese. The carbonate may be removed by previously washing the
mineral with diluted hydrochloric acid ; and if it is subsequently dried before
use, oxygen will be obtained from it in a much purer form. Another method
consists in mixing the peroxide with sulphuric acid in such proportions as to
beoftheconsistency of cream, and heating the mixture, when oxygen is evolved
(Mn0,+80,=Mn0,S0,+ 0); but there are some inconveniences attending
this process. The bichromate of potash heated with an excess of sulphuric
acid also yields this gas (KO0,2Cr0,+5(H0,80,)=K0,H0,280,+ Cr,0,
380,4+HO +0,), one-half of the oxygen contained in the chromic acid
being evolved in this decomposition. A mixture named oxygennesis has
been lately much used for the extemporaneous production of oxygen. It
consists of equivalent proportions of peroxide of barium and bichromate
of potash. Diluted sulphuric acid is added and heat is applied ; oxygen is
liberated, and may be collected from a retort in the usual way. The reac-
tion of the acid on the bichromate is as above represented, and on peroxide
of bariam as follows: Ba0,4S0,=Ba0,80,40. The oxygen from the
bichromates comes off as ozone and from the peroxide as antozone. If hydro-
chloric acid is used, some chlorine is evolved. Oxygen may be procured
from the red oxide of mercury by heating it to redness in a retort
(HgO=0+Hg). Thisisan expensive method of procuring the gas, and it
is now seldom resorted to; but it has an interest to the chemist from its having
been the compound in which this important element was first discovered by
Dr. Priestley.

A mong recent processes for procuring oxygen, two are deserving of notice.

1. The first depends on the production and decomposition of the peroxide
of barium. The peroxide is procured by passing a current of air, deprived of
carbonic acid, over baryta heated to low redness in a porcelain tube. If the
air is not too dry, oxygen is absorbed by the baryta at a low red heat, and
the barium becomes peroxidized. The presence of a small quantity of aque-
ous vapor in the air is found to be absolutely necessary to this absorption.
When the peroxidation is completed, the current of air is cut off, the tube is
heated to full redness, and at this high temperature the peroxide is resolved
into oxygen and protoxide, or baryta. The oxygen may be collected, and
the baryta again peroxidized for a fresh supply. According to Boussingault,
a pound of baryta will thus yield about nine gallons of oxygen gas. The
baryta itself remains unchanged during the process. This is the only method
at present known by which pure oxygen, in the gaseous state, can be readily
procured from the atmosphere. 2d. Oxygen has been obtained by causing
the vapor of boiling sulphuric acid to pass throngh a porcelain tube heated
to full redness. The retort containing the salphuric acid is filled with pieces
of pumice previously heated with the acid to drive off any chlorides, and the
porcelain tube contains the same material. At a full red heat, the products
obtained are oxygen, aqueous vapor, and sulphurouns acid (80, HO=0+
HO+480,). The sulphurous acid is removed by water or by a solution of
carbonate of soda, through which the gaseous products are passed. Two
useful salts of soda are’thus procured—1, the sulphite employed in the manu-
facture of hyposulphite; and 2, bisulphite of soda, a salt now much used in
chemistry and the arts for the removal of chlorine. This process has been
carried out on a large scale by MM. St. Clair-Deville and Debray, and it is
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stated, with satisfactory resnlts (Journal de Chimie, Mai, 1861). M. de
Luca, of Pisa, agrees with these chemists in considering that this is the most
economical process for obtaining oxygen on a large scale. From a fluid
ounce of sulphuric acid M. de Luca states that he procured 360 cubic inches
of oxygen. On the large scale, vessels of platinum must be used (Cosmos,
July, 1861, p. 97).

Properties.—Oxygen gas is insipid, colorless, and inodorous; it is perma-
nently elastic under all known pressures and temperatures. Its specific
gravity compared with air, is as 1°1057 to 1-000. Compared with hydrogen,
its specific gravity is =16, hydrogen being =1. At mean temperature and
pressure, 100 cubic inches weigh 34-24 grains (Dumas and Boussinganlt).
Its refractive power, in regard to light, is less than that of any of the gases;
compared in this respect with atmospheric air, it is as 0830 to 1:000.
According to De la Roche and Berard, its specific heat, compared with an
equal volume of air, is = 0-9765, and with-an equal weight of air, = 0-8848,
that of air being =1:000. According to Tyndall, it has, in reference to
heat, a lower absorbing and radiating power than other gases. Faraday’s
researches have shown that it is most magnetic of all gases, its magnetic force
compared with thatof theatmosphere beingas 17°5t03°4,a vacuum being taken
as 0, or the boundary between magnetic and diamagnetic gases (see page 85.)
It occupies, among gases, the place which iron holds among metals, and, as
with iron, its magnetic force is destroyed by a high temperature; but it
returns on cooling. The magnetic properties of the atmosphere are almost
exclusively due to the oxygen contained in it, and Faraday has suggested that
the diurnal variations of the needle may be referable to the increase or
decrease of the magnetie force in the oxygen of the atmosphere as a result
of solar heat. Oxygen is evolved by electrolytic action at the positive
electrode or anode, and occupies a high position among electro-negative
bodies or anions (see page 60).

It is dissolved by water, but only in small proportion. At 60° 100 cubic
inches of water will dissolve 3 cubic inches of the gas, and at 32°, about 4
cabic inches. All terrestrial waters hold it dissolved in much larger pro-
portion than it exists in the atmosphere ; and in this condition as a solntion -
of oxygen, it is fitted for the respiration of fish, the blood of these animals,
in circulating through the gills, being aérated by the free oxygen dissolved
in the water. Oxygen in its pure state is neither acid nor alkaline. It is a
perfectly neutral gas; it does not alter the color of blue or red litmus, and
shows no tendency to combine with acids or alkalies.

Oxygen eminently supports combustion. A lighted wax taper introduced
into this gas is rapidly consumed, with enlargement of the flame and the
production of an intense white light. The wax itself in a melted state, burns
in the gas as well as the wick. If a piece of wax taper three or fonr
inches long, be lighted and introduced into a jar of oxygen, with the lizhted
end downward, it is speedily consumed, and the melted wax burns brightly
as it falls in drops through the gas. A taper (of green wax) with a glowing
wick, (of which the flame has been extinguished)—a slip of wood with the
end igunited, but not burning with flame, or & slip of paper soaked in a
solution of nitrate of potash, dried and ignited—will instantly burst into
flame when plunged into this gas. If the oxygen is pure, the wax taper or
wood may be thus rekindled into flame five or six times successively. Tow
saturated with ether or sulphide of earbon, and attached to the end of a
copper wire, if inflamed and plunged into this gas, burns with surprising
intensity, filling the jar with a large volame of flame. In most of these
experiments water (HO) and carbonic acid (CO,) are the products of com-
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bustion, by reasons of the oxygen uniting with the hydrogen and carbon of
the varions combustibles.

Charcoal heated to redness and introduced into a vessel of oxygen will
glow more intensely but be consanmed without flame. The whole of the
oxygen will be removed and converted into carbonic acid gas, occupying an
equal volume but possessed of widely different properties. If charcoal-bark
is substituted for charcoal, in this experiment, it will be consumed with
bright scintillations traversing the vessel of oxygen in all directions. Sulphur,
which burns in the air with a small blue flame, has the flame enlarged when
it is immersed in a jar of oxygen, and after a time it burns with a beautiful
purple color, dissolving as it were in the oxygen, and converting it into
sulphurous acid gas (8O,), which is soluble in water. If, in this experiment,
the bell-glass of oxygen be placed in a white plate containing a diluted
solution of blue litnus, the neuatrality of oxygen will be indicated in the
first instance by the blue color being unchanged; and the production of an
acid by the burning of sulphur, will be demonstrated by the blue liquid being
reddened as the sulphurous acid gas is dissolved. Sulphurie acid is not
produced in this experiment. Phosphorus burns with a bright yellowish-
white light in the atmosphere; but when kindled by a heated wire and
introduced into oxygen, or when kindled in the gas after its introduction,
it will burn with a still brighter light, gradually increasing to a dazzling
whiteness. If the piece be sufficiently large, the phosphorus after a time
will boil, its vapor will be diffused over the whole bell-glass, and burn with
equal intensity in every part. The vessel will become an apparently isolated
source of the brightest light The heat is so great, that the vessel is
frequently broken in this experiment. The product of combustion in this
case is solid phosphoric acid (PO,), the highest degree of oxidation of
phosphorus. The acid is seen in dense white vapors which readily dissolve
in water, and produce a strongly acid liquid ; a fact which may be proved by
placing a solution of blue litmus in the plate, as in the preceding experiment.

The production of acids by the union of oxygen with carbon in any form,
with sulphur and phosphorus, led Lavoisier not only to give the name of
oxygen to this body, but induced him to adopt the hypothesis that the
acidity of compounds always depended on the presence of oxygen. But
oxygen may produce alkalies as well as acids. If potassium or sodium is
heated until it becomes ignited, and it is then introduced into the gas, it is
consumed with a brilliant combustion, and the product is an alkaline solid,
namely, peroxide of potassium (KO,), in the case of potassium, and ses-
quioxide of sodium (Na,O,) in the case of sodium. If the experiment is
performed in a bell-glass standing in a white plate, in which there is a
solution of litmus reddened by the produet of burning phosphorus, the
formation of an alkaline compound, as a result of the combination of
oxygen with these metals, will be proved by the blue color of the litmus
being restored. <

Although the views of Lavoisier respecting the acidifying properties of
oxygen have been proved to be incorrect, there is no non-metallic body with
which the production of acid properties in componnds appears to be more
strongly associated than with oxygen. If a "metal combines in various
proportions with this element, the first oxide may show no acid properties,
but act as a base (¢. e., it will combine with acids); but the other oxides are
often observed to acquire acid properties in proportion to the amount of
oxygen which unites to the metal. This is well illustrated in the oxygen
compounds of the metal manganese (see page 96). Among the common
vegetable acids it is noticed as a general rule, that the number of atoms of
oxygen is in excess of those required to produce water with the hydrogen.
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Among inorganic or mineral compounds, the oxygen acids or oxecids are
numerous as a class. The hyponitrous, phosphorous, and arsenious acids,
as well as the salphurie, chromie, boracie, and silicie, contain three atoms of
oxygen ; while the nitric, chlorie, bromic, iodie, phosphorie, arsenic, and
antimonic acids contain five atoms of oxygen. Some acids contain only two
atoms, as the carbonic and sulphurous acids, while others contain only one,
as the cyanic. As oxacids for the most part contain an atom of water, and
in the absence of water, they manifest no acidity, it has been supposed that
the oxygen of the water was really a necessary component of the acid, and
that hydrogen was the acidifying principle (see page 43). Thus, instead of
HONO, representing nitric acid, the acid has been regarded as a hydracid,
i. e., an acid of hydrogen, represented by the formnla HNO, According
to this view, an acid is convertible into a salt of hydrogen, or a compound of
hydrogen with a radical which has not been isolated. But if this be admitted
with respect to inorganic acids, it will equally apply to those of the organic
kingdom. Thus pyrogallic acid (C,,H,O,) is a solid, anhydrous, crystalline
compound, which has no acid reaction, until it is dissolved by water (page
43). TUnder these circumstances, it must be assumed, either that the acid
now becomes HC,,H,O,, or the hypothesis is unfounded. Although in com-
bining with chlorine, bromine, iodine, sulphur, and cyanogen, hydrogen
produces gaseous acids free from water, yet acid compounnds exist which not
only contain no water, but which are decomposed by that liquid. The
fluoboric acid (BF;) may be taken as an illustration. This body contains
neither hydrogen nor oxygen, and is at the same time as much an acid gas
as hydrocyamc, or any of the hydramd gases above mentioned. DBut, unlike
these, it is resolved by water into two other acids. A similar observation
may be made with respect to the fluosilicic acid (SiF,). The manganic
(MnO,) and fulminic acids (Cy,0,) combine with bases to form well-defined
salts, but not with water, as no hydrates of these acids are known. The
molybdie, tungstic, silicie, titanic, and other acids, can be obtained perfectly
anhydrous, and in this state they will expel other acids from bases. The
combinations of hydrogen alone prove that there are no sufficient grounds
for adopting this hypothesis of the constitution of acids. Hydrogen com-
bines with nitrogen to form a powerful alkaline base, ammonia; but when
the three atoms of bydrogen in ammonia are replaced by three atoms of
oxygen, a strong actd is the result; and the conversion of the base,
ammonia, into nitric acid and water by simple oxidation, is a matter of daily
experience. Hydrogen differs from oxygen in forming no acid compounds
with metals. The only exception is, its compound with tellurium. It is
also a remarkable fact, that when the hydrogen is replaced by oxygen in
some neutral organic compounds, an acid frequently results. In the acetous
fermentation, the conversion of alcohol to vinegar or acetic acid is the result
of simple oxidation. One-half of the hydrogen is removed—the proportion
of oxygen is increased, and as a result of these changes, the neutral com-
pound, alcohol, is converted into acetic acid. Another remarkable instance
“of the acidifying effect of oxidation is furnished by the pure essential oil of
bitter almonds. This liquid, dissolved in alcohol, is perfectly neutral. As
the alcohol evaporates, the 6il is oxidized, and is converted into solid crys-
tallized benzoic acid. The only chemical change here is the substitution of
oxygen for hydrogen; and as this goes on, the neutral is observed to be
converted into an acid compound. IHydrogen has therefore no claim to be
regarded as an acidifying principle in preference to oxygen. The name
given to this element by Lavoisier is fully justified by modern researches,
with the qualification that it is not the only acidifying element. In fact,
acidity, like alkalinity, is a condition or property resulting from the chemical



OXYGEN. OXIDATION. 95

union of bodies; and is not essentially dependent on the presence of any one
substance. There appears to be no good reason, therefore, for converting
the oxygen-acids to hydracids by the supposed decomposition of the water
associated with them. :
Oxygen not only produces, as a result of chemical union, acids and
alkalies, but it forms with the greater number of metals, binary compounds
which are quite newtral; and in order to distinguish these from other pro-
ducts, they are called oxides. With some of the metals, when heated to a
high temperatnre, the phenomena of combustion are splendidly manifested.
Thus zinc in foil or shavings, may be formed into a bundle two or three
inches long (the ends being tipped with a little melted sulphur, for the
purpose of igniting the metal); on introducing the ignited zinc into a tall
bell-glass of oxygen, there is a brilliant combustion of the metal. The light
evolved is of an intense greenish white color, and a white flocculent product
results, which is oxide of zine (Zn0O). If in this experiment magnesium
wire is substituted for zine, a bright white light, almost equal to that of
intense sunlight is produced, and the metal becomes converted into the
alkaline earth, magnesia (NIg0O). The finest ¢ron-wire made into a bundle,
tipped with sulphur, ignited, and introduced into a large vessel of the gas in
a pure state, burns with an intense white light, and with scintillations of
fused metal, which sometimes penetrate the substance of the glass. Rounded
masses of the fused iron, oxidized, fall at a white heat (3280°), with hissing
noise, into the water of the vessel in which the gas is placed. The com-
pound produced in this experiment is the magnetic oxide of iron (F,0,, or
FeO 4 Fe,0,). The heat being sufficient to drive off a portion of the oxygen,
which in the first instance produces a peroxide of the metal.
Oxidation.—Oxygen combines with some bodies directly, and at all tem-
peratures. A jar containing deutoxide of nitrogen (NO,), when exposed to
oxygen gas, or to any mixture containing free oxygen, forms deep ruddy
vapors of an acid nature. The neutral deutoxide is further oxidized, and-is
converted to an acid of nitrogen. If iron filings, moistened with water, are
thrown into a jar of oxygen gas, and the particles of metal are diffused by
agitation, so as to adhere to the inner surface of the glass, and the jar is
inverted in a vessel of water, the oxygen is slowly but completely removed
without the evolution of light and heat, while the water rises in the vessel.
The iron takes the oxygen and is converted to peroxide.. If this experiment
is performed in a jar containing air, the water rises to about one-fifth of the
capacity of the vessel, thus indicating not only the presence of oxygen, but
the proportion of that element in air. With some substances oxygen will
combine, but only indirectly, or by the aid of complex chemical affinity. As
examples of this kind may be mentioned chlorine, bromine, and iodine.
Oxygen as a gas has no tendency to unite with these elements. With
fluorine it forms no known combination. In order to combine with oxygen
in a free state most substances require to be heated above the ordinary tem-
perature of the atmosphere. Thus phosphorus has no tendency to form a
compound with pure oxygen below a temperature of 80°; but when oxygen
is mixed with nitrogen (as in the atmosphere), or with other gases, phos-
phorus will enter into combination with it at 32°, and even at temperatures
below this. The phosphorus is slowly oxidized, being converted into a
deliquescent liquid—phosphorous acid (’O,) ; and, during the oxidation, the
phosphorus appears luminous in the dark. IPhosphorus does not commonly
enter into combustion in oxygen below its melting point (112°), while, in
the allotropic state, it may be heated to nearly 500° without taking fire.
Free oxygen, as it exists in the atmosphere, appears to have no tendency to
combine with carbon below a red heat (1000°)—with hydrogen below 600°—



96 VARIETIES OF OXIDES.

with zine below its vaporizing point (1900°)—or with sulphur below 5000°.
This want of action at low temperatures appears to depend less on the
absence of affinity between oxygen and the substance, than on the effect of
cohesion on the snbstance exposed to the gas. When phosphorus, iron,
and even lead, are reduced to a fine state of division, and exposed to oxygen
at any temperature, they will take fire, and burn with the same brilliancy as
larger masses which have been strongly heated. (See PyRoPHORI, page 40,
also CoOMBUSTION.)

In the process of oxidation oxygen may form a gaseous, liquid, or solid
compound, either quiescently or with the plhenomena of combustion., A
simple substance may enter into combination with oxygen in various propor-
tions, and it i8 then found that while the compounds which contain the
smallest proportions of oxygen are neutral oxides, those which contain the
largest proportions have acid properties, and unite with bases like acids to
form salts. The metal manganese (Mn) affords a remarkable instance of this
series of combinations. Thus we have MnO the first oxide or protoxide of
manganese, which combines with acids to form the salts of this metal—MnO,
the second oxide or deutoxide of the metal. Some have given to this com-
pound the name of binoxide, from the Latin dinus, signifying double or twice
as much. This term properly implies that the oxide has twice as much
oxygen as the compound which precedes it. DBut deutoxides of metals are
not always binoxides in this sense. Peroxide (hyperoxide from vnép, higher)
is a term applied to an oxide beyond, or a higher stage of oxidation; this,
without reference to the number of atoms, indicates the maximum degree of
oxidation. Thus while the peroxide of copper has one atom of oxygen
(Cu0), and that of iron one and a half atoms (or three to two of metal), the
peroxide of lead has two atoms (P’bQO,) and that of nitrogen four atoms
(NO,). The metal manganese furnishes compounds in other stages of oxi-
dation ; thus there is a sesquioxide, Mn,O,, signifying that the oxygen is 1%
to 1 of the metal, or, to avoid the use of fractions, 3 to 2. There is next
in order a compound of the sesquioxide with the protoxide, called, from its
color, the red oxide of manganese, represented by the formula (MnO,Mn,0,),
or Mn,O,. Beyond this there are two acid compounds, manganic acid MnQ,,
and permanganic acid Mn,O,. The compounds of oxygen and manganese,
which represent all the varieties, and at the same time the greatest range
of combinations of oxygen in mineral chemistry, stand as follows :—

Name. Formule, Atoms O. Wt. Ox.  At. Mo, ‘Wt. Mn.,
Protoxide -. . . MnO 1 = 8 1 == 28
Deutoxide . . .« MnO, 2 == 16 1 = 28
Sesquioxide . 3 . Mn,0, 3 =3 24 2 ] 56
Red oxide 3 . . MN,0, 4 = 32 3 = 84
Manganic acid « =+« MnO, 3 = 24 1 = 28
Permanganic acid . . Mn,O, 7 = 56 2 = 56

There are degrees of oxidation in which the metal is in larger proportion
than the oxygen. These ave called suboxides. Thus the suboxide of copper
is represented by the formula Cu,O ; itis a compound of one atom of oxygen
with two atoms of metal.

The tendency of the oxides of metals to combine with acids to form salts
is materially influenced by the stage of oxidation. The protoxide (MO) is
the compound which usually possesses’strong basic properties, and which, by
combining with acids, produces the varieties of metallic salts. Chemists
generally fix upon the protoxide by this combining character. If a suboxide
is acted upon by an acid, one atom of the metal is set free, and a protoxide
results, which then forms a salt. Thus, in boiling suboxide of copper with
diluted sulphuric acid, metallic copper is deposited, and a sulphate of the
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oxide of copper results (Cu,0 =Cu+Cu0). On the other hand, when a per-

* oxide is treated with an acid, an atom of oxygen is given off. Thus when

peroxide of barium is treated with sulphuric acid, sulphate of the protoxide
of barium is produced, while oxygen escapes as a gas (BaQ,=DBaO-+0).
On this principle, as it has been already explained, peroxide of manganese
may be made to yield oxygen by heating it with sulphuric acid. (See page
90.) Sesquioxides may combine with acids to form salts; this is seen in
the sesquioxides of iron, aluminum, and chromium; and as the protoxide,
containing one atom of oxygen, requires one atom of acid for producing a
neutral salt, so the sesquioxide, containing three atoms of oxygen, requires
three atoms of acid to form the class of sesquisalts. The oxides which have
the peculiar constitution of three atoms of metal to four of 6xygen, may be
regarded as compounds of two other oxides, and are resolvable into these by
acids. In consequence of this union or mixture, they have been sometimes
called saline oxides—the one oxide being supposed to act as a base to the
other. Examples of these oxygen-compounds occur not only in manganese,
as above stated, but in iron and lead. The magnetic oxide of iron—the
mineral which alone permanently retains magnetic force—is a native oxide of
this description. It is represented by the formula F,O,, which is convertible
into oxide (FeO) and sesquioxide (Fe,0,) of iron. The substance called red
lead is a compound oxide, having the formula Pb,0,, but resolvable by acids
into 2PbO and PbO,. When this oxide is digested in nitric acid, the acid
forms with the protoxide nitrate of protoxide of lead, soluble in water, while
the peroxide is left unacted on as a heavy, dark-brown insoluble powder.

Some metals appear to have no stages of oxidation, in which basic or
neutral compounds are produced. In the lowest degrees of combination with
oxygen they at once form acids. ‘Arsenic furnishes an example of this kind -
this metal combines with three atoms of oxygen to form arsenious acid
(As0,), and with five atoms of oxygen to form arsenic acid (AsO,). Anti-
mony, which presents so many analogies to arsenic, forms a teroxide with
three atoms of oxygen (SbOQ,) acting as a base, and an acid with five atoms
antimonic acid (Sb0O,). These combine to form a compound which has the
remarkable composition of Sb,0,, and is-called antimonious acid.

Reduction.—While the term oxidation implies simply the combination. of
oxygen with bodies, the term reduction implies the separation of oxygen from
substances by chemical agency, and the conversion of them into their original
state of metal or combustible. The term regulus was formerly applied to the
metal thus derived from an oxide, and the reguline state, therefore, simply
implies the non-oxidized or metalline state. The word reduction, bowever,
is equally applied by modern usage to the separation of the metals from
chlorides, sulphides, and similar binary compounds.

Respiration and Combustion.—Oxygen is the "great supporter of respira-
tion and combustion, and is largely consumed in these processes; hence air
deprived of oxygen by either process, or by ordinary chemical changes, is
unfit to support animal life, and will not allow of the combustion. of other
bodies. If a lighted wax taper is introduced into a jar of air, in which iron
filings have been sprinkled with a little water, it will be found, after some
hours, that the residuary gas will extinguish it; and any small animal intro-
duced into this residuary gas, would be instantly rendered lifeless. 1. If we
breathe by a wide tube into a bell-glass filled with water, and inverted on a
water-bath, so that the water may be displaced by the expired air as it issues
from the lungs—we shall find on introducing a lighted wax-taper that it will
be instantly extinguished. 2. A lighted taper introduced into a bell-glass
of air, placed over a water-bath (the bell-glass being closed at the top by a
brass pl;xte or stopper), will be extinguished in a few minutes, owing to the
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rapid consumption of oxygen and the absence of any fresh supply. On
removing the extinguished taper quickly and introducing another, lighted,
this will also be extinguished ; and any small animal placed in either of these
mixtures, thus deprived of a large portion of their oxygen, would soon perish.
It must not be supposed, however, that a// the oxygen is removed from air,
either by respiration or by ordinary combustion. That there is still some
portion left in the vessels, may be proved by introducing into them a ladle
containing ignited phosphorus. This will continue to burn at the expense
of the residuary oxygen not removed by the lungs in breathing, or by the
wax taper in combustion. Air, therefore, which is deoxidized, or which does
not contain a certain amount of free oxygen, is wholly unfitted to support
life. Respiration and combustion vitiate it by withdrawing oxygen and sup-
plying its place with earbonic acid. As a general rule, an animal cannot
live in air in which a wax-taper will not burn, and a taper will not burn in
an atmosphere, in which there is too small an amount of oxygen to maintain
respiration.

If our atmosphere had consisted of oxygen alone, combustion once set up
would notehave ceased until all combustible substances had been consumed,
and the whole face of the earth changed. So in regard to animal llfe,
although oxygen is absolutely necessary to respiration—when this gas is in
a pure state, ¢. e., unmixed with nitrogen—it operates as a powerful excitant
to the nervous system; and a small animal confined in an atmosphere of
pure oxygen will die in a few hours, apparently from the excessive stimulus
produced by the gas. Mr. Broughton determined, experimentally, that
rabbits died in six, ten, or twelve hours when confined in oxygen. On exa-
mination after death, the blood was found highly florid in every part of the
body ; and the heart continued to act strongly even after respiration had
ceased. The dilution of the oxygen of the atmosphere with four times its
volume of nitrogen is therefore absolutely necessary to animal life. It is
worthy of notice, however, in reference to this noxious action of pure oxy-
gen, that an animal will live three times as long in this gas as when it is
confined in an equal volume of common air. The reason for the difference
is, that the quantity of oxygen in air available for respiration is not only
four-fifths less, but that which has been consumed by the animal is replaced
by an equal bulk of carbonic acid, which is itself a noxious gas.

Decay. Eremacausis. Putrefaction.—Oxygen takes an important share
in these processes. It is by slow oxidation that organic are converted into
inorganic compounds; and these again, by means of the vegetable kingdom,
are reconverted into organic substances fitted for the food of animals. In
the slow oxidation of vegetable matter, we have an example of that condition,
which has been called by Liebig eremacausis (fpépa slow, xavous burning).
If we place in a stoppered bottle containing air, sawdust, tow, jute, or decayed
leaves in a damp state, and expose the bottle for a few days to a temperature
a little above 609, it will be found that the oxygen of the air in the bottle has
been to a greater or less extent replaced by carbonic acid. A lighted taper,
introduced into the bottle, will be extinguished, and carbonic acid may be
proved to be present by the usual tests. Under these circumstances, there
is no sensible heat or light evolved ; hence the term combustion, applied to
this kind of oxidation, is not strictly correct. In certain cases, however, the
accumulation of heat as a result of thé slow oxidation of some kinds of vege-
table matter is such, that the mass, if easily. combustible, may burst into
flame. Hay and cotton in a damp state, stacked or.stowed in large quanti-
ties, and under circumstances favorable to the accumulation of heat, acquire
a bigh temperature, as the result of oxidation. Aqueous vapor is at first
copiously evolved, and when the material is sufficiently dried, unless the
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oxidation ceases the organic matter becomes charred and may ultimately
burst into flame. Flax, tow, jute, and other vegetable substances of a porous
nature, in a damp state also acquire a high temperature as a result of oxida-
tion of the fibre. 'We have found a quantity of damp jute, six feet thick, to
have a temperature of 140°. Aqueous vapor with a small quantity of car-
bonic acid was evolved.” Spent tan and manure, and other organic matters
when moist, undergo oxidation and evolve heat. Gutta percha in thin sheets
appears to undergo both physical and chemical changes from the absorption
of oxygen. It becomes altered in color and tenacity by long exposure to
the air; and although it does not inflame, it may, when exposed in large
surfaces to air, acquire a temperature sufficient to melt it. This is probably
the real cause of the heating of electric cables in the holds of vessels in which
they have been stored. All cases of oxidation are attended with the evolu-
tion of heat, but when the process is slow, the evolved heat is unobserved
and dissipated without accumulation ; in other cases, when the process is
effected in a shorter period, the heat becomes proportionally sensible ; and
when the oxidation is rapid, the whole of the heat being evolved in a much
more limited time, it is proportionably exalted in intensity.

Oxygen takes an important share in the acetous fermentation, as it is by
the oxidation of the elcments of alcohol that acetic acid is produced. In
some of its combinations it exerts a deodorizing or disinfecting power. Thus,
as it is set free from a solution of permanganate of potash or soda, it oxidizes
and destroys all the offensive products evelved in the decomposition of
organic matter, which generally consist of compounds of hydrogen, with sul-
phur, nitrogen, phosphorus, and carbon.

Equivalent.—The equivalent or combining weight of oxygen is taken at 8,
when compared with hydrogen as unity ; and in reference to its volume-
equivalent in its combinations with other gases, it is one-half of that of
hydrogen, or one-half volume.

Tests.  Special Characters.—Oxygen may be known as a gas in the free
state : 1. By its insolubility in water, or in a strong solution of potash. 2.
By its entire solubility in potash to which pyrogallic acid has been added.
3. By its kindling into flame an ignited match or the glowing wick of a
taper. There is only one other gas known which possesses this property,
namely, the protoxide of nitrogen (NO); but there are other well-marked
distinctions between this gas and oxygen. 4. Oxygen produces red acid
fumes when deutoxzide of nitrogen (NO,) is added to it. 5. It changes the
white ferrocyanide of jron to Prussian blue. 2

When oxygen exists in the uncombined state, but dissolved by liquids,
such as water, its presence may be readily detected by the white proto-ferro-
cyanide of iron. This test-liquid should be made for the occasion. It may
be prepared by shaking in a small bottle a mixture of bright iron-filings and
a fresh solution of sulphurous acid gas. After a few minutes the liquid
should be filtered and diluted with water; a small quantity of a solution of
ferrocyanide of potassium should then be added to it. A milky-white pre-
cipitate of the proto-ferrocyanide is thrown down. This rapidly becomes
blue on the surface by absorbing oxygen, and passing to the state of sesqui-
ferrocyanide of iron, or one variety of Prussian blue. If this liquid is poured
into a jar of oxygen gas, and the jar shaken, it will speedily be converted
into Prussian blue. If poured in a thin sheet on a white plate it will reveal
the presence of oxygen in the atmosphere, by its rapid change of color on the
surface. If we add a little of the test-liquid gradually to eighty or one
hundred ounces of water containing free oxygen, in a tall glass jar, it will be
observed that, as it falls through the water, it will change from white to
blue, by absorbing and fixing the dissolved oxygen.
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The whole of the free oxygen may be removed from a gaseous mixture,
by dissolving pyrogallic acid in a strong solution of potash, and introducing
the mixture into a vessel containing the gas over mercury. In a gradnated
vessel the proportion of oxygen present may be thus determined. If car-
bonic acid, or any other acid gas should be present, these may be removed
by first passing a solution of potash only into the tube, and when no further
absorption takes place, the level may be taken, and pyrogallic acid added to
the potash. The further absorption will then indicate the amount of oxygen.
The quantity of free oxygen may be more accurately determined, by adding
to the gaseous mixture its volume of pure hydrogen, and then bringing about
its combination with oxygen, either. by the electric spark or by the aid of
spongy platinum. This process will be more fully explained in treating of
the composition of water. Oxygen may also be removed from a mixture of
gases, by causing it to pass through a tube over ‘metallic copper heated to
redness.

CHAPTER VIL
OXYGEN—INCANDESCENCE—COMBUSTION—DEFLAGRATION.

Combustion with and without Oxygen.—Combustion, in its most extensive
meaning, may be described as the result of intense chemical combination
between two or more bodies, during which sensible light and heat are
evolved. All ordinary cases of combustion are dependent on the combina-
tion of oxygen with bodies; and the heat and light are dependent on the
rapidity with which oxidation takes place, as well as on the amount of oxygen
consnmed. Levoisier believed that oxygen was the universal supporter of
combustion, and that there was no combustion without it. In this, however,
he was in error. The phenomena of combustion are seen in some of the
combinations of chlorine, bromine, and sulphuor with bodies. If phosphorus
is introduced into a jar of chlorine, it speedily melts, takes fire, and burns
with a pale yellowish flame, forming chloride of phosphorus. If thin leaves
of Dutch metal are introduced into chlorine, they burn without flame, pro-
ducing a full red heat, and forming chloride of copper. Freshly-powdered
metallic antimony projected into chlorine gas, burns in scintillations, evolv-
ing much light and heat, and forming white chloride of antimony: if this
metal in fine powder be projected into bromine, it burns, in contact with the
liquid, with bright scintillations, forming bromide of antimony. So with
regard to sulphur; if this substance is heated in a Florence flask to its
vaporizing point, it forms a dark amber-colored vapor, in which thin pieces
of copper foil, or cuttings of copper, glow and burn with great splendor,
producing sulphide of copper. The metal sodinm heated in air until it
begins to take fire, when plunged into a jar of chlorine, will burn with the
most intense evolution of light and heat, and sometimes with explosive
violence. The ladle holding the metal acquires a red heat as a result of this
combustion. Fine iron wire previously heated to redness also burns with a
deep lurid glow in chlorine. These experiments clearly show that oxygen
is not in all cases necessary to combustion ; and that the phenomena which
attend it, cannot be regarded as dependent upon any peculiar principle or
form of matter ; they must be considered as a general result of intense chemi-
cal union. Each substance, in fact, has its own special properties in refer-
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ence to combustion. Sulphuar will not burn in chlorine ; and to cause it to
burn in oxygen, it must be heated to a high temperature. Copper will not
burn in oxygen gas, but it will burn at the lowest temperature in chlorine,
and readily in the vapor of sulphur. Phosphorus will not undergo combus-
tion in oxygen below a temperature of 80°; but it will take fire in chlorine
at 320,

Some compound gases may give rise to the phenomena of combustion with
alkaline metals under certain conditions. Cyanogen gas is a compound of
carbon and nitrogen. If potassinm is heated in a current of this gas, the
metal burns, and leaves as a product cyanide of potassium. Again, if sodium
be heated in a flask from which air is entirely excladed, and a current of dry
carbonic acid is passed through the flask, a brilliant combustion will take
place, the oxygen of the carbonic acid being taken by the sodium to form
soda, while carbdn is deposited. Magnesium wire ignited and introduced
into carbonic acid, burns with scintillations and gives out an intensely white
light. In most cases, bodies which burn in oxygen are immediately extin-
guished when plunged into carbonic acid.

Ozxycombustion.—Confining our views for the present to combustion as it
takes place in oxygen, it may be remarked that there is no loss of matter but
merely a change of state. If a spirit-lamp is accurately balanced in a scale-
pan, and the wick then ignited—as the spirit burns, there will be an apparent
loss of matter, and the counterpoised scale will sink. If we hold over the
burning wick, the open mouth of a gas-jar, we may be able to prove by appro-
- priate tests, that the air of the jar is replaced by carbonic acid and aqueous
vapor—the latter being condensed on the inner cold surface of the glass.
These products are formed at a high temperature by the oxidation of the
carbon and hydrogen contained in the vapor of aléohol. If collected in a
proper apparatus, the weight of these produets will be equal to the weight
of alcohol consumed. :

If phosphorus is heated in a vessel of pure oxygen, all the oxygen dis-
appears, but it is now solidified as phosphoric acid, and the increase in
the weight of the phosphorus would represent exactly the amount -of
oxygen consumed. In the burning -of carbon there appears to be no loss
of gaseous matter; but the oxygen in this case is converted into carbonic
acid ; and it will be found, although unaltered in volume, to have acquired
an increase in weight' equal to the weight of carbon consumed. Sub-
stances which undergo combustion in oxygen are rendered heavier; the
weight of-oxygen taken durmg combustion, is always added to the orlgmal
weight.

When a metal burns in oxygen, it is jodized with the evolution of light and
heat ;"but a metal may be iodized without undergoing combustion in the
ordinary sense. Zinc and lead furnish striking instances of the difference.
If zine is heated in air above its melting point, it will take fire and burn
with a splendid greenish-white light (see page 106) ; but if lead is melted in
air, there is formed on the surface a dirty yellowish-looking film or dross
(oxide of lead), without the evolution of light and heat. Both are instances
of oxidation, but in the latter case there is no combustion.

Ignition.  Incandescence.—Combustion always implies chemical action;
either the heat of the combining bodies or that which results from their
combination is set free, and with this, a proportionate quantity of light; but
a body may evolve heat and light without undergoing combustion or any
chemical change. Thus a platinum wire, some fibres of asbestos, or a piece
of lime, exposed to the strong heat of an invisible flame—e. g¢., of oxygen
and hydrogen—may.be heated to whiteness, so as to evolve both heat and
light of surpassing intensity. To this state the term ¢gnition, or incandes-
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cence, is applied. The body evolves light as a result of its being intensely
heated, without its particles being materially altered in their physical or
chemical relations. It is not fused at the temperature to which it is exposed ;
and the greater the amount of heat which it is capable of receiving without
a change or its physical condition, the more intense the light which is emitted.
An ignited body, therefore, serves as a temporary storehouse of heat and
light. The vacuum-light furnishes a remarkable instance of the results of
ignition. 'The charcoal points, being the terminal poles of a powerfal
battery, are inclosed in a glass vessel in which a vacuum has been artificially
produced. The light issues in great splendor as the result of the ignition of
minute particles of charcoal carried between the poles, but the charcoal itself
undergoes no combustion. When platinam poles are used, portions of that
metal are volatilized and so heated as to give out the intense violet-blue light
which characterizes the spark. Mr. Gassiot has observedpthat under these
circumstances the negative pole assumes the appearance of being corroded,
owing, as he found, to the separation of particles of this metal and their
deposition on the sides of the vacuum-glass tube. Even gases attenuated to
the highest degree—in fact, almost converted into a vacuum by the air-
pump—are rendered incandescent by the discharge of the spark from
Ruhmkorff’s coil (see page 83). In an absolute vacuum no discharge passes,
as electrical conduction necessarily requires the presence of matter; but Mr.
Gassiot’s experiments have proved that what has been hitherto regarded as
a vacuum, is space filled with highly attenuated matter, capable of being
made incandescent by the electric discharge. The more attenuated the gas
or vapor, the more stratified is the light of the discharge. As the gas is
increased in quantity, the stratifications become closer, until, at a certain
point, the discharge entirely loses its stratified appearance and passes into a
wave line. The vivid luminosity and the varied color of lightning, is pro-
bably dependent on the incandescence of the gaseous and vaporous consti-
tuents of the atmosphere, modified by the density of the stratum in which the
electric discharge takes place.

It is found that the greater number of metals may be converted into vapor,
and that these vapors when rendered incandescent by the current, emit a
light varying in color for each metal. For the purpose of obtaining the
metals in a volatile state, the platinum poles are moistened with the respec-
tive solutions. M. Faye found that zinc gave a blue color in strata or bands;
antimony, a lilac color ; mercury, a pale blue; cadmium, an intense green ;
arsenic, a-magnificent lilac; and bismuth, a variety of colors, undergoing
rapid changes. (Cosmos, Sept. 20, 1861, p. 821.) It has been further
proved that these colored flames and incandescent vapors present colored
spectra of differently refrangible rays, in some instances characteristic of the
substance. (See page 63.)

. Supporters and Combustibles.— Although oxygen, chlorine, and bromine
give rise to the phenomena of combustion with other bodies, they cannot be
made to combine with each other, so as to evolve light and heat ; and hence
they are said to be incombustible. In ordinary language they are called
supporters of combustion, while the bodies to which they unite have been
called combustibles. It is, however, generally admitted that the phenomena
of combustion are dependent on the union of the two bodies; and that the
so-called supporter is consumed as well as the combustible, and aids in
furnishing light and heat. Thus copper and sulphar, at a high temperature,
combine with combustion. Which is the supporter and which is the combuas-
tible? Both must he regarded as combustible substances—for copper burns
in chlorine, and sulphur burns in oxygen. Whether we put phosphorus into
the vapor of chlorine, or chlorine into the vapor of phosphorus, the same
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kind of combustion equnally ensnes, and the products are similar. During
the combustion of phosphorus in oxygen the intense and sudden burst of
light which appears after the phosphorus has entered into the boiling state,
arises from the diffusion of its vapor throughout the oxygen of the vessel,
so that there is a combustion of both at every point of contact. Up to this
time the light and heat may have appeared to proceed from the solid phos-
phorus only ; but it will now be observed to issue equally from all parts of
the vessel containing the oxygen. The oxygen is here as much a combus-
tible as the phosphorus. In fact, the term ‘‘ combustible” is relative and
arbitrary ; that body which is for the time in larger quantity, or in the gaseous
state, is called the * supporter.” Coal-gas burns in oxygen or air only
where it can unite with oxygen ; and it is therefore called a combastible gas,
If we kindle a jet of coal-gas issuing from a bladder, and cause the flame to
be projected into a hell-glass of oxygen, it will burn brilliantly. If we fill
another bell-glass with coal-gas, ignite it at the mouth, and project into it
through the flame a jet of oxygen, this gas will appear to burn, and in fact
does burn, in a jet precisely like the jet of coal-gas; and it will be found to
give out the same amount of light and heat, and to give rise to similar pro-
ducts. The oxygen and coal-gas burn only where they meet each other at
a high temperature. The oxygen burns in an atmosphere of coal-gas just as
certainly as the coal-gas burns in an atmosphere of oxygen. This experi-
ment may be performed with an ordinary argand gas-buruer. A long chim-
ney-glass should be placed over the burner, and all access of air from below
cut off by a cork and a disk of card. If, after allowing the coal-gas to issue
for a few minutes, in order to remove the air, it is ignited at the top of the
chimney-glass, a'jet of oxygen may be safely propelled downwards through
the gas-flame, and the oxygen will appear to burn in the glass cylinder con-
taining the coal-gas. These facts show that combustion is really a reciprocal
phenomenon, each body burning, or, in chemical language, combining with
the other body, and, dauring this combination, evolving light and heat. The
terms combustible and supporter of combustion are, however, convenient for
use, provided we understand by them that each substance shares in the pro-
cess, and that neither is, strictly speaking, passive.

Heat and Light of Combustion.—The results of experiments on some sub-
stances show that the feat of combustion is almost exclusively derived from
the oxygen. Thus it appears, from the researches of Despretz, that the keat
depends, not upon the quantity of the combustible, but upon the weight of
oxygen, consumed. A pound of oxygen, in combining respectively with
hydrogen, charcoal, alcohol, and ether, evolved in each case very nearly the
same quantity of heat, each raising 29 pounds of water from 32° to 2120,
With respect to the comparative heating powers of equal weights of different
combustibles, he obtained the following results :—

1 pound of hydrogen raised . s .+ . 236 pounds of water from 32° to 212°
113 90 13 ({3 &

oil, wax . 5 a . . y
L ether . ) . ; 2 . 80 0 “ «
& pure charcoal . 2 . . 78 e “ “«
‘o common wood charcoal 5 o 15 “ « &
L alcohol 3 " 3 . e 468 “ “ “
G bituminous coal . ‘ p . 60 & @ «
e baked wood £ y 3 . 3L & « T
% wood holding 20 per cent. of water 27 “ “ “
* turf (peat) . % 4 . 25t030 « T «

This table indicates, not the absolute amonnt of heat evolved, but the
relative heating powers of fuels burnt under similar conditions; and it further
appears to show that, provided the same weight of oxygen be consumed,
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whatever may be the nature of the fuel, the same amount of heat will be
evolved. In order to produce an intense heat, therefore, the object is not so
much to consume the fuel as to consame the maximum of oxygen, or air with
‘a minimum of fnel. The heating power of the blowpipe and of the blast-
furnace, especially of the kot blast (to connteract the cooling effect of the
mtrogen associated with oxygen in the air), will now be mtellwlble on
chemical principles. It is not, kowever, strictly true that the same weight
of oxygen always produces by combination the same amount of heat. Other
experiments performed by Despretz have shown that a pound of oxygen, in
combining with iron, tin, and zine, could heat nearly twice as much water to
the same temperature as that which in his table he assigns to hydrogen,
carbon, aleohol, and ether ; hence, in reference to these metals, oxygen alone
cannot be concerned in its production. So with regard to phosphorus; if
this substance is burnt slowly, to produce phosphorous acid,a pound of oxygen
in combining with it evolves the same amount of heat as that assigned to
carbon and hydrogen ; but if the combustion is so intense as to produce
phosphoric acid, then the heat evolved is twice as great, resembling that
which is given out in the intense combustion of iron, tin, and zinc. There
is another fact which shows that the rule regarding the evolution of heat is
not so simple as Despretz had supposed; namely, that when carbon is in a
state of eombination, as in the form of carbonic oxide, the amount of heat
evolved during its combustion and conversion into carbonic acid, is nearly
equal to that which would be evolved by the carbon in a separate state,
although the latter wonld require twice the amount of oxygen to convert it
to the same product (carbonic decid). (Kane’s Elements of Chemistry, p.
244.) The later researches of Professor Andrews and other chemists have
shown, that the quantity of heat evolved as a result of the chemical combina-
tion of bodies is definite, and that it has a specific relation to the combining
number of each substance. With a proper supply of oxygen, or air, a given
weight of the substance always produces the same amount. of heat.,

Hydrogen, carbon, sulphur, and phosphorus are the four principal sub-
stances, with which the phenomena of combustion are witnessed in an
atmosphere containing oxygen. All our ordinary sources of light and heat
for domestic and manufacturing purposes are dependent on the two first-
mentioned elements, associated in variable proportions in coal, wood, and
oil. The following table will show that according to the experiments of
Despretz, hydrogen and carbon, weight for weight, consume the largest
amount of oxygen in undergoing perfect combustion; and that hydrogen
in uniting to oxygen has more than three times the heating power of
carbon :—

.

Pounds of Pounds Prop. of Comb.
s Oxygen. of Air, 2 to Oxygen.
1 pound of hydrogen'takes . 8 or 40 . . Sy le8
6 pounds of carbon take . s ol e ot 8023 B s 206
16 pounds of sulphur take. -+ AL o » 80 &4 . R .
32 pounds of phosphorus take . 40 or 200 . . SN 3,95

Hence by reason of this enormous consumption of oxygen in proportion to
the weight of material burned, hydrogen, and boedies containing it, evolve
the greatest amount of heat. Hence also in the oxy-hydrogen blowpipe, we
have one of the highest sources of heat at present known; and as an indirect
result of the absorption of this heat by the infusible substance, lime, we
obtain a light which rivals that of the sun in intensity and chemical power.
Lately, by the coustruction of a close furnace of lime, and the use of the oxy-
hydrogen blowpipc, MM. Deville and Debray have not only been able to
volatilize many of the supposed fixed impurities in commercial platinum; buat
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with about 43 cubig feet of oxygen they have succeeded in melting 25 pounds
of platinum in less fhan three-quarters of an hour, and casting it into aningot
in a coke mould. All metals are melted, and many are entirely dissipated in
vapor by the intense heat produced under these circumstances. The lime
itself is unaltered by the heat, and acts as a powerful non-conductor, even
when not more than an inch in thickness. Lime and magnesia appear
hitherto to have resisted fusion, or volatilization as oxides. The heat given
out during the perfect combustion of hydrogen in oxygen was calculated by
Sir R. Kane (Llements of Chemistry, p. 240) to amount to 5478° above the
freezing point; but this estimate falls far below that assigned by the recent
experiments of Bunsen. (See p. 107.) This temperature exceeds the heat
of other artificial sources. It can only be surpassed by the heat of the
electric discharge, or by the concentration of the rays of the sun through a
powerful lens or mirror. When hydrogen is burnt in atmospheric air, the
cooling effect of the ygirogen is such that, according to the same authority,
the heat does'not exceed 2739° above freezing; this is nearly equal to the
melting point of cast iron, which is 2786°.

Chemists assign different temperatures according to the color emitted by
the incandescent solid. = A red, yellow, and white heat are frequently referred
to in chemical processes, but the temperatures assigned to these, vary among
different authorities. Tead melts at 620°, and zinc at 773°, but neither of
these metals, at the melting point, is visible in the dark. A red heat seen -
only in the dark, is usually taken at about 980°, but this is invisible in day-
light. The iron ladle containing melted lead, heated to this temperature,
shows no color, but if taken into a dark closet, it will be observed that the
iron of the ladle and the molten lead are visibly and equally red, showing that
metals, however they may differ from each other in their melting points,
acquire the. power of emitting a similar light at the same temperature.
From 620° to 980°, where a body is strongly, but at the same time is not
visibly heated, is comprised the range of black heat, important in reference to
some chemical processes. The degree for a visibly red keat in day-light has
not been accurately determined: From some experiments made in conjunc-
tion with Dr. Miller, we believe it to be at about the melting point of
antimony, or 1160°. A cherry red is about 1200°, and a white keat, above
the melting point of cast iron (2786°) may be taken at 3000°. We subjoin
a table of high temperatures, based on the researches of Pouillet.

Centigrade. Fahrenheit.

Incipient red heat . 4. S ke Sopte 125 977
“Dull red . o . . . . . 700 1292
Incipient cherry red . S . 5 . 800 1472
Cherry red . : . . : 25900 . 1652
Bright cherry red . . ¢ . . 1000 1832
Deep orange . ! 5 . . . 1100 2012
Bright orange ‘. . . 3 . . 1200 2192
White heat . . . . . . 1300 2372
Bright white heat . . 5 . . 1400 2552
Dazzling white heat . : = . . 1500 2732
Full white heat 4 C c . . 1600 2912

In reference to combustion, the improvements made in the use of gas as a
source of heat have depended on the admixture of air or on the free supply of
air by a variety of arrangements ; and in the construction of all furnaces, the
adoption of this "principle leads to an economy of fuel, the prevention of
smoke, and the production of the largest amount of heat.

The light evolved in combustion depends—1, on the intensity of the heat;
and, 2, on the presence of solid non-volatile matter which is capable of
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receiving the heat, and of emitting it as light. When combustion takes
place at a low red heat, as in the aphlogistic lamp of Sir H. Davy, there is
but little light. In fact, this is only visible in the dark. Hydrogen burns
with intense heat ; but as watery vapor is the only product, there is no solid
matter to absorb and emit the heat as light. If platinum wire, or particles
of charcoal lime, asbestos, iron-filings, zine or magnesium, are introduced into
the flame, they or these products are heated and emit light. The bright
white hght emitted by coal-gas is owing to the particles of carbon, set free
during the combustion of the gas, acquiring a white heat, and becommg
incandescent in the flame. The naphthalizing of ordinary coal- -gas depends
on the diffusion through it of a hydrocarbon vapor, which, during com-
bustion, may furnish solid particles of carbon to ‘the flame. In burning
phosphorus in chlorine, a gaseous chloride is produced, and the phosphorus
burns with a pale flame, emitting but little light; but when it is burnt in
oxygen it forms dense solid particles of phosphorlc aﬁ which being strongly
heated emit an intensely white light. The differenc®of light.arising from
the products may be shown by raising the phosphorus, which has been
burning in a bell-jar of chlorine, into the atmosphere. The increased
splendor of the combustion from formation of a solid product is at once
manifested, and the effect is increased by plunging a ladle. with burning
phosphorus intoa bell-jar of oxygen. In burning zincthesame phenomenon is
observed ;—the oxide of zine produced isa solid body, which becomesmtensely
beated and emits & large amount of light. If a piece of magnesium wire be
ignited in a Bunsen’s jet, a most dazzling white light is evolved arising from
the fixed particles of the oxide of magnesium becoming strongly heated, and,
as a result of this, evolving a light of the greatest intensity. In some photo-
chemical investigations made by Bunsen and Roscoe, it was calculated that
the light of the sun’s disk was only 524 times as great as the magnesium
light. A wire of about the 1-100th of an inch in diameter, produced by
combustion as much light as 74 stearine candles. The light, therefore,
arising from combustion, depends to a great extent on the nature of the
combustible, as well as on the product of combustion. Substances like iron
and charcoa] which are fixed, emit a great amount of light in proportion to
the heat produced and the constant renewal of surface leads to continuous
combustion.

The <ntensity of the light is, cateris paribus, dependent on the rapidity
with which oxidation takes place, and the amount of material consumed.
The Bude light owes its brightness to the introduction of a current of oxygen
into the centre of the flame. There is in a‘given time a larger consumption
of the combustible matter, and a consequent increase of light.

The color of the light emitted in combustion, is, to a certain extent,
dependent on temperature. At one degree of heat, the light is red, at
another yellow, and in the highest degree white. These three colors are
well known in chemical processes as forming broad distinctions in the tem-
perature of ignited solids (see page 105.) According to Bunsen, between
the yellow, red, and white heat, the colors of intensely heated bodies pass
through shades of blue to violet, and the white heat is the resultant of all
the spectral colors emitted by the heated substance. Apart from the ‘effects
of temperature, there are colors which are peculiar to the combustible sub-
gtance. The light evolved by burning sulphur is of a pale blue color, while
zine gives a greenish white ; potassium, a pale purple or violet; sodium, an
intense yellow; lithium, calcium, and strontium, shades of red; barium,
greenish yellow ; boracic acid, green ; arsenic, a violet blue ; and antimony,
a pale lemon color. It will be perceived, by reference to page 102, that the
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colors which are thus produced during combustion, differ from those which
are emitted as a result of the incandescence of the same bodies.

Among the compound gases, carbonic oxide is known by the blue color of
its flame ; cyanogen gas by a violet flame with a blue halo; and phos-
phuretted hydrogen gas by the intense yellowish-white light which it emits
during combustion.

Nature of Flame.—Flame arises from the combustion of volatile or
gaseous matter emanating from the heated solid. Those bodies only burn
with flame which, at the usual burning temperature, are capable of assuming
the vaporous or gaseous state. Charcoal and iron burn without flame ;
their particles are not volatile at the temperature at which they burn,
Phosphorns and zine, on the other hand, are volatile bodies, and therefore
burn with flame. Small particles of each substance dre carried up in vapor,
are rendered incandescent by the heat of combustion, and burn wherever
they meet with the atmospheric oxygen; the more volatile the substance,
the greater the amount of flame.

Flame is hollow—a fact which may be proved by numerous experiments.
If a piece of metallic wire-ganze be depressed over a flame, this will be seen
to form a ring or circle of fire, dark in the centre and luminous only at the
circumference, where the gaseous particles meet with oxygen. The inflam-
mable matter traverses the meshes of the gauze, but is so cooled by the con-
ducting power of the metal that it ceases to burn above. A piece of stiff
paper suddenly depressed on a spirit-flame to about its centre, presents a
carbonized ring corresponding to the circularity of the flame. If a thin
platinum wire be stretched across a wide flame of alcohol, it will be heated
only at the two points, corresponding to the circumference, where combus-
tion is going on, and 2 thin deal splint will be charred and burnt only at
these two points. . :

By allowing a jet of gasto issue from a glass cylinder, in the manner
described at page 103, a variety of experiments may be performed to show
the hollowness of flame, and the comparatively low temperature of the gas
or vapor in the interior. A lighted wax taper fixed on wire, introduced
suddenly through the sheet of flame, is extinguished in the interior. Gun-
powder introduced in a ladle may be held in the inner space within the flame
for a long time, and even withdrawn without exploding. Gun-cotton will
not explode under these circumstances if introduced at the end of a copper
wire, while the coal-gas is freely issuing from the chimney-glass, and the jet
is not kindled until after its introduction. That the inner portion of every
cone of flame consists of unburnt gas, or combustible vapor comparatively
cool, may also be proved by placing within it the open end of a glass tube,
supported by wire, and applying a lighted taper at the other end of the tube
which projects out of the flame. The unburnt gas or vapor will be con-
ducted off by the tube, and may be kindled at the end of it, as from an
ordinary jet. Thus, then, all inflammable gases and vapors, when unmixed
with oxygen, have only a surface combustion, which is defined by the access
of oxygen and its contact with' the heated gas or vapor.

Flame in all cases consists of matter ignited to a high temperature. Sir
H. Davy assigned a white heat to ordinary flame. Bunsen has recently
examined the temperature of flames by a series of ingenions experiments °
(Phil. Mag., Aug., 1860, page 92), and has arrived at the following concla-
sions: the temperatures here assigned, being those of the centigrade ther-
mometer, of which 5° are equal to 9° of Fahrenheit, plus 32° for the difference
of the zero.
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Sulphur flame . . 1820° Carbonic oxide flame . 3042°
Sulphide carbon . . 2195 Hydrogen flame (inair) 3259
Coal-gas flame . . 2350 Oxyhydrogen flame . 8061

The heat of the electric flame far surpasses all these temperatures, and is
at present undeterminable in its degree by any known process.

A remarkable announcement has been made by Kirchoff and Bunsen,
respecting the colored flames of metals brought to the state of incandescent
vapor, as the result of the heat of combustion or of the electric current—
namely, that they absorb light of the same degree of refrangibility as that
which they emit; in other words, their flames are opaque to their own light.
If the light of the sun, or of the electric carrent, is allowed to traverse the
flame of a spirit-lamp or that of hydrogen or coal-gas, no shadow is pro-
duaced on a white screen placed behind it : the flame is quite transparent, but
the undulating shadows projected for more than a foot above the flame by
the invisible gaseous products of combustion (carbonic acid and water), are
plainly seen. The flame of a common candle produces no shadow when
placed between a screen and the flame of an oil-lamp. The shadow of the
wick only is seen on a white surface. Foucault observed that the intense
light of the electric arc from carbon-points, was so transparent that the
solar rays converged upon it by a lens, completely traversed it, and only a
slight shadow was cast upon the solar light. Bunsen found that the light of
a sodium-flame would not traverse another sodium-flame, or -even sodium-
vapor, prodnced by heating sodium-amalgam in a test-tnbe much below its
point of luminosity ; and the singular discovery was made, that direct sun-
Tight, passed through the yellow flame of sodium, changed the yellow spectral
band peculiar to that metal to a dark double line. The red band of lithiom
was also changed to a dark band by sunlight. (Phil. Mag., August, 1860,
page 108.) From these results, and from the fact that in the pure solar
spectrum, a dark line appears in the position of the sodium-yellow band,
Kirchoff and Bunsen have inferred that sodium must be a large constituent of
the photosphere of the sun. For a similar reason, chromium, iron, nickel,
and magnesium have also been assigned to this photosphere—and sodium to
the light of the fixed stars. The moon and Venus exhibit lines correspond-
ing with those of the sun. Sirius showed different lines, and Castor others
which were again different. In Procyon the solar line D (sodium), and in
Capella and Betelgeux, the principal star in Orion D (sodium) and b were
found. (Miller.) It is to be observed, however, that the light of platinum,
rendered incandescent by the electric fluid, and the rays of a Drummond
light, equally changed the sodium-yellow into a dark band. Opacity is the
great character of metals: but it is remarkable that, in the state either of
incandescent or non-luminous vapor, this complete opacity to light emitted
by their own flames, should thus exist. If these results are confirmed, this"
property of metallic vapors might be made a test of the alleged metalline
nature of certain gases. Incandescent hydrogen gives colored spectral bands
of its own (page 63) ; but these have not been found to possess any absorbent
power at ordinary temperatures. This result is adverse to the hypothesis of
its metalline nature. y

Products of Combustion.—The products of ordinary combustion in oxygen
are chiefly water and carbonic acid. They are quite unfitted to sustain com-
bustion, and unless removed as they are produced, they speedily arrest the

rocess. :
- Combustion by Oxygen Salts. Deflagration.—1It is not necessary that
oxygen should be in the free or gaseous state, in order that combustion
should take place. Salts which abound in oxygen, such as the alkaline per-
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chlorates, and chlorates, nitrates and bichromates, when mixed with sub-
stances which have a tendency to unite with oxgen—e. g., charcoal, sulphur,
or phosphorus—and heat is applied to the mixture, give rise to combustion
of a most intense kind. The salts above mentioned contain a large propor-
tion of oxgen by weight, and this is readily evolved in contact with a com-
bustible. Even the liquid acids of these salts, in a free state, are capable of
producing the phenomena of combustion. Dr. Roscoe found that-pure per-
chloric acid, obtained from the perchlorate of potash, was a most powerful
oxidizing agent. A single drop of the liquid brought into contact with
charcoal, paper, wood, alcohol, or other organic substances of the like nature,
caused combustion with explosion, falling not short in violence of that of
chloride of nitrogen. 4
The sudden conversion of gunpowder into gaseous and vaporous matter is
dependent on the oxygen of the nitre combining at a high temperature with
the charcoal and solphar. Gun-cotton contains nitrous acid in large propor-
tion. This readily parts with its oxygen at a moderate heat, and the carbon
and hydrogen of the cotton are eutirely consumed. If a quantity of nitre is
melted in a flask, and a piece of red-hot charcoal is dropped on the melted
salt, it will continue to glow as a result of combustion, at every point at
which it touches the nitre, until all the charcoal or the nitre has been consumed.
If chlorate of potash is melted in a flask, and a splint of lighted wood is
introduced into the liquefied salt, there is violent and intense combustion,
almost amounting to explosion. A mixture of finely-powdered charcoal,
with an equal portion of powdered nitrate or chlorate of potash, burns, when
heated, with great violence, giving rise to the phenomena of deflagration.
This process of combustion is occasionally resorted to by chemists for
oxidizing carbon, sulphur, and phosphorus in organic substances, in order
to convert the elements to salts, and determine the presence and proportion
in which they exist. A mixture of twenty-eight parts of ferrocyanide of
potassinm, twenty-three parts of white sugar, and forty-nine parts of chlorate
of potash, is known under the name of * white gunpowder.” In combustion
it produces a large amount of gaseous matter, consisting of nitrogen, earbonie
acid, earbonic oxide, and aqueous vapor. This is a dangerous compound to
prepare or even to preserve. The materials should be separately powdered,
and then mixed. Mr. Hudson has observed, that when the materials are
ground together with a little water and dried at 1509, the powder is much
more explosive. Even simple friction with a spatula, or slight compression,
was then sufficient to cause a violent explosion. A drop of sulphuric acid
will explode it ; it may also be exploded by percussion. This chemist found
that its explosive force was twice as great’ as that of common gunpowder.
(Chem. News, Aug. 24, 1861.) It would prove a dangerous substitute for
gunpowder, but it might be serviceable as a composition for shells. An
- explosive mixture is also formed by powdering separately, and mixing two
parts of the black sulphide of antimony with one part of chlorate of potash.’
‘'This composition, when dry, is exploded by friction or percussion, by heat, or by
the contact of concentrated sulphuric acid. It furnishes an‘instance of violent
combustion, at the expetse of the oxygen of the chloric acid. The needle-
gun powder of the Prussians has a somewhat similar composition. It con-
sists of five parts of chlorate of potash, three parts of sulphide of antimony,
and two parts of sulphur. 'T'hese substances are separately reduced to fine
powder, and are then carefully mixed without trituration.
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CHAPTER VIII.
OZONE. —ALLOTROPIC OXYGEN.—ANTOZONE.

History.—1In addition to the ordinary state in which oxygen is known to
chemists, it is believed to exist in another state—that of allotropic oxygen,
or, as it is generally called, OzoNE. It had been noticed that a peculiar
pungent odor, resembling that of phosphorus, was sometimes evolved on the
discharge of the electric spark—that litmus paper was reddened—that
starch-paper moistened with iodide of potassium was rendered blue: and
that paper moistened with potash, deflagrated when dry. These effects were
generally referred to the production of nitric acid by the oxidation of the
nitrogen of the air. In 1840, Schonbein of Bale announced that in the
electrolysis of water, this odorous body appeared at the positive pole of the
battery (if of platinum) and that it might be preserved in well-closed bottles.
He considered it to be an electro-negative element, and named it Ozone
(from &w, to smell.) In the Comptes Rendus for 1850, he described a
method of procuring it from phosphorus and ether, as well as its most
characteristic properties ; and announced that it was produnced in the atmos-
phere, especially during®*winter, as the result of electrical changes.

In a lecture at the Royal Institution, in June, 1851, Mr. Faraday gave an
account of Schonbein’s researches, with the results of his own observations.
Fremy and Becquerel in France, and Dr. Andrews and Dr. Tait in this
country (Phil. Trans., 1855-6) have since investigated the subject. [The
reader is also referred to an Essay by Dr. Scoutetten, entitled L’ Ozone, ou
U Oxygéne électrisé, Paris, 1856 ; and for a more recent account of Ozone
in its medical aspects, to a Paper by Dr. Moffat, read at the British Associ-
ation Sept. 1861.]

The results obtained by different observers tend to show that ozone is
oxygen in an altered state; and that this conversion may be produced by
the electric spark (when, silently discharged into dry oxygen)—by current
electricity in the decomposition of water, and by various chemieal processes;
further, that however produced, the properties are the same. The principle
evolved is characterized by a peculiar odor, and by an intensely oxidizing
and bleaching power—so that substanees on which common oxygen produces
no effect, are rapidly oxidized on contact with air which contains only a
small portion of this odorous principle.

Preparation.—The most convenient method of procuring ozone, or rather
an ozonized atmosphere, is to place in a large bottle of air, which can be
completely closed, a stick of phosphorus freshly scraped. Sufficient distilled
water should be poured into the bottle to partially cover the phosphorus ;
the vessel should then be closed with the stopper, and kept in a room at a
temperature between 60° and 70°. The phosphorus is oxidized in the bottle
in the usual way; and during this process of oxidation, a portion of the
oxygen passes to the state of ozone, and is diffused through the air of the
bottle. It is only in the slow oxidation of phosphorus at a low tempera-
ture that ozone is met with as a product. When this metalloid is oxidized
at a high temperature, as in the production of phosphoric acid by combustion,
no ozone is found The usual test for the presence of ozone is a slip of
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paper moistened with a solution of starch and jodide of potassiam. (.See
page 114.) When ozone is present, this paper, on immersion, acquires a
blue color, owing to the oxidation of the potassium and the production of
iodide of starch. If a similar slip of paper is put into a similar bottle of air,
containing distilled water withont phosphorus, no change is produced. In
a warm room, the evidence of the presence of ozone in the bottle is usually
procured in about ten or twelve minutes; but the maximum quantity of
.ozone is found in it in from two to ten hours. Only a small part of the oxy-
gen (from 1-50th to 1-200th) appears to undergo this change ; aund if long
kept, the ozone may be lost by combining with ‘and oxidizing the phos-
phorus : hence the phosphorus should be removed by inverting the bottle in
water 8o soon as the test-paper is strongly blued. The ozonized air will
then preserve its properties for several days. So if the iodide-paper be left
in the bottle, the blue color will after a time disappear, by the ozone com-
bining with the iodine to form iodic acid. It is not produced in dry oxygen,
nor in humid air or oxygen, when mixed with certain gases or vapors which
prevent the oxidation of phosphorus ; but it appears to be more readily pro-
duced, caeteris paribus, when oxygen is mixed with nitrogen, hydrogen, or
carbonic acid. By washing and decantation, the ozonized air, which is quite
insoluble in water, may be deprived of the phesphorus-vapor associated with
it, and kept in well-closed bottles. It is speedily lost by diffusion. = Graham
found that ozone traversed dry and porous stoneware. Ozone may be pro-
duced on a small scale, by placing a piece of phosphorus with water in a
watch-glass and inverting over this another glass containing the test-paper
or liquid.

Ozone is produced by passing the electric spark silently into pure and dry
oxygen. Fremy and Becquerel found that pure oxygen, contained in a sealed
tube, when treated for a sufficient time with a series of electric sparks, under-
went a complete conversion into ozone, as the whole contents of the tube
when broken were absorbed by a solution of alkaline iodide, in which it was
immersed. In the electrolytic decomposition- of water the oxygen at the
positive pole has ozonic properties, provided the poles employed are of gold
or platinum. The hydrogen evolved gave no indication of ozone. Faraday
found that a mixture of iodide of potassium and starch was decomposed at
the -positive pole, even after the gaseous oxygen had been made to pass
through a tube containing a layer of cotton soaked in a solution of potash.
The object of this arrangement was to arrest any acid which might be simul-
taneously produced, and thus lead to the decomposition of the iodide. Dr.
Letheby found that the ozone thus evolved at the positive pole possessed the
same power of coloring strychnia or aniline as the oxygen (ozone) liberated
by sulphuric acid from the peroxides of manganese and lead, and from chro-
mic acid.

In 1850, Schonbein found that ozone was a produet of the slow combustion
of ether. If a small quantity of ether is poured into a jar or bottle, and a”
clean glass rod, or small iron bar, heated to about 5009, is introduced, acid
vapors are given off which redden wetted litmus paper at the mouth of the
Jar, and which set free iodine frow iodide of potassium, causing the blueing
of starch-paper impregnated with this salt. After the removal of the rod or
bar several strips of paper successively introduced into the jar will undergo
the same change. Clean platinum, and even copper, will produce similar
effects. The residuary ether in the jar at the Same time acquires new pro-
perties. It bleaches sulphate of indigo, and converts chromie into blue per-
chromic acid (owing to the presence of antozone or peroxide of hydrogen).

If the rod or metal used in this experiment is too strongly heated, the
ozone formed is reconverted into oxygen; and if it is not sufficiently heated,
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no ozone is produced. In either case the tests fail to show the presence of
an oxidizing body. It has been suggested that the results of this experi- °
ment are explicable-on the supposition that the nitrogen of the air is burnt,
or oxidized at a low temperature, and converted into nitric acid ; but the fact
that they are not observed at temperatures at which ozone cannot, and nitric
acid can, exist; and further, that the ether itself undergoes changes which
admit of no explanation on this hypothesis, are circumstances adverse to this
view. Asa permanent source of ozone, Boettger has recently suggested that

" a mixture should be made of two parts of permanganate of potash and three
parts of sulphuric acid. The pasty mass thus produced will, he states, con-
tinue to give off ozone for several months. (Chem. News, Aug. 1861.) The
effects in this case have been referred to the presence of chlorine. (Ckem.
News, Oct. 26, 1861.)

Properties.—1It has been found that in whatever manner ozone is produced
its properties are the same. It is insoluble in water, alcohol, and ether.
‘When much dilated with other gases, it is destroyed by agitation with a
large quantity of water. It is readily dissolved by a solution of an alkaline
iodide, converting it into iodate, and it is absorbed by leaf silver in a humid
state. It decomposes the protosalts of manganese (sulphate and chloride),
producing peroxide, and causing a brown stain on paper immersed in these
solutions. Silver leaf, on which common oxygen has no action is, when
wetted and exposed to ozonized air, slowly oxidized, and the ozone disap-
pears. Andrews found that dry silver, whether in leaf or filings, entirely
destroyed ozone when prepared by electrolysis or by frictional electricity,
and that mercury had also the property of absorbing it. Thin films of metal-
lic arsenic and antimony are oxidized by it—the arsenic is rapidly converted
into arsenic acid and disappears. This experiment, which serves to distin-
guish a deposit of metallic arsenic from one of antimony, may be thus per-
formed. Place a watch-glass, containing the deposit of arsenic, over another
containing a clean slice of phosphorus with a few drops of water. In a few
hours the arsenical deposit will entirely disappear, forming arsenic acid.
Peroxides of manganese, silver, lead, and iron, as well as oxide of copper,
destroy it, or rather convert it into oxygen. Among other reactions, the
sulphides of lead and silver are changed into white sulphates, and cyanide of
potassium into cyanate of potash, while the yellow ferrocyanide is converted
by it into the red ferricyanide of potassium.

Organic substances are variously affected by it. Vegetable colors are
bleached or altered. Blue litmus is bleached without being first reddened.
The color of sulphate of indigo is discharged when the liguid is shaken with
ozonized air. Filtering-paper, soaked in aniline or pyrogallic acid, is rapidly
tarned brown. Andrews found that caoutchouc and cork are rendered brit-
tle and destroyed. Besanez noticed that uric ‘acid in water, when shaken
with ozonized air, was dissolved and changed into urea and allantoin. (Z2¢p.
de Pharm., 1859, and Chem. News, 1,37.) He also found that ozone readily
entered into combination with tannic acid, and that oxalic acid was a pro--
duct of this union. The milky white precipitate of guaiacum resin produced
by adding a few drops of the tincture to a guantity of distilled water, is ren-
dered blue or of a pale bluish-green color, when shaken with ozonized air.

- All these chemical changes are due to oxidation ; and oxides alone result.
In many respects ozone resembles chlorine. It readily displaces hydrogen,
.oxidizing it as well as the ra@lical with which it is associated. It will even
combine with nitrogen at common temperatures, when in contact with water
and a base. Ozonized air, placed over lime-water, produced nitrate of lime,
and from this compound, nitre was procured by double decomposition
(Schonbein). It oxidizes ammonia, and sulphuretted bydrogen gas, and
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converts nitrous and sulphurous, into nitric and sulphuric acids. It acts as
a powerful disinfectant, and its influence in the atmosphere is considered to
be exerted in oxidizing and destroying foul effluvia. It is at any rate diffi-
cult to procure evidence of the presence of ozone in the vicinity of these
effluvia, or in densely populated places; and it is equally difficult to under-
stand how ozoue, in a free state, can be to any extent diffused through the
atmosphere, when its tendency to combine with all oxidizable snbstances is
proved to be so powerful.

Although ozone is not soluble in water, it appears to be dissolved by cer-
tain liquids. A solution of pure jodide of potassium readily dissolves it,
acquiring a yellow or brown color according to its strength. Todine is set
free so that this is not a true solution but a removal of ozone by oxidation.
Oil of turpentine, when long kept in contact with air, dissolves and fixes
ozone. If the oil thus changed is mixed with a solution of iodide of potas-
sinm, and the mixture is well stirred, it acquires after a time a yellow color,
owing to the ozone combining with the potassium and setting the iodine free.
The vapor of oil of turpentine in contact with phosphorus exposed to air and
water either removes the ozone as it is produced, or prevents its production,
for under these circumstances the oxygen of the air is not ozonized by phos-
phorus.  Oil of turpentine containing ozone has a bleaching power. When
shaken with a dilnted solution of sulphate of indigo the color is speedily dis-
charged. Other essential oils, such as those of cinnamon and cloves, have also
been found to absorb and fix ozone. Ether long kept in contact with air
contains ozone ; it decomposes a solution of iodide of potassium—bleaches
indigo, and has usually at the same time an acid reaction on test paper.
Ozone appears to be a constituent of the alkaline permanganates, and when
these are dissolved in water it exists potentially in a state of solution. The
destruction of the pink color of the permanganate of potash by organic mat-
ter, is probably owing to the separation of the oxygen as ozone. One drop
of a solution of the permanganate added to a mixture of jodide of potassium
and starch, produces the blue iodide of starch by oxidizing the potassium,
and the precipitated resin of guaiacum is rendered blue by it. Sulphate of
indigo is bleached by this liquid, and foul effluvia-are oxidized and lose their
offensiveness. An alkaline permanganate, under the name of ozonized water,
Condy’s liquid has been of late much used in medical practice as a deodorizer,
or as an oxidizer. The peroxide of manganese—one of the class of ozonides,
presents similar properties. The peroxide has no action on a solation of
iodide of potassium and starch ; but if a little acetic acid is added,-oxygen,
as ozone, is set free, and the liquid immediately acquires a blue color. If
diluted sulphate of indigo is substituted for the alkaline iodide, the color is
discharged. The compounds containing oxygen as ozone are possessed of
similar properties : they are called, by Schonbein, ozonides. The following
are the principal :—

Mn,0, PhO, CrO, Co,0,4 MnO,
Mn O, AgO, BiO, Ni,04

Among these, peroxide of lead appears to have a most energetic action.,
Without the addition of any acid, it instantly sets free iodine from iodide of
potassium, and bleaches a solution of sulphate of indigo. When one part of
dry sulphur is rubbed in a warm mortar with five or six parts of dry peroxide
of lead, the oxygen, as ozone, is suddenly given off with combustion of the
sulphur, and formation of sulphide of lead. i

Mr. Spencer enumerates the magnetic oxide of iron as one of the com-
pounds of this metal, containing oxygen in the state of ozone. He has
constructed a filter in which this mineral substance is the active material for

8
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the purification of water, by oxidizing and destroying. all organic matters
contained in it.

One of the most remarkable properties of ozone is, that from whatever
source it may be derived—it is reconverted into oxygen by a moderate heat.
If the heat be between 500° and 600°, the conversion is immediate ; at a
lower temperature (450°) it takes place more slowly. Andrews found that
no water was produced during this conversion, and that only pure oxygen
resnlted. Fremy and Becquerel have confirmed this result. This disposes
of the question, whether ozone is a higher oxide of hydrogen. It obviously
contains no hydrogen. Ozonized air passed through a tube heated as above
mentioned, produces the usual reaction on iodide paper dn entering the tube,
but has entirely lost this property when it passes out. Hence, while elec-
tricity converts oxygen into ozome—heat reconverts ozone into oxygen.
Electricity, in long-continued sparks, will also bring about this reconversion
into oxygen. Faraday has proved by experiment that when electrical dis-
charges are made through a heated platinum coil, no ozone is produced,
while, when the coil was allowed to cool, ozone reappeared with each spark.
These facts show not only that ozone is oxygen ; but also that the oxidizing
effects attributed to it in the varions modes of its production. cannot proceed
from the presence of nitric acid, hyponitric acid, or chlorine. A heat of
500° would not destroy the oxidizing action of these compounds.

‘When peroxide of manganese is heated, oxygen is said to be given off; but
ozone may, in this case, be actnally evolved, and converted into ordinary
oxygen by heat. (Schionbein.) Peroxide of manganese, iron, and lead,
absorb ozone, and convert it into oxygen at all temperatures. When either
of these compounds is mixed with chlorate of potash, and heated, it is well
known that oxygen is obtained from the chlorate at a much lower tempera-
tare than when the oxide of manganese or chlorate is separately heated ; but
no oxygen is evolved from the peroxide itself (see page 90). Schonbein
explains this singular phenomenon by assuming that the chlorate is a com-
pound of chloride of potassium and of oxygen as ozone ; and that this com-
bined ozone, like free ozone, is changed by the peroxide into oxygen, and is
thus readily separated from the chloride. The oxygen thus obtained, always
contains chlorine. It has the odor of this gas, bleaches litmus paper, decom-
poses iodide of potassium, and precipitates a solution of nitrate of silver. It
is probable that, in this case, the ozone displaces a portion of the chlorine
from the chloride, and that some manganate of potash is formed.

Peroxide of iron has even a more powerful effect by contact with the
chlorate. A thousandth part of the peroxide mixed with the fused chlorate,
was found to liberate oxygen abundantly ; and with one two-hundredth part,
the oxygen was evolved with great rapidity—the saline mass becoming incan-
descent. A mixture of one part of peroxide with thirty parts of chlorate,
when heated to the point of fusion, brought about an ignition of the mass
with an evolution of the gas almost amounting to explosion. (Pelouze et
Fremy, Op. ¢it.,1,194.) In this case, also, chlorine is set free, and probably
some ferrate of potassa is formed.

Tests.—Various methods are employed for testing the presence of ozone
in a gaseous mixture containing it. The iodide of potassium and starch
elsewhere referred to (page 111), is generally employed, and is known as
Schonbein’s test. It is thus prepared: One part of pure iodide (free from
iodate) is dissolved in two hundred parts of distilled water ; ten parts of
starch, finely powdered, are mixed with the solution, and the ligquid is gently
heated until it is thickened from the solution of the starch. White unsized
or sized paper is soaked in the liquid : the paper is dried, cut into slips three
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inches long by three quarters of an inch wide, and these are preserved in a
stoppered bottle. s .

When intended for use, a slip of the prepared paper is exposed to a free
current of air in a spot sheltered as much as possible from rain, light, and
foul effluvia, for a period varying from six to twenty-four hours. An inge-
niously constructed box for testing the atmosphere has been contrived by
Mr. Lowe (Proe. B. S., vol. 10, p. 537). By exposure, the paper becomes
brown, and when wetted acquires shades of color, varying from a pinkish
white and iron gray to a blue. ‘A chromatic scale, covering 10°, has been
contrived by Schonbein, with which the changes in the wetted paper may be
compared. Fremy recommends, as a test, white blotting-paper, soaked in
an alcoholic solution of gunaiacum, and dried in the dark. By exposure to
an ozonized atmosphere this paper acquires a bright blue color. Houzeau’s
test is a strip of litmus paper of a wine-red color, of which one-half has been
soaked in a solution of iodide of potassium in water, in the proportion of
oné per cent. As a result of exposure to ozonized air, the iodized portion
becomes alkaline, and the paper acquires a deep blue tint. The other por-
tion preserves its normal color ; and by showing an acid or alkaline reaction,
may reveal the presence of vapors in the air, which might otherwise be a
source of error.

As paper is fragile, slips of clean calico (containing starch), dipped in
iodide of potassium, have been substituted by Mr. Lowe. This gentleman
found that twenty-four hours’ exposure was required for-a satisfactory result.
The calico may be used dry, and wetted after the exposure is complete. The
iodized calico acquires various shades of a brown color, becoming pink, gray,
or blue, when dipped in water. Mr. Lowe observed that the strongest effect
was produced during the night, and at some elevation above the ground;
also that the months of January, February, and March, gave the largest
amount, both day and night. On a great number of days on which obser-
vations were made, there were no visible traces of ozone. Other observers
have found it to vary according to locality, the season of thé year, the hour
of the day, the direction of the wind, and the height of the place above the
level of the sea. It is seldom found in closely inhabited spots. In some
observations made at Brighton; Mr. Faraday procured evidence of ozone on
test-paper exposed to a current of air from the sea, close to the sea-shore,
as well as in the air of the open downs above the town ; but none in the air
of the town itself. Dr. Angus Smith could not detect ozone in the air of
Manchester ; but at a distance, it was easily recognizable when the wind was
not blowing from the town. Some strips of paper, prepared by the process
described (see above), were exposed in Southwark, and at Connemara, in
Ireland. At the former place, there was no change in twenty-four hours ;
while at the latter, the paper acquired a brown color in a few hours ; and on
dipping it into water it became blue. It has been objected to this mode of
testing, that the change in the alkaline iodine under these circumstances,
may be due to free ehlorine, bromine, iodine, or to nitric and other acids, or
even to some organic compounds diffused in the atmosphere, and not to
ozone. But it is to be observed, that the test-paper remains unchanged
exactly in those spots where such compounds would be likely to exist (7. e.,
in inhabited towns); while the chemical effect is observed to be at a maxi-
mum on open heaths, or downs, on the sea-coast, on the open sea, and on
lofty elevations, more than 20,000 feet above the surface of the earth, where
there is no conceivable source of such impurities in the air. It is possible,
too, as M. de Luea has suggested, that the nitric acid, even if really exist-
ing in the air of those places, may itself be the product of the oxidation of
nitrogen by ozone ; and this may be the source of nitric acid, often found in
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rain-water, and even in the atmosphere (Comptes Rendus, and Chemical
News, September 17, 1861, p. 136). The absence of any reaction for 118
days out of 365, and the greater effect by night than by day, in wet than in
dry weather, and in winter than in summer, show that these phenomena are
not due to the presence of such impurities in the air as those suggested. At
the same time, the presence of a large quantity of iodate of potassa in the
iodide nsed, may have been a fertile source of error. A discoloration of the
paper may then be produced by such compounds as sulphurous acid and
sulphuretted hydrogen.

Constitution.—Ozone has been proved to beoxygen in a changed condition.
Andrews found that peroxide of manganese in absorbing it, underwent no
sensible increase of weight although as much as 0'9 gr. were apparently
destroyed ; no water was produced. Hence it was transformed into oxygen,
merely by contact, and it could not have contained any hydrogen. In its
production by electrolysis, he also noticed that the active oxygen was exactly
equal to the entire weight of the ozone—and was therefore identical with it,
(Proc. R. 8., vol. 7, p. 476.) But experiment shows that oxygen under-
goes a remarkable condensation in this conversion. There is a reduction to
oue-fourth of the bulk, the density of ozone being 4:4224 compared with
that of oxygen as 1. When oxygen has been contracted in bulk by the
electric spark in the production of ozone, peroxide of manganese restores it
to its original volume (vol. 9, p. 608). In fact, the conclusion drawn by
the writer, is in accordance with the results of Schéonbein, Faraday, Becque-
rel, and others—that ozone, from whatever source derived, is one and the
same substance, and is not a compound body, but simply exygen in an altered
or allotropic condition.

Antozone.—While ozone is considered to be active oxygen in a — state
or &, antozone is active oxygen in a 4 state or (). It is less powerful as
an oxidizer than ozone, and appears to have a neutralizing action in it.

Antozone at present is believed to be a constituent of certain peroxides.
Of these compounds, Schonbein has furnished the following list, under the
name of antozonides :——

HO, Na,0% Sr0,.
KO, Ba 0,

In its action on alkaline iodines and in its bleaching properties, antozone
resembles ozone. The differences pointed out by Schonbein are not very well
marked. An ozonide evolves chlorine with hydrochloric acid ; gives a blue
color to the precipitated resin of guaiacum, and turns aniline (on paper)
red brown. It does not produce peroxide of hydrogen. An ozonide (MnOQ,),
with sulphurie acid, produces a rich series of purple colors with strychnia.
An antozonide (BaQ,) similarly treated does not. Although dealing with
peroxides in both cases, the oxygen, as it is evolved, must therefore be
different in its properties. The oxygen of an ozonide or antozonide,
produces effects which common oxygen does not produce ; and it is further
remarkable that these two oxygens, which appear to be in opposite polar
conditions, have the power of neutralizing each other on contact, and of
evolving ordinary oxygen in a pure state. Thus, when a few crystals of
permanganate of potash or peroxide of manganese is mixed with a solution
of peroxide of hydrogen, oxygen gas with its usual neutral properties, is
given off (MnO,4+HO,=MnO,+HO-0). There is, after the mixture, no
evidence of ozone—of ‘antozone or of allotropic oxygen in any form.
Two tubes filled with peroxide of hydrogen may be inserted over mer-
cury. Into one may be passed peroxide of manganese, and into the
other ecrystals of the permanganate of potash wrapped in bibulous paper.
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Oxygen is liberated in both cases, but with very great rapidity from the
contents of the tube containing the permanganate. When full, the tube may
be removed and the gaseous contents examined. An ignited splint of wood
is kindled into a flame, and starch paper moistened with oxide of potassium,
undergoes no change.* These mixtures therefore produce neutral oxygen.
If peroxide of barinm is substituted in this experiment for peroxide of man-
ganese, no oxygen is evolved. —

Peroxide of hydrogen added to a solution of iodide of potassium, sets free
iodine (by oxidation). Peroxide of barium will produce a similar change,
provided a few drops of acetic acid are added in order to set free antozone,
acetate of oxide of barium being formed. Peroxide of manganese produces
the same change on the.iodide only after the addition of acetic acid and in a
more intense degree. Permanganate of potash requires no addition of acid
for the oxidation of the jodide. A striking difference between the two classes
of oxides (ozonides and antozonides), is further indicated by the fact that a
mixtare of peroxide of barinm and acetic acid discharges the color of per-
manganate of potash, while a mixture of peroxide of manganese and acetic
acid has no effect on the permanganate. A mixture of either peroxide with
acetic acid will discharge the color of indigo; the peroxide of manganese
acting much more rapidly. The permanganate of potash discharges the
color of indigo completely, without requiring the addition of an acid.

One of the new methods of producing oxygen, elsewhere described (see
OxYGEN), is based upon this decomposition of an ozonide and an antozonide
in the presence of each other, by means of a diluted acid. The powder
called Oxygennesis, is a mixture of peroxide of barium with bichromate of
potash. The addition of diluted sulphuric acid with the aid of heat, liberates
neutral oxygen. :

Antozone-in the state of vapor or gas is unknown. Peroxide of hydro-
gen, which will be described in a future chapter, may be taken as the type of
liquid antozone, and peroxide of barium as the type of solid antozone. Per-
oxide of barium, when mixed with solution of iodide of potassinum and acetic
acid is added, sets free iodine by oxidizing the potassinm. It also bleaches
indigo, but it does not produce a blue color with precipitated guaiacum
resin, and it does not produce the blue or purple colors with-strychnia which
are produced under similar circumstances by peroxide of manganese, lead,
and other compounds of the ozonide class

If, according to Schonbein’s theory, oxygen is thus redaced from its posi-
tion as an elementary body, and it is really a compound of ozone and anto-
zone, it should follow that whenever ozone’ is produced antozone mnst also
be a product. In one of his published papers, Schonbein has stated, that
in the ordinary production of ozone by phosphorus and water, so soon as the
ozone appears, peroxide of hydrogen (HO,, or antozone) may be detected
in the water in which the phosphorus is immersed. By agitating the phos-
phorus with the water, he found that this liquid acquired the property,
which it possesses in common with ozone, of oxidizing potassium, and
setting iodine free from the iodide. In his view, by mere contact with
phosphorus, neutral oxygen is split or decomposed into two oppositely
active conditions—the positive oxygen being absorbed by the water, to form
peroxide of hydrogen, whilst part of the negative oxygen escapes, on
account of its gaseous and insoluble nature, into the atmosphere above the
phosphorus. The greater part, however, combines to form phosphorous acid,
which, like phosphorus itself, can remain in contact with peroxide of hydro-
gen without abstracting its active oxygen. (Chemisch. Cent. Blatt, Jan.
1860, and Chemical News, Feb. 11, 1860.) When pure oxygen is converted
into ozone by electricity, it is probable that antozone is also produced, and
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that by continuing the electric sparks, or increasing their intensity, these
bodies are reconverted into ordinary oxygen. When ether-vapor and air
are combined, at a heat below 500°, ozone is produced in the surrounding
air, while antozone (peroxide of hydrogen) is dissolved by the ether, giving
to it bleaching properties, and a power of peroxidizing chromic acid. The
nearest condition to purity in which antozone has been yet found, is in
peroxide of hydrogen, obtained by the substitution of hydrogen for barium
in the peroxide of that metal. (See Peroxide of Hydrogen.) While this
theory appears to account for many curious facts which have hitherto been
vaguely referred to action by contact or presence, it fails to explain satis-
factorily all the phenomena. In the ozonized air obtained by the 6xidation
of phosphorus, the antozone is held dissolved by‘the water ; but the ozone
in ozonized air may itself be eonverted into oxygen by mere heat above
500°; hence the presence of antozone to produce neutral oxygen is not
always necessary. So the ozone evolved from mixtures of the peroxides of
manganese and iron with chlorate of potash, is converted into oxygen by
heat, without reference to the presence of antozone. :

CHAPTER IX.
HYDROGEN (H=1).

History.—In the form of water and aqueous vapor, hydrogen is universally
diffused over the globe. One-ninth part of this liquid by weight consists of
hydrogen ; and it is from this source that the gas is readily and abundantly
procured. The name of the element is derived from the Greek #8wp, water,
and yevvdw, to produce. Hydrogen is held with such affinity by oxygen and
other bodies, that it is not found in nature in the free state. Bunsen states
that he found it in a mixture of gases, collected by him in 1846, from the
voleanic distrief of Nimarfjall, in Iceland. It existed in the proportion of
45 per cent. Hydrogen is an important constituent of animal and vegetable
matter, entering largely into the composition of flesh and woody fibre. 1In
union with carbon, it forms a large number of gaseous, liquid, and solid
compounds, known as the class of hydrocarbons. Associated with carbon
and oxygen, it is a constituent of inflammable substances, snch as alcohol
and ether. Hydrogen appears to have been first examined in a pure state
by Cavendish in 1766 (Phkil. Trans., vol. 56, p. 44). Previously to this it
had been confounded with several of its compounds, under the name of
inflammable air.

Preparation.—The best method of procuring hydrogen is to place in a
flask, provided with a bent tube ground to fit the neck—one part of granu-
lated zine, four to five parts of water, and one part of strong sulphuric acid.
There is a brisk effervescence arising from the rapid escape of the gas. This
should be reduced, if too violent, by the addition of more water. It isa
singular fact that, the purer the zine, the less energetic is the chemical
action ; and, indeed, pure zinc is scarcely affected by the acid. The gas
may be collected in the ordinary water-bath. The first portions are always
contaminated with air, and at least three times the capacity of the flask used,
should be rejected before the gas is collected for experiment. To ascertain
whether the hydrogen is quite free from air, a few bubbles may be passed
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into a jar containing deutoxide of nitrogen placed over the bath. If no
red fumes are produced, the gas is sufficiently pure for collection. The
‘chemical changes which take place may be thus represented, SO, HO4-Zn=
7Zn0,80,4-H. The hydrogen, which is thus displaced by the metal zinc, is
entirely derived from the decomposition of water, and as the gas is searcely
dissolved by this liquid, it is readily collected in-large quantity. A cubic
inch, or rather more than half an ounce of water by measure;—containg
twenty-eight grains of hydrogen, representing 1350 cubic inches, or about
five gallons of the gas. In place of a tubulated flask, a wide-mouthed bottle,
provided with a funnel-tube for pouring in the acid, and a bent delivery
tube for the escape of the gas, may be employed |

Other methods have been suggested for procuring hydrogen, but they are
seldom resorted to. Thus, iron has been substituted for zine, but the gas is
much less pure, and has generally an offensive smell from its producing an
oily volatile compound by uniting with the carbon of the iron ; snlphuretted
hydrogen and other impurities may also be present. 2. Hydrogen may be
obtained by passing the vapor of water over iron-turnings or wire, heated to
redness in a porcelain tube. In this case the iron is converted into magnetic
oxide [8Fe+4HO=Fe,0, (magnetic oxide) +4H]. 3. It may be obtained
by introducing a ball of sodium or potassium, wrapped in paper, into a stout
jar full of water, placed over the water-bath. Hydrogen is here evolved
withont the intervention of an acid, and an alkali is produced (Na+HO=
NaO+H.). The hydrogen of water may be set free by alkalies as well as
by acids in their reaction on metals. Thus aluminum in a strong solution of
potash liberates the hydrogen and appropriates the oxygen (2A1+KO+
3HO=A1,0,4+K0+3H).

As both zinc and sulphuric acid are freqnently contaminated with arsenic
and sulphur, hydrogen, as it is usually obtained, is very impure. The purity
of the materials may be determined by generating the hydrogen in a bulb-
tube, and passing the gas into diluted solutions of nitrate of lead and nitrate
of silver. A- brown discoloration of the lead indicates sulphur, while a
brownish-black precipitate in the silver solution indicates arsenic, phos-
phorus, or antimony. In order to determine whether the impurity is in the
zinc, some of the metal should be treated with sulphuric acid of known
purity, and the gas thus produced separately tested. The presence of
arsenic in hydrogen is a dangerous contamination ; the poison is not only
set free during combustion, but if the gas should be accidentally breathed,
it may cause serious symptoms, and even death. A Daublin chemist lost his
life a few years since by inhaling hydrogen thus eontaminated with arsenic ;
the purity of the sulphuric acid had not been previously tested. The abso-
lute freedom of hydrogen gas from arsenic, antimony, phosphorus, or sulphur,
may be proved by introducing into a jar, with its mouth downward, a slip of
filtering-paper, moistened with nitrate of silver. The paper should not be
discolored in the gas, if pure. o il

In order to procure pure hydrogen, pure materials should not only be used,
but the gas should be collected over mereury. Hydrogen may be freed from
all the usual impurities by passing the gas, before collection, through two
U-tubes, both containing broken pumice—in the one tube, impregnated with
a solution of potash, in the other, with a solution of corrosive sublimate. In
the first tube, the compounds of sulphur and carbon are separated, and in
the second, those of arsenic and phosphorus. Hydrogen may be obtained
perfectly dry by caunsing it to traverse a third tube containing chloride of
caleium, after it has left the purifying apparatus. It is better however to
select pure materials. Very pure distilled zinc may now be procured, and
this shoald be always employed when the hydrogen is required to be abso-
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lutely pure, as for the detection of arsenic. = Magnesinm, which may now be
procured at a comparatively cheap rate, produces pure hydrogen abundantly,
when put into pure sulphuric acid diluted with a large quantity of water.
It forms at the same time as a product a useful medicinal salt in the sulphate
of magnesia. Magnesinm is probably destined at no distant date to take
the place of zinc in many chemical processes, and especially in the construc-
tion of voltaic batteries.

The hydrogen liberated by the electrolysis of water from platinum surfaces
(see WATER), may, when dried, be considered as absolutely pure. In this
form, hydrogen has been employed by Mr. Bloxam for the separation of
arsenic and antimony from organic liguids.

Properties.—Hydrogen is a gas which has not yet been liquefied by cold or
pressure : it is not dissolved by water, unless that liquid has been previously
deprived, by long boiling, of common air, in which case 100 cubic inches
dissolve about 1.5 cubic inches of the gas. When perfectly pure it has
neither acid nor alkaline reaction, has no taste, and is inodorous: but as
it is commonly made, it has a slightly disagreeable smell from traces of
foreign matters associated with it. It may be respired for a short time,
although it is fatal to small animals. It does not act as a poison, but canses
death by suffocation, . e., by the exclusion of oxygen. As a substitute for
nitrogen in atmospheric proportions with oxygen, it has been breathed for
some time without any other effect than that of producing a slight tendency
to sleep. The intensity of sound is greatly diminished in an atmosphere of
hydrogen. Leslie, indeed, found that the sound was more feeble than the
rarity of the gas, compared with air, would have led him to expect. He
placed a piece of clock-work by which a bell was struck every half minute,
under the receiver of the air-pump, and, after exhausting the air, filled the
receiver with hydrogen ; but the sound was then even feebler than in the
highly rarefied atmosphere. (Ann. Philos., 2d series, 4, 172.) It is stated
that sound moves at least three times as fast in hydrogen as in air.

Hydrogen gas is the lightest known form of matter. It is 14.4 times
lighter than air, and 11,000 times lighter than water. In consequence of its
extreme lightness, it is difficult directly to determine its weight with accu-
racy by the common process; but the researches of Berzelius and Dulong,
and of Dr. Prout, lead us to infer that its specific gravity, compared with
oxygen, is as 1 to 16 : 100 cubic inches, therefore, of pure hydrogen gas at
mean temperature and pressure weigh only 2:14 grains, and, compared with
air, its specific gravity would be nearly as 7 to 100, or more correctly as
0-0691 to 1. DBoussinganlt and Dumas have shown that the density of hydro-
gen is between 0°0671 and 0 0695. (Ann. Ch. et Phys., 3d series, 8, 201.)
At a temperature of 32°, 100 cubic inches weigh 2:22756 grains. (THOM-
soN.) It has the highest refracting power of ail the gases. Compared with
air it is 6614 to 1000. In relation to magnetism, it was found by Faraday
to be diamagnetic ; a vacuum béding 0°0, hydrogen was 0-1. In the mag-
netic field, a tube containing it assumed an equatorial position, or pointed
east and west. Its specific heat, compared with an equal weight of air, was
12:340 to 1000. In its electro-chemical relations hydrogen is strongly posi-
tive, and in electrolysis it always appears at the negative pole. It displaces -
the metals under these circumstances, and enters into combination with the
oxygen or salt radical. This is one of the facts which is considered to favor
the hypothesis that hydrogen itself is the gaseous state of a metal perma-
nently volatile at the lowest temperature.

The low specific gravity of hydrogen may be illustrated by substituting
it for common air, in soap-bubbles, which then rapidly ascend in the atmo-
sphere, and may be kindled by the flame of a taper. This property led to
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its employment formerly in the inflation of balloons, but of late years coal-
gas has been substituted. Swmall balloons, made of gold-beater’s skin, or of
collodion, when filled with pure hydrogen, dried by passing it through a
tube containing chloride of caleium, rise in the air, their specific gravity
being inferior to that of the surrounding atmosphere. This gas has a remark-
able penetrating power. It rapidly traverses porous septa of unglazed
earthenware—animal membrane or caoutchoue, and it will pass through tubes
of red-hot platinum. A current of hydrogen issning from a jet, traverses
white blotting paper as readily as if there were no obstacle to its passage.
Spongy platinum placed on the paper is soon made red-hot by the gas which
passes throngh the paper.

Hydrogen is itself inflammable, but it extinguishes lame. When pure, it
burns quietly, with a pale yellowish flame at the surface in contact with air ;
but, if mixed with twice its volume of air, it burns rapidly and with
detonation.

The phenomena of its combustion vary according to the mode in which
the experiment is performed, but the product is always water (HO)—the
hydrogen at a high temperature taking the oxygen from the atmosphere. If,
by withdrawing the glass plate from a jar, a slight aperture only is made,
the gas may be kindled without explosion, and by the gradual withdrawal
of the plate it will burn quietly, and with. a scarcely visible flame, until all
is consumed. If the gas is kindled, as the cover is suddenly removed, it
always burns with explosion by its rapid admixture with air in its great
tendency to diffuse. If the cover be entirely removed, and the lighted taper
be held six or eightinches above the mouth of a jar, there will be an interval
before combustion takes place, and the gas will then barn with a loud explo-
sion. The following experiment may serve as another illustration. Drop a
piece of potassium into a stout jar containing hydrogen gas, having a stratum
of an inch of water at the bottom. The potassium at first decomposes the
water without producing flame ; but, in a few seconds, the air rushes in to
supply the place of a portion of the hydrogen which has escaped, and the
mixture is then kindled by the burning potassium with a loud detonation.
This experiment may be performed with perfect safety in a stout glass jar,
eight inches deep and two or three inches wide. It illustrates the decompo-
sition of water by a metal, and its recomposition by the union of its elements
at a high temperature.

It has been stuted that hydrogen extinguishes burning bodies; in other
words, that it does not support combustion. To prove this, the jar contain-
ing the hydrogen must be inverted. A large jar filled with the gasg, having
its open end downward, may be brought over a lighted taper, supported on
a wire. The gas is instantly kindled, and burns at the mouth of the jar.
By depressing the jar over the taper this will become extinguished, and the
blackened wick will be seen in the midst of the hydrogen, which is burning
below. The taper may be relighted by raising the jar, and again extinguished
by depressing it, an experiment which may be repeafed several times. There
are other interesting experiments which prove that hydrogen is not a sup-
porter of comhustion in the ordinary meaning of these terms. Place a piece
of phosphorus in a small saucer floating in a vessel containing a thin stratum
of water. JKindle the phosphorus, and, when fully burning, cover it com-
pletely with a jar of hydrogen as with an extinguisher. The hydrogen is
inflamed at the mouth of the jar, but, with the flame of the phosphoras, it is
extinguished when the jar is plunged beneath the water. In place of phos-
phorus, a piece of camphor may be employed with like results. . Paper im-
pregnated with a solution of nitrate of potash, when dried, ignited, and
introduced into a jar of hydrogen, is extinguished. A certain degree of heat
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is requnired for the kindling of this gas in air. Tt is not inflamed by an iron
bar heated to dull redness, but is immediately kindled at a bright red heat.
During combustion, hydrogen combines with eight times its weight of oxygen,
producing a more intense degree of heat, weight for weight, than any other
combustible. (See page 106.)

Hydrogen, when mixed with air, and inflamed by a taper or the electric
spark, burns with a loud explosion. Cavendish found that the loudest ex-
plosion was produced by mixing one volume of hydrogen with three of air,
or two volumes with five of air.  One of hydrogen with nine of air burned
very feebly, and four of hydrogen with one of air burned without explosion.
(Phil. Trans., 56.) If, instead of employing a mixture of hydrogen and
atmospherice air, two volumes of hydrogen are mized with one of oxygen,
and inflamed in a stout jar, the explosion is extremely violent ; but if the
mixture be diluted with eight measures of hydrogen, or with nine of oxygen,
it no longer explodes. The cause of this violent explosion is owing to the
sndden conversion of a large volume of mixed gases into liquid water by con-
densation. As 528 cubic inches of mixed gases produce only 04 cabic inch
of liquid water at 60°, there is a diminution in volume to 5g';5th part. A
vacuum is thus produced into which the air suddenly rushes, producing a
loud sound. There is, however, in the first instance, expansion by the heat
of combustion, and this is instantly followed by a condensation of the pro-
duced steam or agueous vapor.

The inflammability and low specific gravity of hydrogen are shown in the
following experiments : Let a jar filled with this gas stand for a few seconds
with its mouth upwards; on introducing a lighted taper, the gas will be
found to have escaped, and to have been replaced by common air. Place
another jar of the gas inverted, or with its mouth downward ; the gas will
now be found to remain a much longer time in the jar, being prevented from
escaping upwards by the bottom and sides of the vessel. A jar of this gas
may, for the same reason, be removed with its mouth downwards from the
water-bath without a cover, and thus transported to a considerable distance.
It may then be inflamed and burnt, by bringing the open mouth over a
lighted candle. Place a bell-jar having a narrow neck and containing hy-
drogen, so that the wide open-end may rest on three cubes. "The jar may be
removed from the bath, as in the previous experiment, without any cover.
Remove the stopper and ignite the gas. It will burn with a fierce flame as
the hydrogen is forced through the neck by the pressure of the external air
beneath, and it will finally produce an explosion, but without any danger,
owing to the last portions of the gas being mixed with the air in explosive
proportions. If a piece of paper dipped in a solution of nitre and dried, is
burnt under the mouth of a jar of hydrogen, it will be found that the smoke
produced will float in a clond below the gas, owing to the lightness of the
hydrogen. A jar of air held over another containing hydrogen, from which
the cover is then removed, will catch the hydrogen as it ascends. The ap-
plication of a lighted taper will show its presence in the npper jar and its
absence in the lower jar, in which it was originally contained. Hydrogen
may, in fact, be decanted, as it were, per ascensum, from one jar into another
held above it. Thus, if a light bell-glass be suspended with its mouth down-
wards to one end of a scale-beam, and accurately counterpoised, it will be
found, on placing a jar of hydrogen gas (closed by a plate of glass) under
neath it, that the hydrogen, on removing the glass plate, will ascend into
the bell, and by its lightness cause the counterpoise to sink ; the hydrogen
may afterwards be inflamed by a taper introduced into the counterpoised
bell. A large bell-glass, suspended, may be filled with hydrogen by dis-
placement—¢. e., by opening one or two large jars of the gas beneath it, and
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allowing the hydrogen to ascend. If a bell be struck with a hammer in this
atmosphere of hydrogen, it will be at once perceived how much the ordinary
sound is reduced. A small shade, mounted on a handle, and introduced into
this atmosphere of hydrogen, with its mouth downwards, will, after a few
minutes, be filled with hydrogen by displacement. This may be transported
to a distance, and kindled over a flame. The gas, owing to the admixture
of air, will burn with a slight explosion.

If hydrogen is generated in a bottle, provided with a glass tube drawn
out to a capillary point, it may be burnt in a jet at the end of the tube (tke
Philosopher’s lamp) ; but care should be taken not to insert the cork with
the jet until all the air has been removed from the bottle by the free escape
of the gas. The hydrogen burns at first with a long pointed yellowish
flame, which may be proved to be hollow like other flames (see p. 107).
Although the light is feeble the heat is intense. Fine platinum wire is made
white hot in an instant, and sometimes melted. Fine iron wire is rapidly
consumed by combustion with the surrounding air, and glass is speedily
melted. If a cold glass vessel be brought over the flame, the interior is
speedily covered with the condensed vapor of water—the result of combus-
tion; and, by a condensing tube, the water thus generated may be easily
collected and tested. If, while the gas is burning, a tube from half an inch
to two inches in diameter, and twelve to twenty inches long, open at both
ends, be brought gradually over the flame, the flame becomes elongated,
acquires a bluish tint at the mouth of the jet, and a peculiar sound is heard,
varying according to the diameter of the tube. This forms what has been
called a chemical harmonicon or hydrogen music. It arises from the vibra-
tion of the column of air within the tube, produced as a result of a rapid
succession of slight explosions during the combustion of the gas. The tone
varies in pitch with the length and diameter of the tube; and singular effects
may be produced by employing for the experiment the tube of a broken
retort. If, while the sound is issuing, a tube of larger size is placed at dif-
ferent heights over the tube in which the hydrogen is burning, there will be
remarkable modifications of the sound. A small flame is better fitted for the »
production of this phenomenon, but, if too small, the flame may be extin-
guished by the strong current of air passing through the tube.

We may make use of this flame for the purpose of testing the purity of
the gas. If a piece of cold glass or white porcelain be suddenly depressed
on the point of the flame, an§ the gas is pure, there will be no stain or de-
posit. Nothing but a film of water will be perceived. If there be the
smallest trace of arsenic or antimony in the gas, there will be a brown or
blackish stain, more distinctly visible on the surface of porcelain than on the
glass. DBy bending the tube at a right angle, and applying a strong red
heat, by means of a spirit-lamp, to the horizontal portion, the presence of
any foreign matters will be revealed. All the gaseous compounds of hydro-
gen are decomposed at a full red heat ;—the gas passes off, and the solid
impurity is deposited in a cold part of the tube. In this way the presence
of the minutest traces of sulphur, arsenic, antimony, phosphorus, or selenium
may be detected. A film or ring of the substance, recognizable by its color
or metallic lustre, will be perceptible. As a proof of. the facility with which
hydrogen combines with these contaminating substances, it may be men-
tioned that when the pure gas is allowed to pass through a connecting piece
of valcanized rubber tubing, it will combine with a portion of sulphur, which
may be re-obtained in a solid state by the method of testing above described.

In discussing the nature of flame, and the causes of its luminosity and
heat, allusion has been made to the high temperature of that of hydrogen.
This gas is occasionally employed for exciting intense heat; aund, when
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mixed with oxygen, and burned as the mixture issues from a small jet, it
produces a temperature nearly equal to that of the arc of flame in the voltaic
cirenit. A Dblow-pipe upon this construction was first made by Newman,
and afterwards improved as to its safety, by Professor Cumming, of Cam-
bridge. (Journal of Science and the Arts, 1, 617, and 2, 380.) Hemming’s
safety-tube has also been used in these experiments. (See Phil. May., 3d
series, 1, 82.) An excellent mode of obtaining intense heat by the combus-
tion of oxygen and hydrogen, consists in propelling the two gases, in their
proper proportions to form water, from separate air-holders through a burner
composed of two concentric tubes: a good form of such a burner has been
deseribed by Daniell.  (Phil. Mag., 3d series, 2, 57.) The apparatus for
this purpose has been further improved by Maugham, especially as relates to
its application to the solar microscope. (Zrans. Soc. Arts, &e., vol. 50.)
The gases are now forced into a small ¢chamber, terminated by a platinum jet,
from which they are burnt. The heat is such that it is capable of fusing and
even volatilizing platinum ; it caunses the melting of rock crystal, as well as
alumina or clay. In this and similar cases where the inflammable gas is
mixed with oxygen, the nature of the flame is materially altered, the com-
bustion being entire throughout the body of the flame, and not limited to
the film in contact with air. Hence, under these circumstances, the quantity
of the combustible consumed, and the quantity of oxygen combining with it in
a given time, are greatly increased. Owing to this perfect mixture of oxygen
and hydrogen, the flame may be described as solid, possessing an intensely
heating and penetrating power. Although scarcely visible in itself, the
flame, when received on lime, asbestos, or platinum, emits an intense light
(see page 101). s .

Lime was first used by Lieutenant Drummond as a source of light, with
the oxyhydrogen jet, in 1826. (Phil. Trans. 1826, p. 324.) By means of it,
in the Triangulation survey, he successfully connected the opposite shores of
England and Ireland at or about Holyhead, a distance of sixty-four miles.
In Scotland, he obtained a successful result on the summits of Ben Lomond
and Knock Layd, a distance of ninety-five miles. (Gas-Lighting Journal,
Jan. 1860.) Dr. Miller states that the Drummond Light has heen seen at a
distance in a right line of 112 miles. Coal-gas, and other inflammable gases
and vapors, when mixed with oxygen in their combining proportions, burn,
for the same reason, with what may be described as solid flames. As coal-
gas, by being overheated in its manufacture, is converted in great part into
hydrogen, it is not only substituted for this gas in aérostation, but also in
producing the lime-light; so that, except for purely scientific purposes, the
more costly oxyhydrogen flame need not be employed as a source of light.

‘Compounds.—The range of combination of hydrogen is not so extensive
as that of oxygen. It forms with metallic and non-metallic bodies the class
of Hydrides. 'The hydrides of the metals are few in number, those of arsenic
and antimony being the principal. There are three other metals which form
temporary combinations with hydrogen—namely, potassium, tellarium, and
zine, Among non-metallic bodies it forms an alkali with nitrogen ; neutral
componunds with carbon and phosphorus; and acids (the class of Aydracids)
with chlorine, bromine, iodine, sulphur, selenium, fluorine, and cyanogen.
These compounds are, for the most part, products of art. At a red heat,
hydrogen is a powerful reducing agent; thus it readily decomposes the
oxides, chlorides, and sulphides of some of the metals, combining with the
oxygen, chlorine, or sulphur, and setting free the metal in a pure and finely-
divided state. A current of dry hydrogen passed over oxide of copper, or
oxide of iron, heated to redness in a tube, takes the oxygen to form water,
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which may be collected in a condensing bulb, or tube. The quantity of
oxygen contained in the dry oxides may be thus determined.

Equivalent.—The equivalent, or combining weight, of hydrogen, is, by
most English chemists, taken as unity—1: it is the standard with which the
atomic weights of all other bodies are compared. Its volume equivalent in
gaseous combinations is double that of oxygen, and has been variously
assigned as two volumes or one. We can perceive no snfficient reason for
departing from the simplicity of the rule hitherto received, that hydrogen
shall be regarded as representing unity by volume as well as by weight. To
assume that there are two standards, and that hydrogen represents weight,
while oxygen represents volume, presents no advantages in the construction
of chemical formule, or in the explanation of chemical facts.

Tests. Special Characters.— As a gas, hydrogen is easily identified: 1, by
its inflammability, and the production of wateras a result of its combustion :
2, by its lightness: 3, by its insolubility in water, in solution of potassa,
and in all liquids: 4, when free from oxygen, by its giving no red vapors
when mixed with deutoxide of nitrogen ; and by the mixture, in equal parts,
burning without explosion, with a greenish-white flame : 5, by its being
entirely converted into water when mixed with half its volume of pure
oxygen, and the gases are combined by the electric spark, by heat, or by the
action of spongy platinum. For the detection of hydrogen, when in intimate
combination with carbon and oxygen in organic compounds, another process
must be resorted to. Hydrogen, it is well known, at a red heat, decomposes
oxide of copper, and is converted into water (see p. 128). The organic
substance (starch) is first deprived of water by complete desiccation. It is
then mixed with dry oxide of copper, placed in a tube, and heated to redness.
The water produced is collected by passing the products through a balanced
tube containing fused chloride of calcium. The increase of weight in the
chloride represents the total amount of water formed ; and one-ninth part of
this represents the amount of hydrogen contained in the substance under
examination. The process for detecting and separating hydrogen is inclnded
in that which is employed for the determination of water.

Nascent or Allotropic Hydrogen.—Although the existence of two forms of
hydrogen is unknown, yet as it is evolved from water by electrolysis, or as
it is produced in the nascent state by chemical changes, the gas appears tos
have much greater energy in combining, than that which has been once set
free. It has been long known to chemists, that under these circumstances,
gases frequently display great chemical power. In 1841, Mr. Smee noticed
that porous coke or charcoal, which had formed the negative pole of a battery,
retained a portion of hydrogen, and when placed in a solution of sulphate
of copper, the coke or charcoal was covered with the reduced metal. Free
hydrogen has no power of decomposing a salt of copper, but in this state it
was replaced by the metal. (ZElements of Electro-Metallurgy, 1841, p. 37.)
Ozann and Fremy have made similar observations regarding silver. If
bydrogen is received on platinum sponge from the negative electrode of a
battery, until bubbles of the gas begin to appear, it will be absorbed and
condensed by this porous body. When the platinum sponge was washed
and placed in a solution of sulphate of silver, there was immediately a
precipitation of metallic silver. It was also found, that if the hydrogen
evolved from the negative platinam electrode in the decomposition of water,
was conveyed immediately into a solution of sulphate of silver, the metal was
precipitated. When the gas was conducted into water containing perchloride
of iron, with a trace of ferricyanide of potassium, Prussian blue was formed.
These results could not be obtained with hydrogen gas in its ordinary state.
When a carrent of hydrogen is passed into water containing ammonio-chlo-
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ride of platinum diffused through it, there is no change. If the hydrogen is
generated by zinc and sulphuric acid in the midst of the ammonio-chloride,
there is an immediate decomposition, and finally divided platinum (platinum
black) is set free. (See Nascent State, ante, p. 125.)

If some granulated zinc is placed in diluted sulphate of indigo, and sul-
phuric acid is added in sufficient quantity to generate hydrogen in small
bubbles, the indigo is slowly bleached. If the bleache